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It i Yhe win of 9 CEReTATRSatl Sl ~5eE the henefit of a wider
sudience and those particnlarly interested ir atter the proceedings of the
Regional Seminar on Plenning and Organization of Fertilizer Use Development, for the
Faghish apeaking 20witries.of 5he.FAQ. Africs Region, which was held with the financial
support of the Danish International Developmént Agency (DANIDA] and ¥he Keaya Minigtzy

of Agriculture at Nairobi, Kenya, in December 1972.

in the subject m

Since the Seminar was held, the global sitvation of food and sgriculture has
deterierated -eonaidersbly. Foed reserves in the world are at.iheir lowest level.
Chemivsl Sertilisema heve heceme mcerce end highly expensive...(On ihe ofher hand, ibhe
use of chemical fertilizers, although complemented by organic omnes,

must continue if levels af agricultural production ned and increased.

Q72 the world's cultivated area increased from 1 330 million hectares

r
on ha, or by 67 million ha, correspending to about 4,8 percent. During the
opulation of the world rose by more than 30 percent from 2 80C million to

game per e p :

3 800 million., The increazsge in cultivated ares wss mainly in the developing countrnies
wherse there is a comparstively lower level of preduction. Assuming an average production
of one ton of cersal equivalent per heotare, the additiomal 67 million ha would havs
produces whous 67 millisn bens-of oersal equivelent or the basic food for about 135 million

peonle.

From fertilizer years 1957/58 to 1971/72 the world's consunption of chemical fertilizers
rose from 24.millicn tons of pure nutrients to 72 million tons, an increase of 48 million
tons or showk 200 percest. By comeidering s production peieniial of sbout & ions of cersal
equivalent per ton of pure nutrients, the additional 48 million tons of pure nutrients would
have provided 400 milliomn tons of cereal equivalent or the basis of putrition for 800 million

people.

The chebged price aitustion eslls for adjusiments om orop produciion. Ressarch will
have to be reoriented to some extent toward cropping systems which help to maintain natural
soil fertility, produce complementary nutrients, improve physical soil conditions and give
protection against erosion. Policies concerning subsidies might have to be reconsidered
and Tar more atitention will have %o be paid o the economics of the use of fertilizers
which would imply, among other measures, the development of more detailsd and adjusted
recommendations. The findings will bave-to be broughi, in a praciical way, to the farmera.

Better distribution of foritilisers and Felsied inputs w : r af v
and help to avoid losees. Sound sgricultural oredit would assist in extending the uame of
fertilizers and in avoiding unbalanced social conditions.
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Thip Soile Bullstin should be gble %o provids inmfermaiion and guldance on these

o Epenial and sepentizl subjects. ...

Edouard Saocuma
Director
Land and Hater Development Divislon
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INTRODUCTION

Member Governments of FAO's African Region have for some time been aware of the
increasing relative importance of fertilizers and related inputs in improving agric-
ultural productivity. This view was shared by responsible personnel of field projects
and by FAQ iteelf, and therefore it was decided to organize a seminar to deal with all
aspects of fertilizer use development and to provide a forum for the exchange of
experience. Moreover, it was the intention of the convenors to enable representatives
of Ministries, Planning Commissions, Cooperative Organizations etc. from the English-
speaking member countries of FAO's African Region to become acquainted with modern
methods of work on long term fertilizer use development.

The seminar was convened under the FAO/DANIDA (Danish International Development
Agency ) Cooperative Programme. The Government of Kenya was host, and the seminar was
held at the Kenya Institute for Administration, Nairobi, from 1-16 December 1972. It
was attended by 318 observers and participants from the following countries: Botewana,
Ethiopia, Kenya, Lesotho, Malawi, Mauritius, Nigeria, Sierra Leone, Swaziland, Tanzania,
Uganda and Zambia.

Ten lecturers presented a total of 19 papers.

It is hoped that thig Soile Bulletin will serve as a useful reference to the
participants in the seminar and to othere involved in the planning and organization
of fertilizer use development.

Publication was made possible by the FAO/DANIDA Cooperative Programme.



FERTILIZER IN AGRICULTURAL DEVELOFMENT

Situation

The use of fertilizers has been a key factor in raising crop yields and income in
advanced countries, because not only do fertiligers in combination with other improved
practices increase yields, they can also decrease unit costs and increase profits. About
E0% of the yield increases achieved during the last 120 years is due to the rational use
of fertiligers.

Much has been done in developing countries, with the assistance of multi-lateral and
bilateral aid, to introduce fertilizers into agriculture on a large scale. Considering the
needs, however, only a modest beginning has been made, which calls for renewed efforts to
develop fertilizer use.

Fertilizer use (in million tons N+P205+K20) in developing countries has increased as
follows:

1954/55 1.4
1362/63 3.2
1969,/70 8.8
1370/71 10.0

The Indicative World Plan estimates the future requirements of fertilizers in
developing countries (in million tons N+P20s5+K20) asi-

1975/76 14.7
1980,/81 22.4
1985/86 33.0

The total value of fertiligzer use egtimated for 1985 will represent approximately
4% percent of the total value of all current inputs in agricultural production.

Fertilizer use has increased considerably in a number of developing countries,
especially those which have adopted high yielding cereal varieties (Table 1), Nevertheless,
though the annual rates of increase have been larger than those in advanced countries, use
per hectare and per capita is still low and very low in developing countries.

The introduction of fertilizers can have a great potential effect on other factors of
importance to continued rural and agricultural development. This applies to traditional
inputs such as labour, socils, irrigation, local plant varieties and manure, but also to
purchased inputs like improved seeds, pesticides and equipment.

The introduction of fertilizer use on an extensive scale requires the development of
a distribution network, including transport, storage and credit facilities, which can also
be ugsed for distribution of other farm inputs.

As fertilizer use produces guick vieible results on the fields and its effects are
directly measurable, ii provides an excellent basis for extension work which can, cnce the
farmers accept it, also include the other production factora. For these reasons fertilizer
use development has already proved to be the apearhead which opens up a short cut to
integrated agricultural development.

Although there are considerable differences from country to country, the main obetacles
againet a rapid development in fertilizer use are still: insufficient knowledge about the
upe of fertilizers and also in relation to other inputs; inadequate facilities for the



transfer of the knowledge to the individual farmer and inadequate facilities for fertilizer
marketing and credit., After more than a decade of development gid inm fertilizer use
development, the countries can be classified as follows as regards the gtage they have
reached in.fertilizer use and the need for further assistance. .

A. Countriss which are still in need of basic technical and economic information
on fertilizer use. For these, assistance should concentrate on experimental
and demonstration work, followed by pilot schemes for fertilizer distribution.
There are 25 ccuntries in this category, most of them in &frica.

B. Countries which have {1) recognized the importsnce of fertilisers for the
dovelicpnent of agriculture, (2} infurmstion on wationsgl fertilizer use
sveilable, and {3) developed a sizable demand for fertilisers among farmers,
but which, mainly because of insdeguate infrastructurs and deficiency of
foreign exchange, cannot build up fertilizer use on their own as quickly as
would be desirable, This category includes 29 countries, about evenly
digtributed in Asia, Africa and Latin America.

C. Countries with an already relatively efficient infrastructure but where .
(1) the lack of or insufficient foreign exchange for the purchase of
fartilizers reprasenis a major bottleneck in Pupther development, QZ} the
infrastructure for distribution of fertilizers and other inputs still needs
further improvement either in the country as a whole or in parts of it:
22 countries are included in this category, mainly in Asia and Latin America.

D. Countries {1) which dv not nesd any more foreign assistance in fertiliser use
development, or (2), which need assistance in fertilizer use development only
in parts of the country, or (3), which need assistance only for solving specific
problems, for instance, building up a soil testing service, establishing a
fertilizer unit in the Ministry of Agriculture, introducing fertilizer
legislation, preparing an overall plan for leng term fertilizer use development
and eventually fertilizer production. There are at present only three countries
in this category.

Still more than 60 countries are in need of assistance in one way or another in
fertilizer use development. The real problems in this respect ars the economically weak
farmers with small and often remcte holdings whe producs the bulle of the fosd erope, and
the limited economic possibilities of the countries as a whole.

Future needs
Future planning of assistance should take into consideration the following factors:

1. The number and the scope of soil fertility and fertilizer use develeopment projects
should be .bhetter related to the size of countries and regions. The possible effects
of small scale projects have often been overestimated.

2. The typs of projecis should be sdjusted more carefully 4o ihe needs of the couniries
which, in practice, megne mogily s widsning of the scops of the praject antivities,
technically and for fertilizer supply.

3, The duration of the projects should be kept more flexible, taking into consideration
the possibility of phasing the activities and the time it takes to introduce lasting
improveneits on smadl fernss

4., A better coordination of the development aid in soil fertility and fertilizer use
could increase the efficiency, taking into account the considerable knowledge and
the worldwide erganizeticn of PAD and ths very considerasbls peossibilitiss for
input supply by some bilateral donors.



5. BStandardization of projects and working methods and the exchange of information
should be considered for improvement.

6. Training still needs to be improved in order to make sure that the work of
fertilizer development projects will continue.

7« The following factors, technical and partly economic, will probably influence
the need for fertilizers in a particular direction (based on IWP):

(a) High yielding varieties and other developments under the term "Green
Revolution". It has been estimated however that by 1985 only about 30%
of the area under cereals will be planted with high yielding varieties.

(t) Tree and other permanent crops which are replanted by plant material
with higher yield potential., The limiting factors in this field might be
the relative saturation of the world market by produces like coffee, cacao,
copra, palm oil, citrus, etc.

(¢) Existing and future irrigated areas, There are still vast areas already
under irrigation which are uneconomic because they are not yet using
fertilizers adequately. On the other hand, the substantive expansion of
irrigated areas is a relatively slow process.

(d) Rainfed agriculture. This type of production has been relatively
neglected so far, particularly the areas of small farmers for which any
improvement is basically a matter of economic considerationa.

(e) Multiple cropping. The increasing use of high yielding varieties,
improvements in cultivation and the need for crop diversification are
important factors in these developments.

(f) More rational use of natural resources, including soil conservation.
{g) Improvements in shifting cultivation, FAQO has initiated a number of
activities in this field, particularly in Africa, It is apparent that any
improvement will be closely related to increased use of fertilizers.

(h) Forage production under relatively intensive conditions.

It is obvious that these future needs should be reflected in the planning of future
development work and development aid.
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TECHNICAL AND RESEARCH ASPECTS IN SOIL
FIRTILITY AND FERTILIZER USE

by
isn
D.He Parish

INTRODUCTTON

Irrespective of the continent be it Burope, America, Asia or Africa, all agricultural
activity was, and much still is exploitive in nature — in other words the farmer generally
removes more from the soil than he returns to it.

It can also be assumed that the various systems of agriculture which have developed
in different parts of the world aimed at producing the maximuam amount of crop with the
minimum of effort but alsc that traditional eropping systems in those areas with only a
brief growing period had built into them systems which would snsure against a complete
crop failure.

Divergence from these generalizations will occur when a farmer changes from a shifting
type of agrioculture to a more permanent type and when he changes from a subsistence
agriculture to a monetized economy. However, even before these changes ocour, a spil
fertility crisis may develop, due not to a fault inherent in the agricultural system
developed but to the demographic problem of increasing population pressure.

The current pattern of fertilizer consumption in Africa shows that, large farms and
plantation crops apart, only the export or export substitution crops are widely fertilized
viz. groundnuts, cotton and, to an increasing extent, rice. Most of the traditional food
crops produced in Africa are still grown without fertilizer and because of continuing low
prices fertilizer use on export crops has even fallen in some countries.

It is againat the background of increasing population pressure, the collapse of
traditional farming systems and the generally low prices of agricultural preduce that
this paper is presented.

To understand fully the role of soil fertility in agricultural development in Africa,
it ie necessary to understand the nature of the soil resources of Africa, the traditional
systems of agriculture, the changes which are now occurring and finally as fertilizers
are the central theme of this seminar, to understand those soil and crop factors affecting
fertilizer use. '

SO0IL AESOURCES

The first step in any development plamnnming is to make an inventory of the resources
and soil surveys have been high on the liat of agricultural research activities in most
countries of Africa both at the national and regional levels and even at the world level.

1/ Former Professor of Agronomy of the University of Hampala, Uganda.
Regional Leader of the FAD Fertilizer Programme for Asia and Far East, Bangkok,
Thailand.



A so0il map of the world was the goal of a group of eminent soil specialists who were
called together by FAD and UNESCO in the early 1960's. The problemz facing these inter—
national experts were enormous but the correlation of all the different data to produce
a uniform and universally acceptable nomenclature was oprobably the greatest obstacle, as
terminology varied both between and within lansuage groups.

Whilst the world soil map has obvious uses in global development planning and in
initial national planning, detailed surveys of apecific areas will always be needed
before adequate planning at the national level can be made; but at whatever scale of
mapping, it is easential that all surveys should be based on internationally acceptable
nomenclature and the role of FAD and the Inter—African Bureau of 3pils in encouraging
international cooperation in soil work in Africa should be noted.

Jo0il resources though of wvital interest are only one part of the agricultural
resources of a country and as loormann (1971) has pointed out, to regard 'soil suitability
classifications' and 'land suitability classifications! as essentially synonymous is
misleading as the range of data collected in soil surveys does not necessarily lend itself
directly to land resource classification which is the real requirement of the agricultural
development planners.

30il surveys in the past were often carried out by only one scientist with a few
semi-gkilled o¢r unskilled workers to help him and so it would be ungenerous to criticize
past achievements, nevertheless the multi—disciplinary approach so fruitful in other
scientific fields is now making a great impact on land-resources classification - the
use of meteorological data to produce soil moisture balance sheats is one very important
aspect of the newer approach as the vagaries of rainfall at certain sensitive phases of
crop growth can jeopardize the crops of whole regions.

A well planned soil survey can be an invaluable guide to agriculturists as the
parameters described such as texture and structure have an important bearing on root
development and therefore on plant growth., The chemical Tertility of the soil is also
usually well described and data on soil pH, organic matter content and cation exchance

capacity are invaluable guides in assessing the agricultural potential of a soil and its
suitability for various crops.

In the context of much of Africa, because of the large size of many of the countriea
and the large areas with low population density, a soil resources map is inwvaluable, but
once We are concerned with crop production or intensification of land use, then economic,
sociological and political aspects become determinant. In other words when the need is
there man can tailor the soil to meet these needs by investing in irrigation, drainage
and fertilizers but it must also always be borne in mind that man can also destroy the
soil by overcropping and overstocking and thus by denuding the soil lead to irreparable
erosion losses., The soil resources of a country should be regarded as national assets
to be developed nationally and in the interests of all,

Large areas of African soils have developed under rainfall conditions sufficiently
intense to lead to profile leaching and consequent loss of plant nutrients in the drainage
water. Free draining soils therefore are typically acid and low in plant nutrients
whilat the soils formed in valley bottoms enriched with these drainage waters are usually
chemically fertile; however because of the typeof clay minerals formed under these conditions

they are often heavy intractable clays, whilst the free draining 30ils, in contrast, are
relatively easy to work.

The parent materials of the soils also affect their characteristics, as soils derived
from low-iron rocks such as sandstones and granites often have weak structures and are
high in fine sand making them very susceptible to surface wash; in contrast the hasalt
derived soils rich in iron and aluminium oxides have a good structure and they can there—
fore absorb heavy showers of rain and yet they are resistant to erosion when run—off ccours.



It may seem strange to say that African soils are zenerally of fairly low Fertility
when one can see large areas supporting abundant growth of vegetation, particularly in
the forest areas.

It astual Tact these Porests have "mined' nutrients fron areat denths and the livinge
nlant apecies anéd the shallew ergnnic swrface layver of the soil contain almost all the
plant nutrients available in the s0il profile. .hen such a forest is cleared and burned,
excellent crops can be Irown as amle supnlies of nutrients are available, However,
the forepgoing factsalso imply that the total plant nutrients available over a unit area
are in delicate balance with the forest srowth; this applies both quantitatively i.e. the
absolute amounts of nutrients available and also qualitatively i.e. the ratio of the
different essential plant nutrients is closely balanced,

The Belsgian research workers paid particular attention to the correct ratios of
nutrients, particularly the bases K, Ca and lig in tropical soils, and there i3 no doubt
that careless acidification of the soil through heavy dressings of ammoniacal fertilizers
can precipitate serious base deficiency problems (Aussell 1968),

iith population pressure, leading to the rapid expansion of the area under cultivation,
traditienal cropping patterns are often transferred to completely unsuitable acological
ronditiens. Part of the reason for this is the traditional staple food habits of the
people - one can see attempts to grow both banana and maize in areas with a rainfall
rattern more suitable for sorghum, or raize being srown where potatoes would be more
produstive,

s modern azriculture demands intensive oreduction, the division of each country into

01l and azro-climatic zones should be made and the intensive develooment of those crons
mout suited do particular sones should be encouraged (Kanwar,1970).

SUIFTING CULTIVATION AND CAOPPING PATTERNS

a) shiltinz Cultivation

The "wiversal practice of shifting cultivation developed solely from the fact that
more crop sield could be obiained with the same or less physical effort by mowving the
site of the planted area into a virgin area at regular intervals.

Shafting cultivation Las developed to a hizh degree of sophistication in many Alfrican
cowrtries both in the forest and savanna areas, and all those gyatems were in balance
with the population of the area for many generations; however populationa grow and the
demand for more food leads to a shortenins of the regenerative cycle which in turn leads
to lover yields and a further shortening of the rerenerative fallow period.

Most African countries have examnles of areas where the increase in population
oressure has led to a collapse of the traditional shifting cultivation practices and to
the consequent misery of eroded soils, flash flooding and reduced productivity.

In addition to the adverse elfects of increased farm population, urbanization, which
is growing rapidly in Africa, has created huje markets for food. This has led to a shift
arownd the cities from subsistence agriculture to the production of food as cash crops -
a change which has subjested traditional shiftin; eultivation in many areas to nressures
it wasz never intended to bear,

devertieless it is around the oities of Africa that increases in demand for farm

orecuce haciled by adequate purchawing power can lead to sound agricultural _evelooment
ian food nron production.



The rezsons for the breakdown of the shifting cultiwvation syetem when fallow periods
are shortened beyond a certain gritical period is complex but the exhaustion of the chemical
fertility of the soil is a major factor.

Results Trom Ghana (Hauck, 1971) have shown that even small dressings of nitrogen
and phosphorus (22,5 kg /ha of W and onﬁ} could prevent the rapid decline in yields of
maize in the second and third years following bush clearing. These results indicate that
in terms of mineral fertility, fertilizer use can replace the fallow periods.

Unfortunately, and this is particularly true of the forest soils, not only the
chemical fertility of the soils falls but the physical structure which is so important
in preventing or lessening erosion, alsg desenerates,

The central role of organic matter as a key component of soil fertility in its widest
sense i.e. in structure, moisture penetration and holding capacity, and as a source of I,
P and 3 as well as its contribution to the C E £ is continuously stressed by most soil
fertility workers in Africa and much attention has been given to developing suitable
cropping rotations which would maintain the level of organic matter at acceptable levels,

One way of maintaining adequate organic matter in the soils is by maximizing yields
with fertilizer use - the roots and crop residues would then contribute to spil lfertility
maintenance or improvement.

The development of fallow crops,particularly the leguminous ones,offers an cbvious
way to maintain fertility without heavy expenditure on nitrogenous fertilizer, but the
establishment of such fallows is not easy and often they appear to have little advantage
compared with natural fallows (Greenland 1970). Additionally, in many areas heavy
dressings of fertilizer phosphorus will be needed. Legume fallow systems will therefore
only develop in mixed farming areas where the fallow crop has an economic valus as
cattle-feed.

b) Cropping Patterns

The problems of changing from shifting cultivation are thus seen to be complex and
this complexity is increased by the fact that one of the most striking aspects of cultiva-—
tion in Africa is that there is a definite mixture and sequence of crops in any one area,

The practice of intercropping, i.e, the practice of growing two or more crops inter—
mingled together at the same time, which is particularly popular in Africa, has been
brought to a fine art in places like China and it has always been part of the art of the
successful vegetable grower.

It might be assumed - by the conventional wisdom of western—trained scientists - that
sole cropping is inherently superior, as a form of agricultural exploitation, to inter-
cropping; in fact, sole cropping is linked with the use of the plough rather than with
Yield maximization.

Scientists have naturally tended to avoid becoming involved with work on intercropping
because of its complicating effects on the problem they wish to study, be it soil fertility
and fertilizer response, or some other aspect of crop production; for example a study of
the effects of fertilizers on yields in some of the complex cropping situations which exist
would be most tedious and expensive, and understandably therefore almost all fertilizer
research work in Africa has been carried out on pure stands.



The cropping picture in the heavily populated savanna areas still appears complicated
by destern standards, but compared with praciices in the forest zones where the fields are
in a state of planned abandonment from the moment they are cleared, it is easier to see
some cropping pattern. In Northern Nigeria the picture becomes even clearer as crops are
by tradition grown on ridges or raised beds and these give a geometrical order to fields
which helps in the appreciation of the spatial distribution of the crops.

Bven with this simplification of cropping in Northern Nigeria however, almost all
scientific work has been carried out on sole crops, and the Package Demonstrations, which
are the basis of the HorthernM«A«N.ides extension work are based on sole crops.

This emphasis on sole crop Package Demonstrations had raised two technical points:

1) The small farmer does not practise sole cropping and therefore it could be
questioned whether the levels of inputs i.e. fertilizer and labour in the
Fackage Demonstrations will be the correct ones for the traditional inter—
cropping system,

2) 1Is, in fact, intercropping a more rational practice for the small farmer than
sole cropping?

As intercropping has both a space and a time dimension, it is possible by judicious
selection of crops to adjust the timing and spatial arrangement of mixed crop stands to
give maximum leaf area production over longer periods than is possible with sole crops.

is rooting patierns and distribution would also wvary, theoretically water and nutrient
exploitation of the soil profile could also be maximized.

In pathological terms, although the pest and pathogen picture will obviously be more
complex in a mixed stand, there is evidence that the effects are never as acute as they

are with sole crops (Aiyer 1949) and moreover early and continuous ground cover helps to
control weeds and erosion (Geertz,1968).

Perhaps the key factor in inter—cropping so far as African tradition poes is the
insurance against total crop failure, as staggered planting with a mixture of crops will
always provide some yield even in the worst years - the very time when even the smallest
yield would be welcome (Jebster & Wilson, 1966),

Because of the foregoing points the Asrieultural Economics Department of the
Agricultural Research Institute Samaruw has initiated a special study of small farmers
inputs and outputs in three wvillages near Zaria.

The results of the studies carried ocut to date show the following points:

a) Profit maximization - the result in general indicates that the profitability of
cron mixtures was about 60 hisher than that for sole crops.

b} Under indizenous technological condiiions the profitability of crops grown
as mixtures are higher than when grown as sole stands,.

c) Under indigenous technological, sociological and economic conditions the
growing of crops in mixtures is consistent with the goal of security.



The conclusions of these studies (Norman 1970 a, b) are very pertinent to the whole problem
of agricultural extension in Africa for in the text the following siatements are made:

"There are valid reasons of a technologiecal, sociological and economic nature for
the farmer's reluctance to change to a sole cropping system'.

"Thig reluctance highlights one of the fundamental problems of extension workers.
Unfortunately, most farmers still remain unconvinced of the value of recommendations
demonstrated by such individuals. Until these workers can suggest changes that have a
convincing return, and yet do not involve big changes in farming methods, it is unlikely
they will ever be truly effective in their work. It is suggested that once the farmer
has adopted an innovation that does not conflict too much with his present traditional
outlook, e.Z. improvement of his returns from inter—cropping, it will then be easier
for the extension worker to suggest more radical changes, e.Z. sole cropping'.

Horman concluded by sayi that it is difficult not to agree fundamentally with
the observation by Bvans (1960) that unless sound evidence is obtained that production
from pure stands is appreciably higher than that from intercropping and that there are
advantages such as reduced labour input, pest and disease control, and convenience, it
will not be possible to introduce rotational systems of agriculiure based on pure stands
as long as the hoe remains the most important agricultural implement.

The relevance of these points to the Kitale maize data discussed in the chapter on
the inter—relation of soil fertility with other production factors will be clearly seen.

INTER-RELATION OF SOIL FERTILITY WITH OTHER PRODUCTION FACTOHS

Plants need only light, water and nutrients for them to grow to their full genetic
potential; air with its supply of CO, cannot be considered as a factor limiting normal
agricultural productivity althoughaj%itiun of CO0s to the atmosphere does give large
yield increases. Unfortunately, all three of these factors are often limiting in absolute
amounts and additionally, the individual plant is faced with severe competition for them
from other plants of the same crop or with different plant species, more particularly
weeds. Aggravating these growth limiting conditions are the pests and diseases to which
all crops in varying degreesare susceptible.

Therefore high soil fertility, either natural or developed through fertilizer use,
does not guarantee high yields of agricultural crops - but equally without fertilizer
use the genetic potential of the crop cannot be reached.

As this meeting is being held in Kenya, it is opportune to use results from the
Research Station at Kitale (41len,1971) to illustrate the marked degree of interaction
between various agronomic practices.

The requirements for a good maize crop in Kenya and indeed in most other places are
early planting, a good plant population, clean weeding and hybrid seed.



Yielde of maize {g/ha)

Jithout Iith fertilizers
Fertilizers (56 kg Po05 and Dilfereace
80 kg |

per hectare )

B o+ L& 20.9 26,0 ST
Differences 53.8 64 o0
GH = BDarly nlanting + good nlant ponulation + clean weeding

BH

Planted four weeks late + low population + poor weeding
L7 = Local farmers maize
Hy Hybrid G138

This work is interesting in that it shows the very high yield levels which can be
achieved wider the best conditions and it does provoke the thought as to why the small
farmer has not accepted the recommended practices as readily as would be hoped, although
undoubtedly good progress is being made.

The maize results just quoted are based on yields per unit area but yield per man
hour and yield per unit of input comparisons would also be useful, as it is often the case
that labour and ecash for inputs and not the surface area available for planting are the
limiting factors. There is always competition for the farmer's time in pesk periods
of the year and it may be physically impossible for him to plant early and weed as
regularly as is necessary for high yields.

dtudies in Uganda (Hall, 1971) have shown that the group often most interested in
technical inputs were not, as would be expected, the younger and better educated group,
but the older people whose shysical capacity for hard manual work was falling off, and
who therefore were looking for alternative means, such as fertilizer, to maintain the
production levels of their shambas.

The popular 'package of inputa' demonstrations show, often with some degree of technical
arrogance, what yields can be achieved, but they often fail to involve or motivate the small
farmer,

The introduction of the high yielding varieties (HYV) of wheat, rice ana maize has reised
the potential for yield increases to levels Wwhich were unthought of ten years ago. However,
the actual increases in yields at the farm levels have not been spectacular over large
areas., Thus in the Philippines, the home of HYV rice, almost 30" of the area under rice
is in the new varieties, but average national yields in the Fhilippines have not improved
very mucha.



It has been claimed that the new dwarf rice varieties give higher yields than the
local wvarieties when grown under the same conditions and particularly when grown with
little or no fertilizer — this could explain in part the rapid adoption of the new
varieties in the Philippines but the lact remains that the use of other inputs, particu-
larly fartilizer, has lagged behind the adoption of the newer rice varieties (P40 1971)
and therefore the yield potential of these varieties has not been exnloited.

CRLENTATION OF AESEAICH TOWAIDS THE NEZDS OF THE COUNT.IL

a)] General

The problem of how best to use the seientists and techniecians now becoming inereasin;ly
available has been the subject of much discussion and some of the opinions put {orward,
particularly as resards agricultural research, and the developuwent of soil Tertility and
fertilizer use research, will he Ziven.

The history of agricultural science is one of promises to improve agriculture aund
provably the greatest success story of chemical research applied to azriculture, was the
disgovery that the trace elements copper, zinec, molybdenum and cobalt were deficieut over
some 40U million acres of land in Adustralia and Wew Zealand; this laad, although it nad
adequate rainfall, was completely unproductive.

To kunow that 2 oz. of molybdenum per acre turned barren land into fertile srazing
land, led to 2 public admiration for agricultural science, from which the Australian and
New Zealand scientist still benefits.

The development of the strong seil science research programme ol the U.d.4s has on
interesting history, very different from that which cecurred in Australia.

Kellogz (1961) has pointed out that the history of American expansion across the
subcontinent meant that the study of the spil and problems associated with its management
were nezlected, In the period up to 1914, homesteading had developed to such an extent
that American agriculture was spread over a greater surface than was needed even with
indifferent management, The first world war aspprevated the position by mrines even the
worst farmers solvent.

In other words there was plenty of fertile land available and money could be made
simply by exploiting this rescurce.

It was not until the development of the dust bowl and the great dust storms from
Oklahoma which appeared over Hew York in 1933 that American public interest in the soil
wealth of the nation was aufficient to atiract funds for soil and water conservation,
and fertility studies on a large scale. )

In north west Zurope, and Britain in particular, the zreat developments in the
intensity of agricultural research came after the second world war, when there was n
nationrl consciousnesr of the néar starvation years of 1940-45.

In Afrieca and in Zast Africa in particular, the scientists employed were, with the
possible exception of those working in institutions similar to Z.A.A.F.3.0., axpected to

improve the yields of local crops primarily by demonstrating good husbandry and soil
conservation techniques.

They were therefore primarily agriculturists, working at the level of loecsl conditions,

and at this level they may have improved yields, yet the knowledge obtained was not gener-
ally applicable to a larger scale,
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arpiget whigh will vield dividend

A major aim of the large research centres must be to establish general principles,
but unlike most industries where projection of results is easily carried out, in agriculture
the site and the crop differ considerably, so that field trials for specific crops and
locations will always be needed.

Bawden [1952] has said "there are two equally important aspects of research, one the
disecovery of better agricultural metheds, and two the willingness of the peasant or farmer
to adopt these metheods. Ho industry can advance without research, but research alone
however sood will not automatically benefit an industry - this will only happen when the
practitioners are willing and able to act on its results. The ultimate aim of agricultural
research must be to increase the efficiency of agriculture; that is to lower costs of
production by inecreasing rields per acre, per man or per unit of money spent and to improve

the tuality of the end product.”

"This hoWwewver need not, and should not, be the immedizte aim of all research. dork
tiiat may seem remote from practice, but that establishes general prineciples, will often
produce more beneficial results than seemingly immediately practical experiments that
simply measure responses to treatments. Thus Penman's work on the physics of ewvaporation
has done more for agriculture than thousands of individual practical experiments would
aver have done."

Governments invest in agricultuwral research not because of the feeling that research
for its own ends is worthwhile, but because they feel it iz an investment in an applied
in, the. short as well as in the lon= term (Parish 1963).... ..,

The international foundations have gziven considerable thought to agricultural resear

Zhed. organization and as they have had undeniable success, their words should be carefully wei

e

The .dockefeller Foundation's philosophy is simply stated (Wortman, 1967):

1] Agricultural productivity is a problem of individual nations and individual
crops — in other words the 'site' conditions mentioned previously must be
studied.

2) The only measure of adequacy of technology with any crop in any region is the
yield. If hizh yields can be obtained then the major technological problems
hawve been solved and economic and politiecal factors are limiting development,

3) A1l agricultural scientists ineluding those of the educational institutions
must work tozether on projects which reach the farmer.

This philosophy may not fit in exactly with the position in some countries but the
point made that all agricultural scientists should be involved in preoduction orientated
research and should be intimately concerned with the problems of the small farmer is sow

The assessment of the value of research work solely on the volume of publications i:
not adequate to ensure a good return for money invested in research. To take a subject
close to the theme of this seminar — the fixation of soil phosphorus = approximately one
hundred learned papers on this subject are published each year but as Jacks (1966) has
said "our knowledze of so0il phosphorus has not advanced commensurately wWith these out-
pourings of sweat and ink."

As there are many other subjects which have not proved amenable to solution by
scientific method and so have remained unproductive, all soil fertility research should ]
regularly screened to divert money away from non-productive projects.



To the intensive farmer of northwest Europe ani North America mavimum Yields are
essential to cover the high costs of land, labour and machinery. Fertilizers to these
people are cheap and the whole aim of their farming is to build up soil fertility to the
level where it is not a brake on the genetic potential of the crop.

Alsoc much of the more sophisticated agricultural resenrch ecarried out in the so—
called advanced countries has, as its aim, those marginal increases in yield which in
large scale agricultural enterprises often mean the difference between profit and loss,
such research need not be regarded as a high priority in many countries.

The farmers of Africa are not working at those high levels of investment (although
the estate crops like tea, sugar, oil palm etc. often are), and what is desperately needed
are simple examples of changes in crop management with the individual changes assessed and

quantitatively demonstrated to the farmer to convince him that the change suggested is
justified,

b) National Research Jork of Fertilizers

The need for continuing and developing work on soil fertility and fertilizer work
would appear to be self-evident and yet there is often the feeling that either all this
work is for the benefit of the more prosperous farmer or, even Worse, in some countries

the attitude has developed that the small farmer knows all about fertilizer and would use
it if it paid.

The gituation in China contradicts both of these attitudes; land reform eliminated
the larger farmers and yet active research at all levels still continues, and if the
Chinese rice farmer can still be shown correct fertilizer techniquee by simple triale and
demonstrations in 1977 then there is no room for complacency in other developing countries.

i) Organization

FPertilizers are often the first production input purchased by an African farmer and
the expense incurred represents a major portion of his liguid capital or awmilable credit,
It is therefore the duty of all nations to provide sound information to the farmer about

the types, timing and quantities of fertilizers he should use in order to obtain a sound
return on hie investment.

Such guidance would seem to be a fairly simple matter to obtain but in actual fact

the need to develop sound fertilizer recommendations at the farmer's level has often been
unappreciated.

The country which probably gave more thought to this problem than any other was India
where the national situation was similar to local situations in some parts of Africa, that
is communities of small farmers all attempting to grow all of their food needs, with little

or no specialization and with a low level of inputs had received no technical guidance from
the extension services.

