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and Frank  Golley 
Beìjìng Agricultural  University,  Beìjìng, 
China and The of Uni- 
versity of Geòrgìa, Athens,  GA,  USA. 

China, 

An analysis of 14 advanced collective was used to examine  the 
of this type of system. inputs fossil fuel 

pesticides, balanced outputs of food and livestock to  state 
kets. net was 40 lo6 kcal . ha-' . to U.S. 

good management and is also  the level  of expected 
tive equations vegetation based on climate. About 55 9% of is used  by  consu- 

populations of humans and livestock and  about 23 % is back to the Of 
the consumed about 30 is 

outputs and not of but is. a significant 
between and inputs. 

El análisis de de 14 colectivas avanzadas de utilizó 
de este  tipo de de de fuentes 

de combustible fósil pesticidas, 
de de alimenticio y ganado los La neta de cultivos 

de 40 X lo6 kcal . ha-' . año-', lo que a la de maíz de los 
EE. UU. con  buen manejo, y constituye, igualmente, el  nivel de a de ecua- 
ciones de vegktación en el clima. del 55 % de la de 
cultivos es utilizada las poblaciones humanos y ganado, y un 23 % 
se nuevo al cultivo. la consumida, un 30 9% es 

outputs y de cultivo no están al  tamaño de 
existe una muy significativa la de cultivos y los inputs. 
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utilizes being 
et al., 1984)  which  will dis- 

cuss 14 collec- 
tive in 

of is to examine  data 
to the  input  and  output of 

14 collective 
We  will  be with the  balance  between 

input and  output, of 
in system  maintenance,  and  the effect’ of size of 

The on which the  analysis is based 
was made in 1980  by a  team of 

and 

which an acceptable level of 
Of of the 

study was to 
of  advanced so that they could 

be applied signifi- 
cantly to 

is 
basin, which is typical in of 

500 
to 800  mm 
is 14 ’  C. The  alluvial soil of loess 

has been level 
of below is a 

of the 
in is con- 

between 
been 

and 

All of 
which is 

was 
oil 

and  goats 
All 

OF AN 

We  will  begin the analysis by taking a concep- 
tual, systems (based 

of 14 collective using the 
symbology of (1983) 1). 

in the model is 
subsystem which its 
the  sun (13 X lo9 kcal ha-’ . which 
the 

so is 
also  an  input  and its was calcula- 

Figure 1. Simplified  system  diagram energ-vflow to atz average farm, based 
on a  sample o f  14 advancedfarnzs. 

R 
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(Odum  and  Odum, 1983, page 26), since the 
is mainly  used  in 

system is society 
and is in 

pesticides, and 
in the  study 

was of 
is shown  as  symbols  in 

?, but was 
estimated by used 

to in this  study 
in  the  case  of  the 

animals,  and  humans  the 
sent  the when 
by expended by metabolic  activity. 

-1). 

by system 

to plants via system 
also ha5 systems  within 

- 
well 

The  consuming  populations 
system 

of by  the 
system and  the  consuming system 

i s  lost  as heat. 

of this  simplified  system is 
of the 

system 
modynamics,  this fitting  the  heat 
loss to  the  inputs by is 

by 

(5.2 to 5.0 X lo6 kcal ha-' . 
This  means  that 

fossil-fuel 
section with 
The system is 
an excess. is a 
little  misleading. do  not include 

of 
system (the  cost of 
ing  canals is 

Figure 2. farm -fossil-firel derived inputs  and  outputs fo r  advanced 
collective f a r m  China. 
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Table l .  Size  of  .farm,  population, and system inpplcts and outputs  derived from  fossil  fuel f o r  14 
collective f ayms  in 1980. 

Farm 

(ha) Number 
Size 

1 
40 .o 2 
20.7 , 

87.0 4 
80.3 3 

121.9 5 

6  169.9 
7 178.7 
8 202.3 
9 -  217.1 

1 o 217.7 

1 1  
12 

229.7 

413.3 14 
284.5 13 
25 .5 

- 
Y 178.2 

Population output 
lo3 kcal ha-'  yr 103 kcal ha-'  yr 

86 
360 
327 
310 
64 1 

8058 
7537 
3696 
1715 
5678 

6079 
5300 
3355 
1803 
7325 

3b42 
1'328 
1090 
1145 
1 O78 

7757 
5333 
8400 
8428 
3750 

1480 
23 10 
2539 
2094 

3378 
2587 
287 1 
2131 

278 1 
4343 
372 1 
2050 

1281 l 5205 I 5035 

input 
idea  how 

inputs  might  be.  Second, costs of 
that  take place 

off  the included in the  model. 
given in managed fossil- 

fuel (1.7 to 9.6 X 10' kcal . ha-' . 
and  outputs (1.8 to 8.4 X 10' kcal . ha". 

all  14 we 
bably these flows in a  dynamic  balance. 

The of system is 
about 40 X kcal . ha.' . y- ' ,  of which about 
55 % goes to 23 %S 

is 10 % goes to the 
to system 

system, in 
to system about 30 % of this  input  and 
sent  about 3 Yo to the 

This  simple we 
is ope- 

in a utilizing  a  little less 
than l % of net 

vegetation 
system is 

~ .. 

o u t  

0.75 
0.70 
0.9 1 
1 .O5 
1.29 

1 .O9 
.o2 

0.87 
1.15 
0.76 

0.82 
1.21 
1.30 
0.96 

O .97 

the  consuming 
3) the  consuming system is with a 

efficiency of about 
30 % and finally,  4)  the  system has a 
small (about 10 %) 

a 
system.  Let us in 

detail 
systems fit 

The 14 collective 
in size of 

20 to 400 
20 to 

186 to 3042 
0.05 

to 0.28. The smallest 
densely populated (Table 1). 

is in the  absolute 
size of the fossil-fuel inputs  and  outputs 
(Table 1). between inputs 

R 
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3. Crop production  related to farm size on cot'lective in 
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Table 2. Crop  production on advanced collective farms 1980. 

