











near cities, to health risks and to compost marketing difficulties.
As a result other methods of disposal are adopted which are wasteful
and cause pollution (Brochure, 2, p.6). The growth of cities
compounds the problems whose solution is becoming increasingly costly.
Larger Indian municipalities are therefore beginning to develop
mechanical compost plants; 45 have been commissioned under the

Fifth Five-Year Plan. Their advantages include:- (i) The reduction of
health risks and offensive smells. (ii) Less land, so they may be
sited to minimise transport costs., (1ii) The salvage of saleable
materials, And (iv) the use of the plants to process human wastes.
Social cost-benefit analyses should be carried out to determine the

most soclally desirable of the technically feasible alternatives.

Under Indisn conditions, it is estimated that the financial
cost of producing one tonne of compost mechanically is Rs.30 with
a necessary transport charge of Rs.5. This estimate is subject to
revision when  he first plants begin operation. Assuming the plant
nutrient content is 1.3% N, 1.1% PEGE' and 1.1% K,0, the ex-factory
rprice of the' nutrients, including lime, is Rs.67 with a market price
of some Hs.75. The balance of Re.40 per tonne between cost and
merket value suggests such plants can be financially viable
(Brochure, 2, p.8).

The purchase of urban compost by farmers will require a
cash outlay and will tend to be used only on crops which provide a
cash income. The sale of urban compost may therefore be usefully
integrated with the production of high-value crapﬁ destined for
clty markets. Existing transport systems may then perform a two-

way service to minimise costs.



fodder ¢ d mule

(1) Green magure,

Long-term experimental evidence reviewed by Webster and
Wilson (16, pp.184-188) susgests that green manure crops can play
en impertant role in fertillity maintenance. They raise the organic
content of the soil, ther act as a cover crop, they hold plant
nutrients and they may fix nitrogen. Economic advantages over other
methods of fertilisins include the following:- first, no cash is generally
involved; second, no transport costs are incurred; and third,

livestock husbandry is not necessary.

llowever there are major difficiu’ties which have so far
limited the acceptability of green manures to farmers, It has been
estimated that in West Africa some 20 - 30 tonnes of green manurehectrore
are necessary to maintain permanent cultivation (Guinard, 5). This
requires faster pgrowth than is often possible, loreover green manure
crops cannot greatly supplement a nutrient in which the soil is

deficient; it may have to be complemented by external inputs.

There may be heavy costs involved in green manuring; these
are compounded by the frequency with which these crops mua: be grown
since their beneficial effects are short-=lived in tropical climates.
(a) The provision of water for the growth of green manure crops and
for their decomposition in the soil will prove costly where water is
e constraint. (b) Considerable energy, human or snimal, 1s necessary
to plough in green manure shortly before the planting of the crop
that is to benefit. Where this has to be performed at the end of the
dry season, animals may be weak. (c¢) The land under the green manure
will have an opportunity cost unless it would in any case have been
fallow; the requirement for land, particularly where population is
dense and agriculture intensive, may prove unacceptable to farmers.

In traditional Chinese agriculture green manure is said to have been

1ittle used; almost any crop was too valuable to plough in before



it had been consumed by man or animal (Allison, 1, Ch.1).

It 1s a further disadvantage of green manure that
ploughing it in demands precise timing that may be beyond the
capacity1nr a small farmer operating under other constraints. If
ploughed in too soon with a low C:N ratio,benefits for succeeding
crops will be limited; i1f the ratio is too high the resulting
nitrogen deficiency may depress yields.

Technological advance over recent decades has
increased the profitadility of green manuring. The mechanisation of
draft operations and the improvement of bullock equipment may
relieve the comstraint of inadequate power at criticel periods.

In addition a wider range of green manure crops are now available
to suit specific local conditions; research and extension services

should seek to extend this range.

There is however a psychological obstacle to the
wider acceptance of green manuring. All farmers, but especially
those near Hubuiatuncu,ﬂrﬁgtnerally unwilling to commit resocurces
to crops which do not show an immediate return. It has been
suggested a_propos of the economica of introducing inorganic
fertilisers to small farmers that even the most progressive
require a valueicost ratio of 2:1 (and less progressive up to
4:1) before they will be prepared to adopt fertiliser (Ruthenberg, 12,
p.182), To make green manure sufficiently attractive, technological
changes will be necessary that radically improve the value:cost ratios.

