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I. I ntroduction 

工tis not so an unusua1 phenomenon today that many of七hetechno1ogies 
expected七obring we1fare to human beings have instead brought unhappiness. 
This has originated chief1y in the fie1d of techno1ogica1 deve10pmen七swhere 
the 1imits of resources and the environment have been neg1ected. 
However extensive activity shou1d be maintained in food production to 

meet increasing demands for food whi1eat the same time trying to keep the 
demerits of these techno1ogies at the 10west 1eve1 possib1e. 
Therefore， the resources-environment-techno1ogies sys七emshou1d be 

studied as an inseparab1e uni七.
Here， an interim report on the ongoing research on po七entia1productiv-

ity is presented七hatwi11 give one of the七argetof agricu1tura1 ac七ivities.

ll. Potential Productivity 

The Significance of Potential Productivity 
The efficient uti1ization of the sun's energy is a fundamenta1 require-

ment in agricu1ture. To a 1arge extent，七hephysio1ogica1 phenomena of a 
p1ant， e.g・transpiration，photosynthesis and respiration， depend on the 
energy avai1ab1e. When environmenta1 factors are under contro1 and nothing 
can res七ric七七hegrowth of a p1ant， mass production can proceed at the opti-
mum rate. Production under such favorab1e conditions is ca11ed Potentia1 

Productivity ・
The achievement of this va1ue everywhere in a given basin has the fo1-

10wing effects. 
工) Maximum possib1e productivity gives rise to the desired production 
1eve1， name1y， one of the targets of agricu1tural activities. 
2) Maximum possib1e productivity resu1ts in七hereconsideration of 
techno1ogies used in regions with low production. 
3) Maximum possib1c productivity he1ps decision makers to decide how 
1and cou1d be used most effective1y. 

The arriva1 at a potentia1 va1ue is essen七ia1to Japan because of the great 
shortage of 1and; crop production has been a1most comp1ete1y overtak.en by 
the rapid deve10pment of techno1ogies， yet wha七 1itt1e1and exists must be 
cu1tivated intensive1y in order to be ab1e to provide enough food for such a 
dense popu1ation. 

2. Production Factors 

A vast number of factors participate in the production process overa11， 
i.s. solar radiation， p1ant temperature， CO2 concentration， the assimi1a-
tion and transpiration rates of the p1ant， 1eaf area and soi1 conditions， 
inc1uding chemica1 and physica1 properties of soi1， topographic nature， soi1 
water content and ferti1ity， to name the main factors. 
A11 these factors act together and contribute to the comp1icated pro-

cess of mass production. The next equation can be formu1ated as the produc-
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(1) . tion equatェon'.: 

Sp::;::; F (L， Rn' (}p' C， e， T， B， M) 
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L 1eaf area index 

。p. 七emperatureof p1ant 
εassimi1ation in七ensity

r respira七ionintensity of the p1ant 

B soi1 conditions inc1uding chemica1 and physica1 properties of 
the soi1，七opographicnature， soi1 moisture and ferti1ity 1evel. 

M other misce11aneous factors. 

工nthe equation (1)， Rn' Op' C， B are the physica1 environmen七a1fac-
tors of p1an七productionand L，ε， T are factors， main1y physio工ogica1，of 
the p1ant itse1f. 
Therefore， the optimum conditions required for the achievemen七 ofmaxi-

mum mass production can be obtained from investigation of the re1ationship 

between the physica1 and.physio1ogica1 factors. These re1ations are shown 
in Figure 1. 

Fig. 1. Factors contributing to actural plant 
production. 

AMP actua1 mass produc七ion
PFR p1an七 factors
LAI 1eaf area index 
AIY assimi1ation intensity 
R工Y respiration intensity 
PEF p1an七 environmenta1
factors 

WCN weather conditions 
. NRN ne七 radiation
TEM temperature 
LCN 1and condi七ions
SWC soi1 water content 
SFY soi1 fer七ility
PCP physica1 and chemica1 
condition of the soi1 

TOC topographic charac七er-
istics 

3. Simpl ified Potential Productivity 
The physio1ogica1 investigation has shown that there is a c10se rela-

tion between assimilation intensity and net radiation and temperature， name-
ly， that the assimilation intensity can be expressed by the function of net 
radiation and temperature: 

ε ミ f(R
n
， Op) 

Respiration intensity is considered to be a simple function of only the 
temperature Op at present， namely: 

T ミ f(Op ) 

CO2 concentration in the air is assumed to be constant though i七
changes with， time of day and it has a tendencyto increase from year七oyear 
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Equation (1) may thenbe reduced to the next equation by taking the 
above re1ations into accoun七:

S_， ~ f(L， R_， ()~， B) pl - -，-， (2) 

This means present p1an七 productionunder actua1 physica1 conditions. 
When soi1 conditions B， inc1uding soi1 moisture and ferti1izer are 

avai1ab1e to a sufficien七 extent，and techno1ogies are we11 deve1oped， then 
mass production can proceed a七七hepotentia1 rate. 工nthis case， po七entia1
productivity can be expressed as fo11ows: 

Sp2 ~ f(L， Rn'θp) (3) 

宝hisequation represents presen七 p1antproduction under potentia1 physica1 
conditions. 工nthis case， the re1ations be七weenthe factors can be shown as 
in Figure 2. 
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F ig. 2. Factors cotri buting to potenti al productivity. 

