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Abstract; This paper seeks to discuss the methodology to optimize the external energy input inta tarmland
ecosystems ., with an aim to providing realistic guidance to agricultural production. Since the 1960s a large
number of studies on energy usc in farmland ecosystems have been carried out and it has been shown that
energy productivity and efficiency appears w be closely linked 1o specific characteristics of the land.
Experimental work further revealed the sigmoidal relationship hetween energy input and output under
given production conditions. showing that system energy output is positively related 1o Input up to a
certain point. after which system energy output asymptotically approaches a plateau level. This sigmoidal
relationship is analogous with the ecological Logistic function of the population growth curve under Lirnuted
spatial and resource conditions. Hence, the Logistic funrction was utilized to plot the relationship hetween
energy input and productivity in farmland ecosystems. Using collected data from a specific farmland
vcosystems it is possible to rcalculate the potential maximum energy output. K.. and the estimated
coefficients. r and (74 in the Logistic model. According to this model the theoretical energy outpur of the
agroecosystem at any given energy input level could be calculated. The marginal energy productivity
(MEP). the average energy productivity (AEP) and the elasticity of energy input (EEI) were utilized 1o
characterize the energy use efficiency of agroecosystems. According to the characteristics of Logistic
function. the dynamics of MEP, AEP and EEI in agroecosystems were thoroughly analyzed. [t was
concluded that the rational range of energy input may be calculated by setting EEI within the incquality Ut
1. In addition, it is theoretically passible to identify the uptimum amount of energy input to the system

where the optimal input represents the input that meets a balance between the output of the system and
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economic prafit. The optimal input cun be caleulated (rowmn the principle of warginal equilibrium. which
sugpests that the optimal energy input should be the paint where the marginal return per unit of input
applied is equal to the marginal cost of the mput. Given that energy efficicncy is related to the pattern of
energy inputs represented by a parabolic function as reported by Yang (19852, the optimal pattcrn of
energy inputs. at which maximum energy efficicncy is achieved, can be calculated by sctiing the first
derivative of the parabolic function equal 1o zero. A case study in Deging County. Zhejiang Provinee 1is
prescnted to demonstrate the application of the above methodology. Time-serics data (1984 ~1994) were
collected from the local Yearbook of Deqing Agricultural Statistics, and an extensive on-site survev was
also carried our to supplement the sources of data. Results indicated thar the average toral amount of
encrgy inputs and outputs per unit area over the period showed little change, while the patiern of energy
inputs changed greatly with siguificunt increase in total energy from inorganic sources and dramatic
decrease in that from organic sources,

The study area’s farmland ecosystems in Deging County were classified into three agroecosvstems,
namely the high-yielding agreocosystems. the medium vielding agroecosystems and the lower yielding
agroecosystems. ©hree energy input and outpul databases were created, and then ntilized 10 calculate K.,
r and C for the energy input and cutput models by setting the Logistic function in non-linear regression
interface and running the programme in SPSS 8. 0 software. The estimated values of K, . r and C were
utilized to establish the energy input and output models for the three agroecosystems. Using the above
methodology. the rational ranges of energy inputs for the three agroccosystems were calculated and these
are 49. 80~ 291. 16 X 10°]/hm? for the high yielding agroccosystems, 34.85~221.59* 10°)J/hm’ for the
medium agroecosystems and 19. 62~ 144. 19 » 10°]/hm? for the lower agroecosyistems: and the aptimal
amounts of energy inputs are 166. 08 X 10°]/hm?, 122. 83 x 10°J/hm” and 74. 08 x 10°]/hm?, respectively.
Likewisc. the coefflicients of the parabelic function for the relationship between the pattern of energy
inputs and cfficiency were calculated, thereafier the optimal patterns of energy inputs for the three
agroecosystems were identified as being 1- 9019, 3. 7188 and 6. 6225, respectively. Due to similanty in the
adopted {arming practices {or the region’s agroecosysiems. the iotal energy input levels for all the three
agroecosystems arc approximately the samec. It is evident that the average tolal energy input into the
farmland ccosystems in Deging County is 150. 0x 10° J/hm?. which falls within the rational range of energy
inputs for the high-viclding and medium yiclding agroecasystems but is a little higher [or the lower yielding
agroecosystems. From the point of view of the optimum amounts of energy inputs. the input for the high-
yieldimg agroecosysiems was lower than the optimum amount, while it was higher than the energy input
for the medium and lower yielding agroecosystems. The patterns of energy inputs of the three
agroecosystems over the study period all showed a trend of decreasing due to the increasing proportions of
the energy inputs from inorganic sources in the total energy inputs. According to this study the energy
input to agroccosystems could be improved either in terms of the actual amouut supplied. or in the pattern
of that supply. As far as Deing County is concerned. in order to increase output from all the three
agroccosystems, total energy inputs must be increased to the high-yielding agroccosystems but be reduced
to the medium and lower yielding agroecosystems, whilst the pattern of energy inputs should be more
closely matched 1o the requirements of the three areas. In order to improve overall agricultural production.
it was recommended that some land transformation measures be undertaken to improve land fertility ir the
mediumn and lower yielding agroecosysiems. This would improve the potential energy productivity of these
farmland ecosystems. and the ultimate incrcase in the systemn energy productivity would be realized by

means of increasing external energy inputs into the farmland ecosystems. Otherwisc. uninfarmed increases



12 Hj HBLF HilgBFERHETRAAER ANKLL 2083

in cxternal energy inputs wauld not contribute tu any increase in energy output and o could even do harm
to the normal growth of crops. Therefore, adoption of the proposed energy strategies would contribute 1o
the optimum allocation of limited resources . and help 1o realize the maximum resource utilization efficieney
and agricultural productivity.

Key words:external energy; farmland ecosystems; cnergy input-output model: rational range of energy
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Table I Comparison beiween energy input and output in farmiland ecosystems of Deqing County
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