In the long-established farming methods on Ukara
Island, green manure formed one element of the system of fertility
maintenance, But the steady migration from the island suggests
that where possible farmers will seek less labour-demanding means
of fulfilling their needs,



51;2 Fodder SIoDRA.

Where livestock are kept, fodder crops in a rotation will
be more immediately productive than green manure and therefore more
acceptable to farmers; if sultable manuring techniques are employed,
the nutrient loss sustained through feeding the crop to cattle need

not be great,

The superiority of fodder crops over grass fallows will
depend largely on their value for livestock and their efficiency
in nitrogen-fixing. Research efforts should concentrate not only
on improving these characteristics in general, but should also seek

to provide varieties which suit specific local conditions.

(441) mulch,

The higheat returns to mulch occur in dry areas owing to its
role in moisture conservation; it has value also in providing
crop nutrients and in reducing soil temperature fluctuations and
weed growth, In decomposition, however, it can lead to nitrogen
deficiency if the C:N ratio is too high (Webster and Wilson, 16,
p.235).

The rather limited use of mulch in less developed countries
is due in part to its opportunity cost as fuel or fodder and in part
to the labour costs of cutting and tramnsporting. The scope for
mulching will be limited by the supply of crop wastes or grass on
or near the farmj; éxtension services should encourage the cultivation

of suitable mulch grass in the place of unregulated fallows.



2.5.4 Night scil and urban sewage,
(1) Hight soil

A recent account of farming practices in China statea:
"In Chekiang province, night soil collection is almost a passion.
We saw literally thousands of roadside privies, placed there to
lure passers-by into depositing valuable fertiliser within reach
of the farmer. CUn one heavily-travelled country road there were
as many as ten in a one-block stretch." (Soil Association,14,p.4.)
China shares important characteristics with other Asian countries,
including a dense population and strong unfulfilled demand for
fertilisér. This suggests that technicslly and economically
there is scone elsewhere for a. fuller utilisation of night soil
as a source of crop nutrients.

In India, there is very little use made of night soil
in urben areas and practically none in villages (ICAR, 7, p10).
some idea of the potential value of the nutrients ruﬁhona by
this neglect is provided by Table 4. |

Table 4: Total N, PED5 and K50 in human wastes in India.
(million tonnes)

N P205 K20
Solid 0.383% 0.299 C.133
Liquid 2.207 0.319 0.404
Rounded Total 2.60 0.62 © 0.54

Approx. value®
(Million USE 520

Total values = £ 710 million

155 35

*Nutrient prices as calculated by Van Voorhoeve (see Table 2)

Sources of Table 4: ICAR, 7, p.10
Van *oorhoeru, 15, p.7



The #710 million total value may be interpreted as
the foreign exchanpge cost tﬁ India of importing the nutrieats
that are actually available domestically in human wastes. The
value of the higher output depends upon crop responses and ptrices
but would certeinly be several times greater than the mzrket
value of the nutrients,

There appears to be no systematic work available on
the soclal costs and benefits involved in the alternative methods
of collection, processing and distribution of nizht soil. It
is probable, howvever, that the least-social-cost systems
will & rather labour-intensive, using little capital and providing
ernloyment; this will only be feasible, however, where humans
are prepared to perform the necessary tasks.

The extent to which the potential 1is used will be
influenced by thp farmer's costs, by health risks and by
culturally-determined sttitudes. Night-soil is rich in nutrients

compared to other orranic sources of fertiliser: its use

may be acceptable particularly near cities where supplies may
be abundant and cheap. Health risks may te reduced by suitable
prccessing but appropriate techniques may spread only slowly.
The greatest single obstgcle may prove to be the disteste felt
by many people for the use of night soil; such attitudes may

be slow to change.

(11) Urban sevage

water-borne city wagtes are used for irrigation in the vicinity
of urban sreas in several leses developed countries. Some 47 000
hectares of farmland near Mexico City have buen'irrigaped by
waste water for many years at a rate of ‘1 900 million litres
per day. In 1971, 1.5 million tonnes of foodstuffs were grown

worth US $26.7 million. The 30 000 farmers who rent the land

from the government pay the sewage irrigation costs at rates



of US 1.50 - 2.40 per hectare. No health problems are reported.
(Source: Van Voorhoeve, 15, p.10).