On the basis of a national soils map and a climatic map using the Effective Moisture
Index:

( Frecipitation — Potential Bvapotranspiration x iﬂﬁ)
Potential Tvapotranspiration

a series of Soil-Climatic zones was delineated. Forty Hodel Agronomic Centres were then
established in the more important zones and at each of which a series of complex and
replicated experiments were laid out. Additionally, a Simple Fertilizer Trial Project,

whose aim was to study fertilizer responses under cultivators conditions, was alsop set up
around the Model Centres.



In many areas useful responses to fertilizers were obiained with surrent agricultural
practices, in others varietal or other problems were dominant. However the principal aim of
obtaining a wealth of yield and fertilizer response data from the farmer's own fields proved
invaluable for planning purposes.

The philosophy of the programme as well as the techniques have been modified over the
years, but the effort is undiminished with more than 400 trials being carried out annually

at the lodel Azronomic Centres and over T 000 simple fertilizer trials annually on farmer's
fields.

This approach of the Indian authorities went straight to the source of one of the major
drawbacks of experimental station work, nemely that with the high level of technicel
ability and with the high input resources available trial results from these experimental
or research stations are not generally applicable directly to the small farmers' conditions.

The FAD Fertilizer FProgramme accepted the soundness of the Indian approach and has since
used it in many countries.

There is need for active and continuous research at all levels, but usually the need
for larse research centres and educational institutions is clearly seen, whilst the egually
vital suwort of well sited sub-stations actively involved in supporting a series of trials
anll demonstrations at the small farm level often foes unappreciated.

Implicit in the 'down to the poorer farmer approach' is the philosophy that it is better
for the extension iworker to improve = little the lot of many, rather than to improve the lot
of 2 few a hundred fold, which modern produstion techniques are certainly capable of doing.

ii) desearch leeds

Jhen one considers that less than 5%, and often very much less, of the fertilizer
nitrogen anplied to a orop is recovered in the crop then research on improving this efficacy
iz sorely needed = it is nonsense to ship fertilizer half way round the world and then
tolerate such low efficiencies of recovery.

Fhosphate is widely deficient in Africa, and for short term crops some soluble form
is uswally recommended, although in francophone Africa rock phosphates are widely used.
lecovery here too is very low, but as. no phosphate is lost from the so0il profile, unless
there is erosion of the soil, residual effects, which sre quite pronounced snd long

lasting, m=v compensate eventunllr for low efficiencies of recoverr in the early applica—
tions.

In some areas {Le fire Tjdﬁ} neative yield responses as yet unexplained, are found
when amall doses of shosphate are used whereas heavier doses give rise to normal yield
resononde CUrvVes.

Fotassium has not been found to be widely needed on foopd crops in Africa and then
anly in the forest zone {Jtepheﬂu 1950} but once intensive srooning astarts the natural
soil recerves moyr not be adequate and continual care will have to be exercised to malce
sure that potash reserves are not depleted to the stage where yield loss might occour.

Pertilizer work is usuwally invelved with just Ny, Pand K response information, but
over much of Africa low soil sulphur is either already limiting plant growth or it
becomes limiting once yields are stepped up.



Sulphur is not generally limiting in industrial countries due to the high lewvels in
rainfall as a result of industrial pollution; the cleaner air of Africs, however, gives rise
to very low levels of sulphur in the rainfall and so for the majority of countries sulphur-
containing fertilizers will continue to be needed and delineation of the area of potentially
sulphur deficient soils is therefore a priority.

Trace elements receive periecdic interest and there are many examples of responses under
specific conditions. The detection of boron deficiency in cotton in Zambia is of interest,
a3 at that time Tanzania was making rapid strides with intensive cotton production using
an MNP mixture developed at Ukiriguru. Many complaints were received from farmers that
fertilizers did not pay, fortunately boron deficiency was dquickly diagnosed as a limiting
factor and the corrective treatments given. This example does show once more that responses
in the farmers' fields are the only true test of fertiliger recommendations and that only
by centinual contact with the farmer can mutual confidence be established.

Ammoniacal fertilizers acidify the soil and as there are large tracts of light
textured poorly buffered soils with only low base reserves in Africa the use of non-
acidifiying nitrogenous fertilizers will need to be developed. Liming programmes so
common in the U.3.A. and Burope will be unlikely to vplay much part in African agriculture
in general duwe partly to the isclation of the known deposits and the high costs of
distribution — it should however also be noted that very good crops of all types can be
grown in Africa on soils with a pH down to 5.0, a degree of acidity which would seriously
affect crop growth in temperate zone countries.

The long distances over which fertilizers have to be transported in many African
countries adds considerably to their costs and concentrated fertilizers will have a role
to play. Unfortunately, such concentrated fertilizers present distribution problems to
the farmer ~nd developmental work on simple farm machinery to meter and place fertilizers
on the small farmer's crops is needed.

Hesearch items which should receive priority, in view of the lack of capital or
credit availability of the small farmers, are those which will maximizc the profitability
of fertilizer use. For the fertilizer specizlist this means:

1) The achievement of maximum efficiency by finding the correct level, form, timing
and placement of fertilizer.

2) Studies of all the newer fertilizer materials particularly the highly
concentrated ones,

3) Studies on the control of nitrification rates and nitrate losses and of the

effect of these on base depletion = these studies to include both soil and
fertilizer nitrogen.

4) The establishment of a large series of continuous simple fertilizer trials in
farmers' fields designed to obtain the correct economic fertilizer ireatment

for the area. These trials should be grouped to cover the most important
s0il and climatological zones.

5) Continued surveillance of all trial sites to make sure that factors other than
the nutrients being tested are not limiting yields.

The foregoing are given just as examples of the multitudinous problems and active
applied research on soil fertility and fertilizer use is the only way of making progress.



It has been continually stressed throughout this paper that the effect of site
variables is to change the level and type of fertilizer needed for maximum profit.

If the philesophy of numergus simple fertilizer trials and demonstrations in
farmers' fields iz the backbone of the fertilizer research effort then an attempt has
already been made to acquire sufficient information to give generalized fertilizer
recommendations to cover similar sites,

The ideal would be of course for each small wnit to have its own trials and demon-
strations but wilortunately the cost factor mitigates against this and the s0il scientist
or crop nutritionist has consequently spent much time in developing simple chemical tests
which could be applied to each individuwal site and could give the farmer specilic fertilizer
recommendations for specific crops.

Juch an idenl remains a pige dream for many reasons, the principal one being that both
the 3c0il and the crop growing on it are dymamic systems. The complexities of their
inter-astions with different soil physical conditions, including soil moisture potentials,
and for the crop of varying intensities of incident radiation, disease infestation, storm
gamare and cormpetition from other plants are such that it is unlikely that the ideal will
ever Le achieved.

The fnet remains hovever that for maximum crop yields certain levels of soil fertility
are needed and many soils fall below these levels, if therefore the search for a suitable
s0il test is restricted to separating those soils which are almost certainly deficient in
a nutrient from those which are definitely not, the results will have real practical walue,

Further refinement then is to predict relative yields i.e. the percentage increases
in yield the fertilizer will produce. Jhen only one nutrient is limiting yields, soil
analysis can give correlation co—efficients of 0405, which means that seoil analysis can
explain about 75" or more of the variation in yields (Cate, Hunter & Fitts, 1969).

The methodolozy of soil analysis is simple, the seil is extracted with a chemical
solution which theoretiecally dissolves that portion of the nutrient element which the
nlant root can utilize. The fact that there is such a wide range of extractants used
and that neighbouring laboratories often use different extractants implies that the aim
of dupliecating the extractiwve power of plant roots has not been entirely successful.

lesults obtained with one extractant cannot be converted to give an indiecation of
the results waich would have been obtained had a different extractant been used, thus
illustrating clearly the empirical nature of this approach.

The s0il nutrients most studied in the attemnt to forecast crop availability are
naturally the major nutrients J, P and K. The measurement of soil acidity and organic
matter content are also standard measurements which give very wvaluable information to
the scientist. lMethods for determining the lime regquirement of seils are well developed
and are used extensively in Burope and America but as mentioned previcusly will only be
used in very special circumstances in Africa.

Hitrogen supply is generally the key to high yields and nitrogenous fertilizers
make up one half the world's total fertilizer production. DBecause so0il nitrogen is
mainly in the form of organic compounds and is converted to ammonium ions and nitrate
ions, the forms in which the plant takes up nitrogen, by bacterial activity, the dynamics
of soil nitrogen are very complex and despite a considerable research effort soil nitrogen
analyses have only a limited applicability to commercial agriculture; however the work of
dobinson (1968) at B.A.A.7.R.0. on incubation technigues for the mineralization of plant
available nitrogen shows that considerable improvements can be expected.



The flush of mineralized nitrogen liberated when the soil is rewetted after a dry
period has been clogely studied in Kenya and at one time was considered the explanation

for the higher yields of maize obtained with early planting; however, the problem ia far
mora complex.

Phoephorus is the second most important fertilizer nutrient and in the forecasting of
phosphorus requirements soil analysis has had considerable success and most soil laboratories
have now mapped out the phosphate deficient soils of the country and some have worked out
basic data for the correct amount of phosphatic fertilizer to apply for wvarious crops.

In Fast African soil, pH and organic matter content have been found to be extremely
useful in accounting for the degree of phosphorus and nitrogen response; the work carried
out in Uganda using numerous simple triale in farmers' fieldes and the backing up of the

work with well planned soil sampling and analysis has given invaluable results in this
directien.

Since so many uncontrollable factors affect yields, the use of multiple regression
analysis to explain yield variations caused by sites, climate, management, etc. are now
being widely developed and many of these analyses can account for more than 809 of the
variations in yields. However, even using only percentage yield data, i.e.

Yield with all nutrients but one

Percentage yield = Yield with all nutrients

x 100

and simple scatter diagrame the Internmational Soil Fertility Evaluation Programme of North
Carolina State University has shown that, for example, the critical levels of =moil
phosphorue determined by the Olsen sodium bicarbonate procedure is between 68 p.p.m.

on a wide range of soils in South America and India (Fitts & Hanway, 1971).

As potash ie not markedly deficient in most African soils, soil teste for potash
response have aroused little or no interest, as it is only when very deficient or

deficient socils are tested that soil analysie can be developed into a reliable guide for
fertilizer usme.

It should always be btorne in mind that scil test data must be continually developed
from a continuing series of field experiments carried out on as many sites as pomsible,
and that not only trials giving high yield responses to fertilizers but also these giving
low responses should be carefully studied, as lack of response to fertilizer may indicate
that other factore are limiting growth rather than that the fertility of the soil ie high.
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TYPES OF FERTILIZER

by
H. Braun i/

INTROTDUCTION

In the field of fertilizer use development, agricultural planners are often confronted
with the problem of determining the typee of fertilizer which are suitable for the conditions
prevailing in the country.

In this selection, a great number of factors have to be coneidered, and the planner
has to rely on information and recommendations of many specialiste in the field of
regearch, economy, marketing, infrastructure and extension.

It would exceed the limits of this lecture to deal comprehemsively with all the
factors influencing the choice of the right fertilizers for the various conditions. The
principal aim of the paper is, therefore, to encourage mutual understanding of the problema
among all thoge contributing their share to successful planning.

CRITERIA FOR CHOICE

Agronony

One of the most important criteria in the determination of the optimum types of
fertilizers is their suitability for the existing =so0il conditioms and crop requirements.

Fertilizers having an acidifying effect should not be used on soils with existing low
pH values. Due to the chemical composition of soils, the active material in some types of
fertilizer might be converted by chemical reaction into insoluble forme and thus not be
available to the plants. Soil structure and precipitation patterns may facilitate run-off
pr leaching of readily available forms of nutrients. The latter property would in turn
be advantageous under arid climatical conditions.

The special fertilizer requirements of the various crops are agronomic criteria,
egpecially if fertilizers containing more than one nutrient are to be considered. In
this case, the ratios of content of these elemente are important. In addition to the
major elements, certain crops may need secondary elements such as magneeium, sulphur, or
trace elements such as manganese or molybdenum. Others may be affected by certain
constituents of fertilizers, as for instance tobacco planis by fertilizere containing
chlorine.

Collaboration of agricultural research and extension will also result in valuable
information for a forecast of the quantities required, based on the recommended rates of
fertilizer application and on the areas designated for the various crops. Fertilizer
recommendations originate from the results of field trials; their economic analysis
indicates the prospects for acceptance of fertilizers by the farmers, and further
indicates the potential assets for the national economy.

Economy

For the farmer who has to buy the fertilizera, their price ie of primary interest
whether they are imported or produced locally. This applies also to Governments who
import, produce, or pay subsidies on fertilizers.

y Technical Officer (Soil Fertility and Fertilizer Use), Land and Water Development
Divieion, FAO, Rome.



The economist has further to investigate the price relation of fertilizer and produce,
through information from agricultural research and extension, as well as from markets.

Inland tranaport is ancther important element of cost. Especially where fertilizers
have to be hauled over long distances, they should be as highly concentrated as possilble,
otherwise up to 80 percent of inert material may be transported at high cost. Possible
future local producticn of certain types of fertilizers should be investigated.

If bulk imports and local mixing is considered, the chemical properties of the
fertilizers must allow blending without deterioration of gqualities such as solubility
and availability to plants.

Marketing

The field of marketing, prices, transport and handling all play an important role in
the farmer's decision, and the marketing specialist will have to congider transport and
storage capacities.

Storage properties of fertilizers may also influence choice. With hygroscopic
fertilizers, which compensate for their disadvantage of easily absorbing humidity by
being readily soluble and available to the plants, the right type of packing must be
foreseen.

Extension

Experience has shown that in many cases planners falled to obtain the exteneionist's
advice, This advise is extremely important, especially where a new type of fertilizer is
to replace another which had already been used by the farmers for some time.

As farmers are rightly conservative, they are not easily prepared to accept innovations.
Consequently, the market has to be prepared, probably by new demongtrations and information
campaigne, to further prompt acceptance by the farmers,

The phyeical form of fertilizers, whether granulated, crystallized, prilled or
powdered, has an influence, as well as the colour.

A typical example is the case which ocourred in a country where farmers had been used
to calcium ammonium nitrate of greyish colour. The colour of thie fertilizer is conditioned
by the colour of the limestone used in the processing. With new producte from another area,
having a slightly different colour, many farmers refused categorically to buy the new
fertilizer, thinking that it was a substitute unequal in quality to the known one. Conae-
quently, & demonstration campaign had to be started again. Meanwhile the distributer, in
that case the govermnment, suffered financial losses by a reduced turnover of capital.

In the change to new types of fertilizer, posasible future local production should be
considered. If this is foreseen in the not too distant future, it might be advisable not
to ewitch to an intermediate type which will later not be produced locally.

With frequeni changes within relatively short periocds, farmers may become confused and
agricultural extension services might not be able to cope with the recurrent task of
introduction work, at least not within the danger of having to neglect other projects.

An additional task for the agricultural exteneion service ie to train the farmere how
to use a new fertilizer. The change from a fertilizer low in nitrogen to urea is a typical
example, the concentration of ¥ in urea being more than twice as high., The farmer might
need at least some informetion, if not training, by demonstration that he now has to apply,
say, one bag on the area on which previously he broadcast two bagas. The harm of uneven
distribution ie obvious. Part of the field will not receive any fertilizer, part receives
a quantity uneconomically high. Thue the loss is double.



The importance of feed=back of information from the agricultural extension field staff
to assist research to obtain realigtic information on c¢rop responses and economice should
also be emphasized, Education of field workers in this respect is necessary, as good
planning cannot be achieved if it has to be based on bad information.

TYPES CF FERTILIZERS

Although not congidering the latest developments in fertilizer technology which are
8till more or less in the experimental stage, the annex to this paper should give a fair
picture of the existing types of fertilizer. To indicate commonly used types of fertiliger
and to avoid possible discrimination, the types of fertilizer uged in operations in 34
countries in three continents connected with the FAQ Fertilizer Programme are marked by an
asterisk. Generally, these are types of fertilizer which were already used, though in
more limited gquantities, before the inception of fertilizer use development programmes.
The asterisk on Ammo-Phos B refers to a special case where that type of fertilizer is
produced in the country. The degree of acidity or basicity of some fertilizer materialas
as ghown in the annex appears in nearly all tables listing chemical fertilizers and is
determined by a chemical method used in the United 3tates.

It is well established that the continued use of certain fertilizers causes a residual
acidity in the soil which, if not corrected, ie eventually injurious to plant growth.
Soile that are already fairly scid, or sandy soils which are readily made acid, are the
first to show decreased crop yields. The soil-acidifying effect of fertilizers is due mostly
to ammonium compounds. The use of fertilizers that have a basic or alkaline residue
generally present no serious problem except on rather impermeable heavy or alkaline msoils
liable to injury by the introduction of too much sodium.

Compound fertilizers may include two or three major nutrient elements, as well as
secondary and tirace elements. Compounds are usually relatively highly concentrated, thus
reducing transport cost as well as the required transport and storage capacities. The
ratio between the various nutrients is usually adapted to the special requirements of
certain cropa.

Generally, compound fertilizers are granulated and all granules are of the same
chemical composition. That might be an advantage over mechanically prepared mixtures,
which the danger of a certain mechanical decomposition, mainly on transport, may exist.
On the other hand, mechanically prepared mixtures may be advantageous where exact
proportions are desired for special plant requirements and relatively smaller gquantities
of the mixture are needed,

Economy of labour is a common advantage of both compound and mechanical mixtures, as
compared with straight fertilizers. An extensive range of compound fertilizers is
available; new types appear continucusly, others are phased out. It would be impossible
to liet all, and therefore only thome are indicated which are used in fertilizer promoticn
activities connected with the FAD Fertilizer Programme, These types are:; 20-20-0 and
25-10-0 for the compounds containing two major elements and 15-15-1% for thoee containing
all three,

It should be noted that operations connected with the FAOQ Fertilizer Programme deal
mainly with commonly grown food and cash crops and not with crops requiring large
quantities of especially formulated compounda.

PACKING

To safeguard against losses and to facilitate handling from factory or port to
the farmer, the choice of the right packing material and of the weight of individual
baga is aleo very important. As for the packing material, multiwall paper bags were
8till in use a few years ago where transport diatances were short. By now the paper



bag has almost entirely been replaced by bags made from plastic materials. These bags
have usually & valve to avoid condensation induced by change of temperature.

Jute bage are aleo widely used. For hygroscopic fertilizers, an inner liner made from
plastic materials gives better protection from absorption of humidity. In this connection,
the bad habit of transport workers, especially in ports, of using hooks needs to be
mentioned; losses are caused which can become gquite serious, especially with hygroscopic
typea of fertilizer, apart from the general danger of breakage of bags and spilling of the
contents. To facilitate handling many fertilizer manufacturers have sewn string or ears
to the four corners of the jute bags. It goes without saying that this caused additional
costs which were worthwhile because of reduced losses. Locally produced material might
be substituted for jute.

A relatively new type of packing is the woven polypropylene bag with a plastic inner
liner. For hygroscopic material, this type has the advantage that even when bags have been
pierced by a hook, the two holes are displaced by further handling, so that the bag is
closed again.

The size of bag should depend on local conditions. The bag containing 50 kg (110 1b)
has more or less become standard. Bags containing 100 kg (220 1b) are relatively heavy and
bulky, thus difficult to 1lift and carry by hand. A bag of 25 kg would be more convenient
when the consumer cannot be reached by lorries. Sometimes farmers' financial capacity
does not allow them to pay cash for 50 kg at the time, an obstacle which could probably be
removed by the provision of credit. Extremely small sized holdings are alsoc indicative of
the need for such esmaller packing. However, although this size of bag facilitates
handling considerably, it should be kept in mind that the cost of packing ie doubled in
comparigon to the 50 kg bag.

CONCLUSIONS

In planning and organizing fertilizer use development, a change to new types of
fertilizer might have to be considered. Should that be the case, planning and selection
has to be based on information on soil conditiomns, crop requirements and economies to be
expected from use of the new type. These indications should come from agricultural research
and extension. Further information has to come from the marketing economist and from the
agricultural extensionist, who besides testing the new fertilizer under average farmeras'
conditionse, in collaboration with the agricultural research, has also to prepare the
market.

The gelection of the most suitable type of packing material and size or weight of
bags are of further importance,
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None, or present in quantity less than 0.5 percent.

"Equivalent acidity" is the number of parts by weight of calcium carbonate (CaCOy)
required to neutralize the acidity resulting from the use of 100 parts of the fertilizer
material. For example, ammonium sulphate has an equivalent acidity of 110, It takes,
therefore, 110 kilograms of calcium carbonate to neutralize the acidity developed in
the soil by the use of 100 kilograme of ammonium sulphate as fertilizer,

"Equivalent basicity" is the number of parts by weight of calcium carbonate (CaC03)
that corresponds in acid-neutralizing power to 100 parts of the fertilizer material.
For example, calcium cyanamide has an esquivalent basicity of 63, This means that in
its capacity for neutralizing scil acidity 100 kilograms of calcium cyanamide are
equivalent to 63 kilograms of calcium carbonate.

Ammonium hydroxide, agqua ammonia, ammonia liquor, "B" liquor.

Muriate of ammonia, sal ammoniac,

Aquecus solutions of ammonium nitrate and ammonia. Several solutions containing
different proportions of ammonium nitrate and ammonia are marketsd in the United States
under various trade names.

Cal-Nitro, A-N-L, Amnical, Calmonite, Nitrolime, kalkammonsalpeter, calcium ammonium
nitrate, and other names. Mixtures of ammonium nitrate with either precipitated
calecium carbonate, ground high-calcium limestone, or ground dolomitic limestone.
Another grade of Cal-Nitro contains 16 percent nitrogen and about 27 percent Ca0. Aleo
similar products are marketed under the names of Nitro-Chalk (15.5 percent nitrogen and
27 percent Ca0) and Peti So (17 percent nitrogen).

Leunasalpeter, Montansalpeter. Another product of similar character, called sulfonitrate
d'ammoniaque contains 25.5 percent nitrogen.

Cyanamid, lime-nitrogen, kalkstickstoff, Nitrolim, and other names.

The natural product from Chile is commonly called Chilean nitrate or Chile saltpetre.
Aquecus solutions of urea and ammonia. Several golutions containing different pro—
portions of urea and ammonia are marketed in the United States under various trads
nameg.

Thig material is also called urea—form, Uramite, Nitroform, Borden's 38, and other
NAMEE .

No figures for composition of rock phosphates are given because regponses of crops

to dressings of ground rock phosphate are extremely variable, depending on soil,
climate, kind of crop, and type of rock. Analyeis figures would be misleading.

Thomas slag, Thomas phosphate, Thomas meal.

Bagic.

Defluorinated phosphate, fused rock phosphate, fused tricalecium phosphate, alpha
phosphate.

Precipiated phosphate, Fertiphos. Product made in Europe by diseolving rock phosphate
in hydrochloric acid and treating with milk of lima,

Serpentine—fused phosphate, calciuwn magnesium phosphate, Thermo=Fhos.

Sulphate content of material made by the sulphuric acid procesa. Electric furnace acid
containg little gulphate.

Acidie.

Made by heating rock phosphate with silieca and =oda ash. Other products made with
gilica and soda ash or sodium sulphate include silicophosphate, Basi-phosphate, Supra-
phosphate, Supertomasyna, and Palatia phosphate.

Made by heating rock phorphatewith soda slag from desulphurization of pig irom.
Superphoephate, normal superphosphate, standard superphosphate, single superphosphate,
acid phosphate,
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Triple superphosphate, treble superphosphate, multiple superphosphate, concentrated
superphosphate.

Sulphate content of material made with phosphorie acid manufactured by the sulphurie
acid process., Material made with electric furnace phosphoric acid contains very little
sulphate.

The composition of this material varies widely.

o data.

Other products similar in composition to manure salts include Emgekali {33—3? percent
K50, 5 percent (minimum) Mgd, and 10 percent (minimum) S03 ) and Reform-Kali

{mi?imum analysis: 26 percent K-0, 1.5 percent Cal, 8.5 percent Mg0, and 33 percent
S03).

Fe%mantatiun of sugarcane molasses.

Patentkali, Kalimag, kalimagnesia, double manure salts.

Ammoniated superphosthate is the product obtained when superphosphate is treated with
ammonia or with a solution containing free ammonin and other forms of nitrogen dissclved
therein.

Material manufactured in relatively emall quantities.

Material made with phosphoric acid manufactured by the electric furnace process. lMaterial
made with phosphoric acid manufactured by the sulphuric acid process has lower purity.
Material made with phosvphoric acid manufactured by the sulphuric acid process. MHMaterial
made with electric furnace phosphoric acid has higher purity.

Potassiwn ammonium nitrate, kaliammonsalpeter. Another product of similar character,
called nitropotasse, contrins 16.5 percent nitrogen and 25 percent KaO.

Hitrate of soda-potash, Nitrapo.

Thie is an example of the so-called "compound" fertilizers made by processes involving
treatment of rock phosphate with nitric acid. Other such products, varying widely in
composition, are marketed under wvarious names and designations.



FERTILIZER USE DEVELCOPMENT IN DENMARK 1870-1370

by

V. Johansen lf

The Initial Situation

In the Middle Ages most Danigh farmers were subject to a strict feudal system which d4id
not provide much initiative for the individual to improve hig farm or his land as it was
usually somebody else who would reap the benefit.

Only after the abolitiom of the feudal system in 1788 was it possible for Danish farmers
to enjoy fully the fruits of their own labour, but they were poorly educated and their
financial means were at an absolute minimumj therefore many yeare passed before Danish
agriculture developed in a significant way.

Until the middle of the 19th century Danish farm land was managed in a primitive way,
and very little was done to maintain fertility. Even the value of farm manure as a soil
improving agent was not realized until comparatively recently.

With the medieval practice of using all cultivable land for grain growing and leaving
farm animale on permanent pastures, practically nothing was returned to the seoil to replace
the nutrients continuously removed by each crop. The soils became so depleted that only by
summer—-fallowing every second year was it poseible to get a crop worth harvesting during
the cropping years.

Introduction of Fertilizer Use

When fertilizers were first introduced in Denmark the positive effect on crops was
immediately evident, and whatever agricultural research facilities were available in thoee
days began to concentrate on determining the profitability of using fertiligers relative
to prices then current.

The firet fertilizer work was based on the use of primitive crude phosphates, and
up to the year 1900 practically all fertilizer used was phosphate. The application of
nitrogen and potash did not become common until after the turn of the century. With the
nearly complete depletion of nutrients in the soile there is in any case no reason to
believe that any nitrogenous fertilizer would have had much effect.

During the period 1871-1900 the annual consumption of crude phosphate rose from about
15 000 to 38 000 tone. In the year 1900 the consumptiong of nitrogenous and potassic
fertilizers reached 1 000 and & 000 tons, respectively.

It is clear that during the initial stages of fertilizer use the consumption rose
very slowly. This can be explained by a number of factors such as conservatiem towards
new ideas, suspicion regarding negative side effects, forgery of producta by traders,
unreliable supplies, lack of knowledge concerning application, shortage of financing, etc.

1{ Agronomist, Delegate of the Danish International Development Agency {DﬂHIDA}



Moreover, interpretation of experimental resulte deriving from field trials was
difficult, and even good yield increases did not automatically produce increased demands
for fertilizers.

DIuring the late 19th century it became impossible for Danish farmers to export grain,
and immediate steps were taken to increase the livestock population towards developing an
export of secondary food products to the growing populations in the industrial centres of
Western Europe.

In order to supply the increasing livestock population with sufficient amounts of
roughage feeds, the growing of fodder beet became popular. This crop, however, has a
high nutrient requirement, and the use of commercial fertilizers was found to be the
quickest way to secure a sufficient soil fertility.

Typea of Fertilizer Used

Generally speaking, it is safe to state that when soils are very depleted of nutrients,
the application of phosphatic fertilizers will provide the quickest returns. Heavy
application of nitrogenous fertilizers will not be profitable until the basic fertility
of the soil has reached a certain minimum. Neither phosphatic nor potassic fertilizers
are washed out very easily, so it is possible to build up the fertility of the soil over
a period of years through continuous application of these nutrients.

A stage of reasonable soil fertility wae reached in Denmark in the beginning of the
20th century. Before the year 1900, practically all fertilizers used were crude phosphates
or superphosphates. The fertilizer statistics of 1924 ghow that 98 percent of all farms
using fertilizers were applying phosphate, 64 percent were applying potash and 94 percent
were applying nitrogen. This indicates that nearly all fertiliger users were applying
both nitrogen and phosphorus, whereas the use of potassium was still not fully developed.

At the initial stages of fertilizer use only simple types containing one nutrient
each were available. Thie meant that the different types of fertilizer would have to
be applied separately or mixed on the farm prior to applicaticn. Most farmers adopted
the practice of mixing prior to application, mainly because this type of work could be
done under the roof at home, and because the application of larger amounts per hectare
would result in a more uniform application rate., Unfortunately, the fertilizers to be
mixed were not all of the pame physical structure which could result in a certain degree
of meparation before they could reach the field resulting in a correspondingly uneven
application of the nutriente concerned.

After the second world war increasing amounte of fertilizers have been supplied to the
farmer in the form of homogenous compound fertilizers containing two or more nutrients.
Large amounts of PK-fertilizers for application well before planting in the spring are
now produced and are delivered to farmers on a nearly year-round baeis. This involves
a number of advantages for the farmers such am price discounte for purchase made in the
off-geason, distribution of the work load on the farm, and a uniformity in application
rates which is only limited by the quality of the equipment umed.

The disadvantage of using compound fertilizers is the fixed ratioc between the nutrients
concerned which is not necessarily optimal for the soil type or crop in question. There
are now, however, so many different types of compound fertilizers available that this matter
normally does not cause serious problems.

In the early days of fertilizere only low content N-fertilizers such as calcium nitrate
(15.5 percent N) and Chilean nitrate (16 percent N) were available, With the tremendous
increase in nitrogen use during recent years it became neceassary to find alternative types
of nitrogenous fertilizer.



While etill using the traditional application methods it was possible to reduce
fertiliger volumes by using ammonium sulphate (21 percent N), calcium ammonium nitrate
(26 percent N), ammonium sulphate nitrate (26 percent N) or urea (46 percent N).

However, the real break-through did not come until the necessary technology for
transport and application in the field of anhydrous ammonia (B2.2 percent N) was put to
commercial use in the early 1960's. Since then the consumption of anhydrous ammonia has
increased at a very steep rate with a decrease in the consumption of molid nitrogenous
fertilizers being the immediate result.

Due to the high costs of the necessary equipment for handling of anhydrous ammonia
most farmers are now geiting this delivered directly in the field on a contract basis.

With the increasing amounte of major plant nutrients being applied to our soils, crop
yields are continuously becoming higher. There are now, however, signs that these big

crops have made such heavy demands on the soils' natural resources of trace minerals that
a replacement of these is alsc necessary.

During the past few years sigme of deficiencies of such trace minerals as magnesium,
copper, boron and manganese have been found in various Danish crops. These nuirients are
eimple to apply through compound fertilizers, and such fertiligzer types are now widely
available at slight extra cost.

Trace minerals are only found in combination with PK-= and NPK-compounds, except for
boron which is also available in combination with caleium nitrate.

Mechanization of Fertilizer Handling

In the early daye all fertilizer handling was manual and considerable unpleasant work
wag added to the farmers' already numerous tedious tasks.

Pertilizers were then only applied in small quantities and an exact application was
necessary. They were, therefore, as a general rule applied in the same way as the sowing
of grain, which was done from a bag carried across the field on the farmers' shoulders.

Later, as fertilizer applicatione became slightly more liberal, fertilizers were
applied from the back of a horse—drawn wagon. The main advantage of this gystem was that
the capacity of the wagon iteelf allowed longer intervals between refilling, no walking
across fields for the person applying the fertilizers, and less time spent per ton of
fertilizer or per hectare of land. The main disadvantages were an uneven application and

the necessity of having two people available, one for driving the horses and one for applying
the fertiliger.

After the second world war it was almost universally realized that a uniform application
would increase the utilization of the fertilizeras to such an extent that considerable
efforts to obtain it were justified. At the same time a rapid mechanization of field work
took place and tractors were introduced on nearly all large and middle size farms. With
farm tractors being available, the power requirements of fertilizer spreaders became less
significant as compared to the earlier horse—drawn fertilizer spreaders,

Nu merous typee of fertilizer spreader were developed, the centrifugal type soon became
the most common. This type is mounted in a tractor's three-point hitch and powered from
the power—take—off shaft, and it will apply fertilizer over 4-6 times the width of the tracter
depending on fertilizer type and field conditiona. However, the application rates often vary
significantly betweesn the various sections of the spreader pattern.

An older type of fertilizer spreader reminds one in many ways of a precision seed drill,
and ite application accuracy is about equal to that of the seed drill. This type is powered



by its own wheele, and it has been developed as a horsge—drawn model and for use behind farm
tractors, The width of application equale the width of the machine itself.

The latest developments in fertilizer application include pneuwmatic applicators for
golid fertilizers, pressurized equipment for application of anhydrous ammonia and aerial
application of solid concentrated fertilizer types.

The last mentioned methods involve expensive and highly efficient equipment which is
usually owned and operated by the supplying companies or by private enterpreneurs wheo
deliver the fertilizer in bulk and apply it in the field in appropriate guantities at the
time of delivery.

Increasing numbers of farmers now rely on such services, thereby eliminating the need
to invest in field eguipment and etorage space for fertilizers on the farm.

It should be noted that aerial application of fertilizers has not so far been very common
under Danish conditions, except in the case of some forest areas and fields under very special
conditiona.

Price Relationships

Commercial fertilizers are still the least expensive input in Danish agriculture. In
spite of heavy monetary inflation during recent years, fertilizer prices have remained nearly
the same on a cost per weight unit basis.

Looking at fertilizer prices in terms of costs per unit of pure nutrient, the new
concentrated compound fertilizers have reduced this, especially in the case of the price
per unit of pure nitrogen in the form of anhydrous ammonia.