Farm 
kcal. ha;' (ha) Number 

Crop  Production Size 

1 

40.1 101.9 5 
28.7 87.0 4 
35.7 80.3 3 
37.0 40.0 2 
33.9 . .  20.7 

6 169.9 71.9 
7 178.7  47. 
8 202.3 

10 
54.5 217.1 9 
56.2 

31 .O 217.7 

l1 229.7 38.6 
12 251.5 32.3 
13 284.5 35.8 
14 413.3 25.2 

X 178.2 40.6 

. .  

- 

R 
' 
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i 

Figure 4. sod, crop  produc@onaon 14 
China collective farms 1980. 
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Table 3. recycled to crop  pròduction  directly  through.green  manure  and hulch and through  the 
consumer  components on 14 collective farms 1980. 

-~ 

Farm 
Number 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

13 
14 

Crop  Production 
106 kcal. ha.-' yr' 

33.9 
37.0 
35.7 
28.7 
40.1 
71.9 
47.1 
56.2 
54.5 
3! .O 
38.6 
32.3 
35.8 
25.2 

40.6 

. .  - 

to C,rops 
106 kcal. ha.-* yr l  

14.6 
16.0 

. 12.8' 
20.6 
17.1 
19.6 
20.0 
23.1 
18.4 

. .  13.0 
13.9 
13.7 
15.6 
12.1 

16.4 

Percent 

* 

43 
43 
36 
72 
43 
27 
42 
41 
34 

, 42 
36 
42 
44 
48 

40 

R 

S- 
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and  outputs 
Seven they 

as is no of 
size of size of 

2). Lowest  input  and  output 

on small and medium 
sized 

(Table 2)  with of 25 to 72 X kcal . 
ha-' . 

size 3). 

One of of these 
is the of and 

the 
we noted  that  about 30 % of 

is to the 
subsystem. is 

tively small (0.7 X kcal . ha-' . quantity 
i s  systems on the 
All  of this 3) amounts  to 
about 40 % of the 
in is quite (27 to 48 with 
one exception-a in which a quantity 
of was with 

of tend to a 
of 

is a 
5) ,  al- 

though  at input levels is 
less is 
Y=' 3.3X + 23.4, with an value of 0.63. 

be the  beginning of a flex point  at 
the highest input levels, suggesting 

in follow 
in fossil 

is not and we can  only suggest that 
a flex when all inputs 

is,  the fossil 
input  and the 

6) 
tionship is is 
bed as Y= 1.84X + 0.9, with  an value 
of 0.73. 

is 
On 5, the  two points 

high inputs 

in use of 
cides, Even though we conclud- 
ed was 

size limits in the  ability of the 

duction.  Such limits well hewn use of 

. .  . . .  .. i 

-Tr . 

Figure 5. f rom fossil-fuel derived sourcès to crop production and crop 
production 14 collective f a r m  in 1980. 
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Figure 6. 
production on 14 China collective farms in 1980. 
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TOTAL  MAN-MANAGED 

This analysis of advanced collective in 
suggests the following  conclusions: 

1. When 
system it is 

which 

is that is not a 
and, 

be useful to 
adjust to 
ties. in 
inadequate  to  make such these 

2. The collec- 
tive be 

diffe- 
and  a  natu- 

ecosystem  was that  a 
of was 
ponent, as populations, 
in systems. 

3. The  outputs to 

E 

INPUT TO CROP PRODUCTION 

in 
by 

which  is 
commodities  needed  on  the 80 % 
of China’s population is 
out of five be by 

may not be use- 
ful if the 

of une- 
qual in systems. 

4. system has  a 
high level 
(40 X lo6 kcal . ha-’ . 

and Wen’s (1984) a U. S. 
of 49 X lo6 kcal . ha-’ . is also 

to  that expected 
vegetation on the  basis of Lieth’s (1975) 
tive equations using 
tation. 

5. is size of 

is 
between its inputs. . 

6. 
duction  and within the 

is 
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of 

7. 
duction  and inputs, is 
an in level  of input 

is a suggestion that  an infle- 
xion in is 
input by the 
smallest which, 

is size 
not be able to efficiently apply fossil-fuel inputs. 

this supposition. 

8. fossil-fuel inputs  and 
cycled is a 
tive 
these inputs, with no evidence of a  change in 
the shape of suggest 

that  adjustment of the inputs 
the high levels. 

9. policies can in- 
fluence 14 
selected to systems. 
'Communes, which containing 

collective also  studied by the 
and found have a 

(21 X lo6 kcal . ha-' . 
Thus,  the levels of of the 14 

be obtained in 
typical 

The  analysis  suggests may be 
most al- 
though 

since at levels a 
of is 

GOLLEY, and Z. G. 1984. analysis  of advanced collective in 18 

1975. of 237-263 Lieth and (eds). 

T. 1983. Systems ecology: An Wiley, NY. 644 pp. 

E. C .  1983, of nations. 469 pp. 

and WEN. 1984. Technological  changes in use in U. S. 
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