
ENERGY IN THE BIOSBREW 

A33. bthg system need to expend energy not only for 
growth but d so  for sumival, In living chk there is a 
constant synthesis of macro rnojecdes from smaller 
h t s ,  and to chive the reactions concerned, a somw 
of ePrergy is required. W e r e  does the enerjg needed 
by living organism come from? The nl tha ie  sourse 
of energy for all organisms, save for a few specialist 
bacteai% is the sun. Solar energy is captured by green 
plants t l ~ o u g h  the process of photosynthesis, where 
photon energy i s  converted into chemical bond energy 
trapped in organic molecules. A srnali group of 
autot~ophic bacteria - the chcmotrophs - differ from 
n o r a d  peen plants in that they do ncsi need solar 
energy for carbohydrate synthesis, hu: are able to 
utilise chemical energy for this purpose. This chemical 
energy is obtab~cd by oxidation reactions. 

Solar energy fixed by green plants drives all the life 
processes in the biosphere, being transmitled from 
organismi tu organism through various food chains, 
~ ~ v i r i t e  a part of i: is re-radiated in to space as heat and 
l i ~ , 4 f  

Thc caaliest known forms of hfs are the prnkaryotes 
which cvolved about 3.5 billion years ago in the primor- 
dial seas. These early organisms were not autotrophs 
and livud in an sntrnoshphere devoids of oxygen. They 
probab!~ obtained their energy by a breaking down of 
organic molecules by a process similar to that of fer- 
mentation. The emergence of the autotrophs was a 
major step in evolution. The prokhqotes gave way to 
the eukaryotes, and with a further build up of organic 
mazer by early autotrophic eukaryotes the way was 
clear for the evolution of multicellular metazoa which 
depended on these autotrophs for food. 'Fhejr ob- 
tained thcis energy by the breakdown of food 
(produced by early autotrophs) in the presence of 
oxygen, by a process termed respiration. The oxygen 
was obtained from what was gradually buiie up in the 
atmosphere by the photosynthesis of errkaryotic 
autotrophs. The autotrophs themselves developed 
into more and more complex forms during evolution 
and were finally able to colonise the land. 

With the col~nisation of the la& over two billion years 
ago, new f o r m  of fama and flora developed, and it 
was then possible to Fixmore energy and support more 
We. The green plants (indudhg tbc algae) are h e  
main organism capable of taappging and using solar 
energy. This occurs during the process of photosye- 
thesis. Bhotosyn:hesk is one of the most important 
biolioS;caP processes since it is the process by which 
energy from sunlight is har~essed for the fvtation of 
carbon dioxide into organic compounds. 

The p e e n  plants are autstrophs which are inde- 
pendent of an external supply of organic compounds 
for their energy requirements. They manufacture or- 
ganic conapounds using solar energy. Of the totd 
radiant energy that faus on earth only about one per 
cent is trapped by green plants in photosynthesis. But 
in tropical evergreen forests and g a i n  fields, some- 
times, the figure rises to about 4 to 5 per cent. Though 
the proportion of energy &xed is very smali, worldwide, 
it is equivalent to the annual production of between 
15G-200 biltion tons sf organic matter, and it includes 
both food for man and the energy which runs the iife 
support system oftde biosphefe i.e. the major ecosys- 
tems. Of the rest of the radiant energy, i.e.99 per cent, 
a small fraction is used in the evaporation of water 
from the large expanses of oceans and lakes, while the 
rest is re-radiated into outer space as heat and light. 

Solar energy is absorbed by the green pigment 
uhloropbj-ll which is found in green plants (including 
algae). Chlorophyll in its forms of chlorophyll a and b 
absorbs the blue and the red of soIar rays and becomes 
activated. The activated chlorophyll is then utilised by 
the plant to split up water during the light reactiorm of 
photosynthesis. The splittirag up of water, called 
pbutolysis, results in tbc release of oxygen to !ht: at- 
mosphere, while the hydrogen combines with an or- 
ganic mrnpolmd nicoilnamide adenine dinucieotide 
phosphate (NtaDP) to form a redllclng factor 
WADPMa. Energy released during the light reaction 
is used for the formation of the energy rich compound 
Adenosine triphosphate: (ATP). The reduciog factor 



NBDPIH2 and the energy rich ATP are necessary for 
the reduction of the first formed carbon compound in 
photosynthesis. 