Smaller scheme: operate in India where 100 cities and
towns have sewage systems and 700 have open drainaze. 24 000
hectares are irrigated from some 20 centres using 1 300
million litres per day. The value of the nutrients in the seware
at naritet prices 1s estimated at Rs. 40 million while the additional
production of foodgrains is vslued at Rs. 200 million (Brochure,
7y D.27; Annexure Vi) imformation on the structure of costs
is not available. The capacity of the existing sewage
and drainage systems is thought to be some 3 640 million litresy
per day - nearly three times the currently used volume. This
level of use however may represent the economic optimum;
distribution costs rise with distance, and m=rginal returns
begin to tail off alove a certain level of application.

There appears to be economic scope for the integration
of public health nrogrammes and sevage irrigation, given the
urgent needs of growing cities to dispose of their wastes.

The rate of increase of the use of sewaze on farms, however,
will be limited particularly by the qgtu at which new urban
areas are provided with sewage systems. All else equal, sevage
irrigation in new areas will show higher marginal returns than
increased irrigation where it already exists; this is due to

the shape of crop response curves which tend to level out.



3.4 Summary of factors limiting the use of organic fertilisers

Socio-economic characteristics of farming in less
developed countries impose constraints on the use of organic
fertilisers which are substantially different from those oper-

ating in developed countries. The following may be identified.

(1) The need to adjust the whole farming system.

(ii) The heavy labour rejuirement.

(4ii) The low level of technological development

(iv) The lack of opportunities for profitably raising output.
(v) The need to develop skills.

(vi) Cultural attitudes.

(vii) The lack of mixed livestock and crop husbandry



-

4. The wider use of organic fertilisers.

At the start of the last section it was suggested that
fearmers will be more prepared to use organic Tertilisers in the
follewing cases:-

(i) ‘/here they are necessary to produce basic requirements.
(ii). where they lead to a cash income.

(ii1) where their costs are exceptionally low.

b this hypothesis is accepted, efforts to spreasd organic
fertiliser practices should be directed for maximum effect to
areas in which these pre-conditions hold. It uay be a cause
for optimism that population pressure has historically led
to the adoption of intensive cultivatton in rnany areas. OUver
time, price ratios are likely to favour the fuller use of
orzanic fertilisers owing to the rising prices of food and land,
the continuing scarcity of inorganic fertiliser, and labour
whose wazes are unlikly to rise. But at best the use of organic
fertilisers will increase only slowly. They do not have the
dramatic appeal of mineral fertiliser; moreover skills must he
learned =and farming systems ednpted to accommodate them.

Cxtension services should recognlse that organic
fertilising practices are neoessarily elements of an interwoven
system; the stratezy to encourage their use must involve wider
changes including better livestock and crop husbandry, better
irrigation, better draft equipment, and above all better
transpoct. The pace of change will inevitably be rather slow.

lore immediate progress is possible in thn'diapusnl
and processing of urban wastes which may usefully be integrated
with ferming near the cities.

But oversll, while there is certainly scope for using
organic fertilisers more fully, they will not contribute

dramatically to the present fertiliser scarclty in less
developed countries.



5. Leonomic research into orgsnic fertilisers

5,1. The state of economic research

A paner on economic aspects of organic fertilisers
inevitably suffers from the lack of systematic data, tnough
some -ork has been done in India. In contrast to agronomists,
economists have tended to overiook this element of farming
systems, partly because it has been overshadowed by the greater
economic appe:l of mineral fertilisers which have been seen as
suhstitutes.

.hat has been the effect of this neglect? Perhaps it
vartly explains the apparent gap hetween the rotations and
fertilising practices developed by scientists snd the generally
far less productive techniques used by farmers. Economists,
and to a lesser extent sociologists, should have been on hand
o advise on the specific requirements of the farmers in the
liht of their objectives and the rescurces available to them.
Failure to do this has inevritahly led to resezarchers
developinr systems which have proved unacceptable to the

farmers themselves who perceive acutely the costs and b-nefits

involved.