Also when comparing the price of fertilizers to that of grain, the relation is very
favourable; 100 kg of grain will now buy more plant nutrients than in most previous periods
in history.

These favourable price relationships result from the fact that fertilizers of nearly all
types lend themselves so easily to mass production, bulk handling and computerized control
systeme. To a very great extent the cost of plant nutrients will be inversely proportional
to the amount consumed.

During the depression years in the early thirties the Danish government impomsed import
regtrictions on numercus products but these did not include fertilizers. Thia should clearly
illustrate that the government had already then realized the importance of maintaining soil
fertility, apart from the role which fertilizer couwld play as a spearhead of future agric—
ultural development.

Resgults

Around 1964 the total annual consumption of fertilizer material peaked at 1 800 000
tons corresponding to over &00 kgfhmﬂyaar. The corresponding amounts of pure plant nutrients
were 115 kg/ha and this latter figure has increased by about 50 percent since then,

The increase in consumption of pure nutrients since 1964 hae taken place without a
corresponding increaee in fertilizer tonnage. This is due o the increasing use of con-
centrated fertilizers such as new compounds and the fast expanding use of anhydrous ammonia
in place of solid nitrogenous fertilizer types.



The latest increases in fertilizer use, mainly of nitrogen, can be explained by the
continuous adoption of higher yielding varieties of common crops; the growing of new
crops with very profitable nitrogen responges such as rape seed and tetrapleid rye-grasses
should also be mentioned.

In 1969 Danish farmers exported agricultural products valued at D.Kr. & 892 500 00O
and during the same year the total imports of eguipment and raw material for agricultural
use amounted to D.Kr. 1 415 000 000, This figure does not include farm supplies purchased
from the domestic industry, but the fact remains that Danish farmers produce food for three
times as many pecple as the present population in Denmark. The proportion of Danish psople
living on farms is now less than 10 percent, and the well managed use of chemical fertil-
izers is one of the most important reasons for this achievement.

Few countries, if any, consume similar amounte of chemical fertilizers. Keeping in
mind that considerable amounts of plant nuirients are returned to the so0il in the form of
well preserved farm manure, it is no wonder that Danish crop yields are among the highest
in the world as the following fipures will illustrate:

Barley 4 - 6 t/ha (grain only)
Wheat 5 = 7 t/ha (grain only)
Sugar beet 35 -50 t/ha
Potatoes 20 -30 t/ha
Grass (dry matter) B -11 t/ha

While studying the above figures, it should also be kept in mind that Danish scile are
not inherently of particularly good guality, growing seasons are cool with limited sunshine
intensity, and the average annual rainfall is 650 mm of which about 50-£0 percent is available
during the growing season.



Development
of
Danish Consumption of Plant Nutrients N, P and K
during the period 1880-1970

(in 1,000 ton [year)

Year N P K

1880 0.02 1.17 0.00
1890 0.05 1.35 0.04
1900 0.47 2.96 2.43
1910 1.47 5.96 4.94
1920 6.37 11.23 15.04
1930 34.88 40 .67 32.08
1940 38.81 29.44 43.06
1950 59.56 34.26 83.66
1960 122.90 50.80 142.80
1370 270.50 55.40 151.70

Figures stated up to and including 1920 are subject to the less
accurate statistical methods of that period.

Nutrients are expressed as elemental N, P and K.



EXPERIFENCES OF THE
FAC FERTILIZER PROGHAMME

by
H. Braun -1-"/

INTRODUCTION

The FAD Fertilizer Programme was initiated more than 10 years ago in order to provide
additional assistance tc Member Countries in their endeavours to increase crop production
by the appropriate use of fertilizers. In the course of time action was extended to field
trial work and to the propogation of related inputs and the promotion of sound fertiligzer
digtribution and credit practices. Thie development ie the consequence of the experience
gained in the early years of the Programme, The extended approach provided new experience
in the various countries of operation, which is now being communicated to the field staff,
thus complementing earlier work by FAO.

The FAO Fertilizer Programme is an action programme aiming at the promeotion of the
best use of fertilizers and related inputs. DBecause it wams created in order to furniash
aggiptance to Member Countries in addition to the action financed under the United Nationse
Development Programme and the Regular Programme of FAQ, the FAC Fertilizer Programme budget
ig derived from funds in trust contributed by donors. At present the main contributoere in
cash and kind, in order of importance, are: (i) the FAO/Government Cooperative Programmes
of the Northern European countries (mainly Denmark, Sweden, Norway); (ii) the World
Fertilizer Industry under the Action for Development Programme; and (iii) Member Governments
and non-governmental organizationa also under the Action for Development Programme., In 1972
the Programme was operational in twenty countries of which one half are in Africa. BEy the
end of the year 1971 the Programme's activities were already completed in 14 countries in
Africa, the Near East and Latin America. Several countries have submitted requests which,
however, have to remain on the waiting list for prospective donoras.

SCOPE OF PROGRAMME

Phages

On average, a country Fertilizer Programme hae a five year duration. Action during
that pericd consiete of three main phases which are usually executed simultaneocusly or at
least overlapping, namely asimple triale, demonstratione and pilot schemes. Simple dispersed
triales on farmers fields represent the first phase, as it were to polish existing fertilizer
recommehdations. In many cases it commences at the same time as the second phase which
conetitutes extension work in the form of field demonstrations combined with farmers field
days.

Pilot schemes to establish models for the improvement of fertilizer distribution and
related credit are a logical consequence of the above phases. They usually start in the
third year of operations.

Throughout all phases, great importance is attached to the training of agricultural
gtaff concerned with fertilizer use and other improved goil and crop management practices.

-1’! Technical Officer, (goil Pertility and Fertilizer Use )
Land and Water Development Division, FAOQ, Home.



Demonstrations

Farmers all over the world are beat convinced of improvements by practical demonstrations,
i.e. seeing is believing., Therefore, mass demonstrations are carried out on farmers' fields
with the farmers own participation.

A bad demonstration is worse than none., For this reason care is taken that field workers
are well trained for the job in theory and practice and that the number of demonstrations
correspond to their working capacity.

Selection of the crops is made according to national priorities and teo the economy of
fertilizer use on these crops. Indeed, a ratio of 2 between the inve stment in fertilizers
and the value of the yield increase obtained is generally considered as a pre—condition to
generate farmers' interest in purchasing fertilizers.

Farmers and demonstration sites have to be carefully selected. The site should be
representative of the prevailing environmental conditions and the farmer should be popular
in the community.

The layout of the demonstration varies according te requirementes. For a demonstration
of fertilizers only, a two-plot design (control and one dose of fertilizers) may be
sufficient although this simple design has usually been replaced by the inclusion of plots
for (a) control, (b) fertilizer A, and (c) fertilizers A + B. Sometimes the treatments may
be: (a) control, (b) fertilizer level 1, (c) fertilizer level 2.

Where related inputs and improved management practices are to be demonstrated, more
plots may be required but their total number should be limited to five,

48 a rule, the Fertilizer Programme insists on the identification of the fertilizer
effect in the so-called package demonstrations, as generally fertilizers represent a
relatively high investment (average 80% of total annual inputs). Consequently, the farmer
feelg that the other leass costly improvemente will suit him well enough. Therefore his
crop will not yield its full potential, especially in the case of improved varieties,

The following two designs are recommendeds [i) plot 1, controly pleot 2, improved
practices except fertilizers; plot 3, improved practices including fertilizers, or still
better, a 4 plot design, (ii) plot 1, farmers practice (control); plot 2, farmers practice
plus fertilizers; plot 3, all improved practices except fertilizers; plot 4, all improved
practices including fertilizers. S5plit plots, with e.g., 1mppuvad seeds, can aleoc be
arranged.

As to the size of individual plots, opinions are controveraial. In most of the cases
farmers prefer large plots which provide more free fertilizer, and the field worker, of
course, is glad to please the farmer. But plota larger than 1000 m¢ lope their extension
effect as the visitor should be able to assess effects with one glance. Further, the
establishment of such large plote is time and fertilizer consumingj a proportion of both
would be better employed for additional demonstrations on other sites thus increasing the
extenaion effect.

The Programme therefore recommends and practices individual plot sizes of about 200 to
500 m? or approximately 1/20 to 1/10 of an acre.

Recently a few cases arcse of rather advanced farmers who refused {o have demonstrations
on their land because of the presence of a control plot and ite lower yield. To overcome
this difficulty it was suggested that the loss be compensated by the supply of free fertilizers
to the value of the difference in yielda.



Field daye or visits to the sites supplement efficiently the demonstration effect of
field demonstrations. The Fertilizer Programme recommends and practices a minimum of two
per cropping season, one during the growing periocd and one at harveat time.

The main activity of the harvest field day is the harvesting of the plots by the field
level worker with the farmers and the weighing and comparing of the yields. The ensuing
calculations with the participants, of the economice of the use of fertilizers and related
inputs, is essential to reach the full effect of the field day and the demonstration as a
whole.

Field Trials

In many individual Fertilizer Programmes, simple field trials are part of the operations.
This is usually the case where fertilizer recommendations do not exiest for certain crops, or
where existing blanket recommendations need refinement according to varying ecological
conditions, or where results obtained in research stations are to be proved under average
farming conditions.

Based on experience, not only of tho Fertilizer Programme but also of national services
and other projects, "unreplicated" trials on "dispersed" farmers fields are advocated and
executed Ly the Programme.

The reason for the insistence on work being carried out on farmers' fields is obvious.
Soils on research stations and even on farm centres are for many years managed differently
from those of the average farmer. It is true thst accuracy of the results obtained at these
locations can be expected to be higher thon of those carried out and supervised by field
level workers. But what is needed are recommendations for the average farmer under his own
conditions. Therefore, both kinds of approaches are justified and needed, with FAD placing
the emphagis on farmers field locations.

Working on farmers' fields with field lewvel workers calls for a certain degree of
gimplicity. Farmers must have a positive attitude towards the undertaking on their fields.

This positive attitude cannot easily be assured if there are too many plots, posters,
tunds, etc.

Concerning the results to be obtained, experience has shown that the first and foremost

need is for return curves of each nutrient element in order to determine the appropriate
optimum recommendations.

Considering the two aforementioned conditions, eimpliecity of design and the need for

Eaaponae cugvas, the following f-plot design is recommended, in terms of pure nutrient level
N=-F205-K~0 }:

Qoo 01l 101 110
111
211 121 112

In many cases the fertilizer levels are based on already existing recommendations;

the control plot 000 is needed in all trials to allow the determination of the economics
of fertilizer use.

Experience has shown that interactions between nutrients are much less important than
was generally thought. With the aforementioned desigm, full interaction is included in the
centre treatment 11l around which the other treatments of the curves are arranged.

Where the effects of secondary or trace elements are important a ninth plot, 111 + 1,
can be added. For the evaluation of results the trials are grouped into sets of similar
ecological conditions, each set forming cne "dispersed" experiment of which the trials are
replicates. The results have an average validity for the farm conditions of the whole area.



The basic B-plot trial can be extended and broken down into a combination of three
Four-plot trials, resulting in a 12-plot design:

000 011 ooo 101 000 110
111 111 111
211 121 112

The three sub-trials may be laid out on separate sites situated within the same
ecological zone, They form together one replicate trial, all having the treatments
NO0 and 111 in common, This allows statistical calculation of the "within-site" variance
for each site, and each sub trial indicates the effects of the absence of one nutrient and
its double rate forming a return curve. For calculation of results, the yield data of the
treatments 000 and 111 are used,

If more complex designs are needed, they are planned and carried out in close co-
operation between the agriculturalf}esearch authorities and FAD, but in the majority of
cagses the Fertilizer Programme restricts its activities to the aforementicned kind of
trials on farmers Ffields,

What was said in the previous chapter on the number of demonstrations per field
worker and their required training level and consciousness is still more important with
the execution of trials,

Fvaluation of Demonstrations

For their extension effect, the results of demonstrations are fFirst of all used at the
harvest Field day. Yields from tg? different plots are compared and gross and net benefits
as well as the value:cost ratios are calculated by the participants in the Field day.

Later these datd are summarized at the national project headquarters. They provide
information on the effects of fertilizers, related inputs and improved crop practices,

In addition they afford an opportunity to all concerned to judge whether or not the
Fertilizers and other inputs supplied for demonstration purposes have been used appropriately.

For the country's planning authorities the yields of control and fertilized plots
provide useful and realistir information on production levels and possible increases by
fertilizer use,

. Fwaluation of Trials

The principal aim of fertilizer trials under individual Fertilizer Programmes is to
arrive at appropriate fertilizer recommendations. In addition to agronomic considerations,
these recommendations must take into account the farmers economic situation,

The design of the trials allows to calculate return curves for each nutrient N, P and
¥. From these curves the rate for each element can easily be determined which results
in the highest benefit per area unit. This Pormula is called the "high benefit"
recommendation, With the help of the curves these lower rates can also be estimated by
interpolation at which the Farmer obtains a higher return for the money invested in

1 . .
Y Value:cost ratio (VCR): wvalue of yield increase divided by the value of fertilizers
applied,



fertilizers, although the benefit is somewhat lower, This recommendaticon is called the
"high return" recommendation.

Annex I shows an example of such an analvsis of trial results obtained
on maize in Togo, Indicated are the results Ffrom the plots forming the N-curve and the
calculated highest benefit and highest return recommendations together with some inter-
mediate possibilities for recommendations,

The results of the calculations show that the highest benefit of the nitrogen
application is obtained at 76.5 kg N/ha (76.5-20-20) which should produce a benefit of
7545 CFA Francs/ha as compared tothe 90-20-20 treatment with a benefit of 7433 CFA Francs ha.

The intermediate points could provide a ~hoice for the agricultural

advisory service or even the advanced farmer to select the recommendation which suits him
best. The less wealthy Farmer without relatively easy credit Facilities at his disposal
would probably select an intermediate recommendation which still produces a reasonable
benefit combined with a lower investment and a higher return forthe money invested,

It is obvicus that these calculations become time-consuming LF a great number of
results are to be dealt with., Nata processing by computer has therefore been introduced
which necessitates a certain standardization of designs.

Trial results are also statistically analyeed to obtain information on their
reliability., In addition to the determination of recommendations, the knowledge of the
probability of cbtaining similar results as in the trials is also of importance to the
advisory service as well as to the Farmer.

An example from France illustrates this problem, In 1368, the French Fertilizer
Industry had similar trials on wheat. The analysis of 277 trial results showed For
nitrogen that:

97 percent of the nitrogen applications were economic between 0 and &0 kg'ha
Bl - do - 60 and 90 kg/ha
60 - do - 90 and 120 kg/ha
43 - do - l20 and 150 kg/ha

From these figures it will be seen that some farmers must have lost money by applying
certain fertilizer rates. Whereas it is relatively easy to ascertain the percentage of
probability, it is extremely difficult to predict which farmere would lose meoney apart from
those who are in any case likely to loae because of poor management.

For thie purpose the correlation of trial results data on scil, on other ecological
conditions as well as on management conditions are required. Such perfected recommendations
can be reached step by etep only, depending on the mgricultural development situation and the
means which are at the dispoeal of individual countries. As the Fertilizer Programme is aleo
developing, based on its own experience and on new findinge from outeide, correlations are
increasingly being included in its work.

Trial results, combined with information on ecological and management conditions received
from the field, are increasingly processed by computer and the results returned to the field.
In addition, the data obtained are fed into a msoil and fertility data storage and retrieval
system which is being developed at FAQ Headgquarters in cooperation with other inegtitutions
working in the same field. The availability of both scil and fertilizer response data from
many countries will in future allow extrapolation for comparable conditions with the practical
affects for the farmer.



Pilot Schemes

An essential corcllary to the creation of a demand for fertilizers through field
demonstrations and extension work is easy availability of fertilizers to the farmer in

the right quality and quantity, at the right time and place, and on acceptable financial
terms.

For thise reason, pilot schemes for the distribution of fertilizers for cash andfnr
credit have become a standard phase of individual Fertilizer Programmes.

An important supplementary function of pilet schemes ie to demonstrate to national
authorities how the fertilizer supply situation could be improved. It is evident that
their pattern might be different from country to country according to individually
prevailing conditions.

In one country it might be the organization of group orders for cash purchase and
in ancther it might be the supply for credit not only of fertilizers but aleso of other
related inputs.

In both cases the criterion is to group those farmers already convinced of the utility
of the innovations in order to provide them with the input{a} required. It is essential
that the grouping is not imposed from outside, but emerges from inside the existing
community with which the pilot scheme is working.

A basic feature of all pilot schemes is a revelving fund based on the proceeds of
sales for credit andfur cagh for fertilizers supplied free of charge to the country
during the course of a Fertilizer Programme., Pilot schemes and reveolving funds are
gubject to a special agreement between Governments and FAQ, in which FAD is engaged to
supply a given quantity of fertilizers over a given number of years, usually 500 tons
of material over a period of three years. The Government is required to create, if
not already existing, a national fertilizer committee, to deposit the revolving fund
in a special account and to maintain its value at the level corresponding to the value
of the fertilizers supplied.

Members of the committee are usually the Government officer responeible for agric—
ultural extensicon, one or more persgons competent in fertilizer distribution and the
person respongible for the management of the revelving fund.

Fertilizer distribution is done through national distributors, either state controlled
or nominated by the Government.

Some 80 percent of the fertilizers used in the world are purchased on credit and only
20 percent are purchased for cash by those fortunate enocugh at plonting time to have
sufficient liquid capital to be sble to meet all necessary invesiment. For this reason
and whenever feasible, pilot schemes for the distribution of fertilizers on credit are
organized.

With the experience of the Fertilizer Programme in this field three crucial facts
have become clear: {i} the system requires increased services to be rendered to the
farmer; (ii) the unsuitability of agricultural extemsion staff in the role of debt
eollectors; (iii) the classical problem of repayments.

The following executing agencies should jeoin efforts for the success of pilet
gchemes:—

= The agricultural extension service to ensure that fertilizere and related inputs are
ordered in time and are applied properly in conjunction with other improved practices.



- A fertilizerfinput distribution agency to ensure timely and appropriate supply. Sometimes
the distributor also takes care of farmers' orders, usually in cooperation with the
agricultural extension service.

= A marketing agency to provide an outlet for produce at eteady and remunerative prices.
= A banking agency for the scheme which would also take charge of repgyment procedure.

It is generally recognized that the development of credit is adversely affected by bad
debta.

To obtain a reasonable rate of repayment at the time of maturity, which should be in the
the order of 90 percent, two conditions should be fulfilled: (i) the net benefit obtained
from the use of fertilizers for credit should be considerably higher than the wvalue of the

gredit {value:ccnt ratio:;?); (ii} sufficient pressure, moral or economic, should be
applied to cobtain proper repayments.

Moral pressure can perhaps be exercised within a restricted group such as a family,
religious or ethnic groups, etc., but economic pressure is usually more affective.

The ideal solution is always a crop lien where the produce is marketed through the same
bedy offering the credit. The most effective penalty is always to exclude debtors from
further credit.

Regarding repsyments, the educational task of the agencies involved in the application
of credit cannot be overemphasized, and the same applies to the role of local authorities
and distinguished personalities.

Thers are of course other credit gystems in use such as the offering of credit to
"licenged" dealers.

Experience has shown that successful pilot echemes can generate projects of a
larger scale for input supply on credit, involving outeide credit and/or several thousand
tone of fertilizers. This type of project is appropriate for countries where a steady
demand for fertilizers mlready exists but where distribution and credit are major constraintas
to further fertilizer use development.

The confidence of the farming community is an unconditional pre-requisite for agricultural
development. Generally, the use of fertilizers produces a visible and quantifisble positive
effect within a short time and is, therefore, one of the most suitable means of opening
minde for other inputs and improvements and in gaining the confidence of the farming
community. This confidence, gained with the help of fertilizeras, is of further importance

in the improvement of the supply conditions and, even more so, for the success of agricultural
credit,

Impact

The development of the use of fertilizers and related inpute depende on many factors
which vary from country to country as well as within individual countries. The same
applies to the FAQ Fertilizer Programme whose impact depends greatly on these facteors.

In Annexes II and IIT of this paper an attempt has been made to obtain some indication
concerning the impact on fertilizer uee development resulting from common efforte of
individual governments and the FAOQ Fertilizer Programme. The term 'common efforta' must
strongly be underlined because an impact could hardly be achieved without total cooperation
between extension mervices, research, marketing and financial agencies.

To obtain some general idea on the impact of these common efforte on fertilizer use
development, the Near Fast and Worth African region has been selected because the comparison



of agricultural conditions is relatively easier than, for instance, in Africa south of the
Sahara.

In Annex II a number of these countries are placed in groupe of those having had a
fertilizer use development programme assisted by FAO and those not having had such assistance.

As it would be impossible to compare the fertilizer consumption of a different number of
countries of various sizes, this table serves as general information only and as a basis for
the indices of the increases of fertilizer consumption.

chernmenthﬂﬂ Fertilizer Programmes commenced in Lebanon, Morocco, Syria and Turkey
in 19613 activities in Tunisia etarted in 1964. In Annex III a graph demonstrates the
indices of average fertilizer use development within the two groups of countries. These
indices are based on the average annual consumption figures for the period 1961/62 -
1965/66 (equal 100). The index for 1969/70 of the country group having had no fertiligzer
programme is 145, of the other group, 325. This approach to determine the impact might
be controversial but it gives at least some indication on the effect of the common efforts.

CONCLUSIONS

Since 1961, the FAQ Fertilizer Programme has assisted 34 countries in their efforte to
develop the agricultural sector of their economy. Based on experience gained during that
period, related agricultural inputs and improved crop practices have been included in the
operations. Fertilizers serve as a spearhead for other improvements and in gaining the
confidence of the rural community.

From an approach mainly concentrated on extension through demonstrations, four phases
of work have developed:

(1) Mase demonstrations on farmers fieldsj

(ii) Where required, small specific trials on farmers fields for the formulation
or adaptation of fertilizer recommendations;

(iii) Improvement of fertilizer distributionj
(iv) Development of a credit system .

Progressively, efforts have been made to improve the quality of fertilizer recommendations.
In countries where a steady demand for fertilizers and related inputs exists already, but
distribution and credit are constraints, action is concentrated on these two factors. At
the same time, training and educational aspects are important features. Agricultural field
gtaff is trained in extension methods and field trial practices and staff of distributing
bodies in their special subjects. Farmers are shown how to make best use of the inputs at
their disposal and are educated towards a group approach and an awareness of their
regponsibilities.



I Curve

(i) Results:

Treatments
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Fesults of Fertilizer Trials - Example of Interpretation
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Annex IT
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Increase of Fertilizer Cobsumption in-Countries of the
North African and Near East Region 1

(in 100 metric tons of N, Pp0s, X20)

‘A. PAD Fertilizer Programme Countries

S 4B/fae5E /%Y ¥/ " E1FEE-E5/66 ¥ . §6/67 - 67/%8 £8/63  €3/70

Syria 13 177 149 236 294 289
Turiey: - RN i EETE T B « . R 50 2789 3900 4 457 oo
Moroceo 180 404 S74 744 938 . 930 .
Tunisia iop (2G5 243 238 288 a8e
Total - 436 : 1965 - -3 068 4 224 5 662 & 392 .
Indices of - o0 156 215 288 325
increase: ’

B. Non-FAQ Fertilizer Programme Countries

Algeris . =289 R A58 s . 5M . 63 . ..-AR4, . 344
Fagypt, Arab 990 j 2 806 . 2 886 . 2 845 3278 . 3150,
Rep. of '

Iran - 243 490 753 o778 870
Iraq 1 27 , ‘ 68 94 110 146
Tarasl 143 oF 1% EEN 399 465 460 502
Sudan 37 C T 281 397 478 473 346

1 540 4 174 4 754 5 098 5 593 6 065
Indices of - 100 114 122 134 145
increase: ¢

1/ Source: FAQ Production Yearbook 1970, FAO Annual Fertilizer Review, 1970.

E/ Average annual consumption,



ANNEX III

Near East and North African Region

Indices of Average Increase in Fertilizer Consumption of
FAO Fertilizer Programme Countries

(average consumption 1961/62-65/66 = 100)




ECONOMICS OF FERTILIZER USE
by

J.W. Eoultonj-/

INTRODUCT ION

Knowledge on the part of farmers about fertilizers and their effect on yield is,
of course, a precondition for their efficient use. The queastion of whether or not to
use fertilizer on a crop, however, is generally an economic one. That is, will their
use be profitable? In addition to the physical responee to be expected, certain
economic and institutional factors are also important. Thess include:

(a) the price relationship between fertilizers and the crops to which they are
applied, together with the market outlook for thease crops, largely determines
the profitability and incentive for using fertilizers;

(b) the level of incomes of farmers and the availability and cost of credit,
largely determine whether farmers can afford the initial outlay for
fertilisers;

(e) oconditions of land tenure which, if unfavourable, may greatly reduce the
incentive to use fertilizers; and,

(d) adequate distribution facilities to ensure that supplies of fertilizers
are available to farmers at the right place and the right time.

The relative importance of these factors naturally vary depending on the
circumstances and they are to a considerable extent interdependent. Each of them can
be influenced by government action if the policy of the country is to stimulate the -
use of fertilizers as a means of increasing agricultural production. Another factor
which may influence the consumption of fertilizers is the relation between land and
population, for cultivation naturally becomes more intensive when land is scarce,
fertilizer thus substituting for land.

FACTORS AFFECTING ECONOMICS OF USE
Farm Level

The relationship between the cost of fertilizers and the value of the increased
output to be expected from their use is probably the most important single economic
factor, influencing fartiliser use by farmers. A straightforward comparison of prices,
however, oversimplifies the issue. A number of other factors aleo affect the
profitability of using fertilizers, and the rate of application likely to give the
largest economic return. Included are: (a) the expected inorease in output from each
increment in fertilizers applied; Eh] the price of the crop; (c) the cost of the
fertilizers and of applying them; d) the additional cost of harvesting and marketing
the larger crop; and, (e) the residual value in later seasons of fertilizers applied.
In principle all these factors should be considered by farmers, or by ertension officers
in advieing them, in deciding the most appropriate rate of application of each type of
fertilizer.

Jf Senior Economist, Agricultural Services Division, FAOQ, Rome



Yield reaponse to fertilizers depends upon many things including soils, soil
moisture, quality of seed, time of planting, plant population, disease and insect
control, cultivation practices as well as kinds and amounts of fertilizer nutrients
needed and applied. Obviously, anything that can be ione to improve yield response
ie tremendously important in making fertilizer use profitable. A small response of
& high value crop, however, may be economic. On the other hand, a fairly large response
of a low value crop may not be economic. It is food crops that generally have the
loweat prices, particularly at harveat time. The very large fertilizer response of
hybrids and the new high-yielding cereal varieties has, however, substantially altered
the profitability of some food crops.

Not only do fertilizers and other improved practices increase yields, they also
decrease unit coete and thereby increase profits. This is shown in an economic study
of maige production by a group of farmers taking part in a pileot scheme in Honduras,
in which improved mseed, inBecticides in addition to fertilizers were provided on
credit (Table 1.).

Generally in experimental, field trial or demonsiration work the application coat
of fertilizers, and the extra harvesting and marketing costs of a larger crop are not
known. It ie common practice to assume that these extra costs arsa covered by the wvalue
of the residual yield and usable crop residues, to simplify the caleulation of the
economic return to fertilizer uee.

Economic Optimum

If each equal application of additional fertilizer gave the same crop reaponse
{constant returne), it would pay to use an infinite quantity of fertilizers, and the
world's food supply could be raised in flower pots. That the crop response to
fertilizers follows & curve, which after a certain point increases &t a diminishing
rate (decreasing returns) and eventually declines, is of the greatest economic
importance. The moet profitable level of fartilizer may be well below the amount
required to produce the highest possible yield. This is ahown in Table 2, when the
largest yield of 2,300 kg/ha is obtained with eix units of fertilizer but the marimum
net returns of 3$60.50 ie attained at four units. If & fifth unit is applied, thise
additional unit costs more than the value of the additional yield obtained: $17 ve. $12.
Maxipum net returns are thus obtained when the coat of the additional unit of fertilizer
squals the value of the additional output: $17 ve. $17. That is when the 1nputfuutput
price ratio is equal to the marginal physical product(*). This is also shown in
Figure 1, where the total fertilizer cost line intersects the net returns curve at its
highest point at four unite of fertilizer. At this point the vertical distance between
the cost line and the total value of production or gross return curve is alasc the

atest, indicating maximum net returns. It will be noted that the marginal product
f;:nld] and marginal return are zero when total product (yield) is at the maximum.
Therefore, to determine marximum net returns, i.e. the economic optimum, information in
the form of marginal yield and price relationships must be available. As price ratios
change, the level of fertilizer muet also change, to maintain maximum economic rsturns.

In practice, however, such refined information of the production function is not
usually available or, if eo, is not representative applying cnly at a discrete set of
conditions. However, from experimaental, field trial and demonstration data there is
& predictable range of fertilizer rates which are sconomic under given cost and price
relationships. It is within thies range that fertilizer recommendations &re made and within

(*) Px/Tx = Ay/Ax or PxAx = Pydy, the value of
the change in input is equal to the change in output.



which farmers apply fertilizers, either to maximize the return per hectare in terms of yield

or to the money spent on fertilizer. Generally farmers with sufficient resources use fertilizer
rates which are near the optimum economic return per unit of land. This is near the

top or on the flatter part of the response curve. The rates of fertilizer application

of interest to small-scale farmers with limited rescurces who are concernsd with the

return they get on the money they spend on fertilizers, are those on the steeper part

of the response curve where the value/cost ratios [VGRS are larger.

Net Heturn and Value/Cost Hatio

Much field trial and demonstration work does not permit the calculation of the
responge curve to the different nutrients owing to the design used. Nevertheless, if
the range of treatments is great enough it will bracket the economic sector, and by
a simple calculation of the net return 1/ and value/cost ratio (VCR) 2/, the most
aconomic ireaiment amongst them can be determined. The following example illustratea
this:

Treatment Yield Increase Gross Coat of Net Heturn VCR
kg/ha p Return Treatment $/ha

Control Q00 - - - 414 -

0 0 o0 B30 29 122.82 16.80 108 7.3

40 40 0 1090 6 150. 42 10.30 120 5.0

40 40 40 1455 49 200.79 47.10 154 4.3

8o 8o 8o 310 30 125.58 54,20 3 1.3

Of the four treatments used in thies example, the lightest NFK treatment gave the
largest response and net return with a good VCE. The heaviest NPK treatment on the
other hand gave a smaller response and only marginal economic returns. The largest
VCR was to the N-alone treatment which gave a good economic return, only slightly
Bmaller than that to the NP treatment. Assuming these resulis to be representative,
on economic grounds the lightest NPK treatment could be recommended for use by the
better-off farmers, and the N-alone treatment by those with limited financial resources.

It is, however, difficult to say at what VCR value a farmer becomes interested in
using fertilizer. The general rule of thumb is a VCR of at least 2, i.e. a return above
the cost of the fertilizer treatment of 100 percent. The net return should also be
considered, because at low rates of fertilizer application the VCR may be 2 or more,
owing to the small coet of the treatment, but the net return emall and unatiractive to
the farmer. In addition other factors should also be taken into account including the

ready availability of fertilizer to the farmer, the likelihood of the expected yisld
being obtained (e.g.whether or me the crop is irrigated )and an assured market for the crop.

In practice farmers use leas than the recommended rates. This is because the
amount of fertilizer which a farmer will use depends on the anticipated yield response,
crop prices expected, fertilizer availability and cost, level of financial resources and
credit availability, tenure considerations, the degree of risk and uncertainty and the

1/ The net return is the value of the extra crop produced after
deducting the coat of the fertilizer treatment used to obtain
the yield increase.

2/ See footnote Table 1.



farmers ability to bear them. At the time the farmer buye his fertilizer only one of
these, the cost of the fertilizer, is accurately known. An average figure, based on
experimental or farm triale or the farmers own experience, is used to estimate the
probable increase in yield, but the actual response varies with the weather, and in turn
affects the cost of harvesting and marketing. The price of the crop when it is harvested
some months later can also be an estimate, unless a fixed support price is effectively
implemented. The price may be subatantially reduced on a free market if favourable
weather or the widespread use of fertilizers leads to a sharp rise in yields and total
output. A farmer thus has to be rather cautious and allow what he considers a fair
safetly margin when deciding how much fertilizer to use on his crops.

National Level

A good deal, however, can be done by government action to reduce the risk and
increass farmera' incentives for using fertilizers. The factors to be considered includs
inatitutional as well as purely economic onee., They are concerned with ensuring that the
right kinds of fertilizer 4are supplied to farmers at the proper time and place at
favourable prices, that farmers are provided both the knowledge and the means to make
full uee of them and that they are able to sell their crops at remunerative prices. This
requires an efficient marketing, grading and distribution system, storage facilities,
adequate amounts of credit on reasonable terms and good research and exteneion mervices.
In many countries such facilities are either poorly developed or do not function
afficiently, and feeder roads tend to be inadequate and ueable only during the dry season.
As a result the cost of fertilizers tend to be high and crop prices low; transport costs
alone may double the ex-factory or c.i.f. price of fertilizers at the farm. These aspectis
are discussed in other papers in this seminar, and are mentioned here because of their
economic implicatione for fertilizer use. Alsc of importance are leapss arrangements and
tenure conditions. There ie little or no incentive for the farmer to use fertilizers to
increase crop output when he must give A share of the crop to a landlord who doee not
share the fertilizer costs. Tenants paying a fixed rent would not be inhibited from
using fertilizere on this account, since like owner-operators, they would receive the
whole of the resulting increase in ocutput. Even eo, insecure tenure, or the practice of
shifting cultivation when the field is abandoned after a period of time when weeds become
uncontrollable or yields begin to fall, may alsc affect the farmers' intereat in using
fertiligera, especially those (e.z. phosphates, potash) where an appreciable residual
value may be carried over to the next geason.