- Daardrmg the stage of photosynthesis which does not 
require light (called the dark reaction) carbon dioxide 
combines with a 5-carbon compound d e d  ribulose 
diphosphate (RUDP) to give an unstable 6-carbon 
compound. This unstable 6-carbon compound breaks 
down to give the 3-carbon compound phosphoglyceric 
acid (PGA) which is the first stable carbon pmpound 
formed in photosynthesis. The PGA is reduced to 
phosphoglyceraldehydg: (PGAL) by the NADBW2 
during the dark reaction and the energy necessary for 
the reaction is provided by the AW. The end product 
is a hexose sugar formed by the combination of two 
molecules of PGAL. The hexose thus formed has 
trapped within it part of the energy obtained from the 
sun. 

As described earlier, in most plants, the first formed 
carbon compound in photosyntheis is the C3 com- 
pound phosphoglyceric acid. However, in certain 
tropicai plants l i e  Zea mays and Succharum, in addi- 
tion to the C3 pathway described, CO2 is trapped 

-.." through another pathway. In this process carbon 
dioxide is trapped by ghospho en01 pyruvate (PEP) to - 
form a Cq compound oxalo acetate. This compound is 
then mnverted to another compound, malate. In 
the bundle sheaths of the leaves, the malate is broken 
down to form PEP and CO2 is released. This CO2 now 
moves along the normal pathway of ribu!ose diphos- 
phate (RuDP) with the end formation of a hexose 
sugar. In this way, in these Cq plants, CO2 is trapped 
dong two pathways: 1. along the normal C3 pathway 
with RuDP, and 2. along the PEP pathway. These so 
called Cq plants fix a greater quantityof C O ~ ,  resulting 
in the production of a greater amount of sugar, than 
do normal plants. For example, it has been found in 
the United States that the conversion of the incident 
solar energy into plant products in Soya bean, (Giycine 
m u )  which is a C3 species, is only half that of a Cq 
species like Zea mays. Though energy conversion in 
Zea mays is also below the theoretical maximum of 
1.25 per cent, which might be sought in practical 
agriculture, even this increase, in doubling of produc- 
tion, would be of considerable significance in terms of 
food production. 

The radiant energy trapped in the carbohydrates 
during photosynthesis by the green plants or pr imsy 
producer is referred to as gross primary production 
(Gp). The gross primary production of a green plane 
increases accorbg  to its size. If we mnsider a sue- 
cession on land, or a Xerosere, the first formed serd 
community has plants which have a small biomass. For 
example, if we take a forest Imd which hac been 
cleared, cultivated and then abandoned, the very first 
sead plant wnununity w4U consist of small herbaceous 
plants, mainly annuals. After a few months the 
dominant vegetation will change to slightly bigger 
herbs m d  later to shrubs, which are perennials. U1- 
bbnately, after many decades, the last or climax corn- 
rnwity will coma: up, comprising trees as the main life 
form. This type of succession may take a coupIe of 
hundred years. As a succssion progresses it is seen 
that there is an increase in size of the plants comprising 
the serd community. Tiis increase occurs u~iti! cbe 
climax, which has the largest plants is established. 
Therefore the gross primary production in a succes- 
sion too increases till the climax is leached, at which 
point it remains more or less at a steady level. I n  green 
plants some of the energy f ~ e d  is stored as organic 
matter in new tissues. The amount of new tissues 
measured as dry weight is net primary production 
(NP). A part of the energy fmed is required to support 
the living plant. This is more than half the arnorsl~t of 
energy fixed and is released during respiration to pro- 
vide energy for the life processes of the plant. Par ks of 
the plant like leaves, bark, frmlr, etc. are iost to the 
environment. Therefore, in a plane, the totai energy 
fixed, or gross primary production may be reprzxcn:cd 
by the equation: 

r- , s = &--I 
-- 

GP is the gross primary production, RSA is the energy 
used by the green plant (autotroph) during respira- 
tion. The amount left over is net production NP. The 
gowth of the plant is measured in dry weight or energy 
stored which is net production. 

This can be further clarified by the following diagrams: 

(1) In a green plant, of the total energy f ied  or gross 
production, a part is expended by the piant as 
Respiration (RSA) and the rest goes into net 
production (m). 



Gross Primary Production 

In a successional plant communitysorne of the 
net production is stored as growth and the rest 
(fallen leaf litter etc.) is used by consumers, which 
in turn expend most of it in respiration while 
storingsome part as growth, adding to net ecosys- 
tem production (NEP). 
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(3)  In a climax community the total enerB fixed by 
primary producers is used in the respiration of 
thc autotrophs and heterotrophs. Although 
plants, animals and reducers in the ecosystcrn go 
through the normai process of growth, the total 
energy f i e d  by the primary producers over a 
period of t m e  is balanced by the respiration of 
the primary pioducers themselves together w t h  
t h e  resp i ra t ion  of t he  animals  and  the 
saprophytes. Hence thc e is no net ecosystem 
production or NEP. 
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Thus we see a sharp distinction between a succes- 
sional or developmental ecosystem and a climax or 
mature one. In a sera1 community the rota1 respiration 
of the green plants is less than the gross production 
leaving energy (NEP) built into the structure of the 
ecosystem and added to the resources of the environ- 
ment in which the plants occur. In a climax system a!i 
energy futed is used in the combined respiration of the 
primary producers and heterotrophs as well as that of 
the organisms that live on the decaying organic matter. 