2ses Sumzested directions for the future

The urgent need for small farmers to raise food
nroduction in less developed countries demands that this neglect
be put right. Attention should be turned in two main directions.

First, social cost-benefit analyses should be carried
out of technically feasible alternatives to determine which
eystems of collecting, processing and distributing organic

fertilisers make the best use of socliety's scarce resources.

Becond, at the farm level, attempts should be made to



understand the economic and social pressures on decision-makers
vhiech lead to the evolution of particular production patterns.
In particular, much greater attention than hitherto should be
directed to the costs to the farmer and his family of different
fertilising practices. The constraints on the wider use of
organic fertilisers, whether land, labour, markets, water, trans-
port, or a combination or these, should b»e identified; technical
research may then be directed to their resolution.

As 8 uszeful Iirst steﬁ, I'AO might bring together date
from its farm management projects to provide a basis for

systematic economic analysis.

Summary of discussion

It was noted that the use of organic fertilizer in the developing countries had not received
the sttention it deserved from economists., Probleme were that it did not lend itself to
ptraightforward econamic mnalysis and it was often difficult to accord a market value to
many of the costs and besnefits involved. The aim should be to understand the farmer's true
costs and benefits in relation to possible changing patterns of farming resulting from
.making the bast use of limited resources in the context of balancing increased pressurs on

the land with increased productien, conservation, and availability of foreign exchange
remerves.

The importation of eophisticated farm machinery developed for different conditions under
which they were to work, with the consequent drain on foreign exchange, had not always led
to the beneficisl results sxpected, and the time had come to take a hard lock at lese
unp:iniuttd but effective aids to production, such as im roved land and animal operated
agu ;ﬂmti

At both the administrative and ressarch level thers was still too much isolation of for
sxample crop production and animal husbandry funttions, and it was stressed that there muet

bs an 111“;1‘“1& and multidisciplinary approach to agricultural development in the develcoping
countries,
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G. RECOMMENDATIONS AND GUIIELINES

PROPOSALS FOR SHORT TERM RESEARCH, LONG TERM RESEARCH,
EXTENSION, EDUCATION AND INTERNATIONAL COOPERATION

®

h ¥
B.R. Nagar

In the light of the present world food erisis, it need hardly be emphasised that a
large number of developing countries de not have money either to purchase comtly food from
abroad or to buy inputs, fuel and fertilizers needed in sufficient quantity for modern asric-
ulture. Therefore, the situation demands that they do serious rethinking on their agric-
ultural research, education, and extension with a view to evolve a 'New Agricultural
Strategy' to utilise organic materials as fertilizers on a large scale.

New Agricultural Strategy: Maximum Food Production with Minimum Cost and with the Least
Possible Utilization of Energy

The salient features of this new agricultvral strategy should be as follows:

(1) There should be maximum agricultural production with the least possible utilization
of energy;

(2) Organic materials should be utilized in coneiderably larger amounts as fertilizers
and thus reduce the consumption of mineral fertilizers {cunnaquently the consumption
of energy will be reduced). Furthermore, the efficiency of the use of mineral
fertilizers should be increased to very great extent.

(3) Steps should be taken to organize short term as well as long term ressarch on moil
organic matter and organic manures, including cooperative research with the assistance
of the developed countries and international agencies,

(4) Effort should be made to create the right type of manpower for research, education
and extension woerk on soil organic matter and organic materials as fertilizers.

(5) Steps should be taken for extension work to propagate the use of organic materials
as fertilizers on a large scale.

(6) International cooperation should be organized for moil organic matter and organic
manures research, education and extension.

Ll

Heaearch -

In order %o use organic materials as fertilizers on a large scale, it is absolutely
esgential that research work on soil organic matter and organic manures be carried ocut on
a number of problems under different climatic conditions and for different erope. I have
classified this research effort under 'short term ressarch' and 'long term research'. Under
short term research such problems for research are suggested, the solution of which may help
us in extensive use of organic materials as fertilizers within 3 to 4 years. On the other
hand, for long term research probleme it will take more time to obtain useful results.