Price Controle

It is clear that thesa factors have a very important bearing on the cost of
fertilizer to the farmer and the prices he receives for his crops, am well as the success
of any price policies implemented by government to increase agricultural production.
Price support and price stabilization schemes improve prices farmare receive either by
eliminating or reducing the impact of seasonal fluctuations, or by raising the general
level of pricee. BEven a fairly low support price, provided the farmer can count on
receiving it, removes a large element or risk, but the higher the price the greater the
incentive to increased output.

Price stabilisgation is important to the increased use of fertilizers because if the
resulting additional crop production mubstantially depresses prices, this may discourage
their further use. In Japan, Taiwan and many developed countries price policies werse
successful in raising fertiliser use to high levels because of the very favourable
relationship maintained between the price of the crop and the price of fertilisers. In
Japan in the early sixties, when fertilizer ume was increasing rapidly, it took only
1.2 kg of rice to pay for 1 kg of fertilizer and 1.5 in the U.5.4. In Egypt,



however, because of the very unfavourable relatiocnship, it took 7.1 kg of rice to

pay for 1 ke of fertilizer. Yet the problems involved in implementing effgﬂtiva‘ .
price support and stabilization schemes, particularly in countries with limited fimancial

and institutional resources, can be considerable. This is particularly true when food
crops are produced by thousands of small, mainly subsistence farmers. Moreover, such
schemes may require transfer payments to agriculture from other sectors of the economy
through higher prices to consumers or some form of government subsidy. Such transfer
payments are possible in countries where agriculture accounte for a small portion of the
population and national income. In countries where the agricultural sector ia large and
the other sectorse weak, in the firet stages of economic development the movement is
usually in the opposite direction; agriculture as the largest sector of the economy haa
to provide funds for investment in industry and other new activities. Nevertheleass, as
already mentioned, a fairly low support price, provided the farmer can count on receiving
it, may be sufficient to encourage the farmer to produce more, yet at the same time
require a minimum of fundes for the purchase of only a small share of the crop by the
government to maintain reasonable price atability.

In some countries, particularly those where shortages increased staple food prices,
and where high-yielding cereal varieties are now being grown, guaranteed minimum or
procurement prices have been introduced. The effectiveness of such a price policgy
depends on how well it is implemented at the farm level, particularly immediately
following harvest. The record so far appears to be a mixed one in the different countries
either because of inadequate arrangements to buy the grain from farmers,with the result
that they receive leas than the support price, or lack of fundas to pay the procurement
price or buy all of the quantity offered. The predictable effect of such short-comings
is the reduced use of fertilizer and other yield increasing practices by farmers.

Subsidy

In that it is the relationship of prices rather than their absolute level which is
important, these difficulties with price supports suggest that if an adjustment in prices
is considered necessary, a decrease in the cost of fertilizer to the farmer should be
sasgier to achieve than to insure the farmer receives the support price. Furthermore, if
an incentive price to the farmer would mean raising the general level of prices for food,
with the attendant inflationary implications and hardship for the large low-income sector
of the population, a subsidy would be preferable. Subsidies are relatively simple to
operate and unlike price supports benefit only those farmers who use fertilizers. The
quantities involved are also much less, sc the cost of the fertilizer subsidy scheme would
be considerably less than a price support programme. Another advantage is that a
differential subsidy may be used to encourage the use of the recommended ratio of
mitrienta, since the tendency amongst farmere is to use nitrogen only, even if phosphate
and potassium are also recommended. Transportation charges may also be equalized making
fertilizer prices uniform throughout the country and benefitting farmers furtheat away from
the major centres. It may be argued that having the closest farmers, with the comparative
advantage, subsidize those further away, distorts the use of resources, 3Such a policy,
however, has a social aspect of assisting farmers economically disadvantaged because of
their greater disfance from the market place.

A subeidy may also be used to encourage the production of specifiec crops, e.g. food
crops, or to assist a partiocular category of farmers such as emall-scale farmers. In
these cases, however, without strict control the fertilizer is usually diverted to crope
providing a better return and to farmers with more adequate resources.

The rate of subsidy at present being used in most countries ranges from
20 to 60 percent. This suggests that the rate varies considerably depending on the
policy cbjectives and conditions within a couniry, and perhaps in determining the subsidy



there ie a considerable degree of "guesstimate" involved. Because of this uncertainty of

what rate of subsidy to apply, a simple formula has been developed on' the basis of the
VCR which it is considered would provide an adequate incentive for farmera to use
fertilizers (*). The formula with the subsidy expressed as a percentage of the
unsubsidized farm price of the fertilizer ie as followas:

Ve x 100
VCR, = RF where,

I
100 - subsidy

VGRF . Value of Yield Increase

Coat of Fertilizer Unsubsidized

VGRI . Value of Yield Increase

Coat of Fertilizer to Farmer

The VCR., is obtained from field data, and the VCR, is the value which it is
considered is required to provide the incentive for farmers to use fertilizers. For
axample, if the VCRF obtained from field data is 2 and the incentive ?CRI should be 3,
then the fertilizer subsidy should be 33 percent of the farm price.

(3 = 2 x 100 . 200

100 - 33 ' 3

Using this formula gives a good basis for determining incentive rates of subsidy,
assuming sufficient field data are available to determine a representative ?CRF for
different crops.

= 1).

Whatever form of subsidy is chosen, it should be realized that its primary
contribution lies in providing the initial impetus to the adoption of fertilizer by
farmers by making its use more economic. Once farmers become acquainted with the
btenefite from its wuse, the need for the subsidy may become less. As the use of
fartilizers becomea more widespread a subsidy tends to become too costly for most
developing countries to maintain, even though on a national basis it should more than

pay for iteelf in increased farm output. HRather than discontimuing the subsidy abruptly,

it should be reduced gradually so that the prices paid for fertilizeras by farmers
increase only slowly and the possibility of a decline in consumpiion is minimized.

Even a gradual phasing out may be politically difficult once a subsidy has been
introduced. A resduction in the subsidy should, however, be facilitated by a decline in

transportation and other marketing costs which will be likely as fertilizer consumption
increases.

Risk

In addition to economic measures directed toward stabilizing or increasing the
value of the yield and reducing the cost of the fertilizer treatment, others measures
may also be regquired to decrease the risk of weather. Although the risk due to weather

(*) The formula was developed with the
assistance of Mr. K. Kuiper.

iB



difficult to reduce, variations in yield may be lessened by the provision of irrigation
facilities where this ie poesible and feasible,and the risk of crop failure partially offeet
by crop insurance. Like price supports, however, orop insurance may be bayond tne means

of most developing countries. In addition, the reliable long period data of crop losses
required to work out a sound mctuarial basis may not be available. Another practical
problem in most developing countries is that the majority of farms are small. This

implies greater haszards, both from a physical and moral point of view, as well as limited
resources of the farmers to pay premiums, i.e. their pro rata share of losses, even if

they understood the meaning and the significance of the insurance.

Taxease and Duties

Some countries taxr both crops and fertilizers to obtain publiec revenue. The source
of supply may also have an important bearing on the cost of fertilisers, whether locally
produced or imported, owing to inefficient plants and procurement methods. The
elimination of import duties or taxes on fertilizers would reduce their prices and have
an effect similar to that of a subsidy. HRedueced production coste and more efficient
procedures with regard to fertilizer imports to obtain quantity discounts and off-season
rebates would alsc lead to lower pricesa.

Imports vs. Loocal Production

In the early stages of fertiliser use by a developing country, the agronomically
gpuitable fertiliszers will almost certainly hawve to be imported. As fertilizer demand
increases, however, the question of a domestic fertiliszer industry will no doubt arise.
The initial step may be to prepare mixed fertilizers from imported materials. An
alternative would be to construct a plant for processing imported intermediate materials,
e.g. ammonia and nitrogenous fertilizers and continue to import other fertiliszers.
Eventually the stage may be reached when the primary manufacture of fertiliszers would be
appropriate.

Many factors must be considered in arriving at a decision as to whether to import
or produce the increasingly larger amounts of the various fertilisers required. Muach
will depend on the availability of local and external sources of raw-materials, the cost
of production vs. importation, the country's capital and foreign exchange position, and
political oonsiderations. A key question is the cost to the farmer who is going to use
the fertilizer.

The prerequisites for the manufacture of fertilisers are cheap raw materials and
power, preferably a ready home market large enough to provide for low-cost; large-scale
production capacity, because primary fertilizer plants designed to produce small volumes
are almost always high cost units. Within broad limite, as plant size increases, the
unit cost of production declines. As a general rule, doubling the size of the plant,
increases the total capital investment by about 40 to 50 percent. This results in lower
capital or fixed costs per ton of fertiliser produced, declining about a third as the
plant sise is doubled. Operating or variable costs per ton of fertiliser also decline
as the plant size increases, by as much as 40 percent depending on the sise of the plant
and the process used, as shown below:

Plant city Capital Cost Production Cost
ton/ day per ton per ton
-~ Indices -
200 100 100
500 67 78

1000 45 61



Additional comsiderations are that modern fertilizer plants are capital intensive
providing only limited employment and primarily to askilled personnel. The siting of the
plant and ite conetruction, ae well as its operation, entail special problems, equipment
and skills, the equipment and skille in most cases having to be imported at a considerable
cost of foreign exchange, ranging from 40 to 7O percent depending on sircumstances.
Furthermore, the foreign exchange saved by domestic manufacture may not be as largs as
the apparent savinge from reduced import would suggest becauss a major share of the raw
material may have to be imported on & continuing baseis.

Although esconomics of scale will normally contribute to lower unit coste of
production, thers will sometimes be other considerations fawvouring the construction of
wall-placed smaller-scale plants, particularly those using intermediates. Larger siged
plants have the disadvantage that any breakdown in the plant itself or its essential
services such as electiric power, a common problem in many countries, has & much more
damaging impact than whereonly one of a nuanber of emall plante is affected. It iz also
mich simpler, and usually cheaper, to organize a dietritution system based on several
stratagically located plants of smaller mize than one or two very large ones, particularly
whers distances are great and communications are difficult.

Theme various factore which must be considered in determining the need for and the
type of fertilizer production facility, require careful study by a team of experts
coneisting of an esoconomimi, agronomist and engineer. Anticipated developmente in other
fields ehould alsc be considered in planning for the development of a fertiliser indusiry.
Expansion of electric power and water—supply eystems mAy provide the required energy for
plant opsration; the existence or comstruction of & stesl plant may make basioc-slag or
ooke—oven gas avallable. The discovery of economically exploitable deposite of phosphate
rock, potash ores, petroleum or natural gas may provide a domestic source of cther raw
materials. Such factors as these may alsc be decisive in indicating the type of plant %o
be built, where it should be located and the fertilizers to be produced.

Each case must be decided on its merite, but if domestic demand is so limited that
the looally manufactured fertilizer cannot be absorbed locally or by a group of countries,
e.g. East African Community, and would have to be sold on & highly competitive world
market, or the plant cperated at & very much reduced capacity, it would be advisable to
continue to import fertilisers until desmand was built up to a high encugh level to
justify & large plant. An alternative, &a already mentioned, would be to establish plants
which relisd on semi-manufactured raw materials, or to concentraie on mixing or bleading
and packaging of materiale imported in bulk.

If, however, the alternative is eimply cne of importing food or fertilizers, 1t is
clear on economic and social grounds that importing fertilizers makes the most sense.
Without even considering the affect of fertilizer use on inoreased production and farm
incomes, the crop output of & or more kilogramme per kilogramme of fertilizer nutrient,
commonly obtained with moet crope, _lpdicates that it ias more economic in terms of saving
foreign exchange %o use fertilizers, whether imported or loeally produced, o provide
needed food ocrop eupplies, rather than to import the crop. Even if food graine can be
imported on concessional terms, the mocisl and economic benefit of domeetic production
rather than importation should noet be overlooked., On the other hand, of course, export of
cagh and other orops earns fereign oxehange, Aseweing a market, fartilizer use may provide

&

larger quantities of such crope for export.

A programmes %o sncourage the use of fertiliszers as & means of increasing crop
production must give careful consideration to the timely provision of adequate supplies.
Limited or untimely suppliss of fertilisers may adversely affect such a programse. Even
though other factore are faveurable to their use and & demand is built up, actual use
will depend on the emount of fertilizers available, whether produced domeetically or
imported.



CONCLUSIONS

While the most rapid expansion and effective utilization of fertilizers and other
inputs is likely to occur when all the constrainte to their use are adequately dealt with,
it is clearly unrealistic to expect to implement all the required policies and measures
in a short period of time. The identification of the orucial factors, which either hold
back or have the greatest potential to stimulate their use, is an essential first step
in formulating and implementing appropriate policies and measures at a particular time.
They should provide the necessary incentive for farmers to use fertiliszers and other
inputs to raise crop yields and hence agricultural productivity, which is a major
element in economic development in countries where the bulk of the population is In
agrioulture.

For example, the growth of per capita incomes in East Africa is very much dependent
on the growth of agriculture. Agriculture accounts for a substantial portion of total
output in all three countries: about one—half the Gross Domestic Product in Tansania and
Uganda and about a third in Kemya. Much of the output of other sectors of the economy of
sach country is also dependent on agriculture. A large part of their manufacturing
involves the processing of agricultural products such as coffee, tea, cotion, sisal,
animal products, fruits and vegetables. Much of the trade, financial, transport,
communications and construction sectors directly or indirectly service agriculture. A
substantial proportion of government services is directed to agriculturs. Orowth of
agriculture in East Africa, thus, has substantial direct and indirect effects on the
economic welfare of both the farm and non-farm people of the region. This is, of course,
also the case for other African countries.
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FERTILIZER MARKETING IN DEVELOPING COUNTRIES

H. Creupelandt lz

INTROTUCTION

The introduction or improvement of fertilizer marketing schemes in developing countries
has to be seen within the context of the efforts to atimulate agricultural development
amongst small-scale farmers.

Emphasis has to be put on servicing the small-scale producers because the estates and
the large-scale farmera are not only already using fertilizers but can rely, in general,
upon a distribution network eet up specifically to merve them. Such producers beyond the
fact of knowing the advantages and the use of fertilizers, can afford to place large orders,
secure their own haulage from wholesale depots and can arrange the financing of their purchases.
In other words, they have for many years been regular customers of the fertilizer trade which
in moet countriees engages in keen competition for their ordera.

In contrast, not enough efforts have been made in most developing countries to secure
a rational fertiliger marketing structure for the small-scale farming community. There are
numercus difficulties in attempting to promote fertilizer use amonget small-scale farmers.
The first problem is to create a sizeable demand and thie calls for sustained efforte in
the field of demonstration and extension work. GSubsequently, supplies have to be made
regularly available in numerous small depots or storee scattered all over the country for
sales in emall quantities to customers who cannot afford cash payments. As a result the
fertilizer industries and the importing and distribution companies were in most cases not
able to launch fertilizer promotion campaigne and to establish a distribution network for
small-scale farmers., Even the established consumer goods distribution firms which supply
rural shops have not shown sufficient interest in covering fertilizers, mainly because of the
lack of demand and the narrow distribution margine obtainable.

A8 agricultural development programmes are logically concentrated on small-scale farmers,
who account for the large majority of the farm population in developing countiries, governmente
during recent years have begun to put increased emphasis on the promction of the use of
fertilizers amongst them. Efforte in thie direction have been, however, to a large extent,
limited to a creation of a demand through demonstration and extension leaving the marketing
problem or dealing with it in a rather ad hoc and isolated way, lnconeistent with the
development of a large scale commercial distribution pattern. Typically, stocks are ordered
by extension mervices, moved with their trucks and distributed free or sold well below cost
by extension officers, etc.

As most of these demonetration schemes have succeeded and hence resulted in a rapidly
increasing demand, governments are now faced with the problem of seeing that the farmers
are regularly supplied under acceptable cost and price terms. This emphasizes the complex
nature of the marketing process, e.,g. asseasment of demand; planning and distribution,
facilities required, service costs, pricing policy, credit sales, etc.

Clearly, the fact that government services have often had to act as promeotors and also
simultaneously as distributors of fertilizers to small-goale farmers does not necessarily
imply that they have to carry on all by themselves and operate large scale fertilizer
dietribution and even promotion schemes., Once a certain demand has been created, it is
evident that fertilizer firme may become interested, in active participatiomn, or in taking
over. Producers' associations may also be aseociated with commercial acale fertiligzer
marketing schemes.

Y Marketing Group, AGSM, FAO



The purpome of thims paper, beyond an attempt to define the elements of the overall
marketing process, is to illustrate the different approaches made in certain countries
in deciding the channels and agents to be used, and to discuess the problem of transport,
storage, financing, credit, training of ealesman, etc.

SERVING THE FERTILIZER MARKET

Role and functions of fertilizer marketing

The role of fertilizer marketing can be defined as maeking fertilizers available, where
and when needed, of the type, quality and in the gquality required and, at the lowest price
commensurate with the services required by the customers, Theae conditions of location,
time, quality, quantity and terma of sale have to be complied with and the related functions
and services (transport, storage, sales points, quality control, credit, etc.) performed at
a cost enabling farmers to purchase at an acceptable price and thus to use fertilizers in a
profitable way.

The coet and price concept deserves particular attention as it commandes the operation.
Indeed, the cost of marketing fertilizer ig often greater than the cost of ite production
or its cs.i.f. import price; but unless the final salee price remaine within an acceptable
limit 1/ no econcmic use can be made of fertilizers. At the same time, making fertilizers
available at the places and in the quantities required by small-scale farmers and on credit
terms, invariably increases the marketing costes. Thus the economic performance of the
marketing functione and services is an essential issue, calling for a rational organization
end efficient operation of the distribution network, transpert, storage, etc. This implies
both appropriate planning, and the adequate utilization of transeport and etorage facilities
as well as existing distribution channels and ealem outlets. A special consideration is the
degree of complementarity between the marketing of fertilizers and of other inputs and of
ggricultural crops.

4ssesement of demand {guantitative aspect)

In order teo be in a position to supply the farmers at their reguest, dealers must be
able to determine the approximate regquiremente ahead of the next campaign. The fertilizer
industry, the fertilizer import and distribution firme or agencies must not only plan their
production and imports ahead of a fortheoming season but must also lay long-term plans for
their investment in facilities and distribution infrastructure for instance plants, ware-
houses, sales depote.

On & seasonal basis, conditions of under-supply will of course frustirate farmers, cut
across the efforte to promote fertilizer use and delay agricultursl development. Over-
supply will entail excessive costs in storage, unnecessary immobilization of capital in
stocks, and high losses, particularly when adequate storage facilities are lacking. Errors
in the seasonal supply pattern are also often reflected in incorrect gquantities being
available at different areas and selling pointe. Corrective measures,at the time of demand
from users, are found to increase transport costs. Any substantial error in the long-term
demand assessment and hence in planning and investment in plants, marketing facilities and
distribution network has even more sericus conseguences, as adjustments from one season to
enocther cannot be made eamily. This may entail high financial losses, for example if the
effective demand in the forthcoming years has been seriously overestimated.

To avoid these pitfalle, the assesmment of the effective demand for fertilizers should
be done on & realistic basis starting from actual consumption in all arsas concerned and
the prospects of an increaped demand. The assessment of such prospects must take account

of continuous and planned promotion mctivities and the likely value-cost ratio between
fertilizer crop prices.

1
-'; Allowing for a favourable valuetcost ratio.



Experience shows that there is & real risk of heavy wastage of supplies and funds, if
forecasts are primarily based on development plan targets, total acreage under crops and
technical input rateas.

As a methed of estimating the affective demand l/ over a given number of years [and
covering as well crope or areas which may yet not benefit from their application} the
following approach may be recommendeds:

a) selection to be made of crope showing a profitable response to fertilizers and
having an export or domestic market potentialj

b) evaluation in the field of the official application rates and types of fertilizers
(as applied in general by farmers) for sach of the crops selected;

c) assessment of the areas under cultivation or to be brought under cultivation
within the period considered, taking into account the size of farms, and the
existing transport as well as marketing infrastructure;

d) calculation of the effective demand to be expected for these crops and areas on
the basis of a, b, and ¢, taking into accounti

i) past trend of fertilizer demand increase for the type of farmere concerned

ii} the fertilizer promotion efforts to be concentrated on these areas and crope
(also to be compared with previous programmes)

iii)} +the likely forthcoming valuetcost ratic betwesn fertilizers and crops.
Thie assesssment of demand has to be made, of course, in collaboration with the

extension and agricultural staff working in the areas concerned as well as with
fertilizer dealers, cooperativea and representatives of the farmers.

The storags problem

Fertilizerse have to be produced or imported well ahead of the pariod of their
utilization., Indeed fertilizer production has to be a continuoua process to be economic
whereas the farmers' purchases are concentrated in a few weeks annually, Even in the cage
of imports, stocka have to be built up in the rural areas ahead of the planting season
aither because access roads may be impassable once the rainy season begins or because it
is necessary to arrange transport at an earlier time in order to take advantage of return
loads and to avoid a peak in transport requirements at the beginning of the planting
season.

Beyond these considerations, it is obvious that stockholding at different stages of
the marketing channel is alsc a commercial requirement, Local dealers cannot sell to
emall-gcale farmers by simply passing their orders to a wholesale merchant but have to have
at least & minimum working stock om hand., Wholesale merchante must also have storage
facilities esither for transit storage or to keep a certain ressrve stock so that they can
make supplementary deliveries to dealers during the selling season., The same applies to
importers whereas manufacturers necessarily face a certain stock build up at processing
plants.

if Corresponding to that portion of the total demand potential which one can expect to
materialize under the given conditions of & fertilizer use promotion programme and
foresesable valustcost ratio,



The question me to where and at what stage of the distribution channel stocks have to be
mainly concentrated and hence extra storage facilities have to be provided can only be
anewered after a careful study ofi

i) the distribution pattern to be followed;

ii) the agents who will be involved and the storage capacity they own or can rent
the storage capacity available for other crops which could be used for fertilizers;

i1i) the transport conditions throughout the year,

At first the extent to which available storage facilities can be used for fertilizers has
to be checked. In many countries large parts of the storage facilitiem used for grain or
oileeed, are empty, when fertilizers have to be stocked. The mecond point refers to the
location of storage facilities at different levels of the m rketing channel, namely import
or manufacturing, wholesale or retail level., In order to keep handling coetas low an effort
should be made to move fertilizers from the factory or the import harbour straight to the
retailer or farmer without much interstorage. This, however, requires storage space at this
level, a credit programme for farmers and stockists as well as trained personnel. It is
recognized that these conditions do not yet exist in many African couwntriee and, therefore,
more intermediate storage at wholesale and district level is regquired. The final cbjective
should be to build up an effective storage and credit syatem at the retail level.

In order to meet short-term fluctumtiene in the demand for fertilizers, storage facil-
ities are required at wholepale and impnrtfprncanuor level. The size depende upon local
conditions. Full use should also be made of existing storage space, if this can be obtained
at lower coste than building specialized fertilizer stores.

Trangport of fertilizers

Traneport is a crucial element in the marketing process, because of the relatively high
welight of fertilizers in relation to value and the remote and poattered selling pointe which
have to be merved., Therefore, the cost of traneport generally constitutes a substantial
part of the final price to be paid by the farmers, In Ethiopia for instance transport charges
represent more than 20% of the final price. In the case of Northern Nigeria these costs excsed
ﬁﬂﬁ of the farmer's price wherear in Chad transport coste prohibit a wider fertilizer use.

As mentioned above, a complementary use of marketing facilities and servicee for inputas
and crope can be applied to transport. To avoid idle trucking, scope exists for using
fertiligers as return loades after harvest time when farm produce has to be moved to urban
centres and export points.

In practice this combined haulage calle for & fair amount of iransport planning and a
close collaboration between the wholesale merchants or fertilizer distributore and thoses
responmible for the operation of the produce marketing schemes. Experience shows that such
combined transport schemes are easier to implement where fertilizer distribution st wholesale
and retail level and produce marketing are the responeibility of the same sgency. ZEven in
mich a case, however, problems may arise if private agents are involved, as they may prefer
their own trucking arrangements. Still, whenever such a haulage combination proves to be
feasible, a correspondingly lower traneport coet allowance should be accounted for, for
example in tranaport cost-poocling schemes.

Transport from retail store to farm im often difficult to arrange. It should, however,
not be neglected in areas where farmers have no transport. As producers have to deliver
their crops at harvest to collecting or buying centres, fertilizers as well as other inputas
could be carried back to farme at this etage. However, thim is likely to be well ahead of the



ssason, in which the fertilizers are to be used and most farmers prefer to purchase at planting
time. In some cases this may correspond, at least for staple food crops, to & second crop sales
period for those farmers who have retained crope in store in Antlclpatlon oI higher prices

late in the season. Whether or not such a combined haulage is feasible matters little at

this level as farmers do not generally put a cost on their market visits. However, the
distance to market centires is important. In general these centres service a 10 to 20 km.
radius in main producing areas and farm produce, consumer goods and inputs are carried over
bush tracks on donkey or horse back, on cart or even as headloads.

The transport of fertilizers in bulk which, up to now, has hardly been introduced, in
developing countries, is not covered in this paper, as it is being dealt with in another
paper., The question of the pooling of transport costs and the firing of a uniform eales
price for a given area or a country as a whole is treated under pricing policies,

gua.litz aspects and packing

Appropriate types of fertilizer have to be made available to farmera in the quality
and concentration required. This implies not only controls at the production or import
level but alec steps to prevent asdulteration as well as deterioration of the product by the
time it reaches the farmer, Farmers are unable to verify the quality and concemiration of
fertilizers at times of purchage, Furthermore, the riek of incorrect use by farmere
increases substantially when different types and brands are offered. All these aspecis
are related to what can be considered as & quality responsibility of those involved in the
overall marketing process, i.e, fertilizer firms, dealers, extension workers and government
control services,

In thie context packing and labelling playe an important part. Quality alteration and
deterioration for instance can largely be avoided by using strong plastic heat-sealed bags
of an appropriate retail unit size. These cannot be opened and resealed easily, are
resistant to rough handling conditions (as long as no hooks are used) and protect the
product against adverse weather and storage conditions. Thie type of 50 kg bag ie now:
widely used in many countries and provides & rather suitable unit size for purchese and
tranaport for small-scale producers having tc use bush tracks to reach their farms, Other
types of bage are jute with & single polyethylene inner liner and woven polypropylene with
polyethylene inner liner.Disadvantages of the firet are that hook handling is tempting and
bags may be damaged by rodents, whereas the polypropylene bag appears to be subject to
cracking when exposed too long in the sun. Labelling should of course refer also to the
kind and concentration of the fertilizer conteined in the bag. Although most farmers may
be illiterate it would be umeful to indicate also, whenever appropriate, the crops on which
the fertilizer should be used, and the application rates. This is done by certain
fertilizer industries in Europe, at least for some of their products, and would be a
help to rural dealers who have to advise their customers at the time of purchase.

Conditions of purchase

It is obviously the crucial function of marketing to ensure that fertilizers are
offered to farmera under sales conditions acceptable to them. Failing to achieve this
implies that all fertilizer use promotion efforts will have been in vain., Consequently,
attention must be concentrated on the question of sales on credit terms as well as, of
course, the cost of fertilizera to farmers, These aspects are dealth with in some detail

later in this paper.



FERTILIZER MARKETING STRUCTURE

The expression "fertilizer marketing structure" refers to all those channels, enter—
prises, organizations, services, etc, involved in the fertilizer marketing process
irrespective of whether this is their exclusive, principal or incidental activity. The
activities involved should be considered in an integrated manner starting from processing
and import enterprises down to final distribution units.

As suggested earlier there is & high degree of complementarity between the marketing
functions of input and consumer goods distribution and the marketing of agricultural
products., This is particularly true near the farm level, This is recognized in practice
by the grafting of the fertilizer distribution process largely upon the existing crop
marketing and distribution structure in moet developing countries once fertilizer uase by
gmall-scale farmers and ite commercial scale distribution hae reached & substantial volume
as for example in Zambia and Kenya. Such combined activities allow considerable savings
on investments, operational cost and the qualified personnel. Moreover, the need to keep
fartilizer cost to farmeras at an acceptable level means that relatively high eales margine
cannot be taken, Hence, most dealers must be able to rely upon other sales activities as
a major source of income.

Coneequently the fertilizer marketing pattern is aleo influenced by the type of crops
grown and their marketing structure., In most African couniries, export cropa are in the hande
of monopoly boards relying upon a rather dense neiwork of buying cenires. Coneidering also
that hitherto fertilizer use has been mainly promoted for these pame crops for reasons of
foreign currency returna, it is understandable that these marketing structures are gometimes
used B8 the fertilizer distribution channel down to the producers concerned, For siapls
foodcrops, however, the local market is sometimes an inadeguate marketing arrangemant, or
orgenization, The whole burden of making at least femporary fertilizer supply arrangements
{g then left to the agricultural departments and extension services as in Nigeria. Production
or marketing cooperatives and their unions, 1if they exist, may also play an important role
in the fertilizer_distribution.

The general government policy and attitude towards marketing and trade in a given
country also affects the fertilizer industry and marketing arrangements. In countries with a
liberal policy, private enterprise generally prevails whereas in others, gtate—owned
enterprises or government agencies may dominate or even exeri monopoly control.

Another fact which largely affects the fertilizer marksting pattern in developing
comntries is the farm size structure. In countries with a eubstantial number of large—
peale farmers and estates, fertilizer firms are generally well-established to service this
part of the farming community, In these circumstances ii may be posaible for government
services alsc to rely upon these services, e.g. for wholesale deliveries, On the other
hand in countries where production is in the hands of small-scale farmers, in landlocked
African countries such as Chad, Mali, Upper Volta, stc., governmeni services, when
launching fertilizer promotion programmes may have o take the lead in placing import
orders themselves, This does not of course exclude the pessibility that fertilizer firms
may become associated or take over responsibility once demand hae reached =& level which
justifies their entering the businessa,

Except for a few countries wiih centrally planned economies, fertiliger
marketing structures largely reflect the participation of existing private firme and
traders, cooperatives and public autherities in the marketing of cropa, consumer goods and
farm inputs. Specialized fertilizer firme may come intc the picture, e,g. when processing
plants have to be built or for substantial importe end distribuiion at nationel level,
Oovernment participation at this stage, under the form of joint ventures with private firms,
have been favoured in certain countries such ae Senegal, Tunisia, Algeria,



At the retail distribution level it is often necespary for agricultural departments
and extension services to take responsibility for the distribution at farm level where
neither cooperatives nor marketing board agents are operating, Indeed, it is a well-known
fact that most governments look rather suspiciocusly upon the participation of private
retailers often qualifying them as exploiters of the small farmers. In Ethiopia for instance,
input distribution centres have been established in the integrated development project areas
by the agricultural extension departiment, pending their take—over by cooperatives which are
to be gradually established.

This attitude ie not shared by private distribution firme whe in supplying small-scale
farmers, readily call upon the services of small dealera. In Kenya, for instance, a
subgtantial number of so—called stockists as well as cooperatives were appointed by the
two leading fertilizer import and distribution organizationa.

Given a certain amount of supporting services, some training and the access to necessary
credit by thoee traders, privite firme believe that this ie the answer to the problem of
rapidly building up an efficient distribution network, particularly where no cooperatives
vet exist, The most delicate point in thie asort of arrangement appears to be the sales on
credit terms toc small-scale farmers, which is discussed later.

It is debatable whether private, cooperative or government agencies are most suitable
in the fertilizer marketing process. Beyond what was said on the incidence of overall
govermment policy on marketing and trade and on the use of the existing marketing and
distribution structure, it is clear that what counts ultimately is efficiency in performances
low coste and good service,

Specialized firms, operating under normal conditions of competition are mown for
their efficiency, expertise and dynamic approach. This, of course, does not necessarily
apply to emall bush traders, Neither can one claim that cooperatives particularly when
lacking qualified staff, financing and facilities, offer any sort of guarantee of
efficient operation Government services have rarsly demonstrated the necessary
flexibility and business approach required in marketing operatione, but in the absence-of
any other alternative, they may perform, at least initially, some essential marketing
Tunctione in fertilizer promotion programmes.

THE MARKETING OR SALES MIX

In business enterprise terms, the marketing mix comprises all activities, means and
techniques used by a firm to secure increasing turnover and returns. Applied to
fertilizer marketing schemes, which may be operated slso by non—private enterprises, on a
non—profit making basis, it appears more appropriate to talk sbout effectively expanding
demand in general by means of convenient sales conditions and terms am well s services to
farmers. As such, the marketing mix comprisesi

= the effective performance of the marketing functions, i.s, at the lowest cost
poseible, This concerns appropriate planning and exsoution depending largely on
qualified management and personnelj

= the elaboration of a suitable pricing policy with or without such means as cost
pooling and subaidiess

= the offering of convenient sales conditions sc as to enabls all farmers to purchase
fertilizers, A major elsment here is favourable credit terms;

= sales promotion activities, technical services and information to farmers.



Planning and Manggement

A complete course could be deveoted to each of these pubject mattere without exhausting
them. In the context of thig paper only a brief reference can be made to some esmential
ipsues.

Planning: This concerns the structure, enterprises and facilities required., This sort
of planning of a general structure, does not fall, strictly speaking, under what was defined
ag activities and technigques ito favour sales, However, it would be wvirtually impoesible to
comply with the requisite of effective lowesd possible cogt performance ag a means to enhance
gales to fermers if the baesic structure, agente and facilities were not chosen according to
a rational criterion. A logical planning sequence ig as follows:

i:l ageeganent of present and future demands
ii) inventory of existing marketing and distribution enterprises and organizations,
likely to suit the purpose and interested in participating (eee marketing

structure );

i1i) selection of the marketing partners with special attention to their buying and
distribution network at farm lewvelj

iv) decisions on new unita to be brought in or to be created, e.g. proceasing industry,
distributed link between wholesale and small-scale farm level, etic.

v:l on the basis of the previous pointa: — ameesement of facilities required for

processing, storage, transport; - evaluation of existing ones {BEE storage and
transport aaspects); — provieions for additional facilities needed.