Tbere is no exxra energy left and uo fiet annual ate: age. 
Hence NEP = O 

m e  flow of energy through Evbg orparaisms in a csm- 
mlbuatyk depicted by a food chain. Let us take the case 
of herbivores or primary convdmers that feed on green 
plants (prhaq  prod~cers). These a~nimais do not 
receive the entire energy fixed by 11ac pxlrrlary 
producers. As we have seen above, a good par! ol the 
t ~ e d  energy ix pririay producers goes lo st,ipl:olx "i:e 

, . 
life processes of :be producers rircmscives w::;~ iinly a 

. > 

s m d  fraction gokg to build eip thz biomass. :'his 
small f ract io~ is what is available for use at t hr: nc~q  
t r b p ~ c  level. The first level of. consumers co;::prI~cs 
herbivores like grasshoppers, caterpillars, d t e r  CIC. 
which feed directly on  the green p!a!ris, atad 
saprophytes which feed on the decaying Icav1:s and 
other plant parts. This i s  il!rrstrared in :he io!lc.v?ini~ P> 

diagrzn. 
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P"ri:nary producers __---, Herblvclres or  pi-i;>ia;y 
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Thcs the herbivores may obtain c?nly lllc c!;i:;y). ici'i- 
after the enerby expendc-d lor respiratioil xjr i i:. !.<ci:cfi 

plants and the loss to decaying orgrtiLlsms. 'FIii; c i ~ c : - p  

available to the second rrophic level or' a f(iod i.".3iii is 
~kne net primary production and is only abciui IS 2cl per 
cent of the gross primary produc~i.iion, Whcr~ Irer- 
bivores become prey to carnivores at the ricxi i i l ; r r  ieni 
level of consumers, the energy received by 1i:i: car- 
nivores is only about 10-28 perccnt of that rcccivcd by 
the herbivores. This is because about 80-90 pcr. ccnr 
of the ene ra in  the primary consumers is iost piirtiy as 
respiration and partly as excretory :naterial dcpusited 
in the enviioramerat. So, along a food chain ilicrr is 
dcpielion of eoergy. Let us take a aypicai predatory 
food chain where rh:: energy flows from the ~tr-imary 
conslisler level, where the organisms are s11a!i, to 
larger organisms at the higher trophic levels. This i s  
the most common rype of food c-hain c!ccuriing in 
nature. An exan~ple is given Seiow. 

grass-, grass hopper - .  toad ~ ,. ,>l!ske 
(pr. pro pr. cornsumer/ sec. cons~lcler;trsr~inr:; 

ducerj herbivore con~ilmcr 

The grass (green plant) is thc primary producer. Ct.1 
us assume rhar pass primary produciion G r  crleaky 



trapped during photosynthesis in the grass over a 
period of time is 1000 k cal. A large part of this energy 
k used up for the respiration of the plant and a small 
amount lost as decay of plant parts to the soil. The 
aggregate loss is nearly 80-90 per cent of the gross 
production. Therefore only about 10-20 per cent is 
available for the second nutrient level. Of the energy 
received by the grass hoppers (herbivores), that is, 
around 150 k cd, once the energy expended in respira- 
tion and the energy lost as excretary material to the 
environment by the grass hopper is excluded, the 
balance 10-20 per cent only i.e. around 15-30 k cal will 
be available at the third nutrient level of the toad or 
secondary consumer. In the toad, too, energy wiU be 
utiQised in respiration and lost as excretory products to 
the environment so that only 10-20 per cent of what is 
received is available for the fourth trophic level of the 
tertiary consumer or snake. Thus, of the energy that 
was trapped by the primary producer i.e. 1008 k cal, 
there will only be approximately 3-4 k cal available foi 
the tertiary consumer. From this we can deduce that 
if the energy flows along a single pathway then food 
chain could maintain only about 2 or 3 trophic leveis 
of consumers, since there will be inadequate energy for 
higher trophic levels. 

Evaporation 1 4.71 x 1081 Reflection 

Not used 4.65 x 108 1' 

However, in nature, long food chains with a number of 
trophic levels have been recognised. This is possible 
because at  higher trophic levels consumers, 
(snakesltoads) derive their inputs of energy from 
several food chains and not along a singe food chain. 
For example, toads feed on a number of insects and 
not only on grass hoppers. Therefore predatory food 
chains are inter linked and joined by others to form 
what are known as food webs. 