Short Term Research

In order to obtain fruitful results for the extensive use of organic materiale as

fertilizers within 3 to 4 years, the research work should be carried out on the following

problems:
1. Studies on the economics of the use of mineral fertilizers in combination with various

5

6.

dosages of organic materials such as crop residues, compost, bonesa, animal manure.
and peat, night soil and sludge, etc.

Studies on the efficient method of preparation of biogas and manures from the animal
manures, farm cesidue, town refuge, sludge and night goil eteo.

It may be mentioned here that in order to popularize the use of Biogas Plants on a
large scale, research work is needed on the following problems: (a) studies on the
designing of very low cost Biogas Plants (b) studies to design such plants’ in which
CO; can be separated very efficiently from CHy; and (¢c) studies to find out a
suitable catalyst which may maintain the release of gas from the plant during the
winter season.

Green manures and crop rotation

3.1 Studies on the economice of mineral fertilization in combination with crop rotation
with legumes, especially pulses and fodder legumes.

3.2 Studies on the economica cof mineral fertilization in combination with green manures,
including inter—cropping whereever possible.

3.1 Studies on the economics of the growth of green manuring plants, including fodder
leafy plants on thé fallow land from where subsequently they should be transferred
to the field and ploughed in the soil.

Nitrogen fixation

4.1 Studies on the development of legume incculatiecn.
4.2 Studies or the non-symbiotic fixation of nitrogen.

4.1 Studies on the role of organic matter in symbiotic and non-symbiotic nitrogen
fixation.

It is significant that currently 30 millien tons of nitrogen per year are obtained
from industrial 'N' fixation. On the other hand, Rhizobium bacteria alone fixes
14 million tons nitrogen per year throughout the world in root nodules of food and
fodder legumes. In order to increase considerably the quantity of 'N' fixed by
Rhizobia, investigations should be carried out on the following problems: (a)
studies on the development of the right straine for the different leguminous crops
under different ecological conditionsj (b) studies to establish the efficient
carrier media for inoculation.

Studies on the efficient methods of production of compost with optimum pro erties

such as ratio 10 from the various plant residues, animal manures, sludge an
nigﬂt aoil ete. ; H

Studies to evolve ve i i trees which can be used as
fuel 8o that cow dun bea coneerv




7. Studies on the nitrogen balance sheet in soils

In order to increase the efficiency of the use of nitrogenous fertilizers it is
desirable that research work: should be carried out on problems such as (a) studies to
control the rate of nitrification in soils, including the use of suitable organic
materialsj (b) studies to reduce the movement of nitrate in lower layers of soils by
applying organic manures; and (c) studies to develop methods for retarding hydrolysis
of urea in soils and to reduce its volatilization as ammonia eto.

8. Studies on the rmElin‘ of Ela.nt nutrients in soils from natural resources, including

studies on decomposition of organic materiale in the scil.

It is desirable that extensive work should be carried out on the nitrogen transforma-
tions in soils such as amount of biological nitrogen fixation, ammonification, nitri-
fication, denitrification etc. so that the data thus obtained can be utilized for
system analysis,subsequently on the basis of these data modele of the nitrogen cycle may

be prepared which can be used for predicting the values of nitrogen transformation by
computers.

9 Studies on the efficient hygienic methods of handling, storage and utilization of
animal manure, sewage, sludge and night soil

10. Studies on the use of natural and synthetic slow nitrogen releasi fertilizera

prepared from industrial waste productslincluding N-Lignin) during plant growth

11. Studies on the economice of the use of mulching under humid and hot ¢limate conaitions

Long Term Research

For efficient and extensive use of organic materials as fertilizers during the next
20 years it ie desirable that research work may be carried out on the following problems:

1. Studies on the characterization of soil organic matter

1.1 Systematic studies on the characterization of soil organic matter of the different
types of moils of the world with a view to prepare soil organic matter mape of the
world.

1.2 Studies on the characterization of the dynamice of soil organic matter in relation
to the moil productivity.

1.3 Studies on the characterization of moil ,organic matter with a view to establish
the influence of high dosages of mineral fertilizers and pesticides (which are
necessary for the high yielding varieties) on the dynamics of soil organic matter.

2. Studies on the recycling of plant nutrients in soils from organic materialse

2.1 Studies on the decomposition of plants and other organic materiale in soils in
relation to the availability and uptake of nutrients - including trace elemente -
by plants. PFor these studies multi-labelled plant materials have to be used.