Management and Incentives

Thie is directly related to the planning and execution of markeiling campaiims, €.5.
gtock managemant, arrangements for traneport, asterage, sales, promotionzl activities, eto,
The important factors are the qualifications of those in responsible positions throughout
the marketing structure and the incentives provided, It is often felt that a major reazon
for a lower efficiency in marketing operations conducted by government departments and co-
operatives is the fact that they are often not in & position to offer appropriate salaries
to attract good managers nor to stimulate their personnel by bonus payments.

Incentive payments are aleo extended under private marketing schemes to agents and
mmall dealers, in the form of special discounts for large orders for out—of-geason purchase
and for cash paymentes at delivery. Bonus payments may bte given for reaching target sales
over a given seasorn, 3uch incentives which commercial companies consider as esgential for
rational low-cost operations ard for etimulating an active salesg approach are often non-
axistent in most cooperative and government marketing schemes in developing countries.

Pricing Policy

Pricing is the most effective tool for regulating flows of goode according to plan.
In practical terms, a price policy must obviously take into accouni:

=~ the comt of fertilizer production or imports

- the comst of marketing



Under superviged credit schemes where credit for inputs, for example, is given in
kind and the utilization of the inpute is followed closely by the credit agency, repayment
performance is high compared to 'traditional' agricultural cash credit systems, i.e. £ 95%
versus 50 to 60ff. However, administration and supervision costs under closely supervised
schemes are alao high. A concrete aolution at a lower cost may be found in integrated
credit and crop marketing schemes which offer favourable credit terms and more attractive
prices for the farmers' produce than the private moneylenders and village traders. In this
respect, cooperative credit marketing schemes, if well administered, have to be regarded as
an appropriate basis for the distribution of fertilizers to the small-scale farming community.

The following three prerequisites are applicable to any kind of inetitutional agri-
cultural credit and they should be fulfilled if a greater impact and & proper recovery of
loans are to be expected: (i) the farmer is not seriously indebted in the non-institutional
way i.e, to the moneylender and trader; (ii) all legitimate credit needs are properly
fulfilled by the credit agency administering the scheme; (iii) the proceeds of the farmer's
crope leave him enough margin to repay his ingtitutional loana including the interest.

The problem of eliminating the usury interests charged in many cases for non-—
institutional credit to farmers is an economic, social, political and peychological one.
In the planning and implementation of agricultural credit schemes apecific attention should
be paid to the existence of the following additional preconditions: (i) adequate and
effective arrangements for marketing of produce ae well as distribution of fertilizer and
other inputs; (1i) a satisfactory functioning of an agricultural extension service; (iii)
an adequate rural infrastructure; (iv) efficient government managed price stabilization for
agricultural producej (v} minimum requirements for land tenure,

The problem is that the cooperative movement is far from being fully developed in most
countries, and in others, doea not even reach an acceptable level of operational efficiency.
Therefore cooperatives cannot always cope with the dusl function of input distribution on
credit terms and the marketing of cash crops. For this reason, govermment services or the
private gector have to step in as in Ethiopia, Kenya, Zambia, ete. The credit problem
remains, however, and private dealers may not be willing, or offer adequate guarantee, to
gell at institutional credit rates to small farmers.

In principle, fertilizer firme and even commercial banks may be willing to grant credit
to local traders, as is done for instance in Kenya, on the understanding that some of it will
be pasmed on to farmers., Thia, however, ie rarely done within the context of an inatitutional
credit sales scheme, which provides that iraders are found to offer credit at an officlally
impoged rate, The advantage of this system, at least for the banks, is that traders usually
have some security and take responsibility for dealing with a subetantial number of purchasers
and for recovering from them the amocunts cutstanding.

Depending on the credit rates to be charged and the margin left to the traders to defray
their credit adminietration cost and - of more importance - to cover their risks of bad debts,
such a molution to the problem of credit sales by private traders may well work, A careful
selection of private fertilize sales agents at the farmera' level, as well as some control of
their activities should be part of the scheme. The introduction of an officially announced
dual pricing mystem, i.e. one price for cash and a second for oredit purchases for a given
fertilizer could also support such a credit salee scheme, This would prevent farmera from
being cheated and would encourage them to purchase for cash whenever feasible.

The problem of providing credit to marketing enterprises, as such, is not dealt with
separately in this paper. Clearly if the trade is short of finance this will affect not
only the capacity to extend credit to farmere but will altogether hamper their bueiness.
Commercial banks normally provide the neceassary finance, assuming that the enterprise in
question is coneidered credit-worthy., In the case of a fertilizer distribution business



the government'e attitude towards the participation of private firme and dealers plays a
dominant part in this respect. In some extreme cases, commercial banks may even have been
nationalized and governments may be opposed to the granting of credit to private traders

or at least non-nationals for the development of commercial enterprises. In others, sven
government banke may provide finance to assist the active participation of the private sector
in this field.

Salea Promotion and Technical Services

Private fertilizer distribution firme are, as a rule, actively involved in sales
promotion activities, even in developing countries, when dealing with important customers,
such as large-scale farmers and estates. This promotional activity is asscciated with
technical advice to these buyers and technical services such as soil sampling and analysis,
visite to farm demonstrations, etc.

It would be unrealistic to expect them to expand such services to the numerous small-
poale growers. Services for the latter have normally to be provided by agricultural
departments and extension services irrespeoctive of whether the distribution is in the hands
of cooperatives or private dealera.

What should be offered, however, at the retail or dealers' level is some technical
knowledge so that farmers can obtain basic information at the time of purchase as tc¢ what
fertilizers should be used omn what orops, at what rates, and poseibly some detaile as to how
to apply them., Some short practical training courses for these dealers, and the provision
of technical information sheets to them, might help to overcome shoricomings in this respect.

GOVERNMENT POLICIES AND SERVICES

Int tion of fertiliger marketing into the wider programme of agricultural
development

A fertilizer marketing system should be evolved as part of the overall agricultural
development policy and coordinated with efforts to securs the efficient distribution of
inpute in general and to improve the marketing of crops. MNoreover, it is ocbviously an
advantage if farm inputs distribution can be organized in connection with farm output
marketing and credit supply facilities, in order to achieve better use of available
personnel and facilities,

This integrated approach calls for a clear—cut guvorr-m:;‘t pelicy defining the role of
the different sectors concerned and the definition of the responeibilities to be taken in
fertilizer marketing by each one of them.

Government responsibilities

a) Promotion and marketing conmtrol

Central government services often have to take the initiative and to promote supply
arrangements under their own authority when fertilizers are first introduced among small
farmers. S5till, this has generally to be regarded as a temporary arrangement, as
government departmente can rarely cope efficiently with such an undertaking once it reaches
a commercial scale. Thus new channels have to be created, through cooperatives, private
enterprises or Joint guvurnmantf private ventures.

The primary role of the government then becomes one of planning, of encouraging the
participation of agencies and enterprises and of improving their eervices to farmers
through regulations and control. :



) Price and market information service

Any planning and effective government policy hae to depend upon an accurage and up-to—
date market and price informsation service. This includes regular data on stocks of

fertilizers and sales at different levels of marketing, and price information including
eredit terms to traders and farmeras.

¢) Regulations

Government gervices have to control the guality of fertilizers as well ae the sales
practices, particularly for the benefit of sgmall-scale farmers.

Qualities should be defined by government regulations, but the legislaiion has to
be enforced by ingpection and effective sanctions againet malpractices. Extension staff,
officers of mtatutory marketing schemes or local authorities may act as inepectors, given
the necessary knowledge of the product. QJuality control may have to be done on the Dasis
of sample taking and analysis in a ceniral laboratory.

The contents of each bag should be shown by labelling according to the regulations.
t ip aleo necessary that farmers be clearly informed by extension agente about the type
of fertilizer t¢ we used and the corresponding labelling, type of bag, colour, eic.

@) Price control

Fertilizer prices t¢ farmera are often fixed by govermment, and theratfore rather
strict contrel on their application may e reguired, There should of course be & public
annguncement of price levels and an official price list in all dealers' shops.

The need for price control depends largely upon the distribution pattern, the degres
of competition and the extent to which traneport pooling and mubsidization are part of the
price getting. LUnder monopoly distribution schemes relying exclusively upon statutory and
ceoperative sales agents, price control is virtually built into the system. However, 1in
the case of a liberal trade pattern, dealers, particularly when operating ai the [armers’
level in a rather monopolistic position, should be subject at least to a price ceiling
control., Given umperfect marxet conditionse and the abeence of keen competition, some sort
of price control is likely to be warranted in order Lo support the effaris by governmenta
to make fertilizers availlable to small-scale farmers at equitabtle and acceptable prices
through pooling of coste and submsidies. Inspectors responeible for quality regulstions and
local authorities are normally in charge of this price check.

a] Training programmes

A realistic planning and pricing policy, and the effective digtribution of tfertilizers
to farmera, calls for quelified peracnnel in public as well as private agencies,

It is & government reaponsibility to organize the appropriaste iraining for at least
its own officers as well ae thome of gtatutory marketing agencies. The private sector
operators should be included in such training programmes., In fact joint organization of
training programmes by governmente and the fertilizer industry and dietribution Firme
should benefit all concerned.

Training should be mainly in the form of seminars and short courses covering management,
gtock control and trading operations, as well as product technology. In some developed
countriea, leading fertilizer distribution firmse organize courgea for their agent-dealeras.
These courses, including some training in basic retail and sales practices, some book-keeping
and & minimum of product knowledge can be important in making private as well as cooperative

dealers into good ealesmen, able at the same time to provide some technical advice to their
customers.



CONCLUSICNS

The introduction or improvement of fertilizer marketing schemes in developing countries
should be an integral part of the efforts to stimulate development amongst small-scale
farmers, promoting the economic use of fertilizers.

The quality and the costs of the services rendered to the farmers depend on the
marketing functions with regard to the cquantitative and qualitative aspects, storage,
transportation and the conditions of purchase.

An economic fertilizer marketing structure, i.e. enterprises, services and investments
involved in the fertilizer marketing process, cannot be envisaged as a separate system.
Because of the complementarity between the marketing of inputs, consumer goods and
agricultural products, particularly at farmers' level, rational fertilizer and input
marketing schemes, in general, have to be grafted largely upon the existing marketing
structure for crops and other products., Only in this way can the costs of marketing be
kept down to acceptable levels.

Efficient fertilizer marketing schemes need appropriate planning and management for
their implementation and are largely dependent upon the efforts of qualified staff and
guitable incentives to dealers. Sales on credit terms to farmers at acceptable price levels
are alsc a major issue.

Government participation may be guite substantial in certain cases. In general, however,
such intervention, particularly as far as the distribution at the small-scale farmers'
level is concerned, should be confined to initial activity pending the establishment and take-
over by private trading enterprises or by cooperatives or other producers' associations;
the participation of the private sector in this marketing process is, of course, largely a
matter of the overall government attitude towarde private trade,

The role of government as promoter of an efficient fertilizer marketing pattern, beyond
a possible direct participation in the process, is related specifically to pelicy and planning,
a certain contirel over operatione through regulations and supervision and the iraining of
personnel of government services and statutory agencies.



AGHICULTURAL ADVERTISING AND PROMOT ION

ReJa Huelleri/ and F.J. Myers

MAREET ING DEFINED

Marketing 1s the people side of selling, t can be defined in terms of its organization
or in terms of ite functione. It 18 important to separate the twe even though they are closely
related.

Briefly, marketing functions mean the work to be done. COrganization refers to the people
who do the work. Marketing is a distinct kind of work and begins with the broad function of
'marketing management', this is leadership through planning, organizing, integrating, and
meaguring of all marketing functilons.

The =six basic functions of marketing aret

1. Marketing Research

2e Product Planning

3« Advertising and Sales Promotion

4. Sales

5. Marketing Administrative Services

£, Marketing Pergonnel Development

Marketing Hesearch

Thig includea marketing studies and research concerning:

= GSize and location of markets, attitudes, preferences, needs for company products,
gervice and policies

- Bales and distribution methods, channels, and territcries

- Price indexes, price trends, and product pricing

= Effectiveness of sales and advertising programmes

= Industry males forecasts

Product Planning

This includes:

= Product planning and timing, additions, eliminations and modifications

- Formulition of pricing, discounts, conditions, terms and services

1f Training Officer, International Fertilizer Development S5taff, Tennessee Valley
Authority, Muscle Sheoals, Alabama, USA.



- Product functions and quality level, appearance and packaging

- Competitive offerings, markets, btuying motives and plans

Advertising and Sales Promotion

This function plans, creates, and scheduleg all advertising and sales promotion. It
conducts copy and media research and coordinates advertising with other marketing functions.

Sales

This function includes sales management, planning and selling. Sales management and
planning includes
- Sales objectives and policies
- Sales analysis and control
- Operation and control of distribution channels
~ Inforcing pricing, discount and condition policies

= S5ales training
Selling can best be described in terms of the regquirements of every =ale:

= Gain favourable attention
— Arouse interest

= Produce conviction

= Arouse desire

- Effent smale

Marketing Administrative Services

This function includes:

- Estgblishment of service objectives, policies, standards, plans and programmes
— Sales forecasting, sales records and budgets
- Preduction scheduling to meet sales requirements
- Warenousing and control of [inished goods inventory
— Order processing and billing
This function serves markeiing management by helping to free the marketing manager

from day to day routine. It also makes certain that moral and legal responsibilities with
regpect to product performance are met.

Fersonnel Development

This function is often the most easily overlooked or pogtponed. It includes:

- Hecruiting and selection
= Training and allocation
- Compensation and fringe benefit policies

Marketing is oriented toward people; the greatest involvement with people is reached in
the sales function when the consumer is faced with the decision of whether or not to buy the
product.



REASCNS FOR PURCHASE

Barter transactions took place when one primitive man exchanged a spear tip with
another man for a stone hammer or a bunech of fruit. Today, our ouying and selling
techniques are more sophisticated. Surveys, computerized warehousing, marketing strategy
are a Tew of the tocls we use to generate greater efficiency for both the buyer and seller,
but the foundation for all this activity is the consumer. Without his support; there could
be no economy insgtitutiong, none of the financial and industrial institutions, none of the
financial and industrial institutions that we take for granted. Therefore, it is imporiant
to be familiar with the following factors that motivate people to buy.

(i) Neede and Wants

Once basic needs for survival are met, such as food, clothing, and shelter, man
will congider thoze things that will make him more comfortable or are associated
with making a living. Generally, marketing terminology labels the latter wants.

(ii) Convenience

A8 a nation improves its standard of living, the demand for convenience produces
increases. For example, in the United States several companies prepare complete
frozen meals which can be muickly heated in an oven and eaten in the same
container. More ie paid for such foods, but they save time and effort. There is
a progression factor in the marketing of convenience products; when a product

ie introduced it may be a convenience product, but as its adoptiom spreads, it
may be classified by the consumer as a 'wanted' item or even a 'needed' item,

(1i1) Impulse

Even careful and selective consumers sometimes buy on impulese which can be caused
by a sense of urgency related to the awvailability of the product, or i1t may even
be contagious.

{iv) Status

Man often buys products in the hope of raising his soccial status. This can be
referred to as status buying. Statue buying is a potent force in the market even
though an individual seldom admits the cause of his action.

(v) Boredom

If people are surrounded by material wealth, purchases are sometimes, childishly,
made in order to relieve boredom.

Among farmers, the need factor is probably the strongest because a farmer hopes that
fertilizer will make his crops grow better and yield more, resulting in a better standard
of living for himself and hig family. The status factor is also important because many
farmere try to compete with other farmers in growing higher yielding erops.

It ims important to understand how people react in the market place when planning any
kind of marketing strategy or promotional campaign.



ADVERTISING AND SALES PROMOTION

The role of advertiging in a marketing programme is to create public awareness and
acceptance for a product or service, If a company is oriented toward its preoducts but
neglects to consider marketing concepts, it thinks in terms of what it wants to =sell, of
how it wants to distribute, of how to provide after-sale service, rather than considering
what the cugtomer wants. A capable advertising staff can change the attitude of such
a company and direct it towards meeting the customer's needs. This is perhaps one of the
most important functione of advertising, but inadequate planning leads io poor advertising,
inaffective campaigns and wasted money.

Advertising should be an integral part of total sales promotional cbjectives, and is
now regarded as a key sales promotional tool. In setting up a new company or recrganizing
an egtablighed company, management should consider coordinating sales and advertising under
the direction of one executive staff who will determine the advertising budget, select
advertiming media, and approve or disapprove advertising plans and copy prepared by the
advertising agency, or the company advertising department.

In smaller companies, where it may not be possible for an executive to devote full
time to sales planning, one of the company officers should assume this responsibility and
determine the markets to be covered in a sales programme.

It will be seen that advertising is any form of public announcement intended to aid
directly or indirectly the sale of a preduct or a service.

Sales promotion is much broader in definition. According to the U.5. Committee on
Economic Development, sales promotion includes 'those sales activities that supplement
both personal selling and advertising, coordinate them, and help to make them effective,
such as displays, shows and expositions, demonstrations, and cther nonrecurrent selling
efforts not in the ordinary routine.'

Sales promotion differs from advertising only in terminology; advertising is a form
of sales promotion. The advertising department of a large manufacturing company has
defined the terms as follows: 'Sales promotion moves the product toward the buyer, while
advertising moves the buyer toward the product.' A retail grocery executive has called
sales promotion 'merchandising the advertising.'

EBoth advertising and sales promotion play an important role in company efforts io
sell products. Advertising alone cannot be as effective as it is when supportied by
catalogues, brochures, shows and exhibits, films, and other audio-visual aids. A wide
variety of such promotional ideas can help to stimulate buying and product identification.

THE ROLE OF COVERNMENT AND INDUSTRY IN FERT ILIZER FROMOT ION

It is generally agreed that there is a need for education and promotion in a fertilizer
marketing programme., However, there is some disagreement as to who should initiate this
promotion and whom the government should serve. The answers become extremely important as
the market matures., In the U,S.A. as the market matured and the pace of competition
quickened, it became increasingly difficult and costly to keep in clome contact with
customer demands. The basic guestion raised was: What does the farmer want and who
should supply him with information? Now, the basic question being asked is whether the
government or industry should handle the initial education and promotion phases of the
programme, and, further, who pays the cost of servicing an increasingly complex and
dynamic market?



The answere are not easy. 1t might be helpful to leok at the roles that have been
played by government and industiry as the market has grown in the U.S+A. from a young
under—developed non—competitive market to one of much competition and complexity.

fovernment=Industry Role = Early Stages of Development

uring the early stages of its development the fertilizer industry in the U.S.A.
depended very heavily on the government for fertilizer education and promotion, Farmers
were not aware of the benefits of fertilizers. The government, through the Federal
Extension Service, land-grant colleges, and vocational agriculture syatem educated the
farmer in the clasaroom and promoted fertilizer use through demonstrations, farmersg'
meetings, and field days. In general, the role of the government was to develop the
market to a sufficient size within a given area to make it attractive for one or more
members of the private sector to wish to serve that market.

The role of the industry in the early stages of fertilizer promotion was to supply
product and/or financial grants to the government institutions for regearch and educat ion.
In many cases, industry financed studente' programmes for higher education. It also made
fertilizer available in areas where the government was promoting its use.

Iring this early stage of development the fertilizer industiry depended heavily on
the government to educate the farmers in the use of fertilizers. This seemed logical because
of {(a) the existence of a well financed and adequately staffed land-grant system and
extension service, which was already deeply involved with farmer education and (b) the
lack of a well developed fertilizer industry capable of financing and/or conducting
guch projects alone. Under these conditions, the industry wae willing to allaw the federal
and state governments to assume the primary role of market development.

Government=Industry HAole — Intermediate Stage of Development

The government promotion programmes, particularly thoge led by the extension Bervice

were very successful. The early demonstration programmes helped to develop gizable markets,
which industry was guick teo capiure.

This led to competition between companies and to the first big attempt by industry to
promote its products through brand identification. As the market developed, a need arose
for more service to farmers in the areas of quality and technigques in use. This eventually

led to fertilizer control laws and soil testing procedures. In both cases, the government
took the lead., These mervices were apparently designed to protect the farmer from what
pome considered to be an unscrupulous industry. Little or no charge was made for this
gervice to the farmer nor did the government determine the true cost of these services.

Turing this period the govermment took the dominant role through market development
and bty providing controls on the industiry. The industry developed digtribution systems,
and generated goodwill with programmes such as grants for research and demonstration.
Little market development work was done because there was, under the land grant system,
no need for it, and morecver government was anxious about the ability and integrity of
industry in the role of, what amounted to, extension work. In many cases, this concern
was justified.

During the later stages of this phase of development, the market grew, competitiocn
increaged and because government controlled the service phase, more emphasis was placed
on advertising and promotion of specific brande. This did little to improve the image
of the industry with the government or the farmer.

Meanwhile, the types of farmer using fertilizer became more stratified. The true
managers began to appear and were characterized by (a) large farms, (b) heavy fertilizer
use, (c) good education and financing, and (d) little response to brand promotion programmes.



Theee farmers sought technical information wherever they could find it. Although some
companies tried to offer this service, it was always possible to obtain the same mervice
free from the government.

Covernment-Industry Role — Mature Stage of Development

The fertilizer market in most sectione in the U.S.,A. is now considered mature; farmers
are aware of the benefits of fertilizer, which ie readily available and the
basic want of the farmers of 50 years agoe has been met. The farmer today is sophisticated,
he no longer buys fertilizer by brand alone, he seldom believes advertisements regarding
brand superiority, he is a well educated manager, and realizes that fertilizer is just one
component of a erop production mystem, He wants and is willing to pay for good mervice.
This may be in the form of better information on time of planting, variety, row spacing,
and pesticides. Fertilizer alone is not what the farmer of today is interested in, and
if' a company offers nothing but fertilizer, then the farmer will buy at the lowest price
poseible. Fertilizer recommendations muat be integrated into a total crop production
system which considers all other conditions.

Government programmes are not designed to do this. PFertilizer recommendations and
research in most cases refer to average conditions. Also, applied research at experiment
statione has not received the support given it during the late forties and fifties. Many
universities and Government programmes are not keeping pace with the real problem facing
today's efficient farmer. 5oil test and plant analysis programmes, which once received
major emphasie by government, are being discontinued or relegated to industry., Federal
and State Exteneion programmes are no longer promoting fertilizer use as they once did.

Industry has not been able to fill this void for several reasons. Farmers were
never conditioned by either industry or government to appreciate the true cost of fertilizer
research and development apart from the day to day coste of soil and plant analysis
programmes. Therefore, many are not willing to pay the full cost of this service from
industry. A credibility gap still exists between the farmer and the industry. It dates
from the days when industry emphasized brand promotion and when government implied that
industry had ulterior motives for melling fertilizer. Government stressed the need to
buy fertilizer at the cheapest price possible and gave industry no credit for their
BETVI1CEen,

CONCLUSIONS

There are several lessons to be learned from the experiences in the U,S,4. if a
successful and continuous government/industry relationship is to develop. Some of
these are:

1. From the beginning the government must clearly recognize its role primarily ase a
catalyst to get an industry started, developing personnel capable of functioning
in the mystem, serving as a centire for long-range imaginative planning. It must
alaso ensure that the gretem has enough checks and balances to allow it to function
efficiently with the best interests of the farmer in mind, but to be served
primarily through industry.

2. The governmeni must in its policies to indusiry recognize and congider the true
costs of fertilizer education and promotion if it expects industry to perform
this function,

3. Government must recognize the needs and capabilities of industry and be willing
to satisfy these needs. It must let industry perform these duties as quickly as
possible after industry has demonstrated that it is capable of performing at a
level equal to that of government.



4. Industry must be sengitive to the needs of the market and be willing to
accept responsibilities according to its capabilities and as needs develop.
It must avoid exploitation of the farmer.



MARKETING OF FERTILIZERS
THROUGH LOCAL STOCKISTS IN KENYA

by
v
K. Zaschernitz

SUMMARY

During the last few years fertilizer consumption has increased considerably in Kenya.
Most of the increase in fertilizer sales has gone to small scale farming areas. Thers are
several marketing channels for fertilizers in Kenya; the marketing of fertilizers and
other farm inputs t¢ large numbers of small farmers through local traders is the most
guccessful but there is still room for improvement, the lack of credit facilities and
shortage of storage space at the village level being the main obstacles. Project proposals
have been submitted to several potential donors for the provision of finance for a credit
gyetem for stockists.

INTRODUGT ION

In recent yearg fertilizer consumption has increased considerably in Kenya. From 1560
to 1970 the fertilizer consumption hag gome up about four times, from 9 HB46 tons to 39 BOO
tons of plant nutrients., This trend has even accelerated during the last two years. At
the beginning of the mixties almost all the fertilizer was used by large-scale farms or
plantationas, Very little went to the emall scale farming areas. This has changed completely
during the late sixties and the beginning of the seventies.

It is generally agreed that almost all of the increase in fertilizer consumption since
1368-1349 went to the small-scale farming areas, while the consumption of the large-scale
agricultural sector was almost static.

At the same time as the increase of fertilizer consumption in small-scale farming areas
took place, two firms, partly in cooperation with the Kenya Seed Company, established a net-
work of local stockists all over the couniry. These firms are the Kenya Farmers Association
(KFA) and Mackenzie Dalgety Ltd.

Some fertilizer was also channelled to emall farmers through cooperative unions and their
affiliated societies. However, there were sgetbacks in that the management of some unions was
inadequate. Often fertilizers were ordered late and in insufficient guantities. Because of
lack of cooperation between the Ministry of Agriculture extension staff and cooperative
officers, the wrong types of fertilizer were gometimes ordered by the unions.

Branches of KFA and Mackenzie Dalgety also sold direct to farmers, but many of these
branches are located in large-scale farming areas or they are so far from most of the farms
that the farmers have to travel 10 miles or more to buy one or two bages of fertilizer.

Because of these problems the stockist systems emerged am the most efficient channel of
fertilizer sales to amall farmers during the last few years. In the following an attempt
is made to describe the development and functioning of the stockist system in Kenya.

L/ FAC Soil Fertility Specialist, Ethiopia



FERTILIZER CONSUMPTION TRENDS IN KENYA

Fertilizer consumption increased steadily during the last decade, accelerating at the
end of the sixties and the beginning of the seventies. Table I gives figures for the last

eight years.
Table I. Imports of Manufactured Fertilizer into Kenya
(in metric tons)

1963 38 621
1964 59 364
1965 T0 498
1966 71 279
1967 B1 476+
1968 B4 TO1#
1969 105 413%
1970 141 215%

#including imports of single superphosphate from Uganda.

Source: Annual Trade Report, E.A. Community.

Consumption in small scale farming areas accelerated even faster than the total importe
as can be seen from Table II. Figures given were obtained from KFA stores located in small
gcale farming areas. Most of this fertilizer was sold through stockists in small market-
places. During the last three planting seasons sales have more than doubled.

There have been several forecasts concerning future consumption of fertilizers in
gpecific areas in the world. Among the more realistic meems to be the predictions made
by the Tennessee Valley Authority in a feasibility gtudy for the establishment of a
fertilizer factory. As can be meen from Figure I, there will be a tremendous increase of
consumption up to 1980. Actual consumption figures for 1370 and 1971 are higher than given
in the diagram. Moet of this anticipated increase of consumption will go to small scale farmer
farmers.

PROBLEMS OF FERTILIZER SUPPLY TO LARGE NUMBERS OF SMALL SCALE FARMEHRS

The author of this paper, working since 1963 with the FAOQ Fertilizer Programme, has had
the opportunity to study fertilizer supply systems %o gmall farmers in a number of African
sountries. The problems encountered are tremendous. Even if the demand was created by
carrying out field demonstrations for several years, most difficulties arose when fertilizers
had to be brought to the farms. Kenya wae, so far, an exception as in this country an
established commercial network existed, which used, in its beginnings, to supply the large-
scale farming sector. This system had only to be extended and modified to serve the large
number of small farmers.

The problems encountered were as follows:

The large—scale farming areas were relatively well gerved by the railway, but it did not
usually extend to the former, so called, African Heserves. 4 great deal of road transport
was required to bring the fertilizers from the railway to the main depets in the gnall-scale
farming areas. This, of course, made the fertilizer more expensive for the consumer. Very
often no big stores existed in theee areas. As fertilizer sales are usually effected within
a short period from Fahruaryfnaruh to the beginning of April thies posed a gericus problem.
During the last few years in Kenya Farmers Aspociation eteacily increased their storage space
in the small-scale farming areas. Also the Maize and Produce Board made their stores available
for the gtorage of fertilizers.
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It was soon obvious that main depots alone would not be enough. Many farmers had to
travel over long distances to obtain their supplies of fertilizers. That made the use of
fertilizers very difficult for them. Although many farmers knew about the good effects of
fertilizers, it was too difficult for them to obtain it. The Cooperative Unions and their
affiliated societies functioned well only in some parts of the country, mainly where coffee
wa#s grown. Even there, the supply function of the Unions was not well organized.

For these reasons a large number of sales outlets had to be created to bring the
fertilizer and other inputs such as seed, closer to the farmers. In earlier years some
of the Asian traders, who had shops in the local market places, stocked some fertilizers;
however, their numbers were rather small and they were scattered far apart.

It became obvious that the large number of African traders had to be involved in the
sales of agricultural inputs. It was also the policy of the Kenya Government to channel
more buginess to the new African traders.

By appeinting large numbers of relatively untrained local traders as stockists for
inputs, a big need for training of these people and cooperation with the Extension Staff
of the Ministry of Agriculture arose.

The FAD Fertilizer Programme made it a special task to solve this problem, The KFA
and Mackenzie Dalgety also employed a number of field representatives specially for
supervision of the stockists.

DIFFERENT MARKET CHANNELS FOR FERTILIZERS IN KENYA

To make the points mentioned above clearer, Figure 2 shows a flow chart giving the
different marketing channels for fertilizers in Kenya. Fertilizer imported from overseas
goes firdg? through the importers or the local subsidiaries of overseas manufacturers.

They supply some fertilizer directly to large farmers' plantations and Government Organiza-
tione such as the National Irrigation Board, Kenya Tea Development Authority and the
Cooperative Unions etc. Meost of the fertilizer, however, goes to the fertilizer trading
firms, of which the biggest are KFA and Mackenzie Dalgety. They usually rail the fertilizer
directly te their branches and depots up country from where some is sold to farmers, but

the larger share is supplied to local stockists and unions who retail it to farmers. As the
dotted lines indicate, some large orders are also supplied by the fertilizer trading firms
to the large-scale farming sector.

DEVELCPMENT OF THE STOCKIST SYSTEMS IN KENYA

The stockist system developed gradually over the years in Kenya. As mentioned before
in the beginning only a few Asian traders sold fertilizer from their dukas in the country
market-places.

In 1367 the Kenya Government persuaded KFA and Mackenzie Dalgety to appeint more
stockists and to supply fertilizers on eredit or on consignment to them. A considerable
number of stockists were appointed in this year and credit was given to them. As both
firms had no real security from the newly appointed stockists for the credits given to
them, there were many bad debts and both firms lost several thousand pounds. The result
was that in 1968 no credit was given to stockists. Fertilizers could be obtained from
the depote only on a strictly cash basis. Because of this many stockists went out of the
fertilizer business completely,
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In 1969 and TO the strict cash policy continued but the number of stockists inoreased
steadily. Some credits were given again to a selected few stockista that had a good repay-
ment record. Many traders saw that profit could be made by selling fertilizers and seed.
In addition many of the new African businessmen gained more experience over the years.

All this helped to develop the stockist system further.

In 1971 and 1372 KFA in cooperation with the Kenya Seed Company appointed a very large
number of stockists. The total number of stockists appointed in various dietricts are as
follows:

Table ITI, Total Number of Stockiasta

FProvince or Diatrict Number of Stockists
Coast Province 13
Kericho District 126
Kitui District 56
Machakos District 90
Kiambu District 30
Muranga District 34
Embu District 23
Meru District 41
Kiruiya District 8
Nyeri District 54
Nyandarua District 53
Hakuru District i
Baringo District 39
Elgeyo-Marakwet District 4
Mandi District 48
Trans-Nzoia District 55
Bungoma District 132
Kakamega District 203
Siaya District 33
Kigum District 27
Kisii District 154
South Nyanza District 53
Pusia Distriect 22
Total 1305

THE STOCKIST AND HIS BUSINESS

Considering the large numbers of stockists appointed over the last few years it must
be kept in mind th-t there is considerable variation between them concerning size of the
businesa, personal abilities, location of the store etec. The average stockist is a local
African trader, possibly with a helper, whose store is located in one of the marketplaces
that are scattered over the Kenya countryside. He is usually not too well educated. Moet
of them gpeak Kiswaghili besides their local language, but only a few of them gpeak English.
Usually the whole family helps %¢ run the business. Many traders have a piece of land or
even a full sized farm besides the store. Usually a considerable amount of merchandise,
besides agricultural inputs, is sold in the store, e.g. sugar, tea, cigarettes, kerosene,

naile, tools and sometimes cloth. This is sound business because no tirader could live from
the sale of fertilizer and seed alone,

Some of the better traders have their own transport such as a small pick-up or a lorry.
However, most traders hire transport to fetch their supplies from the depots.



Over the last few years a kind of natural eelection of stockists has taken place and
it is still continuing., Some of the originally appointed stockists have dropped out of the
btusiness, while others have secured more of it. In some of the better districts there are
now stockists that sell several hundred 50kg bags of fertilizers and up to 1 000 bags of
maize seed. A large number of stockiets only sell 10-15 bags of fertilizer and less than
100 bags of maize seed, In some cases the fertilizer bags are opened and the fertilizer is
gold by the kilogramme.

The profit margin allowed to the stockist by the wholesaler is usually B%. For transport
he can charge 75 cents per ton mile. This profit margin is rather low and the Havelock
Report recommended that this margin be increased to 10%. The Author is alsc of the opinien
that the profit margin should be increased so that more traders become interested in selling

fertilizers.

Until a short time ago these local traders mainly sold consumer goods. By becoming
involved in the selling of agricultural inpute they can contribute considerably to the
development of Kenya's agriculture.

