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Abstract—The photosynthetic efficiency of a plant community under given conditions is a function of the 
stage of growth. It is shown that the optimum photosynthetic efficiency can be evaluated from a study of 
the growth kinetics of the community and energy can be harvested at the optimum production rate while 
maintaining stable quasistatic equilibrium. The applications of the above findings for utilization of biomass 
are indicated. 

INTRODUCTION 

All food, a major portion of the Worlds energy requirements, 
construction materials and chemicals are derived from plant 
biomass. Atmospheric dcpollution and climatic conditions 
are also influenced by the rate of biomass generation. 
Recently much attention has been devoted to studies on 
methods of better utilization of biomass [1-3]. A crucial 
parameter pertinent to these studies is the photosynthetic 
efficiency (PE) of a crop or a natural ecosystem [ 4 and 5]. 
The PE of an individual plant or a plant community depends 
on (1) light intensity, (2) carbon dioxide concentration, (3) 
availability of water and nutrients and ( 4 ) temperature. Even 
if the above conditions are held fixed, the PE of a given crop 
cannot be regarded as constant, as it varies with the time 
referred to as the growth process. For comparison it is essen­
tial that methods are derived for measuring the optimum 
PEs. An equally important parameter is the optimum 
efficiency at which energy can be extracted from a crop at 
stable quasistatic equilibrium. 

In this work it is shown that the study of growth kinetics 
of a crop enables evaluation of the maximum photosynthetic 
energy storage rate and energy can be extracted at the same 
optimum performance rate while maintaining a stable equi­
librium. 

THEORY AND DISCUSSION 

A basic characteristic of all natural growth processes is the 
existence of an initial phase of rapid growth followed by 
saturation or an approach of a stable equilibrium (6 and 7). 
The simplest mathematical model that incorporates these 
features is based on the logistic equation [8 and 9) 

diminensions of time) is a measure of the rapidity of growth. 
a, the coefficient of selfinteraction (interspecific competition) 
accounts for inhibition of growth with the increase of popu­
lation. The solution of eqn (I) (Fig. la) is, 
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In the context of the present problem. N can be taken as 
the weight of totnl biomass per unit area of the crop at time 
i. The parameter t , referred to as the rate constant (*" 1 has 
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where is the value of N at I = 0. The above expression 
has two equilibrium points (EPs), N = 0 and A ' = k/a cor­
responding to diV/di - 0 in (I). Stability analysis [9 and 10) 
shows that the latter point is ute stable steady state and the 
former is unstable. The rate of production of biomass, i.e. 
d/V/df is maximum at N = R = fc/2a, and the maximum 
production rate (Fig. lb) is. 
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If b is the energy content of biomas per unit weight and / 
is the intensity of solar radiation (i.e. light energy incident 
per unit area, per unit time), then the maximum energy 
storage rate and the maximum FE ( w ) • « pvc" by. 
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All the parameters in eqns (A) and (5) are measurable. In 
the initial phase of growth the intetsprxific competition is 
negl?g«Wr, the solution of (I) approximates to N <*> 
thus k I* derivable from a plot of In N v* t. Once k is tnown, 
a can be calculated from a knowledge of the equilibrium 
biomnss concentration (*• k/a), which in practice is 
approachc) in « finite interval of time. 

We have pven a definite prescription for messming the 
optimum p' itosynlhetic capability of a crnp. 1 he nrxt ques­
tion is. v . | : r< js the murimum ra'r ».t -vhich biom?« v".n*f gy) 
can be r» • • ucled from the system? It so f»j>rT""s 'hat biom»s« 
can kt '-.uncirjt a l the maximum production r » l e white 
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