2.2 Studies on the dynamics of soil organic matter formed under long term treatments
of organic manures, fertilizers, fertilizers plus manures and crop rotation.
sgpecially in sub-

3. Studies on the role of moil

tropic

ic matter in soil fertilit

In order to eatablish the role of soil organic matter in ecoil fertility in tropical
and sub-tropical olimatic conditions, studies should be carried out on the rate of



turnover and peraistence of soil. organic matter under these climatic conditions. For
these studies the decomposition of C'4 and N17 labelled organic materiale should be
carried out in the' socils over a period of several years with a view to establish the
rate of turnover and persistence of soil organic matter and to determine the level of
N in relation to organic carbon.

4. Studies on the processes of humification and on the structure of constituents of
scil organic matter

4.1 Studies on the proceases of humification and on the structure of conatituents of
g80il organic matter formed under sub-tropical and tropical climatic conditions.

4.2 Studiea on the poasible difference of the physical and chemical properties of
conetituents of soil organic matter produced from different plant materials,
city refuge and organic industrial waste products.

1.3 Studies on the effect of clay minerals on the formation and stabilization of soil
organic matter.

4e4 Studies on the effect of mulching on the phyeical and chemical properties ot constit.
uents of soil organic matter
b td es_to find out new lsgumino

7.1 Studies on the influence of constituents of soil organic matter on the metabolic
pathwaye in plants.

7.2 Studies on the effect of constituenis of soil organic matter on checking the
incidence of plant diseases.

B. The following studies should be carried out by geneticists to evolve new varisties
of plants

B.1 Studies to evolve such varieties which not only give higher yields of grains but
also produce larger amounts of rcote which may eventually contribute to the forma-
tion of soil humus.

8.2 Studies to evolve such varieties which may utilize very efficiently available
nitrogen from scil organic matter and fertilizers.

B.3 Studiee t6 evolve such varieties of cereale which may have the ability for
biclogical tixutgon of nitrogen.

Extension

The central theme of all extension work should be ‘that during the next two decades
there will be shortage of fertilizers. Therefore there is no alternative for the
farmers but to adopt the new strategy of use of organic materials as fertilizers on a
large scale. The following stepe should be taken to propagate the use of organic materials
as fertilizers in the different parts of the world:



2.

Biogas Plantat Steps should be taken to propagate the use of 'Biogas Planta' for the
preparation of gas as well as manures from the animal manures, night soil and industrial

waste in the villages. If necessary, the social structure required for this purpose may
be established in the villages.

Compost ing
Stepm should be taken to popularize the simple technicues of compostingamongst the farmera.

Training of extension workers and farmers

It is desirable that training programmes for extension workers for the efficient use
of organic materials as fertilizers should be organized at agricultural schools,
colleges and universities with the cooperation of appropriate government agencies.
Furthermore, special training schools should be opened for the farmers (along with
model farms if possible) to teach them the new methodology of efficient use of organic
materials as fertilizers. Subsequently the extenasion workers should keep in touch
with these farmers.

In addition, suitable steps should be taken for female education in rural areas on
the use of organic materials as fertilizers as they can play very significant roles
in conserving animal manure for manuring purposes.

Publications

FAO, international agencies, the departmente concerned with the extension work in the
different countries should publish leaflets, farm bulletine and popular books (written
in a popular language for the layman) on organic materials as fertilizers. Further-
more, agricultural correspondents and science writers may be requeated to publish

popular articles on soil organic matter and organic manures in the language or languages
of the country.

Use of radio, televisicn and audio visual aids for extension work

Radio and TV should be extensively used for propagating the new technology of use of
organic manures as fertilizers on a large scale. PFurthermore, it may be mentioned
that in the developing countries the majority of farmers are still semi-literate or
illiterate. Therefore suitable steps should be taken for utilizing audic visual aids
to popularize the use of organic materials as fertilizers amongst them.

Education

In order to utilize organic materials as fertilizers on a large scale during the next

10 to 20 years, it ie essential to give utmoet importance to manpower planning including
in-service training of the research workers. For this purpose, there should be radical

changes in educaticn in this field. In this connection I think the following steps are
essential;

1.