FUTURE IMPROVEMENT AND EXPANSION OF THE STOCKIST SYSTEM

To improve the stockist system further it is most necessary to find a source of credit
for them. In the FAQ Fertilizer Programme Pilot Schemes weys and means are tested to
implement this idea., The Kenya Commercial Bank is willing to cooperate in such a scheme,
In this sense also a FAO/NORAD fertilizer distribution scheme is being considered for
implementation in 1974 to test the ideal further. A project proposal has been submitted
to the World Bank in Washington, and the African Development Bank has also shown interest
in financing a credit scheme for stockists of agricultural inputs. These larger projects,
if they materialize, are scheduled to stari after the testing period.

[t is anticipated that credit of 5 000 ksh. for six months will be given to traders
at an annual interest rate of 9%. This capital would be enough for & tons of fertilizer,
60 bage of maize seed and some ingecticides.

As many stockists have not enough storage space in their stores it is necessary to
give them a medium term credit of about 3 000 ksh. to build a emall store with concrete
floor and a corrugated iron roof. Both the availability of more working capital and
storage space would enable the stockist to have sufficient stocks on hand at the crucial
time when the raine start and all farmers want to buy fertilizer at cnce. Under present
conditions stockists often have only a few bags of fertilizer in their stores, which are
gometimes sold out in a day or two. Then the stockist has to organize transport to fetch
more fertilizer from the depot. This often takes meveral daye or a week, during which
time no fertilizer can be sold to farmers. The result ie late planting by a large number
of farmers. It is also necessary that the stockist should participate in short training
courses to acguire some knowledge of the fertilizers and seed he sells. Some of this
training is done by the field representatives of the firms. The staff of the FAD
Fertilizer Programme is conducting courses. The Ministry of Commerce and Industry organizes
courgee in simple book-keeping.



Courses for stockists organized by the FAQO Associate Expert, B. Hansen, had the
following agenda:

Agenda of the Training Courses for Stockists in Coast Province

8.30 - 9,00 a.m. Opening and briefing on District Agricultural
agricultural poligy Officer
3.00 - 10.00 a.m. What it means to be a KFA Representative
KFA Stockist
10,00 - 12,30 p.m. Fertilizers FAC Expert
Pesticides Cropg Officer
Fungicides KFA Representative
12,30 - 2,00 DPalls Lunch
2,00 - 31,00 p.m. Feeds and druge for Animals Animal Health Officer
3.00 - 4,30 p.m. Finance and Credit Distriet Credit Officer

These courses must usually be completed in one day, because most of the stockists are
not willing to leave their businesses for longer. Meetings should be organized on a
divisional basis to avoid too much travelling.

CONCLUSION

The stockiet asystem of supplying inputes to large numbers of emall-pcale farmers has
emerged as the most successful in Kenya. Although there is still room for much improve-
ment, only with the help of the local traders will it be possible to improve agriculture
further in small holders areas in Kenya. Not all districts have developed at the same pace
as can be geen from the different number of stockists in the various districts. In
future, more efforts should be made to appoint more stockists in less developed districts;
this will help to accelerate development in the more backward distriects.



SCOPE FOR IMPROVING MARKETING AND CREDIT SYSTEMS FOR
FERTILIZERS IN AFRICAN COUNTRIES

Comments and questions regarding five selected fertilizer marketing and
eredit systems in Africa

by
Yy
H.J. Mittendorf

Introduction

After having discussed problems of fertilizer marketing and credit improvement j
principle, on the basis of the paper "Fertilizer Marketing in Developing Countrieg"
a few marketing and credit systems in certain countries were analysed in more depth with
the objective of identifying the major constraints and indicating solutions for their
improvement. Five countries were celected for this study, because more detailed information
could be cbtained from FAQ field marketing officers in those countries. Information on other
countries would be welcomed. In order to facilitate the analysie of these five mystems the
attached table was prepared, in which the major elements of the marketing and credit systems
have been presented in a more or less comparable way. The information is not complete and is
only tentative. Participants in the seminar were kindly reguested to check the information
carefully and to amend and correct it as necessary.

Consumption

As can be seen from the table, Kenya has reached the highest consumption of fertilizers
during the past ten years and is far ahead in comparison with the other African countries
studied. Zambia is next to Kenya but while Ethiopia is Just building up fertilizer
consumption, it appears that application in Ghana and Nigeria is at a standstill or expanding
only slightly. What are the reasons for the slow expansion of fertilizer in West Africaj;
could they be the marketing system, the economics of fertilizer use or the development of
level of the farmer or some combination of these factors?

Marketing channels

While Kenya and Ethicpia have privately organized systems, in Zambia the marketing of
fertilizers is organized by the National Agricultural Marketing Beoard. In CGhana and Nigeria
fertilizer is mainly distributed by the government extension services.

Trangport

In order to reduce transport costs full use should be made of empty return trucks. This
is particularly possible in situations where fertilizers are integrated intoc the general
agricultural marketing system, as in Ethiopia, where the coffee trucks could transport
fertilizers on their way to the producing areas. Transport costs are extremely high in
Africa and therefore every effort should be made to use existing capacity to the fullest
extent and if possible during periods when transport facilities are not fully utiliged.

What is the scope for improving transport arrangements and reducing costs by better
organization?

-1-/ Senior Marketing Economist, Agricultural Services Division, FAO, Rome.
2/ By H. Creupelandt, Fertilizer Marketing in Developing Countries, AGLiTPFD/72/7.



Storage

The ultimate aim of an efficient fertilizer marketing system should be to transport as
much as possible of the fertiliszer to the final consumers, or at least as near as practicable
to them and have the fertilizer stored there, which would reduce intermediate storage and
handling costs. This, however, requires incentives through discounts to retallers and
farmers to purchase fertilizers errly and to obtain credit for storage. These incentives
have not been adequately introduced under the prevailing systems in Africa. Furthermore,
there is no fully developed gystem for assessing adequately the demand on a regional and
subregional basis within the countries.

Credit

One of the major consiraintes to fertilizer marketing is the diffieulty in organizing
institutional credit for small-scale farmers. The organization of joint liability groups is
one way, but requires considerable supervision. In order to overcome this immediate problem
one method would be for the existing retail trade to be incorporated into the fertilizer
digtribution system but with access to credit to keep fertilizer stocks at an adequate level
and provision of supervised credit for farmers. This credit line through the trade, as an
alternative to institutional credit, has been developed successfully in many other countries
and is apparently a strong element in the fertilizer marketing system of Kenya.

Pricing

In some countries uniform fixed prices are considered as a means of promoting fertilizer
application particularly in distant farming areas. This raises, however, the question of
whether fertilizer promotion should be subsidized in far distant areas at the expense of
producing areas near the market. Furthermore, there is the problem of administering a trans-
port pool syetem efficiently without permitting malpractices by transport enirepreneurs.

Apart from Ethiopia all the countries subpidize fertilizer prices between 15 and 90
percent. Is this subsidy justified? If we assume that the limiting factor with regard
to the use of fertilizers is the farmers' lack of knowledge and inadequate marketing and
eredit systems, should we not subsidize the building up of extension, marketing and credit
services rather than subsidizing the fertilizers as such? In those casé¢s where the govern-
ment charges considerable export taxes, as for instance in Nigeria, a subsidy is required in
order to return to the farming sector part of the income deducted from the sales of agric-
ultural producta.

Another aspect in connection with the administration of subsidies is the stage at which
pubsidies should be introduced into the marketing gystem — at the import level or at the
gtate level, as in Nigeria? There are many reasons for favouring the injection of subasidies
at the import level, since this would probably reduce the administrative costs and would
aleo provide fair competitive conditioms for different marketing enterprises.

In most of the marketing systems there are inadequate incentives for early purchasing
and the placing of large orders. Any discount to be provided for early purchasing should
be at least as high as storage costs to compensate for these, otherwise the traders, co-—
operatives or farmers will not be willing to stock fertilizers.

Gross marketing margins

It is difficult to provide comparative data on marketing costs and margine in Africa
for fertilizers and credit, since the conditions and the services involved differ from
country to country. There are countries where distribution costs amount to as much as the
fertilizer c.i.f. price; in other words, marketing costs would double the price of the
fertilizers if the latter were not subsidized. In one country there are considerablé overhead
costs for marketing fertilizer, amounting to about US§25.00 per ton, which appears to be
excessive.



Promotion

In all the selected countries exteneion services are primarily responsible for
promotion at farm level. However, it is generally recognized that extension services
are still relatively weak in relation to the requirements. Besides, very little is being
done at present to organize effective sales promotion campaigns which would boost fertilizer
sales. A start is being made, it appears, in Kenya. What recommendations can be made to
organize effective sales promotion campaigns?

Conclusions and Recommendations

Under these subheadings a number of points have been raised regarding present comatraints
to the marketing systems, and proposals have been made as to how these systems could be
improved., There is one specific point: many of the fertilizer marketing and credit systems
do not include sufficient incentives for those involved to carry out their activities more

efficiently and to take a greater interest in sales promotion. This refers particularly to
the pricing system, where with regard to discounts better provision should be made for those
who are more effective in enhancing sales., There is apparently a great need for more
specialized training in fertilizer marketing and credit at different levels, such as at
government policy level, at executive level and also at the retail level.

Any further suggestions as to how the fertilizer marketing and credit systems could be
improved and built up would be greatly appreciated.



THE ROLE OF COOPERATIVES IN INPUT SUFPLY AND PROTUCE
MARKETING - THE DANISH EXAMPLE

by
V. Johansen lf

INTRODUCT ION

In a situation where growing urban populations demand increasing cquantities of food,
national governments face the great challenge of forming agricultural pelicies and infra-
structures in such a way as to encourage a more intensive uge of available rescurces for
food production.

As the natural resources for food production are usually not expandable at reasonable
costs, the most natural approach is to intensify production within rescurces already
developed and available.

The subsistence farmer cannot be expected to worry much about the growing need for
increasing food supplies to urban populations. The initial eteps to industrialize agricul-
ture must, therefore, come from elsewhere, usually from the government.

The beginning of industirialization in agriculture can well be defined as the time when
the farmer starte purchasing commercial inpute for the purpose of increasing production of
marketable goods,with the intention of creating a profit for his own benefit..

An increase in production from a given amount of natural resources such as land and
available family labour can only be brought about by employing inputs originating from
external sources, and the most important ones are probably credit, machinery, fertilizers,
concentrated feedstuffs and various improved seeds.

Keeping the subject of this seminar in mind only fertilizers will be dealt with in
length, although reference will be made to other inputs whenever appropriate.

THE DANISH BACKGROUND

The process of intensifying agriculture to secure an increased production of saleable
products started in Denmark in the Middle Ages several hundred years ago. In those days
the average farm unit was basically self-sufficient and only to an absolutely minimal
extent dependent upon external supplies. The type of situation which is of interest
to this seminar did not really occur until the latter half of the 19th century.

In order fully to appreciate what took place in Danish agriculture at that time, it
will be necessary to understand a few basic features of the situation, which can be
putlined as follows:-

a) Commodities previously available for sale were mainly primary products such
as grain, live cattle, sheep and wool.

1f Agronomist, Delegate of the Danish International Development Agency (DANIDA)



b) Around 1880 the price of grain which up to that time had comprised the major
part of saleable agricultural products, went down drastically due to the cheap
North American grains flooding Buropean markets. From then on marketing of
Danish grain in her traditional markets could only take place at considerable
losges to the farmeras.

c)] The cocperative movement, aiming at establishing the necessary processing plants
for all animal preoducts, had been started a few years previously and a desire
already existed among Danish farmere tc ewitch from the primary export of grain
and live animals to a more sophisticated production of secondary products such
as cheese, butter, eggs, processed meat, etc.

d} By the standards of that time, Danish farmers were well educated as elementary
schooling had been compulsory since 1814, Besides, the Folk High Schools,
various types of agricultural achools, farm organizations, literature on
agricultural subjects, etc. had already had considerable effects on the
educational level of Danish farmers.

e) It was guite evident that intensive animal production was impossible based
on the principles of the then prevailing pattern of subasistence farming. The
inputs necessary to improve this situation, fertilizers and concentrated
feedstuffs, were not available in sufficient quantitiees (as they had to be
imported) due to the absence of the necessary natural resocurces for producing
fertilizers, and lack of a suitable climate for growing high protein oil seeds.

f) The trading system was a purely capitalistic one, in the hands of numerous
private traders whose methods were subject to greatly varying degrees of honesty
and reliability. These were, however, quick to discover that a fast expanding
market for various agricultural inputs had arisen.

g) Large quantities of feed grains were needed to maintain and increase livestock
populations. As a consequence of low world market prices, Demmark stopped
exporting grain in 1882 and started importing considerable gquantities of
foreign grain in 1883,

It ig not difficult to recognize a number of similarities between the Danish conditione
of the late 19th centure and the conditions facing many developing countries today.

MARKET DEVELOPMENT

During the 18th century populations of most Buropean countries were increasing rapidly,
and the export markets for food products expanded accordingly. Denmark was in a good
position to supply these markets because the area of developed farm land per capita was
much higher than in other countries, and the livestock population was alsc relatively
high!

However, most of the land was exhausted, a high percentage was in idle summer-fallow
each year and crop yields were low. Alasoc livestock was generally in a poor condition due
to the annual shortage of feed in late winter and early spring. For the pame reason,
milk yields and weight gaine were poor. It was, therefore, evident that a satisfactory
production level allowing export of large guantities of food products would require an
immediate adoption of various external inputs of which fertilizers and concentrated feeds
were the most important.



PRIVATE TRADE

Private traders were wuick to realize the growing market for such inputs and the
import of fertilizers and oil cakes which had previously been undertaken on a very amall
gcale was rapidly increased.

Although farmers were familiar with the evaluation of grain gquality and the
corresponding market price, they did not have much experience in Judging the fgquality
of these new products. There is higtoric evidence that very peoor qualities of both
fertilizers and concentrated feeds were traded at prices far exceeding their real
values. Instances are known where fertilizers consisted of more than 30% sand, and
commercial feedstuffe were often found to contain high proportions of seeds of various
weeds and residues from flour mille as well as sand.

Prices also fluctuated greatly and many farmers wanting to increase production in
the field or in their dairy herds were badly cheated when trying to purchase the
necessary inputs in the local free market. PFurthermore, private traderg interegted in
the sales and distribution of commercial inpute for farmers adopted a practice of
forming share companies strong enough to finance the necsssary storage buildings,
trangport facilities and large purchases of the material in gquestion, Thege joint
ventures often developed intc local monopoliee and this was especially disadvantageous
to the amall scale farmer who was not able to move very far for his supplies. Finally,
many farmers were in debt to these traders, thereby being forced to buy all further
supplies from a trader who was at the same time his credifor - and at his price. It,
therefore, became clear that a second supplier of these inpute was necessary to compete
with the highly unfair practices of the private traderas.

COOPERATIVE DISTRIBUTION

The cooperative principle had already been successful in the agricultural processing
industry, and towards the end of the 13th century, several creameries and slaughter houses
were in operation for the benefit of their members. Also a number of consumers' societies
baged on the cooperative principle were functioning successfully at that time. It was,
therefore, quite natural to transfer the cooperative principle to purchasing and marketing
of concentrated feeds and fertilizers.

Puring the period up to the year 1900 the value of imported feedstuffs far exceeded
the value of imported fertilizers, and the first purchasing societies dealt with feedstuffs
enly. The first regional federation of input purchasing societies also concentrated its
efforts exclusively on feedstuffs.

Despite the widespread disappointment which resulted from using the poor quality
fertilizer supplied by various private traders, it nevertheless became known that good
quality fertilizer was a highly profitable input when properly used. The farmers,
therefore, made great efforts to secure dependable supplies through cooperative purchasing
societies, operating on a local bamis.

THE SUPPLY SITUATION

Turing the early stages of this development, Denmark had no domestic manufacture of
fertilizers of any kind, and there was only one importer. For that reason, local
purchasing societies were forced to depend on the same wholesale supplier as the private
traders. The bargaining power of these small societies was also limited and no real
price advantages were obtained in the early stages of cooperative fertilizer purchasing
and distribution; thus, as long as there was only one importer of fertilizers, no
particular attempt to reduce prices through bargaining with the foreign manufacturers was
made.



Later, the private importer went into the manufacture of phosphatic fertilizers based
on rock phosphate imported from Morocco, but the monopolistic supply situation was maintained.

The private suppliers of fertilizers all became increasingly dependent on the only
fertilizer importer and wholesale distributor, Shortly after 1910 that company felt itself
in so strong a position that it demanded that every local distributor should sign a contract
obliging him to buy a certain minimum amount of fertilizers each year for a five-year period.
Otherwise, he would not be able to buy anything at all. This was, of course, a most un-
satisfactory condition for the farmer who well knew that he had no control over the prices
he would be paying for future supplies of fertilizeras.

COCPERAT IVE BARGAINING POWER

Although the first cooperative purchasing society including fertilizers in its activity
had already been formed in 1869, the first attempt to create real bargaining power for the
benefit of the farmers was not made until 13901 when 22 local societies agreed to cooperate
in future fertilizer purchases. The individual member societies also agreed to accept an
obligation not to purchase fertilizers elsewhere, but the same obligation did not apply to
the members of the individual societies, who would still be free to deal with private traders.

A real national cocperative federation for the purpose of purchasing fertilizers for its
members was formed in 1916 when 1366 local societies with over TO 000 individual members,
corresponding to about one third of all Danish farmers, signed up for membership.

This new organization was named D,A.G. (Dansk Andels Gpdningsforretning, meaning
Danish Cooperative Fertilizer Company).

The main aims of the D. 4G+ can be summarized as follows:

a) To obtain the desired fertilizer types for Danish agriculture at world market
prices,

b) To provide sufficient amounts of proper fertilizers at equal prices to every
farmer in the country.

c} To control the gquality of fertilizers entering the Danish market, thereby
providing a guarantee for the farmer that only top fquality fertilizers would
be marketed.

The price question (b) was difficult to solve owing to the differences in internal
transport costs from port to consumer. However, during the course of a few years D.A.G.
succeeded in making fertilizers available at every major seaport in the country. The
price difference between fertilizers of the same type between various places in the
country were from now on only due to differences in transport distance from port to
consumer, thereby keeping fertilizer price differences at an absolute minimum. Already
in 1536 a total of 114 Danish ports were equipped to receive, store and ship out
fertilizers. Considering the total size of Denmark which only is approximately 43 500
square kilometres, it is evident that the maximum inland transportation distance is
limited,

Une of the conditions for societies joining was the acceptance of an obligation to
purchase all the fertilizer supplies needed by the individual members for a ten-year
periocd. This may seem like a rigid demand, but it was considered necessary to make the
new organization strong from the beginning, and with the local societies themselves
forming the governing board, the risk of such obligations being taken advantage of
was eliminated. Further, it should be kept in mind that any profit made by the new
organization was to be shared among its members at the end of each year according to
their purchases.



By 1928, the national federation of Danish cooperatives for the purchasing and
distribution of fertilizers in large quantities (D.A.G.) had gained sufficient strength
and bargaining power to procure ithe Danish requirements of desired fertilizer types, at
economic world market prices, and to balance the effect of the then emerging formation of
truste by manufacturers of potassium and nitrogen fertilizers. ;

THE INTEGRATED APPROACH

During the period 1916-64 the cooperative purchasing and distribution of concentrated
feedstuffs and commercial fertilizers were handled by separate regional and national
cooperative federations. In both cases the customers were the same, and it was rather
obvious that such a system could not be the most effective way of distributing these
inpute in the long run. A4s a result of lengthy negotiations between the regional feedstuff
suppliers and the national cooperative fertilizer supplier, a national cooperative
organization was formed for the manufacturing, purchasing and distribution of bulk
agricultural inputs such ae concentrated feedstuffs, commercial fertilizers, icultural
lime, feed grain, seeds and chemicals. The new organization was named D,L.CG. (Dansk
Landbrugs Grovvareselskab, meaning Danish Cooperative Farm Supply Company). It will be
noted that the aims and objectives of the D.L.G. are not limited to the distribution of
bulk supplies to farmers.

After the extensive amalgamation of the cooperative supply system in the sixties, a
network of modern distribution and processing centres covering most of the country has been
established, These centres are equipped with technical facilities for receiving, cleaning
and drying of graim; grinding, mixing, pelleting and bagging of concentrated feedstuffs;
bulk storage and handling of grain, feedstuffs and fertilizers; bulk distribution of feed-
stuffe and fertilizers with specialized wvehicles and equipment; distribution and application
of anhydrous ammonia, solid fertilizers, etc. As a result of these largze and more efficient
centres some amall local distribution centres are being closed down, but this will not cauge
inconvenience to the farmers as the importance of distance to the supply centre has decreased
significantly with the efficient means of transport now available.

Concerning D.L.G.'s involvement in the grain sector it should be noted that the feed
compounding activity requires tremendous amounts of feed grains. Therefore, D,L.G. is not
only a distributor of feeds but alsc the largest single purchaser of feed grains from farms
with an excess production of that commodity. By 1972 nearly all regional and local co-
operative distribution centres had joined the D,L.G. which in consequence, has become a
very powerful factor in the Danish agricultural input supply system. In fact, it can safely
be claimed that D.L.G. is the price determining body within the system.

The D.L.G. is, therefore, in an ideal position to meet its objectives which are
summarized as follows:i—

to supply its members, the farmers,

- with the necessary quantities of inputs

- in the best possible qualities

= in the most efficient way

- at the best possible terms of payment, and

- at the lowest possible prices.

An illustration of the efficiency with which these goals are being reached is the fact
that the number of commercially available feed mixtures for various categories of livestock
in the period from 1949 to 1965 has increased as follows: dairy cattle, from 2 to 14;
pigs, from 2 to 16, and poultry from 4 to 19.



Turing the same period the number of fertilizer types available have increased to the
present number which includes: nitrogen (N), 7 types; phosphorus (P), 2 types; potassium
(), 2 types; PK, 12 types; NPK, 8 types, and trace nutrients (Mg, Cu, B, Mn), 12 types.

THE COMPETITIVE SITUATION

It would be relevant to ask how the private distribution of inputs can survive under
conditions which are to such a great extent being dominated by an aggressive coocperative
movement, The answer seems to lie in the human hesitation to enter into the obligations
involved in a cooperative membership. When dealing with the private supplier the customer
has no further obligations when his purchase is delivered and paid for. For a member of a
cooperative, the situation is different. He does not know the real price of his supplies
until he has received his dividend at the end of the accounting year. Besides, he must take
part in all the democratic obligations and processes within his cooperative, and he is
subject to election for an often unpaid, but very time-consuming post on the board of
directors.

The D.L.G. now supplies Danish agriculture with about 43% of its fertilizer regquirements
as well as similar proportions of other inputs, and the resulting competition between the
cooperative network and the privately operated supply companies sources for Danish farmers
dependable supplies of top quality products at fair world market prices.

However, in spite of the very tough competition between cooperatives and private trade
in their approach towards the consumers, they are still generally speaking on very friendly
terms.

There are several reasons for this, but one of the more obvious ones is the fact that
the national cooperative fertilizer distributor, previously D.A.G. and now Del.G., has
never acted as an independent fertilizer manufacturer. Therefore, the cooperative system
has always been the largest single purchaser of phosphatic fertilizers being manufactured
by the privately owned Danish Fertilizer Company (D.F.C.), which in 1970 was reorganized
and renamed Superfos A/S. In the early nineteen fifties, both D.L.G. and D,F.C. were among
the founding shareholders of A/S Ammonia which in 1963 completed a large scale manufacturing
plant for nitrogenous fertilizers now producing most of the Danigh recquirements of calcium
ammonium nitrate and anhydrous ammonia., The annual Danish fertilizer statistics are
published as a result of cooperation between the two sectors of the supply system.

PRODUCE MARKETING

The title of this paper indicates that a similar description of the importance of the
cooperative movement in produce marketing should be given. However, to include this would
take one beyond the set limits, but it can safely be stated that there are similar great
advantages to be gained in the marketing and processing of agricultural products on a co-
operative basis as have been outlined for the purchasing and supply side.

It ig evident that it would be nonsenee to increase agricultural production by creating
an efficient supply system if the products could only be disposed of at a lower price or
not marketed at all. Therefore, the development of the Danish cooperative system has
continuously been concerned with processing and marketing and the cooperative movement
has exercised a great influence in all areas of processing, domestic marketing and exportis
to foreign countries.

Where exporters are numerous, they tend to operate to the advantage of foreign buyers,
in that any of these exporters might bve tempted to undersell each other. Since no exporter
can afford for long to export at a price lower than his purchasing and processing costs,
any further reduction in price sought by a foreign buyer would have to be passed on to the
farmer by offering lower prices for their products.



With large cooperative export organizations acting as single sellers in foreign markets,
this problem is avoided, and with the farmers in principle owning these organizatione them-
pelves they will also receive all the benefite of the higher prices thus obtained.

It is worth mentioning that cooperative organizations have undertaken considerable
activities in such varied fields as animal breeding, milk testing, purchase and dietribution
of consumers' goods, insurance, rural electrification, lime exploitation, agricultural
equipment, real estate credit institutes, banking, cement manufacturing, housing
developments, etc.

The only fields of real importance for agriculture in which cooperatives have not been
involved to any significant extent are probably the supply of fuel and lubricants and
veterinary services.









These statistical and analytical services are generally provided by government. The
most suitable arrangement and agency or ministry within the government to provide them
will depend on circumstances, It could be an independent unit or part of the agricultural
or national planning office. In any case, the work carried out should be objective and
indicate the needs and alternatives for fertilizer supplies and the policy measures and
gervices required to have them used profitably by farmers. One of the first functions of
such a unit would be to assess both the current and longer-term fertilizer requirements of
the country in terms of nutrients and kinds of fertilizer, so as to plan and make the
necessary financial provisions for their domestic production and/or importation. There
are different methods of estimating future fertiliger requirements., These include trend
analysis, response data, nutrient uptake and fertilizer-food grain conversion factor
approaches, to name a few.

Response Data

Given crop production targets, the relationghip between these and the supply and use
of fertilizer depends on how much fertilizer can contribute to achieving the targets.
Ideally, this presupposes reliable agricultural research on the expected responses to
different nutrients for each crop under the different soil and climatic conditions of the
country. Assuming this information is available and that the average yield increase and
the economic return which can be expected under the existing price/cost relationship are
used for the fertilizer recommendations made for different crops, the nutrient requirements
for the country can be determined. This is a straightforward caleulation, either of
multiplying the rates of application of various nutrients by the crop area to be dressed
to give the desired level of crop production, or of dividing the average increase expected
from the recommended fertilizer dressing into the output target figure for each crop to
get the fertilizer nutrient requirements and also the area that should be dressed at the
recommended rate. A table can be constructed setting out for each crop the fertilizer
requirements by nutrient and the area of crop to be dressed (Table 1). Taking into
congideration technical and economic factors, the nutrient needs can be transformed
into suitable fertilizer materials and formulations, thus giving the fertilizer supply
an. financial requirements in terms of the ex-factory or c.i.f. import wvalue, farm value
and credit, and other services needed to make fertilizers available to farmers, so that
they are able to use the recommended dressing in achieving the crop production targets.

Nutrient Uptake

There may not be sufficient response data on which to make recommendations and
determine fertilizer needs. When research data are lacking, what is available may be
evaluated and compared with similar data for countries having comparable conditions,
taking into account the differences in plant strains, the use of improved seeds,
availability of water and aoc on, The uptake of nutrients by crops is another methed of
estimating fertilizer requirements where reesponse dataare lacking, but because of different
levels of goil fertility, different crop varieties and other factors, this method generally
gives very high estimatea,
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Fertilizer-Food Conversion

The fertilizer-food grain conversion approach relates fertilizer use to increased food
grain output on the basis of general conversion factors. The general relationship used is
that one ton of fertilizer nutrients produces from 8 to 10 tons of food grains. Assuwming
a basic dietary requirement of 2 500 calories per person per day, and one ton of food grains
providing about § 000 calories a day for a year, one ton of food grain would be enough to
feed two people for one year. It follows that that one ton of fertilizer nutrients would
provide enough additional food graine to feed from 16 to 20 people for a year. Thus by
combining a generalized yield response to fertilizer use and population growth, an estimate
of fertilizers required to achieve food grain production targets can be made.

Projection of Trend

The method commonly used in market research is the projection of the consumption trend.
However, the difficulty here is, inter alia, that because of the low consumption levels in
gome countries there may be no basis on which to estimate the irend of consumption. From the
apronomic point of view past or present fertilizer use may not be suited to actual needs,
and their projection would result in erronecus estimates. Another difficulty with this method
ig selecting the period to use as a base for extrapolation. Projecting a very dramatic
inecreage in offtake owing, for instance, to the adoption of new technology by farmers, such
as crops more responsive to fartilizer, may in the longer term be very misleading. Closely
allied with this is the stage of fertilizer use in a country. When fertilizers are first
uged, the potential for greater use both in terms of heavier rates of application and crop
area dressed, is large. Over a period of time, however, this potential becomes less as
more of the crop area is dressed and heavier application rates are used. Crop/fertilizer
price relationships may also change, as crop production increases may cause crop prices to
decline, The economics of fertilizer use may also change because of an increase in the cost
of" fertilizer. Either one or both of these price changes may affect the optimum or
recommended rate of nutrients to be applied to a crop (Figure E}, and could lead to the
reduced use of fertilizer. It might also be that the marketing system and credit available
for their sale and use by farmers are inadequate to handle the much larger quantities called
for in the agricultural plan estimates for fertilizer use. '

Combinat ion of Methods

At this point it must be stressed that the larger quantities are indeed estimates,
regardless of the method used in their calculation. Being estimates they should be kept
under review and amended as circumstances change, i.e. adoption of new varieties, larger
irrigated area, change in price relationships, etc. Furthermore, the present effective
or market demand may be (probably is) considerably less than the calculated requirements. If
the calculated tarpets are to be achieved a careful analysis is required to identify the
impediments to greater fertilizer uge by farmers, and pelicies and measures proposed and
implemented to cvercome them.

Perhaps the best approach to estimate fertilizer requirements is a partial combination
of the foregoing methods which relates recommended fertilizer use to market demand on a
local basis. Thisg may be done by both the private fertilizer trade and government by the
collection and analysis of the economic and statistical data mentioned. These include the
gize and number of farms and their level of income, the crops grown and portion marketed,
the area irrigated, the use of improved fertilizer-responsive seeds, recommended and actual
rate of fertilizer use by crop, crop/fertilizer price ratic, government measures for price
support and subsidies, cash and credit sales of fertilizers, availability and terms of
fertilizer credit to the trade and to the farmer, farmers' intentions for fertilizer uase
the following season. In some countries regional committees consisting of fertilizer
producers, dealers and government personnel meet and review the analysis of such data to
establigh estimates of the gquantities and kinds of fertilizer required each season, as
compared to the season before. These estimates are then related to those fertilizers which
can be supplied by domestic production and those that must be imported. The committees
alsc estimate the financial regquirements for the importation and the provision of credit to
fertilizer producers, distributors and farmers to obtain, distribute and use the fertilizers.






Assuming all the fertilizer requirements must be imported, and that on agronomic
grounds ammonium nitrate (AN) is the most suitable material to supply the N requirements,
triple superphosphate (TSP) to supply those of P,0_. and muriate of potash (MP) to supply
those of K,0, the financial needs can be ctlculn% + To do Bo c.i.f. prices of these
fertilizer materials must be estimated or known. From Table 2 it can be seen that at the
assumed c.i.f. prices for the fertilizers § 122.3 million in foreign exchange must be
made available for their importation. Assuming that transport, storage and marketing
coete add 30 percent to their value at the farm, and it is estimated that half the
fertilizers will be sold on credit provided by government institutions, then an additional
$ 79.5 million in local currency will have to be budgeted to provide credit to farmers.
Furthermore, credit funds may have to be made available to the fertilizer importers,
distributors and retailers, either through government agencies or the banking system, to
help finance their business operations. If there is also a subsidy of say 25 percent on
the farm price then an additional $39.75 million will have to be budgeted to cover its
costs.

Timely Ordari

Until fairly recently there was & buyers' market for fertilizere in international
trade because of excess world capacity compared with demand. Thie has changed to a
sellers' market owing to the restrictions placed on production by major producers,
changes in aid arrangements and increased fertilizer demand in a number of countries.
Regardless of whether it is a buyers' or a sellers' market it pays dividends to place
orders early to obtain better terms and prices and timely delivery. Many countries,
because of delays in tendering, end up paying much higher prices and the fertilizers
arrive too late for use in the intended season. Thie not only adversely affects crop
production but may lead to the need to import foodstuffs placing a further drain on
foreign exchange reserves, and an unnecessary burden on the economy of the country. This
may alse lead to problems of unloading at porte when supplies arrive all at once, which
- may involve large demurage charges if shipe are kept waiting to discharge their cargoes,
transport problems and additional storage charges when fertilizers are held over the
next season, all of which may ultimately be reflected in higher fertilizer prices. Or
it may be, as has happened this year in a number of countries, that some fertilizers are
just not available on the international market at any price, with the consequent adverse
effects on food supplies and the economy of the country.

CONCLUSION

It is thus apparent that a considerable amount of statistical data, sconomic
analysie and judgement are required in determining expected effective demand for
fertilizers in any one season and over the longer term, and careful planning and
budgeting is required to ensure the timely and least coet seasonal supply of fertilizers.
If they are all imported, whether by governmenit or the private trade, foreign exchange
must be made available for their timely purchase. Even if all fertilizers are
domestically produced, foreign exchange must be made available to allow for the import
of certain raw materials and spare parts. Finances must also be budgeted to carry out
promotion activities, and to support the policies and measures to be implemented or
continued, such as subsidies, price supports and credit to encourage the increased use
of fertilizers, as one of the means of achieving the agricultural production goals of
the economic development plan of the country.



