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Nature's Ways of: Enxriching Soil
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Soil is the sgbst:a?elgn.which plants grow. It provides
plants with aisubstrétum'to whicﬁ they anchorffhemsglves. It is
also the reservoir from wh;ch planFs absorb water agd most of their J
nutrients. Of'the ele;ents necessa}y:for plant growth, C, H, & O

comes from C02 aﬁd water. Of the-ofhé; nutrients, the most important}oﬁes
for plant growth'are N, P &.K and these come frém the soil. In

nature, all these nutrients are supplied.thrbugh cyélic processes.

Thus we talkiéf.the Hydrological égcle,lthe Carbon Cycle, the N2

Cycle, P. Cycle, etc. This essentially means, ihaé‘within the
biosphere, all nutrienté move~through lana, wéter and atmosphere

in cycles, and the rate at which these cycles opeiate‘wpuld

essentially determine the growth and continuation of living things.

For example,‘plants ;ix C from COZTin the atmosphere through photo-
synthesis and ariimals assimilate this carbon éithér’through primafy
or secondary consumption. Once these plantsiand ;nimals die, their
bodies are dggomposed by micfoorgqnisms‘and:tﬁe Coz is liberated

to the atmosphere. At the same tiﬁe many other pdtrients from
their dead godies are also released to the soil and further conver-

ted to re-assimilable‘forms.‘If not for the action of these micro-

organisms, elements essential for life would soon get‘fixed permanently.
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©  Of the major.nﬁtiients that plants absorb from the soil,
nitrogen is frequently fhe limiting one. This is beqéuse nitrogen is
easily lost, throﬁgh leaching, denétrification and NH4 - volatali-
zation. Thus N- -is often referred fo as the "key" to the realization

of yield potential in many crops, and in many cases the nitrogen

status of a soil largely determines its fertjlity. Though it is the
_growth limiting:nutrient in many ecosystems, nitrogen is also the

most abundant element in the atmospbere. Seventyeight percent of
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the air around us is N2 gas. unfortunately, thls gaseous nitrogen

or dinitrogen is qulte inert and it cannot be used by plants and

Ty

animals., In its broadest sense, N,~ fixation is the combination of

dinitrogen with other elements. This takes place abiotically through
lightning, volcanic eruptions etc. It is also done industrially in
the manufacture of N- fertilizers. In addition, there are certain

microorganisms which convert inert dinitrogen directly into a combined

form and this is called Biol, N, - fixation (BNF). This process is

'

confined to certain bactéria and certain cyanobacteria which possess

'

an enzyme calléa the nitrogenése. on a global scale, of the total

amount of N2- fixed, nearly 60 per cent comes through BNF, which is

two and a half times that of industrial fixation.‘Industrial N2-
fixation or fe:#ilizer manufactursi is a high energy deménding

process. It has been estimated that the energy rgquirement for the

worldwide production of N,- fertilizer is equivaledt to 2 million

d

barrels of oil. per day. It is impértant to realize that this enormous L

amount of energy comes from a non-renewable source. On the otherhand,
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enérgg for BNF comes either directly or indireqtiy ?rom the' sun.
It should, therefore, be apparent ihat'crop production ig Third

- World countries-lik¢ éri Lanka (which do not have.fossil fuel
energy) should noﬁ depend ehtirely on industriallg éroduced N-
fertilizer. It is imperative that we exploit BNF to the utmost
and the research‘programhe on BNFEat the Instiéute of Fundamental

Studies is directed towards achieving this objéctivé.

The Organisms that Fix N,

BNF  is. confined to prokaryotic ;microdrganisﬁs, -
and it is believed tHat this process evolved a long timé ago among
primitive qrgénisms. These organisms could be either free living
or symbiotic, Amqng the free-living ones they can be autotrophic
or heterotrophic. In the symbiotic ones, the microorganism is
always the ‘enaOsymbiont. ;he best known symbibtic types are the
leguminous plaéts that produce root ﬂodules; insidé which live
the N- fixing rhizobia. A lesser kno;n system is the symbiosis
between certain non-leguminous plants which fOrﬁ NZ?fixing root
nodules hith'Ffénkia. In both these cases the N2 fiking endosym-
biont ishéterétrophicand depends on phétosgnthates from the host
for its sustenance.!Cganobacteria which areithemselves photosyn-
thetic, also form symbiétic\Né 4ifixing associations with a number
of other groups of plants' (Figure 1).'A less §pecific, less

intimate and somewhat lesser understood relationship exists in

associative N, - fixation where Azbspirillum and certain other
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bacteria fix nitrogen in close association with the roots of certain

grasses, ihcluding rice. They do not form nodules or any other structures

that enable us to recognize such relatiorships.
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Figure 1: Organisms and systems that fix nitrogen biologically.
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The potential of BNF

The begt known'Né—fix;ng ;ystem the legume - rhizobium system
has been used in égriculture by man perhaps since thé beginning of
civilization. Systematic studies on this association ana the develop-
ment of technoloéies for its application has resultgd in éhe,productionx:
of certain foodvand forage legumes:without N-fertilizer application. |
For example; Brazil produces.twelve million metric tons of soya bean
annualy without any N>ferti1izer appljcationsh a;d this is estimated
to be a saving of a five million tons %f urea fertiliZer..Of all the
develoéed countries, Australia uses the minimum leveis of N-fertili-
zer which is abodt one tenth of that used in Europé. Food legumes
such as soybean, cowpea, green gram; black gram, peas, dhal, peanuts,
winged bean are.perhaps the moét nutritious of éll foods available for
human consumptién. All thgée plants fix nitrogen but ironically we
in Sri Lanka still add N;fertilizer for their cultivation. This is
because we have ‘not yet obtained adequate knowledge t§ improve and

fully utilize the natural Né-lelng potentlal of these plants. Legumes

such as Purer;a, Centrocema, étylosanthus are-often used as cover

crops in plantations, specially in rubber estates,'but hardly any

information is available on their Né—fixationJ Many of these species

not only enrich the soil, but are good forage crops fbr animals, but
pasture productibn using such plants is virtually non-existent in

this country. ) .
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We are all aware and very much concerned with the rapid

de-forestation that is going on; and everyone is looklng for tree

species that are su1table for re-forestation and fuel—wood produc-
tion. The common species that are récommended %nd widely used are
the pines and tbeAeucalprS wﬁich grow fast; bdt oftén at the
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expense of the natural vegetation. One wonders why fast growing

v,

- fixing trees such as Ipil-Ipil ((Leucaena leucocephala), Albizzia,

Sesbania and Casuarina are not used. Such plants will not only grow
on poor eroded éoils, but also enrich it and provide the rapid

regeneration of the natural vegetation.

Today;'Sri Lanka uses around iO0,00p metric tons of urea
annually for ripé prod;ction and tée government'sﬁbsidy on this
fertilizer alone is about 1000 million rupees. It has beeﬁ shown
that with the Rfoper use of cygnobacteria and Azoiia; a rice crop
' can be provided with one third to half of its fertilizer N-require-
ments, If theséiNZ-fixing systems can be applied‘on a iarge scale
it could result in an annual saving of 300 - 500 m?llion.rupees.

Theseffew examples amply justify the priarity given fo
research on Né—;ixation at our Institute. I popé that I have
succeeded in convincing you the necessity to harness your efforts
to pursue research on this facinating process, which probably holds
.the key to low cost food and fuelWood,production; which are

essential requirements for the development of Third World countries

like Sri Lanka