Birds 

Insect 

Plants 

Hypothetical Food Web 

Animals of different trophic levels are sf different 
sizes. Any one large s k d  anidnal usualjy eats a variety 
of food, so that it k a pat  of several food chains. Bert 
food c h a k  ch~mmen&g from a plant source must 
alwzys radiate outwards as the plant is used as food by 
different herbivores and tbese herbivores are in turn 
eaten by different carnivores. Thus a campiex web is 
formed. 

A food chain therefore can be defined as tile path 
along which energy travels in nature. The energy 
which originally came from the sun does not go back 
to the sun. The energy Wows along an opegi eaded 
chain and is not cyclic. T h u  energy flow in nature i s  
an open system. 

Other points to ncte in a food chain are rbr, b i o r n ? ~ ~  
and the numbers at each trophic level. In orrr prenoas 
example rhe largest animde were fnound at the ntrtrient 
level of the snakes, unless another predator ale the 
snake. The snake fee& on toads which live close to 
water and, though smaller in size, are present in 
greater numbers. The toads aic insect eaters, their 
food being the grass hoppers and other small irrsects. 
These in turn feed on organisms smaller that bhemsel- 
ves. As one works upwards along a food chain it seems 
that the animals become progressively larger but less 
abundant. A community can be separated into grotips 
of animals of similar size. The animals in each of these 
groups would be feeding at about the same trophic 
level of a food chain. The smallest size class would 
have the largest number. If the number of individuals 
in each size class are represented in the form of a 
diagram with the fist trophic level at the base one 
would get roughly a pyramidal figure. Each bow rep- 
resents a she class and wodd consist of z~imais feed- 



ing at the same level of a food chain. This is termed 
the pyramid of numbers. 

Although we have heard of food chains from primary 
producer to primary and secondaxy consumer and so 
on, there is another important part of the food web 
which has not been considered. All organisms, 
~~{hether  primary producer or consumer, eventually die 
and the dead organic matter Is decomposed by 
saprophytic organisms like bacteria and fungi. In ad- 
dition, nitrogenous compounds are excreted to the 
environment and are broken down by saprophytic or- 
ganisms. In some cases, where animals die, a greater 
p a t  of their bodies are eaten by scavenger anhds.  
Ultimately the scavenger chain ends also with the 
saprophytic organisms which break down all the com- 
plex compounds into simple molecules and releases 
them into the environment. In this type of food chain 
energ- flo-ws dong the dead substrates to the living 
scavengers and can be termed as a decomposer or 
sapsophytic food chain. 

In other instances organisms live parasitically on the 
host, and energy is diverted along a parasitic chain. 
When a parasite is in turn parasitised by another or- 
ganism e.g. a protozoan living on a tick which is living 
parasitically on a cow, the energy passes into the 
protozoan. If there are a nimber of Cuscuta plants on 
a single tree, and they are in turn parasitised by worms, 
this could be a parasitic food chain. In these food 

chains, as in the scavenger food chains, the organisms 
at a particular higher trophic level are smaller than 
their host, or the previous level, and the niches they 
occupy require that they be smaller than the organisms 
from which they derive their food. 

In nature, the direct rays of the sun heat up the carth. 
As stated earlier a good part of this energy goss back 
into space as infra red energy. But due to man's 
activities in industry, and in the clearing of forests, ibis 
delicate balance is being upset and there is a build up 
in the concentration of gases like carbon dioxide, 
oxides of nitrogen and sulphur in the atmosphere. 
These gases trap the heat in the atmosphcre prevent- 
ing a part of the energy being re-radiated illto space, 
thus causing global warming. This is called thc "greer, 
house effect". Carbon dioxide levels are 25 pcr cent 
higher now than a centuq ago and the amount oF 
carbon dioxide in the atmosphere seems to be increas- 
ing. By the middle of the next cenlury global mean 
temperatures could rise from between 1.5' to 4 . 9  
Celsius. The result oT this would mean the melting of 
glaciers and the ice at the poles, and the warming of 
the sea causing expansion of the water, and these in 
turn -will cause a rise in the sea Ievel which map be as 
much as two or three metres. The result viollid be an 
inundation of low lying coastal areas and islands all 
over the globe. Unless remedial measures are laken 
eg. forest restoration programs and cutting down in the 
use of fossil fuels, the effect will be hammCuP to 
mankind. 

In conclcsion, we could recognise that the vadiant 
energy of the sun is trapped by green plants. This 
energy is passed along food chains in nature. A greater 
part is reflected back into space as heat and light. This 
encrgy flow in nature is not a closed system. 
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