Table 2. Estimated Fertilizer Nuirient Requirements and
Import Value, 1572
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THE ROLE OF THE FERTILISEE INTUSTHY
IN FERTILIZER USE DEVELOPMENT

by
1/
K.W. von Burkersroda -

INTRODUCTICN

The world fertilizer industry is well aware of tie importance of developing its
products and their use., Development, research and extension are being carried oul with
the aim of satisfying customers, and thus both farmers and manufacturers share the same
interest. In order to attain our common goal, namely nutrients for the growing crops at
lowest possible costs, the cooperation between the scientist, the technician and the
farmer must be strengthened and intensified.

The participants of this Seminar will hardly need reminding of the history of the
fertilizer industry which goes back as far as 1840 when the first patent for the pro-
duction of superphosphates was registered in England., The first factory to extract
muriate of potash from mined crude salts was set up in 1861 at Stassfurt in Germany.

At about the same time sodium nitrate extracted from natural deposits in Chile came
into use. However, mainly owing to the discovery of the ammonia—synthegis in 1913 in
Germany, Chile nitrate became replaced more and more by synthetic nitrogenous fertilizers,

Thege discoveries and later advances in inecreasing technology resulted in the develop—
ment of an important industry, which produces ever-increasing quantities of fertilizers. In
the year 1960/61 for instance world production (excluding the People's Republic of China)
reached 10.8 million m. tons N, 10,0 million tons P30g and 8.7 million tons K»0, a total of
almost 30 million tons. A decade later, world prudungiun had more than doubled to &4 million
tons total nutrients made up of 79,1 million tons W, 18.2 million tons P205 and 16,7 million
tons K20,

It is interesting to note that nearly half the world's N-, P20g- and Kz0 nutrients
in 1970 were produced in Eurcope and about one third in Neorth America, leaving a little more
than 15 percent to the other geographical regions. Although Africa's share of the world
production is rather small, during the peried 1961-70 production in Afrieca increased in all
of the three nutrients, but mainly in Pp0g. The latter js attributable mainly to expansion
in the export oriented phosphate industry in North Afriea. More precisely, Africa's share
of world production in 1961 was less than 1 percent in N and ? percent in P2O5, and in 1970
1 parcent in N and ? percent in Pp0c, and in 1370 1 percent in N, 4 percent in Po0. and
legs than 1 percent in K?O. The new potash production came from a recently opened mine in
ongo Brazzaville.

Africa consumed during 1960/61 S6 000 m. tons N, 68 000 tons Pa0g and 33 000 tons K0
or 163 000 tons altogether {excluding South Africa and Rhodesia) and a decade later used
209 000 tons M, 175 000 tons Fz05 and 118 OO0 tons K50, equivalent to increases of 272
percent in N, lﬂa percent in Pgﬂ and 702 percent in Ks0. This result iz very encouraging
indeed, however, Africa's total hutrient consumption {H + Ps0c 4+ Ko0) of 505 000 tons in
1963/70 accounts only for about 1 percent of the world's tota? or not even 10 percent of
zll developing countries in this particular year.

The developing countries with 7O percent of the world's population accounted for only
about 13 percent of the total fertilizer consumption in 1970. However, the proportion of the
world's population living in developing countries is expected to have risen to about
75 percent in 1975 and to nearly B0 percent in 1980, Thus, the problems involved in

1f International Potash Institute, FBerne/ Switzerland Agricultural Mission to Zast
and Central Africa.



effecting increases in fertilizer use are very considerable. An assepsment of actual
fertilizer demand for the developing countries and the developed world in 1980 has been
publighed recently in "Chemical Age". As these figures appear to be reascnable, and

ag some of the participants in this Seminar might be interested in more details,

they are reproduced in Table 1. It is, therefore, sufficient to say that the demand for
total nutrients is expected to rise during the period 1970-80 by 65 percent in the devel-
oped parts of the world and by nearly 100 percent in the dewveloping countries.

Table 1. Estimated world fertilizer consumption 1975 and 1980

(excluding N.Korea, N.Vietnam and the People's Republic of

ina) in million m. tone nutriente.

Developing countries ! Indzzﬁzi:i;:fé World total

N P2E35~ K0 Total | N P205 K 0 Total]l N P205 K0 Total
1970 4.9 2.2 1.3 8.4 23.8 16.4 14.1 54.3|28.7 18.6 15.4 62.7
1975 7.2 3.6 2.3 13.1| 33.8 20.7 18.2 72.7|41.0 24.3 20.5 85.8
1980 9.2 4.6 2.8 16.4142.5 24.7 22.0 B89.2|51.5 29.3 24.8 105.6
1970-80 +84% +109% +116%  +95% | +79% +51% +56%  +65% | +80% +5T% +61% +697%

Of course in the intensity of fertilizer use great differences exist between the
developing regions. The heaviest rate of all three fertilizer nutrients is used in Latin
America with about 22 kg/ha of arable land on average. It is followed by the Far East
(excluding Japan) and the Near East (excluding Israel) with approximately 15 kg/ha for both.
With regard to these application rates, it must be borne in mind that many developing
countries in Latin America and Asia are already relatively advanced in their general
economic development and have reached or passed the take-off stage in fertilizer usage.

The lowest application rate (only 2.5 kg/ha arable land) is found in Africa (excluding
3. Africa and Rhodesia), where the introduction of fertilizers on a large scale will be
required,

THE ACTIVITIES OF THE WORLD FERTILIZER INDUSTRY
IN_FERT ILIZER USE DEVELOPMENT

Although the introduction of fertilizer use is first of all a matter for the countries
concerned, fertilizer use development on a multi-lateral level has increasingly become one
of the most appreciated forms of aid, Bilateral aid in itse various forms is not less
welcome., In assisting fertilizer use development the world fertilizer industry aleso plays
an important role along the following lines:

(a) Research into high analysis fertilizers

Because higher nutrient concentration in intermediate materials, straight
fertilizera and compounds reduces handling, transport and storage costs,
the development of high analysis fertilizers is of particular importance.
48 a paper on this subject will be presented at this Seminar, it is,
therefore, sufficient to note that the industry has made coneiderable
advances in thie direction.

(b) Research into plant nutrition and soil science

Still unsolved questions of plant nutritiomn, related problems etc. are
gtudied by teams of scientists with the most modern eguipment on agricultural
research or experiment stations established by moet of the larger industries.



A typical example of this is the Buentehof Agricultural Research Station

of the West German Potash Industry in Hannover, where experts in agricultural
chemistry, soil acience, botany, physioclogy, microbiclogy and tropical .
agriculture are carrying out basic research in close cooperation with the

biometric and documentation departments. Scientists from various

industrialized and developing countries oftem join this team to discuss

problems and to gain further knowledge about fertilizer use.

All findinge are made available to other official and private
institutione dealing with soil fertility and crop production,
faculties of agriculture, international organizations, such as FAC,
and agricultural extension services throughout the world.

Other examples in this context - given in the nitrogen industry - are the
Limburger Hof Research Station of Badische Anilin und Sodafabriken (BASF)

in Ludwigshafen. Further stations in the United Kingdom and other fertilizer
producing countries.

Participants in this Seminar are certainly aware of the farmer's annually recurrent
need for money to spend on fertilizers and alsoc of other production costs burdening his
budget. Therefore, every effort must be made, not merely to make a satisfactory profit by
the use of fertilizers, but to achieve thereby the greatest possible economic advantage.
Coneidering the annual growth in population, the necessity of achieving this aim is
becoming more and more urgent., This applies in particular to developing countries which
have no long term experience in the use of fertilizers.

We thus find ourselves faced with two facts which are growing more distinet from one
day to the next: on the one hand, a multiplicity of agronomic questione forcing scientiste
to an ever stricter specialization, and, on the other hand, the necessity for the farmer to
work for greatest possible yields through fertilizer use.

Technical specialization alone would result in too restricted progress, particularly
if scientific results and experience are not made accessible to official and private
organizations concerned with fertilizer uese development and improvement of agricultural
productivity. Through such channels they often somehow and eventually reach and benefit
the farmer., Indeed, every country has some corporations andfur associatione that maintain
contact among the various interested branches of science, and that foster the popularization
of improved farming methods. It must be admitted, however, that the majority of such
agencies are purely of local significance.

Iue to the increasing multiplieity and complexity of agricultural problems, the nitrogen,
phoephate and potash industries have each chosen some time ago to sponsor a respective
'"Nutrient Institute' on a wide international basis. These "Nitrogen, Phosphate and Potash
Institutes” try to fill this gap and have in common that they are non-profit-making and non
commercial associations, and that their objectives aret the collecting, screening, classifying,
and utilizing of scientific results and experience from all over the world, in the general
field of soil improvement and fertilizer use, in order to give technical and scientific
asgigtance in the form of publications etc. to all organizations concerned with soil
fertility and fertiliszer use development. With these objectives in mind the N, P and K
Inetitutes have been active in the promotion of research and fertilizer use for at least
two decades. Further study trips by agricultural experts or members of these Institutes
to developing countries are undertaken for the better understanding of problems and for
maintaining active contact, a basis so much needed in any technical advisory service,

Finally it is worth mentioning that by taking the three Institutes together, membership

totals 212 fertilizer manufacturers from 44 countries, including producers from 8 developing
countries in Africa.



The Centre for Nitrogen Studies (Centre d'Etude de 1'Azote — CEA) Zurich/Switzerland

This Centre has published a series of monographs on the use of fertilizers on major
world crops, eg.:

Means of Increasing Rice Production

The Manuring of Sugar Cane

The Manuring of Coffee, Cocoa, Tea and Tobacco

Progresgive Wheat Production

Maize Production and the Manuring of Maize

The World's Major Fibre Crops, their Cultivation and Manuring
Others are in preparation ‘

Theese books are not aimed at the specialist but rather intended for people interested in

a more general understanding of the principles of those subjects and new developments in
these particular fields. A4s the reviews provide new ideas and practical suggestions for
obtaining better crops and larger profits they are a useful guide to the development planner
and research worker.

Another valuable work of different character published by this Centre is the 'Pertilizer
Guide for Tropical and Subtropical Farming'. It covers in about 700 pages the whole field
of fertilizer use and aims to explain the underlying principles in a way that will be of
practical assistance to Extension and Soil Advieory Officers, even in cases where there
are no experimental results or former experience to rely upon, It lists recommendations
and fertilizer practices applicable to all major crops in many different ecological regions
throughout the world.

The International Superphosphate and Compound Manufacturers
Association — (ISMA) London / Paris

Thie association promotes the production and use of all commercial fertilizers which
contain the nutrient phosphate. Founded in 1926, when superphosphate was still a 'miracle'
fertilizer, ISMA scon demonstrated the value of international collaboration under a non-
commercial roof, and recognizing that superphosphate had become just one — although still
the main one — of an ever wider and more sophisticated range of phosphatic fertilizers, it
opened its gatee to the manufacturers of all chemical fertilizers containing phosphorus.

The Complex Fertilizer Committee ie concerned with studies of particular subjects,
for inastance, the effects of increasing plant nutrient concentrations in fertilizers.
Here it is interesting to note that there are developments in the production of high N-P
combinations, by henceforth omitting H- and O-atoms. Phosphonitril hexaamide (50-85-0)
and cyclic polyamide (43-74-0) are possibilities already in the research stage, but they
are not expected to become important fertilizers before 1980,

The Agricultural Committee initiates and guides the scientific promotion of the use
of phosphorus-containing fertilizers, and is concerned with all related agricultural
problems, HRegular symposia on particular themes provide experts from research and academic
circles and ISMA members with an international forum for the presentation and discuseion
of papers on current research and general progress in fertilizer use. These papers are
often reprinted in "Phosphorus in Agriculture", published biannually by ISMA in both
Engligh and French. Articles in this publication cover any aspects of the use of



fertilizers and the role of phosphorus in secils and in plant nutrition. A large selection
is also devoted to bibliographical abstracts. It is mainly suitable for universities,
research and advisory organizations.

For people in practical agriculture who need general information about phesphorus,
the brochure: "Phosphorus, Key Element in Plant and Animal Nutritiom" is an interesting
publication.

The International Potash Institute (I.P.I) - Berne/Switzerland

This Institute has been active in the promotion of potash research and fertilizer use
for 20 years, both in Europe and overseas, The periodical "Potash Review" is distributed
world wide and has now reached a circulation of well over 10 000 copies. Published in four
languages it contains articles on soils, fertilizers and other agricultural topics of
particular interest to researchers and qualified technicians. Another regular IPI public-
ation is the "International Fertilizer Correspondent" which is mainly concerned with
experience of problems of fertilizer use and crop productivity all over the world. Other
publications include the series "Potassium Symposium" in which lectures of the Institute's

scientific Congresses are printed in the original language with summaries in English,
French etc, Full translations are made from papers delivered at "Potash Symposia and
Colloquia" if the subjects covered are of interest to developing countries. For example,
"Proceedings of the First International Citrus Symposium" (242 papers in 3 volumes, covering
23 related subjects) or "Transition from Extensive to Intensive Agriculture with Fertilizers"
(papers from 34 world known specialists). IPI has alsoc issued a large number of monographs
on the manuring of individual crops, mostly tropical and subtropical, and hae launched a
'Competition for Young Researchers'. This competition aims to stimulate studies on the
importance of potassium to soil, plant, animal and man under the new generation of scientists.
Papers sent in by scientists under 40 years of age are judged by a committee of university
professors from IPI's Scientific Advisory Council, which alsc awards the prigze of this
Institute,

Furthermore, this Institute considers that it is an essential task to send ite agrono-
mists, who are trained in agricultural chemistry, for practical work to those countries
which are striving on their own initiative and with international assistance to increase
their agricultural production through appropriate measures. The representatives of this
Institute, within the scope of short or long term missione, provide effective advice for
rational use of fertilizers for the particular country or region. The pre-requisite for
their advisory activities is an exhaustive study of the local conditions and the limita-
tions in cultivation imposed by nature. An interesting example of this waas the long-term
POTASCHEME Project in India. DBecause of the great impact it had, a brief account on this
IPI-mission may be useful,

This project was initiated in 1951 by French and German agricultural experts who were
impressed by the efforts of the Indian authorities to increase agricultural production., As
far as fertilizer promotion was concerned, they observed that official recommendations ecalled
for the application of nitrogen and phosphorus, while potassium was supposed to be available
in the soil in sufficient quantities. Only for special crops, such as potatoes, were complete
NPK compounds recommended, since other crops had shown no appreciable response to applied
potash,

The potash promoters, however, were convinced that it would be necessary to include
potash in the fertilizer programme once crop yields in general became higher than the pre-
vailing extremely low level, particularly under conditions of continuous cropping.



How could this be demonstrated in order to change Indian fertilizer policy? The
results of fertilizer triales at the experiment stations had shown no positive potash re-
sponse, but soils on experiment stations are different from ordinary farm soils, being
well supplied with compost, manures, green leaves etc. throughout the year., It seemed,
therefore, worthwhile to lay down fertilizer trials and demonstrations with N, P and K
on cultivators' fields in sufficient numbers to produce reliable results.

With this purpose in mind the Potascheme project was established by IPI, which
organized a network of thousands of simple N, P and K demonstrations and trials on
food crops in the southern states of India, employing at times as many as 80 trained
assistants. Due to the favourable results obtained by this Potascheme, the Government
of Bihar and later aleo the Indian Council of Agricultural Research undertook a similar
project with the application of W, P and K on an even much larger scale throughout
various states. The significant responses to each of those nutrients thus obtained
have eventually brought about a change in the Indian fertilizer policy by calling for a
considerably higher ratioc of potash to nitrogen and phosphate in the recommended
consumption figures of the Five-Year-Development Plans (1970-71 = 2.4 million tons N,
1 million tons P205 and 0.7 million tons K50). IPI's contribution acted here as a nucleus
and catalyst. It had served its purpose with the promotion of better yields by means of a
balanced NPK application.

IPT has also establisghed scientific missions in other areas with fast growing popula-
tions, where food production is lagging behind, but more on a regional basis and sometimes
jointly with the Foundation for International Potash Research of Washington D.C. Such
migsions are now in South America, Near and Far East and in Africa. Because of the long
digtances geparating the individual countries, the activity of these missions is not so
much baged on the conduct and evaluation of fertilizer demonstrations and trials as on the
egtablishment of contacts and the exchange of information on new developments in agriculture
and fertilizer use. In East and Central Africa for instance, we are not only trying to
gtimilate research into the importance of potash but also to communicate any advance in
agricultural technigque from one country to another, thus contribuiing to agricultural
progress within this region, When the use of potassium is indicated but neglected in any
fertilizer programme, we do not hesitate to draw attention to the possible comnsequences
of potash deficiency on the yield and quality of agricultural products.

Joint actions of the Fertilizer Industry

To return to the role shared by all three nutrient institutes in the development of
fertilizer use, there are also cooperative projects worth mentioning. One example are the
joint publications, such as "Fertilizers and High Yielding Grain Varieties" and "Fertilizer
and Irrigation". Further, and of greater importance, these nutrient institutes, representing
most of the world fertilizer industry, being aware of the vital significance of increased
fertilizer use in developing countries, have jointly contributed to the FADQ Fertilizer
Programme since its inception.

During its first decade of operation, 1961-T0, the world fertilizer industry, through the
FAO Fertilizer Industry Advisory Committee {FIAC], on behalf of which this paper is presented,
contributed in cash and kind nearly half of the $7.9 million donations to this Programme, to
which the recipient countries added a further $58.5 million in services. It should be
mentioned that FIAC has since 1960 been a statutory body of FAO. On its Technical Sub-—
committee, experts of the fertilizer industry are represented. It was founded with the
purpose of studying and giving advice to FAO on the planming and the implementation of the
F40 Fertiligzer Programme., In 1961 this Programme was working in six developing countries
in two regions with nine experts and in 1970 in 22 developing countries in six regions
with 55 experts, through large numbers of demonstrations and simple trials on farmers'
fields and through pilot distribution and credit schemes. This FAQO Programme is another
example where the industry's contribution acted as a nucleus and catalyst. By 1972 the
number of participating countries in Africa has risgen to 10, and in view of the success
of this programme it is hoped that more African countries will follow.



The fertilizer industry is represented by its experts in several of FAO's Working Groups
cooperating with the Fertilizer Programme, such as the Ad Hoc Working Party on Fertilizer
Economics, and the Ad Hoc Working Group on Pertilizer Marketing and Credit which produces
fertilizer marketing studies, and gives advice on fertilizer marketing to FAQ projects and
individual countries. Finally the industry cooperates with FAO's Ad Hooc Working Party on
Fertilizer Statistica, which publishes the yearly Review on Fertilizer Statistics.

International Courses in Extensaion Methods and Fertiligzer Use, co-pponsored by the
Israel fertilizer industry and Government through the Fertilizer and Chemical Development
Council in Tel Aviv and by FAOQ, are held at the Ruppin Institute of Agriculture in Emek
Hafe in Israel. The aim of the three month course ie to teach both subjects from a practical
point of view, thus providing the fertilizer technician with the knowledge he needs to
extend fertilizer use in an efficient way. The participants are required to have completed
12 years of schooling and at least two years of Agricultural College. A B.A. or B.Sc.
degree is preferred., They should also have at least three years of field experience and
should be working in a firm or institution dealing with the promotion of fertilizers or in
a research station. Until now more than a dozen such courses have been held with 500
participants from 30 countries in Asia, Latin America and Africa.

The programme further includes "ON THE SPOT Training Courses", organized in most
countries, Such courses have been held already in Asia, Latin America and in Africa.

Three different types in extension methods and fertilizer use of 4-5 weeks duration
are offereds:

(a) in Soil Fertility and Fertilizer Use for Junior Agricultural Officers, with
at least 3} years of experience in the field,

(b) in Extension Methods for Fertilizer Market Expansion for Subject Matter
Agricultural Officers, with at least 3} years of experience in the field,
and

(c) in Extension Methods and Planning of Fertilizer Extension Campaigns for
Agricultural Supervisors, with at least 5 years of experience in the field.

ACKNOWLEDGEMENTS

In the preparation of this paper considerable assistance was given by the three
largest members of the FAQ Fertilizer Industry Advisory Committee (FIAC), namely the
Centre d'Etude de L'Azote, the International Superphosphate and Compound Fertilizer
Manufacturers Association and the Internaticnal Potash Ingtitute. Further acknowledgement
ig due to the Fertilizer and Chemical Development Council of Israel. ¥



POSITIVE SIDE EFFECTS
OF FERTILIZER USE DEVELOPMENT

H. Braun lf

INTRODUCTION

Fertilizer use development produces many positive effects other than the increase of
yields and consequently of farm income. These side effects range from the improvement of
crop quality which is of importance for human and animal health, to a positive influence
on the national economy. The purpose of the present paper is to foster the awareness of
these effects among those engaged in planning, organization and execution of activities 1n
the apecial field.

In thu light of the facta to be enumerated, investment in such activities will appesar
to be more Justified than if the direct effect on yielda only is borne in mind.

WHERE SIDE EFFECTS ARE FOUND

Agriculture

Usually judicious use of fertilizer improves the quality of crops which has an effect
on human and animal health. The role of phosphorus in the building—up of resistant and
healthy skeletons both of human beings and animals may serve as an example of the many
known effects.

Other beneficial effects occur in the properties of crops, fTor example, storage
quality, improvement of baking gquality, increased content of desired components, e.q.
sugar, starch, oil, etec.

Where high yielding varieties are introduced, the development of the use of fertilizers
and adequate irrigation are indiepensable if the new varieties are to reach their full
potentinl,

In land and water development projects the appropriate use of fertilizeras and related
inputs helps to accelerate the amortization of the funds invested,

Apart from these direct effects a great number of side effects are produced by activities
aiming at the development of the use of fertilizers.

In extension work, fertilizers have the advantage of being effective, both vieibly and
physically, within a relatively short time, which helps enormously rapidly to gain the
confidence of the farming community. Subsequently, advice is more easily accepted and minde
are ready for the introduction of other related inpute and improved practices. Thus,
fertilizer use development has a multiplier effect on other innovations.

From the social and economic point of view the side effects of fertilizer use
development are also of importance,

The calculations carried out jointly with the farmers in connection with the evaluation
of fertilizer demonstrations have an educational effect on their attitude towards a change
from subsistence to cash farming and in provoking general ideas on economice in farm
management.

1/ Technical Officer (Soil Fertility and Fertilizer Use),Land and Water Development
Division, FAO, Rome.



Another positive result which can he obtained by proper fertilizer use development is
the intensification of production without increasing the total investment in labour. Where
population pressure no longer allows shifting cultivation or a bush/forest fallow rotation,
the use of agricultural inputs, with fertilizers as the main component, is the only way to
maintain and eventually increase soil fertility.

Where population pressure is leas acute, the use of fertilizers and other improved
practices can replace the huuhffuraat fallow rotation and the annually recurrent painful
efforts in land clearing by a permanent cropping system. Besides the improved economica,
this move makes agriculture more attractive, which is a necessity if the rural exodus is
to be halted.

Socico-economic and educational aspects are also resulting from the introduction and
extension of the use of fertilizers and other related inputs, i.e. the organization of
improved input distribution and credit. The promotion of farmers' initiative and a group
approach for ordering and buying inputs and their procurement on credit helps to make the
impact lasting and to improve farmers' self-confidence and awareness of their responsibilities.

Further positive effects of activities aiming at fertilizer use development can also
be expected in the performance of agricultural extension services.

Such actions need intensive staff training if they are to be successful. The knowledge
of extension methods, field demonstration and trial techniques obtained in training and
the experience gained in the practical application can equally well be applied to other
aspects of agricultural extension.

A further significant achievement is the pgychological aspect of field work in fertilizer
use development. If properly planned and organized, extensgion work with fertilizers is
generally safe from negative results and produces results rapidly. For these reasons, the
field extension worker gains recogmnition by the farmers and increases his prestige as he
has something to sell which has an almost immediate positive effect. It is evident that
such a success raises the field level worker's self confidence and may thus create, to.the
profit of other aspects of extension, a lasting devotion to his hard work.

Rural Development

The above facts are already cleosely related to rural development, but further positive
side effects of fertilizer use development can be determined in connection with the better-
ment of the rural community's situation as a whole.

The use of fertilizers and related inputs increases farm income and, cnnnaquuntly,
living conditions in rural areas,

In many countries the rural exodus represents a serious social and sometimes a
political problem, If farming becomes attractive enough, the importance of that phenomenon
diminishes, eventually even to the extent of a reversal of the movement.

Increased purchasing power of rural communities helps to fight under-employment by the
creation of work for artisans and eventually of agro-industries. Better communications,
services and recreational facilities can be further consequences of rural development, again
providing additional employment and making the migration to overcrowded urban centres
leas attractive.



National Economy

Increased agricultural productivity due to the use of fertilizers and related inputs
may have two principal effects on the national economy; (i) agricultural imports can be
replaced by local production, if the ecological conditions allow such a production or if
an acceptable substitute can be produced; (ii) agricultural exports can be increased. It
ie obvious that in the first case the funds required for the import of these commodities will
not only remain in the country but much of the money will remain among the rural community.
Higher purchasing power of the local population will again be the consequence which will
eventually help to create additional local industries. On the other hand, if imports can be
replaced by local production, the foreign currency which might be required to purchase
agricultural commodities abroad,can be used to buy investment goods which are more productive
than food importa.

Higher production of agricultural commodities for export represents an additional source
of foreign currency, although the economice of these exports depend upon the fluctuations of
the world market.

Activities in fertilizer use development create and increase the demand for fertilizers.
To be economic, a fertilizer production unit has to have a certain minimum output which in
turn should be related to a minimum home market. If the local demand for fertilizers has
reached that minimum level, local production can eventually be envieaged if all other pre-
conditione can be met. o

A production of food crops which exceeds the average annual consumption helps to maintain
a certain stability of price. A surplus can sometimes be stored and used to stabilize prices
in years of poor harvests, generally caused by bad weather.



EFFECTS OF INTENSIVE FERTILIZER USE ON THE HUMAN
ENVIRONMENT

by
FAQ

INTRODUCT ION

During the last two decades fertilizers have become indispensable for growing crope to
feed increasing populations. Between 1550 and 1970 world fertilizer use has quadrupled and
it is expected that this upward trend will continue,

The increasing use of agro-chemicals has not passed unnoticed and concern has been voiced
about the posmible mide—effeocts of intensive fertilizer use on the human environment.
Coneidering the importance of applied plant nutrientes in stepping up agricultural production
it is imperative that any conclusions on the relationships betwsen fertilizer use and the
quality of the environment be drawn on the basis of fact. To obtain first-hand information
on the results of research and experimentation the Food and Agriculture Organization of
the United Nations (FAQ) convened a consultation on this subject in Rome to which a group of
experts working in this specific field were invited.

The consultation was held in FAO's Rome Headquarters from 25 to 28 January 1972 and was
made possible by financial support received from the Swedish International Development
Authority. This genercus assistance is most gratefully acknowledged.

Expert advice was sought from countries where fertilizer consumption is relatively high
gince any ill-effects will first appear in areas where fertilizers are intensively applied.
Information was aleo obtained from research carried out by the nitrogen, phosphate and
potassium fertilizer industries.

The findings of thise cunuultntinnlfindicaxu that the effects of intensive fertilizer use
on the environment are mainly popitive. It became apparent that when fertilizers are applied
correctly contribution to the nutrient content of surface— and groundwaters is small in
proportion to nutrients derived from other sources. Where detrimental effects were observed,
they were mostly due to improper use of fertilizer which could be corrected by ratiocnal moil
management practices. In this respect it was noted that the amounts of fertilizers at present
used in developing countries are still very low and that local excesses in some of the
industrialized countries should in no way prejudice the intensification of agricultural
production in the developing world.

FAO will use the material described here in the development of ite fertilizer-use programme,
The contacts established with research organizations will be maintained so that the most up—
to—date information on effects of fertilizer use on the environment can be made to serve
agricultural development.

lf The full repert of this consultation has been issued as FAQ, Soils Bulletin No. 16, Rome,
1972.



A SUMMARY REVIEW

Several countries in Europe and North America have been using fertilizere heavily for
a number of years and partiocularly since 1945. This high level of fertilizer application is
essential to supply the necessary food for increasing populations and to meet higher demands
for animal and plant products. Effects of fertilizer use on the environment would be revealed
first in countries where fertilizers have been used intensively for some time and where
consumption is steadily rising. The experience gained in such countries is used below to
agsess the impact of fertilizers on the human environment, and the development of methods
for recognizing and minimizing any undesirable consequences which may be produced.

High densities of human population combined with intensive crop and livestock production
have led to the production of organic wastes at a rate too high for natural processes to
convert it into ecologically safe compounds. Therefore, both direct and indirect effects of
intensive fertilizer use have been reviewed.

Side—effectes of an increased food supply

The greatly increased production of food from farms in Europe and North America has
involved both the introduction of crop vorieties capable of giving considerably greater yields
under conditions of high soil fertility, and the upgrading of livestock to give either higher
yields of milk or eggs, or much faster growth rates under conditions of high nutritive fodders.
Thus the extensive use of fertilizerms has had the direct effect, in many farm areas, of
greatly expanded numbers of animals fed on diets of much higher nutritive value than in the
past, Both crops and animals leave residues behind, but while a large proportion of crop
residues that are not consumed by animale tend to bte low in nitrogen and to have most of their
mineral elements present in relatively insoluble forms, those from animales tend to be high in
urea and decomposable organic nitrogen compounds, and much of the mineral elements are present
in a relatively soluble form. Furthermore, the typical animal fodder crops are graes, grass—
legume or pure stands of pasture legumes which tend to build up the humus content of the soil
while arable cropping tends to lower it.

A greatly increased animal population on farme can have undesirable effects on the
environment unless very strict precautions are taken. A dairy cow produces about 15 times
as much dung as a human being, so quite a small dairy herd will produce as much as a
moderate-sized village. Further, the herd is usually kept in a yard for part of the year,
or part of the day, so that there will be a large concentration of dung and urine in a
relatively small area of land. As long as the animal population per hectare on the farm
is low, good management in the farmyard allows most of the animal excretion to be returned to
the land at & relatively low rate of return per hectare, and the losses from the farm need
not be very large. PBut the problem of disposing of the manure becomes very much more diffiomlt
once the number of animals per hectare exceeds a tertain threshold value, and it can become
very difficult to prevent soluble inorganic and organic constituents getting washed into either
the groundwater or the ditches and streams draining the area.

The intensive use of fertilizers can benefit the environment indirectly in that, by
increasing coneiderably the yields of foodstuffes per hectare, it allows land of low inherent
quality, such as steep land, land with shallow soile, and land very susceptible to erosionm,
to be withdrawn from cultivation without appreciably reducing the total food production of
the region. The correct use of fertilizers eases the problem of erosion contrel on erosion-
sensitive land because a strongly-growing well-manured crop, properly managed, gives much
better protection to surface soil than a half-sgtarved crop. Soil wash can be a very serious
source of pollution of rivers and lakes, not merely becauss of the silting up of waterways,
but because the soil particles most easily washed off the surface are the fine clay and clay-
humus particles which are rich in plant nutrients, since they abeorb all those fertilizer
componente that soils can hold in relatively insoluble form. Uncontrolled water run-off from
gteep slopes or erosive soils aleo increases flood hagards during periods of heavy rain and
drought hazarde in periods of low rainfall since this water runs off the land instead of
percolating into the seil. . -



Side-affectas of fertilizer residues

Not all the nutrient ions in a fertilizer applied to a field soil are taken up by the
growing crop, and the fate of the remainder is very important in any discuseion on the
effects of their long-term intensive use. Thres things can happen to these residues in
the soil: they can remain in the so0il, they can be removed in the water leaching through
the soil or running off the surface of the soil, or they can be lost to the atmosphere by
volatilization. The relative importance of thege depends on the physico-chemical and
biological reactions the ions take part in.

Phosphate anions

When a water-soluble phosphate fertilizer is added to a soil, the phosphate portion im
rapidly converted into forme having a very low solubility in the soil water, unless the moil
is an almost pure sand or peat low in active iron or aluminium ione. Thus, although the
solution diffusing out of a pellet of granular superphosphate placed in a moist soil has a
phosphete concentration of about 4 molar (120g/1), its concentration a few millimetres from
the granule will probably be about 10-3 to 10-6 molar (300-30 ug/1), that is, about a
million times more dilute. Phosphate is, in fact, an example of a nutrient ion that im
extremely immobile in the soil, It is abeorbed very strongly by eurfaces of iron,
aluminium and manganese oxides and hydroxides; it is abeorbed by clay particles; and it
is precipitated by calcium ions to give calcium phosphates such as hydroxyapatite or, in
calcareous soils, calcium octaphosphate. Thua, insofar as fertilizer phosphate is not
removed in the harvested crop, it remains in the soil except when the soil is washed off
the land by run-off, or exceptionally, if heavy rain falls shortly after the phosphate has
been applied to a wet soil surface. Phosphate can, however, occur in higher concentrations
in the soil solution of some inundated soils, and high levels of phoaphate fertilizer given
to swamp rice may raise the concentration of phosphate in the drainage water to levels
appreciably above that coming from better aerated soils.

Crops may, in the first year, remove as much as 20 percent of the phosphate added, if
growing in a ecil low in phosphate and if the phosphate is placed close to the plant, but
in normal well-farmed land considerably lower recoveries are more common., Since many
progressive farmers add phosphate to their soils every year or every second year, the
phosphate status of their soils is now high and they use their phosphate fertilizers either
on crops requiring a high level of soluble phosphate for high yields, such as potatoes, or
to maintain rather than increase the present satisfactory levels.

It wae concluded that only a negligible proportion of fertilizer phosphate is leached
from soils into the drainage water, since it is very immobile in most soils, Fertilizer
phosphate will, however, be carried into rivers if adsorbed on any soil particles carried
off the land by soil erosion, and as soluble organic wastes via fodder plants and the bodies
of livestock.