Graduate and post graduate ccurses

Currently, in a number of agricultural colleges and universities of the developing
countries, soil organic matter im taught as a part of soil chemistry graduate or
poat graduate courses. It is desirable that soil organic matter should be taught in
agricultural colleges and univerasitiea under the following two courses: (1) chemistry
of soil organic matter; and (ii) organic manures. A committee of experts appointed
by FAQ may prepare the detailed syllabi of these courses.



2. Ph.D. training

In order to obtain proper background for soil organic matter research, education and
extension, the Ph.D. echolar would be well advised to complete the following coursea
(in addition to the courses on chemistry of soil matter and organic manure): (a)
organic chemiptry (elementary as well as advanced courses); (b) physical chemistry
(elementary as well as advanced courses); (c) soil microbiology; (d) elements of soil

science; (e) a course in agronomy; (f) modern instrumental methods of analysis and
(g) radio tracer techniques.

Furthermore, he should work for his doctorate degree preferably on a problem of soil
organic matter which has some relevance to the economy of the developing countries.

Establishment of 'centres of excellence' for scil organic matter research

The 'centres of excellence' for soil organic matter research should be established
around the highly distinguished research workers in this field or the agricultural
universities in the developing countries. In addition to research work theass centres
may also be used for the training of extension workers, leading farmers and in-service
training of the members of the staff of agricultural colleges and universities.

4. International training courses on scil organic matter

It 1s desirable that FAD should organize international training courses on the following
two topice so that the right type of manpower is created in this field: (a) the
chemistry of soil organic matter (including modern methods of characterisation of soil
organic matter) and (b) organic manures. Subsequently, the trainees of these courses
may organize similar courses in their countries on a national scale.

Publications

It need hardly be emphasized that in order to be able to do good quality research work,
the research scientist must know the latest developments in hie field. Unfortunately, in
the developing countries due to poor financial conditions of the majority of research workers
and due to the lack of proper library facilitiea, it is very difficult for a research worker
to keep himself informed about the latest researches in his field. Therefore, in order to

promote research work on organic materials as fertilizer, FAO should take the following
steps in this directiont

Compilation of lists of publicatiomson scil organic matter and organic manures

Steps should be taken by FAO for the preparation of detailed and up-to-date lists of
publications as monographs, booke, review articles and important papers on soil
organic matter and organic manurea. These lists should be provided by FADO to all the
research workere in the field of scil organic matter research. FAO should also con-
sider the poesibility of providing a set of these publications to the libraries of the
leading centres of research on soil organic matter and organic manures.

2. FPublication of = book entitled 'Soil Organic Matter: Its Nature and its Role in Soil
FurtiIitx in fiogingl and Sub-Tropical 1

Currently it is very difficult to find the relevant information on the composition of
Boil organic matter formed under tropical and sub-tropical climatic conditions, as well
as its role in soil fertility in that part of the world. Therefore FAQD may consider
the poesibility of arranging the publication of the book entitled 'Soil Organic Matter:
Its Nature and Itas Hole in Soil PFPertility in Tropical and Sub-Tropical Climatic Con-
ditions' written by an eminent research worker in this field.



3. Annual review on soil organic matter and organic manures ressearch

Steps should be taken for the publication of an "Annual Review" on soil organic matter
and organic manures research.

International Co—operation

It need hardly be emphasized that the efforts of the scientists working in the field
of soil organic matter and organic manure will be more fruitful for extensive use of organic
materials as fertilizers during the next 10 to 20 years if they organize their activities
Jointly on an international scale. Therefore the following steps may be taken for inter-
national co-operation in the field of soil organic matter and organic manures research,
education and extension.

1. Establishment of the International Research Institute for Soil Organic Matter Research

Steps should be taken for the establishment of the International Research Institute

for Soil Organic Matter Research (with regional research centres for different climatic
areas) with the financial assistance of FAO and other international agenciea. Initially,
until this research instituta is established the research and training work on soil
organic matter may be carried out at a centre such as the Institut flir Biochemie deas

Bodens, Braunschweig, Fed. Rep. of Germany, with the financial assistance of FAO and
other international agencies.

2. Internatiocnal training courses

The international training courses should be organized on the following two topics,
especially for the benefit of research workers of the developing countries: (a) the
chemistry of eoil organic matter; and (b) organic manures.