工norder to be ab1e to ca1cu1ate theva1ue of potentia1 productivityby 
means of equation (3)， net radiation，七emperatureand 1eaf area index must 

be known. 

工ncomingSo1ar Radiation 
工ncomingso1ar radiation can be ca1cu1ated according to the next equa-

tion: 

R ~ f (o ， L_， E" 0_，工， C，) a- ・ r. n. (4) 

where 
δdec1ination La 1atitude 

Or orientation of the s10pe 

C] c10udiness 

E] e1evation 

工 inc1ineof the s10pe 
n 

This va1ue is pecu1iar to the 1and i七se1fand a1so has a c10se re1ation 
to produc七ion. Therefore this va1ue is not on1y the main factor in produc-
七ionbut a1so is considered to be "an integrated resource of the p1ace con-

cerned" inc1uding the 1and and c1imatic characteristics such as E]， Or' 工n'
C]， etc.， themse1ves. 工tis therefore possib1e to c1assify 1and from the 
point of view of the so-ca11ed "integrated resources". Equation (3) is to 
be further simp1ified to Sp3 ~ f(Rn) by assuming that the temperature ()p is 
expressed in terms of net radiation (()p ~ f(Rn)) and that the 1eaf area is 
constant at an optimum va1ue. 

That is七osay， L is the p1ant factor and suitab1e p1an七 fora given 
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physical environment of net radiation and the temperature can be well chosen. 
However， net radiation and temperature are factors peculiar to the land it-
self. Therefore， the potential productivity Sp3 of the land itself can be 
expressed as follows: 

S~') ~ f (R ，()~) ~ f (R) p3， - ~ '"'n (5) 

This concept is especially impor七antto the mountaineous countries such 
as Japan， Switzerland and the area of Austria known as the Tyrol， Where each 
location has its own orientation anddecline， etc. 

Leaf Area工ndex
The productivity of a square unit is， of course， strictly restricted by 

the leaf amount and distribution. The acquisi七ionof information on the 
leaf area (index) is of vital importance for the estimation of productivity 
by equations (2) and (3). 
This information can be obtained from field surveys or， under certain 

circumstances， from aeroplanes using remote sensor techniques. 

Temperature 
Another factor necessary for the estimation of productivity is七empera-

ture. This can be directly measured or taken by multi-spec七ral-scanners
moun七edonto aeroplanes. 
Thus， we have obtained three factors which contribute to the production 

function and this relation is shown in Figure 3. 

CPSP 

WR 

N，P，K. 

Fig， 3， Reconsideration loop to agricultural activity， 

S工T soil improvement technologies (including the technology 
of land-use) 

CPSP chemical and physical soil properties， topographic 
characteristics 

工DT irrigation and drainage technologies 
WR water resources 
FTY fertilizing technology 
N.P.K.= Nitrogen， Phosphorus， Calcium; respectively. 
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ill. A Reconsiderat i.on of Actua I Agricultura I Activity 

As men七ionedabove， poten七ia1productivity can be rough1y est土matedac-
cording七o three items (or two main items)， i.e. LA工， NRN and TEM and this 
resu1ts in one of the targets of agricu1tura1 activity. 
Actua1 productivity， on the 0七herhand， is mコdifiedby many factors and 

this va1ue is a1ways 10wer than that of po七entia1productivity， i.e. 七hedef-
icit productivity， is shown in Figure 4. 

Potential 
productivity 
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Fig.4. The deficit of productivity. 

The main components bringing about this deficit are the soi1， water and 
ferti1izer condi tions and the re.1a七ionsbetween them are shown in the above 
diagram. The reconsideration of present七echno10giesin each p1ace mus.t be 
done from these points. 
The techno10gies of S工T.，工DTand FTY have a1ready been deve10ped to 

quite an extent in Japan and so reconsidera七ionsmust be done according to 
the techno10gica1 1evei of the region. 
Thus the difference 6P between PPY .and AMP which is shown in Figure 3 

is the main source of feedback to the present techno10gies emp10yed. The 
difference 6P must a1ways be minimized by the improvement of techno10gies 
within economic 1imits. This.is nothing other than reconsideringactua1 ag-
ricu1tura1. activity ・
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