1. Research projects

UNDP, FAQ and other international agencies should sanction research projects on the
topic suggested under 'Short Term Research' and 'Long Term Research' with multi-dis-
ciplinary approach at the various centres of research on soil organic matter, especially
in the developing countries.

4. Short term consultants

FAO should provide the services of short term consultants (for 3 to & months) to the
developing countries who are keen to initiate and develop their programmes for the
Use of Organic Materials as Fertilizers,

5. Cooperation between one developing country and another developed country

UNDP, FAO and other international agencies should finance research projecte on soil
organic matter and organic manures for cooperation between one institute of a
developing country and another institute of a developed country.



Summary of discussion

The wide ranging programme of research and new facilities proposed were welcomed. There

were comments as to whether it might not be equally effective to intensify existing
facilities and international cooperation.

Un training, there were commente to the effect that studenta who had been trained in
developed countries often found difficulty in adapting knowledge gained to conditions

in their home country and in obtaining funds to pursue research and to travel even within
their own country to cooperate with colleagues working on allied projects.

Anotner problem discuesed was how to cbtain and organize facilities for transmitting the
results of research through to the farmer. The role of FAO in this respect through back-
stopping projects in 16 countries was noted, as also the role of the FAD FPertilizer
Frogramme with a task force of 40 experts in the field. It was hoped toc that thie Expert
Consultation would play a major role in the overall programme for research and development
in the use of organic fertilizers in the developing countries.



APFENDIX I

PROGRAMME

Monday, 2 December

9.3 a.m. eni

I. Introduction

Ta

Use of organic materials as fertilizers in developing countries

&. Singh

II. Specific effects of soil organic matter on the potential of soil productivity

1.

2.

Biochemistry of moil organic matter
W. Flaig

Proposal for the characteristics of moil organic matter as an approach to
the understanding of ite dynamics

H. Sbechtig

J. Salfeld

I1I. Characteristicas, processing and use of organic materials

1a

2.

1.

Tues

Organic manure: Collection, storage, processing, transport and application
T.M. McCalla

A method for conservation of cattle manure
M. M. Musa

Mulching for improved soil fertility and crop production
As “mhl and B.N. aki‘bﬂ

Decembar

(Continuation III)

4.

5.

6o

8.

Compost
Use of compomst in Korsa
J«F. Parr

Chemiocal and biochemical censiderations for maximising the efficiency
of fertiliser nitrogen
J«Fs Parr

Use of peat in horticulture

Problems of improving soil fertility by green manuring in tropical farming systems
Akinola A Agboola

Biological souros of nitrogen in natural ecosystems and crop production
T. Yoshida



Tuesday, 3 December (Continued)

9., Experiences in biological nitrogen fixation in South America
C. Batthyany

10. Nitrogen fixation by some legumes in the Sudan Gezira
M.M. Musa

Wednesday, 4 December

(Continuation III)

11. Survey of city refuse composting
D, Stickelbarger

.12. Principle problema of the use of city wastes for crop production and soil
coneservation
Co Tietjen

13, Chemical and biological considerations for land application of agricultural
and municipal wastes
J.F. Parr

IV. Experiences and new developments

1. The use of organic fertilizers in Japan
T. Egawa

2. The use of organic fertilizers in India
Ministry of Agriculture, New Delhi

3. The use of organic fertilizers in Brazil
CeAs Burnett

Thursday, 5 December

V. Soil management and organic fertilizers

1. Organic matter and bigchemical properties of soil in the dry tropical zone of
Weat Africa

Ce Charreau

2, Interrelations between organic and mineral fertilizers in the tropical rain
forests of Western Nigeria
Akinola A.. Agboola -

VI. Economica

1. Economic aspects of the use of organic materials as fertilizers
As Duncan .



Thursday, 5 December (continued)

VII. Recommendatione and guidelines

1. Proposale for short term research, long term research, extension, education
and international cooperation in organic fertilizers
B-R- Hﬂgﬂr

2. Discussion on recommendations; guidelines for follow-up action

Friday, 6 December

(Continuation VII, 2)

Discuseion on recommendations and guidelines for follow=up action

Closing Session
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