POTASSIUM CATIONS

Almost all potassium fertilizers in use are very soluble in water, but once dissolved
in the soil water, they also are subject to absorption by the soil particles., But they are
held by a different process from phosphate, for they take part in cation exchange. When
potassium ione are absorbed by a clay or humus particle, an equivalent amount of other
cations are displaced into the solution. In normal fertile moils the displaced cations
are predominantly calcium although they will usually include some magnesium in addition.
But these ions are held much less tightly than are the phosphates, so that the potassium
ion concentration in the soil solution is usually in the range of 10-4 to 1075 molar,
though on soils well supplied with potassium it may rise to 103 molar. If the level of
exchangeable potassium is increased by adding a potassium fertilizer, it is commonly found
that a proportion of the added exchangeable ions is converted to a form that is much less
accessible to the soil solution — the ions are said to be fixed — and thie fixation takes



place within the layers of micaceous and vermiculitic clay particles. Since most soils
that are not exclusively composed of very strongly weathered minerals contain these types
of clay, they have a great ability to hold potaessium when soluble potassium salts are
added to the soil.

Added potassium that is not taken up by a crop is, in consequence, not very mobile in
soils containing much clay. On clay and loam soils it is unlikely that any appreciablel
amount will move more than 50-70 centimetres below the depth of incorporation. Some crops
will, however, take up large amounts of potassium from a soil. Thus, grass crope will
remove very large amounts of potassium from the soil if the harvested grass is removed
completely. Cereal straw is also fairly high in potaseium - although much lower than
heavily-manured grass — as are the leaves of many fodder plants, so that a large amount
of potassium may be in cycle on farms feeding their crops to livestock. Since most of the
potassium excreted by cattle and pige is in the urine, there is a tendency for there to be
large potassium losses from the farm in the ligquid manures that get washed away from
farmyards and dairies.

It was concluded that only a small proportion of fertilizer potassium can be lost by
leaching because most soils hold added potassium sufficiently strongly for only little to
enter the poil solution.

CALCIUM AND MAGNES TUM

Insofar as the use of nitrogen fertilizers increases the amount of nitrate leaching out
of the moil, thie nitrate will be loast ae caleium and, to a lesser extent magnesium nitrate,
Their use, therefore, involves the regular application of liming materiale to non-calcareous
80ile, in order to restore the extracted calcium and magnesium in the soil and thus prevent
acidification.

NITROGEN FERTILIZERS

The effects of adding nitrogen fertilizers to soils on the movement of soluble nitrogen
compounds through the soil are complex. The typical nitrogen fertilizers of commerce are
urea, ammonia, ammonium salte and nitrate salts; although there is a very restricted use of
proteinaceous residues such as wool waste, dried blood and some types of meat and bone waste.
In addition, on farms on which livestock are kept, there is likely to be a return of farmyard
manure or slurry to the land. Under normal farming conditions, on well-drained soils when
the soil is warm, all soluble nitrogen compounds are usually fairly rapidly oxidized to
nitrate, and nitrate is not absorbed to any appreciable extent by soil particles. It is,
therefore, all present in the soil solution, and will diffuse fairly rapidly through the
soil solution, including that within the very fine goil pores.

Some fertilizer nitrogen can be lost to the atmoaphere by volatilization of ammonia
shortly after it has been applied. When anhydrous ammonia is being injected into a soil,
a certain proportion is often not absorbed by the soil but escapes into the air. Again, if
urea is spread on the surface of a damp soil with a pH above 6, and the weather remaine dry
after spreading, it will hydrolyze to ammonium carbonate, which will decompose, giving off
ammonia to the atmosphere; and the same loss occurs if ammonium sulphate is spread on the
gurface of a calcareous soil.

The nitrate can be removed from the soil in four ways: it can be taken up by the crop,
it can be taken up by the soil microorganisms and converted into humus, it can be washed out
of the soil as nitrate, or it can be denitrified and lost to the atmosphere either as
nitrogen gas or as oxides of nitrogen, principally nitrous oxide N20.

The technical difficulties in determining the fate of the added nitrogen are, first,
that it is not usually possible to determine either the amount of nitrate being leached out
of the soil or the amount that is denitrified in normal field soils; and secondly that only
a part of the nitrate present in the soil is derived from the fertilizer, for a portion - and
in some systems the greater portion - has been derived from the decomposition of some of the



goil organic matter. PFurthermore the total amount of nitrate produced in the soil during the
growing season is small compared with the total amount of organic nitrogen it contains, and
it cannot usually be determined from the change in the total soil nitrogen over the season
as it is of the same order of magnitude as the sampling and analytical errors in the total
soil nitrogen determinations.

This problem is complicated still further on most farmerse carrying livestock because a
proportion of forage crops are grown which include leguminous plants such as clover or lucerne,
often admixed with grass. These plants have nodules on their roots which fix atmospheric
nitrogen, converting it into organic compounds, and some of these are left in the soil. It
is common practice for farmers using this type of cropping not to give any nitrogen fertil-
izer to the first crop after the forage crop has been ploughed in, and even then the amount
of nitrate released is more than the crop can take up. In addition, it is now possible to
prove that blue-green algae fix atmospheric nitrogen in many arable socils and non-symbiotic
nitrogen-fixing bacteria are operative in both arable and grassland soils. A proportion
of these organic nitrogen compounds are relatively easily oxidized in the soil; even on
farme growing no leguminous crope, a portion of the nitrate present in the soil solution
may have been derived bioclogically from the air.

These complications have the consequence that it is not yet possible to prove conclu-
sively what proportion of the nitrates in streams draining out of well-farmed land has been
derived directly from nitrogen fertilizers added to the soil. The evidence from changes in
the nitrate content of river waters over the last 10 to 20 years, in regions where fertilizer
use has been greatly increased, is poor and inconclusive - poor because of the relatively
few streams and rivers draining predominantly agricultural areas whose flow has been gauged
and whose water has been regularly analyzed, and inconclusive because the resulte obtained
from the few long—term records of rivers sc gauged and analysed have not been coneiastent.
Thus research in Great Britain has shown that of the 18 rivers for which records are
available, the correlation coefficient between the amount of nitrogen fertilizer estimated
to be uged in their catchments and the nitrate leaving the catchment in the river was over
0.7 for only four, but one of the largest of these coefficients (r = 0.9} was negative,
which means that the increasing use of nitrogen fertilizer appears to have decreased
significantly the amount of nitrate leaving the area.

However, thie method of judging the effect of nitrogen fertilizer is invalid unless it
can be proved that the only factor affecting the nitrate content of river water is the
change in the amount of nitrate draining out .of fields due to the use of nitrogen fertilizers.
This ie naturally very difficult tc prove, but the poesibility that this assumption is wvalid
cannot be ruled out, because the nitrate concentration in the water of some rivers was
higher in winter when the flow was high than in summer when it was low; and this is
probably a reflection of the concentration of nitrates in the soil water. The reason for
the nitrates being higher in winter than in summer is that few English arable soils carry
an actively growing crop in late autumn or early winter, yet the soil temperatures are
adequate for a moderate rate of nitrate production, and this nitrate accumulates in the
soil and in part washea out after enough rain has fallen to wet the soil profile, In
summer, the land is carrying an actively growing crop, so that although nitrification is
taking place more rapidly than in winter, the crop is drawing strongly on this supply. Thus
in western Europe, nitrate losses from the soil are much larger in winter than in summer,
and ingofar as the drainage waters are not being impounded in reservoirs for long periods,

the periods of high nitrate concentration in the water tend to occour when the water is cold
and algal activity low. These winter losses of nitrates can be reduced if a fast-growing
catoch-crop is planted directly after the main wheat or barley crops have been harvested on land
that is to be spring sown. However, there was a clear indication that for one English river,
in a year with an abnormally wet April, the peak of river flow due to this rain was also a
peak of nitrate concentration in the water, due almost certainly to some of the nitrogen
fertilizer applied to the land in March or early April being washed out of the soil by this
hﬂm" rain, *



Very little is known about the losees of nitrate from soils by denitrificatiom. All
attempts at drawing up balance sheets for the fate of fertilizer nitrogen applied to crops
growing in lysimeters show that, for most soils, a considerable amount - usually around
one third - of the added nitrogen cannot be accounted for and is presumed to have been lost
by denitrification. Present kmowledge on the biological and biochemical processes responsible
for denitrification is concordant with the existence of appreciable losses because the first
effect of a restriction of oxygen supply is for all the soil nitrate to be reduced to gaseous
forma before reduction of ferric to ferrous iron can begin. Field soila are likely to contain
many volumes or pockets of soil that rapidly become anasrobic during wet weather, due to
compaction by tractors and oultivation and harvesting machinery, so that denitrification can
take place actively at intervals during the growing season even in soils that appear to be
well drained, Denitrification studies in lysimeters are likely to underestimate the amount
taking place in the field, due to neglect of these isolated volumes of compacted moil. This
subject of the amount of denitrification taking place in the field, particularly under
conditione of high nitrogen fertilizer uase, is in urgent need of more intensive research.

It was concluded that nitrogen is the most likely fertiligzer element to be leached out
of the soil, but there was still no good evidence that its use has had any appreciable
effect on the composition of river waters. It was recognized, however, that it is
technically very difficult to interpret changes in the nitrate content of drainage
in terms of changes in nitrogen fertilizer use, due to our present inability to measure
sufficiently acourately the ratio of biclogical nitrogen fixation, the rate of oxidation
of soil organic nitrogen to nitrate, and the rate of reduction of nitrate to nitrous oxide
and nitrogen gas. The problem is complicated still further if livestock are kept, for
some of the nitrates draining out of the farm will have been derived from their wastes.

Effecte of fertiligers on food it

Fertilizers, and particularly nitrogen fertiligers, will raise the nutritional value of
grass for livestock feed; and very high amounts of nitrogen fertilizer can be effectively
converted into grass protein during a growing season, provided the water supply is not
limiting growth, But, in general, the application of fertilizers to well-farmed land has
little effect on either the nutritional quality or the flavour of crops grown for human
consumption; and insofar as they have an effect, they are more likely to raise than to
lower the nutritional value of food. This is because adding a nitrogen fertilizer, for
example, tends to raise the protein content of the crop, though it may not raise the
content of all the constituent amino-acide in the same proportion. In the same way,
adding a phosphate fertilizer may raise, but will not lower, the phosphate content of
the crop. The effect is usually small and rarely of economic significance. There are,
however, examples of nitrogen fertilizers, applied at the proper time, increasing the
market value of a crop due to the increase in protein content.

The heavy use of nitrogen fertiliszers on crops when the leaf is consumed can,
however, have an undesirable cffect. The effect of moderate dressinge is to increase
the content of leaf proteins - a desirable effect as they have a high nutritional
gquality; but at high dreesings, some of the nitrate takem up by the plant is trans-
located to the leaf and concentrates in the leaf petioles, presumably because the bio-
chemical processes for reducing nitrate and incorporating the nitrogem into amino-acids
cannot keep pace with the translocation from the soil. The consequences of high nitrate
on food will be discussed in the next section.

Heavy nitrogen use can have a number of other undeeirable consequences; it increases
the liability of crop leaves to attack by a number of peste and diseases; it increases the
tendency of cereals to lodge; and it may reduce the quality of the crop in an obvious
manner. Thus, too high a level of fertilizer nitrogen is likely to lower the storage and
cooking quality of potatoes, and it will make sugar from sugarbeet more difficult to refine.
In general, therefore, it is in the farmer's immediate interest to keep the level of
nitrogen used below that which will give these complications. But this does not apply
to the hortioulturist growing salad and leaf vegetable crops, for high nitrogen gives rapid
leaf growth and soft succulent leaves: characters which may have a positive market value.



The undesirable effect of nitrogen fertilizer on food quality, which may come from ite
profitable, short-term over-use, is primarily restricted to the high nitrate content that
it may cause in leaf vegetable and salad crops.

Consequences of high nitrates in water and vegetables for human health

A number of medical specialists have expressed concern about the undesirable effects of
a2 high nitrate intake on human health, and in particular on the health of babies up to about
4 months of age. The cause of the concern is due to the effects of nitrite on health, for
nitrate may become reduced to nitrite in the intestinal tract, which is then absorbed into
the blood stream. Babies below a uurtaiﬂ age may be unable to detoxify this nitrite, which
combines with haemoglobin to give mathnmuglohin and this reduces the capacity of the blocd
to transport oxygen. OSome medical specialiets have also claimed that, even for adults, a high
nitrate intake is undesirable because some of the nitrite produced may be converted to nitro-
samines, which could, in turn, cause some hazarda to health.

The panel of the consultation was not competent to discuss this problem since it con-
tained no medical specialists, but it noted the importance of a critically based assessment
of maximum permissible nitrate levels in drinking water and in food, particularly for babies.
It was also told that in the United States of America there is an important body of medical
opinion which considers a high nitrate intake by babies is not in iteelf directly harmful, the
harmful effect being due to the combination of a high nitrate intake coupled with gastro-
enteritis caused by coliform and doubtless other pathogenic bacteria. This view is, in effect,
that it is due to inadequately purified sewage.

In a shgrt written discussion on the hazards of nitrate in drinking water and
vegetables 2/ published in 1971, it was stated that, up to the time of writing, there had
not been any reports of nitrate poisoning asscciated with the ingestion of food high in
nitrates. It confirmed that in the United States no cases of methaemoglobinaemia had been
reported in babies using public water supplies, even when the nitrate content was in excess
of the limits set by the United States Public Health Service: all the cases reported
involved the use of unpurified private well water. ’

It was considered that, in view of the fears expressed by many doctors and environmentalista
lists, WHO should be asked to make a definite assessment of the hazards to health of various
levels of nitrates in drinking water and in vegetables. In the meantime, agricultural
advisers should be recommended to take special care in the use of nitrogen fertiligers,
leguminous crops and livestock wastes 4in critical areas where an appreciable hazard to
health might ariase,

Effect on the composition of river water: Eutrophication

A number of environmental scientists have claimed that the use of fertilizers on farm
land has seriously increased the liability of inland water to become euirophic, causing
pollution in lakes and reservoirs both by the algal pigments becoming distributed in the
water and by creating anaerobic conditions in the subsurface waters. The panel of the
congultation did not contain freshwater biologists, and could therefore only discuss in
gereral terms the conditions necessary for undesirable consequences of euirophication to
become important. They noted that eutrophication need not lead to pollution, and in fact
eutrophic waters can be very productive for freshwater fish.

y This was published in FAQ Soils Bulletin Ne. 13}, Rome, 1971, mee p. T5.
The Bulletin contained contributicns from the World Health Organization.
(WHO ), and was made available to all members of the panel of the

consultation



The harmful effects of eutrophication may be due to consequences of algae multiplying
rapidly throughout the depth of water which receives sunlight, or it may be due to
consequences of algal cells and simple aquatic plants multiplying rapidly on the surface
of the water, giving a green socum which very seriously reduces the amount of light
penetrating the water layera below the surface. This prevents algal cells in these sub-
surface waters from photosynthesing and excreting oxygen in the water, which keeps it
aerobic. Furthermore, when the plants die, their organic remains sink into the sub-
surface waters or fall onto the bottom where they are further decomposed by bacteria.
These bacteria set up severe anaerobic conditions in the water and excrete into it un-
desirable products of biological reduction processes. In addition, under some rare
conditions, a few species of algae suddenly bloom and excrete a brown pigment into the
water, which cannot easily be removed by the normal purification processes used by water
supply authorities.

The exact conditions that are required for these undesirable effects of eutrophication
to occour are not known. The mere presence of phosphate and nitrate above definite
threshold concentrations is not sufficient, for these effects can occur in waters of very
low phosphate content, although a number of workers consider that the phosphate content
is the most important factor contributing to the creation of these conditions. These
undesirable effects are not solely due to man's interference with the environment, for
they have cccurred in regions where man's activity has been minimal. However, it was
noted that algae have a demand for suitable carbon mources that is more than meveral times
their demand for phosphorus if they are to make active growth, so that a rapid growith of
algae can only take place in water having a large supply of carbon dioxide, and the most
likely source of this is from active decomposition of readily metabolizable organic
substances in the water. This suggests that water receiving farm wastes or inadequately
treated sewage would be much more likely to develop these troubles than water derived sclel:
from percolation through cultivated soils. It was considered very important for intensive
agricultural development that more research be conducted on the exact conditions required
for eutrophication troubles to occur, so that the essential precgutions that must be taken
on farme can be established, if farmeras are to play their full part in minimizing their
onaet.

Maximizing the efficiency of fertilizers

Insofar as fertilizers have any undesirable side-effects on the human environment,
these will be minimized if fertilizers are used with the maximum efficiency on the farm,
for this will reduce the tendency for their over-use. It is naturally in the farmer's
interest, as well as the environmentalist's, that research be continued on this problem
by agronomists; and in fact research on these problems has always been of major importance
in all crop and animal msbandry development programmes. Examples were heard of how the
use of the correct choice of fertilizer, correctly formulated, and applied at the most
appropriate time, can minimize the amount of nutriente that are liable to be washed or
leached into the drainage water. But it also noted that there are often serious practical
problems in giving fertilizer at a time when the maximum proportion will be taken up by the
crop, due both to the inability to make accurate long-range weather forecaste and to the
difficulty of applying the fertilizer without harming the crop.

These difficulties can, in theory, be overcome if fertilizers could be developed in
which the nitrogen was held in an insoluble form in the soil, but which released their
nitrogen as nitrate into the soil eolution during the growing season at a rate comparable
1o the needs of the crop for nitrate. Compounds of this type, or nitrogen fertilizers
formulated with suitable inhibitors to achieve this purpose, are known as slow-release
fertilizers. There are still no satisfactory slow-release fertilizers available for
general farm use, but this is a problem which is actively being studied both by the
fertilizer industry itself and official laboratories.



The recycling of livestock and human organic waste on the farm

Attention was repreatedly drawn during the meeting to the problem of dispoeing of the
waste products of livestock without cuasing pollution in the drainage of run-off water
leaving the farm. Soluble waste organic matter from manure heaps, for example, will carry
considerable amounts of phosphate with them, and insofar as more intensive farming
increases the phosphate content of the water, this will be due much more to phosphate
derived from manure than from fertilizer. As an example of the amount of phoaphate in
cycle on western European farms, it was noted that the total phosphate content of the
fodder fed to liveastock was 10 times greater than in the food consumed by the human
population. If the nutrients in livestock wastes could be efficiently recycled on the
farm, it would be of great importance for the conservation of some of the world's
exploitable natural resources, and particularly of the phosphate resources.

The great difficulty in recycling the nutrients in livestock wastes is the prevention
of poluble organic compounds getting into the drainage ditches and streams, for this
causes very serious pollution. The spreading of manure or slurry on frozen or wet soil
in winter or early spring is very likely to be the cuase of run—off of these soluble organic
wastes; but when the surface becomes dry in late spring or early summer, there is commonly
little land available on which these wastes can be ppread, If the bulk of organic work is
reduced by aeration treatment transforming organic N partly in NO3, its application to
g20il may result in N-losaes by denitrificationy and it may turn out that with intensive
livestock husbandry, attention should be concentrated on recycling phosphate and the other
mineral elements, and allowing most of the carbon nitrogen to be converted into gaseous
productes. It is quite clear that in future farmers following such aystems of intensive
livestock production will have to be prepared to spend much more money on the safe disposal
of these animal wastes.

In some regions sewage sludge, or decomposable household waste that has been composted
in a large municipal plant, is spread on the land, which helps to recycle the plant nutrients
in the organic wastes of modern human soclety. The probleme of this method: of disposal of
domestic and industrial waste were not discussed, as they did not come within the consulta-
tion's terms of reference, but it was noted that sewage sludges may contain sufficiently
high levels of heavy metals for their repeated use to poison the soil. Thus it is essential
* that, if a policy of sludge disposal on the land is to be adopted, all industrial electro-
lytic w astes, and other wastes containing potentially toxic elements in a soluble form, be
treated separately from normal town sewage.

CONCLUSIONS

1. Fertilizers are essential for high yields per hectare, and for bringing many inherently
poor soils into production.

2« The efficient use of fertilizers allows for the intensive cropping of high-quality land,
and the withdrawal of low-quality land from cultivation.

3. If fertilizers are used efficiently, there is no evidence that they lower the nutriti-
onal quality of food, and under some conditions they will increase it.

&a If fertilisers are used efficiently, and good farm practices adopted, there is no
evidence that they harm the soil.

5. The efficient ume of fertilizers involves the adoption of farm practices that will
allow the crops to make the best poasible use of the added fertilizere. These include
the correct choice of crop variety, plant population, time of sowing and planting,
adequate disease, pest and weed control and suitable soil conservation practices.
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The addition of phosphate fertilizers to socils has no biologically significant
effect on the phosphate content of the water leaching through a soil, unless the
soil is almost a pure sand, or is subject to flooding. However, if phosphate
fertilizer is added to the surface of a wet soll and heavy rain follows, some of
the phosphate may be carried off the soil with the run-off water.

The experimental evidence for theproportion of the nitrogen added in a fertilizer
that percolates through the soil into the groundwater and streams draining the
area is still poor. This is due to the technical difficulty of distinguishing
between the nitrates in the water that have been directly derived from the
fertilizer and those derived from other sources, especially from the minerali-

zation of soil organic matter. Thie latter source is often larger than the
former.

There is still inadequate evidence on the fate of surplus inorganic nitrogen
compounds that accumulate in the so0il when the amount of nitrogen added as
fertilizer is much larger than the amount taken up by the crop. This is because
of the complete lack of knowledge of the proportion of this surplus that ie lost
to the atmosphere by denitrification in different soils that appear to be well-
drained. However, if a nitrogen fertilizer is added to a soil in spring before
the crop has made appreciable growth, and sufficient rain falls to cause an
appreciable amount of drainage to take place, a significant propertion of the
nitrogen may be washed out into the drains or groundwater. This is also likely
to happen if much nitrogen fertilizer is added in late autumn or winter to
crops which are unable to take up much nitrogen at that time.

Very heavy use of nitrogen fertilizers on certain salad and leaf vegetable crops
may raise their nitrate content to undesirable levels.

Water running off the land may carry away fine particles from the soil surface which
have absorbed nutrients of the added fertilizer and thus enrich the nutrient content
of surface waters. The use of fertilizers therefore should be combined with proper
goil conservation practices.

The importance of fertilizer for agricultural production warrants support being given
to a continued monitoring of its effects on the environment, sc that, should any

unforeseen undesirable consequences arise, suitable action can be taken to minimize
them.

RECOMMEN DAT IONS

As a result of its deliberations the expert group recommended that:

FAO should continue and expand its work of promoting the efficient (and correct) use
of fertilizers, to help combat malnutrition by the increased production of high-

quality, nutritious foodstuffs, and so help raise standards of living throughout the
world.

FAO ghould draw the attention of land-use planning officerm to the possibility of
withdrawing marginal land, and land very liable to erosicon, from cultivatiom, by
increasing production of foodstuffs on high-quality land through the efficient use
of fertilizers. Fine surface soil particles washed into rivers and lakes by ercaion
are a serious cause of pollution due to the plant nutrients they hold.

Experimental and extension workers should continue to develop, as a matter of urgency,
improved farm practices with a view to maximizing the uptake of nutrients added in

fertilizers, as, for example, through the use of high-yielding varieties of crops that
are alsc pest and disease resistant, and through the selection of the moet suitable fo
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of the fertilizer, and the most suitable methods of application. In the case of
nitrogen fertilizers, more research is desirable on the development of elow-acting
nitrogen fertilizers so formulated that the rate of release of their nitrogen as
nitrate during the growing season corresponds as closely as possible with the rate
of uptake by the crop required for optimum production.

More attention should be given to the consequences for the enviromment of changing the
system of agriculture, due to the increased use of fertilizers. Two problems in
particular need attention: the effect of such a change on the level of soil organic
matter, and on the disposal of animal wastes when a more intensive system of livestock
husbandry is introduced. It is especially important to develop systems which allow
the recycling on farms of the nutrients present in the animal wastes, and if possible
in municipal wastes also, in such a way that there is a minimum risk of the organic
wagstes themselves entering the drainage system.

Cooperative research projects should be developed between agricultural and nutritional
scientists on the effects of the level of fertilizers used, and on the methods and
times of their application, on the nutritional and market quality of foodstuffs. 1In
particular, there should be cocperative work between these groups and public health
and medieal authorities to establish acceptable limits for, for example, the nitrate
content of different foodstuffs.

Recommendations on use of fertilizers should take into account the undesirable effects
of their irrational use, particularly when it is excessively high on farms where
intensive livestock husbandry is practised, and where wide—spaced crops with a poorly
developed root system are grown. They should alsc take into account the possibility
that, in some areas,their rational use may cause depletion in the soil of nutrients
not contained in the fertilizers being applied.

More research should be undertaken to establish the levels in soils and plants at
which some heavy metals present in electrolytic and other industrial wastes become
toxiec to plant and animal life, and to develop methods for minimizing the harmful
effect of any of these metals ghould they begin to accumulate in the soil due to the
ugse of sewage sludge or from any other causes.

More attention should be given to research on establishing the complete nitrogen
balance—sheet for fields, with particular reference to the develcpment of new
techniques for measuring the magnitude of the various components. It ie especially
important that more work be done on measuring the losses of nitrogen by denitrificationm,
by leaching and by the volatilization of ammonia from soils.

More attention should be paid by reesearch workers to determining the sources of the
nutrient elements in all studies ¢on the nutrient content of surface- or groundwaters.

More research should be undertaken on the factors that control the population density
of algae and aquatic plants in water, to allow a more accurate assessment of the

conditions under which farm wastes and percolates may influence the size or rate of
multiplication of this population.

WHO should be requested to obtain the considered views of public health authoritiee

on the hazards to the health of a community of different levels of nitrate in the
drinking water, in view of the statement made that in the United States of America
high nitrates in the drinking water have only caused serious trouble in babies already
suffering from gasiro-enteritis caused by a bacillus coliforme infection.

Accurate and adequate ancillary data on the physical enviromment should always accompany
all research reports on the influence of fertilizer on the human environment. The type
of data needed for the proper appreciation of such reports should include a description
of the kind of soil and its condition at relevant times, the system of farming being
practised and the hydrological regime during the course of the experiment. 1In

particular, the correct names should be given to all the soils investigated in regions
where a soil survey has been made,



13.

Member governments should ensure that their agricultural extension services be kept
up—to—date on all research findings relevant to the optimum use of fertilizers, mso
that their farmers can obtain the maximum benefit from their efficient use, and also
that any possible undesirable effects from their misuse can be minimized.

FAQ should continue to play an active role in assembling information on this topic
and in pointing the way to improving the quality of the environment in an increasingly
densely populated world. The expert group welcomed the initiative of the Swedish
International Development Anthority in making this meeting possible and expressed the
hope that further support would be extended to this field of work.



FERTILIZER LEGISLATION

Extracts from the Draft Manuscript prepared by

Denis M. Mylonas l/

Need for fertilizer conitrol legislation

The importance of fertilizers for agriculture, for the national economy and for the
individual farmer is such that several states have, as early as the end of the 19th
century, taken legislative measures in order to control their production and use.
Fertilizer use is a continuous farming practice with a major influence on yields and
earnings. Small farmers are rarely in a position to examine the quality of a fertilizer
and must trust the information supplied by the producer. Given that serious damage can
arise from the use of adulterated or inapporpriate fertilizeras, the quality of which
cannot, in any case, be checked after they have been incorporated in the soil, certain
means of preventive gquality control become necessary. Fertilizer producers have, as a
rule, all facilities necessary for controlling both raw materials and product and they
have ne need for special protection from the legislator. Such protection is necessary,
however, for the consumer of fertilizers, and fertilizer production and trade need to
be controlled by law.

Initially, when production and consumption of commercial fertilizers were limited to
a relatively narrow range of types, the purpose of the legislation was mainly to protect
the purchaser from poseible fraudulent practices of the manufacturer and dealer. Thus,
fertilizers sold under a given name were required to contamin such nutriemt elements and
in such percentages either as prescribed by the law or as declared by the manufacturer
himeelf and accepted by the state authorities. Certain variatioms, within strioct limits,
were tolerated by law. Recent scientific and industrial developments in chemistiry and
agronomy, not to mention commercial competition, have resulted in a multiplication of
fertilizer types. This has added a new dimension to the protective role of fertilizer
legislation: to provide for the protection of the purchaser againset fertilizers which,
although they contain the declared elements in the declared percentages, are of little
or no benefit to the soil or the crops. The real value of certain modern fertilizers
can, in fact, be ascertained only after a series of complex and time consuming experiments,
and it is the function of the law to allow legielation only if such experiments have
already proved the efficacy of these new types.

Furthermore, the need arises to protect mgriculture, as such, from poseible harmful
substances contained in fertilizere and to guarantee the consumer of agricultural producta
a high quality. Finally, today, when the issue is s0 extensively discussed in all gquarters,
protection of the environment from undesirable effects caused by incorrect use of fertili-
zers, becomes one of the functione of fertilizer legislation.

National fertilizer laws do not always satisfactorily cover all these pointa. The
last point, partioularly, has been inadequately covered, at least, in the major legal
texts. Many developing countries still have not enacted a comprehensive body of legal
texts regulating fertilizer production, import or trade.

It should be borne in mind that the enactment of legislation is the result of a sirongly
felt need in a given national context to regulate a vital sector of the national life and
economy, and now that the production, import and use of fertilizers is developing from day
to day, the need will also be felt in these countries for the introduction of modern law
texts covering the more recent aspects of fertilizer trade and use.

lf Consultant in Fertilizer Legislation



Form of fertilizer legislation

Fertilizer laws typically follow a linear pattern from an original enactment of broad
scope and in general terms through a succession of more specific texts often amending what
has gone before. The lapse of time between one enactment and the next varies and rarely
does one find the basic Act followed by Regulations written that same year.

The original general text, usually does not deal only with fertilizers: it often
regulates other issues of a related nature such as animal feedstuffs or chemical farm
requisites., Typical of thie is the Swise legislation. The mequence starts with a very
broad text, the Federal act relative to the improvement of iculture and the maintenance
of the peasant population (Agriculture Act of 3 October 1951), the title of which is melf-
explanatory. The "Ordinance on trade in agricultural auxiliary materials" of 4 February
1955, amended by Order of the Federal Counecil of 3 November 1959, issued pursuant to
articles 4 and 70 to 76 of the Agriculture Act specifically governs trade in agricultural
requisites, including fertilizers; the section on fertilizers in the Handbook of
agricultural auxiliary materials promulgated by the Federal Department of Finance of
3l January 1962, as amended on 26 May 1972, deals exclusively with fertilizers as do
also the two Orders of the Federal Council of 10 July 1964 on the constitution of
regerves of phosphate and potassium fertilizers.

The Bgyptian legislation illustrates the opposite case. Here a single Act governing
trade in fertilizers (enacted on 15 February 1956) was followed by the enforcement
Regulations, which were issued exactly one month later.

The two examples illustrate extremes of legislation procedure. The number of texts
or the time elapsing between the dates on which they were enacted are matters of little
consequence. What is important is the division found in all the countries studied
between a basic legal text, usually called Law, Act, Decree, Ordinance, etc., and, as it
were, a secondary legal text, enacted under the first and by virtue of the powers
conferred by it. These are the Regulations of the Law, Act, etc.

The first text sets out the legal principles which govern the manufacture, marketing,
sale, etc., of fertilizers. It prescribes what must be done and institutes penalties for
nonobservance of its provisions.

The second type of text explains how the principles set out by the first shall be put
into practice. These texts include the technical instructions necessary for the enforce-
ment of the basic law and provide the details which camnnot be contained in an instrument
the main purpose of which is to establish principles. But, even so, these technical
ingtructions are sometimes rather difficult to incorporate into a legal text. The more
usual practice is therefore to produce them in annexes to the Regulaticns. These annexes
or "Schedules" in the English legal terminology are increasingly found in recent legislations
not only in Common Law countries but Belgium, the Federal Republic of Jermany and others.

Another difference between the basic text and the Regulations concerns the issues they
cover, The basic text seldom governs only fertilizers; more often it regulates the
manufacture, importation and sale of other products intended for agriculture. Thus, in
El Salvader, the basic text covers chemical and biochemical products for use in crop and
animal hugbandry; in Belgium, pesticides and requisites for agriculture, horticulture,
gilviculture and stockbreeding, in France,fertilizers and pesticides; in India, all the
essential commodities; in Kenya, fertilizera and animal feedstuffs; in Malawi, fertilizers,
farm feeds and remediesj in Italy, all producte essential for agriculture; and in the
United Kingdom, fertilizers and feeding stuffs. In Egypt, however, in the Pederal Republic
of Germany and in New Zealand the basic Act covers only the production of, and trade in,
fertilizers.



Regulations on the other hand tend to be different for each item (fertilizer, feed-
stuff, etc.) or, in the case of Regulations covering two such items, as for instance in
the United Kingdom, different provisions, or different parte of the echedules, or different
schedules, set out the technical points relevant to each item.

A further difference between the two sources of fertilizer Regulations discussed here
(the Act, Law etc., and their Regulations) is to be noted in the enacting authority., Thus,
while the first normally emanates from the legislative body (parliament, general assembly,
legislative commission, etc.), the second is issued by the appropriate executive organ
{council of ministers, federal council, minister etc.) of the country.

Socope of Regulationa

The main reason for the enactment of fertilizer control legislation is the protection
of the fertilizer user and through him of the agricultural economy of the natiom.

Fertilizer use in various countries has greatly increased in recent years, at the same
time, experiments, technical development and scientific progrees have resulted in new and
more complex types of fertilizer often intended for specific plants, soils or climatic
conditions. But if the farmer and his farm are to profit from these new fertilizer
varieties, a delicate and precise combination of fertilizer materials within a container
must go together with a simpleand easily understood description of the content and its use
on the outside of that container. Furthermore, the composition of the fertilizer offered
for sale must comply with the approved official standards and must really contain the
elements which the label on the container indicates. The containers must be of a material
that not only protecte the product iteelf againet deterioration due to weather conditione,
but also protecte the user and the environment against the possibly harmful substances the
product may contain. The legislator must accordingly concentrate on the following issues:

(a) Control of the various types of fertilizer offered on the national market

This is normally achieved either by requiring the registration of the article
offered for sale with a government service (usually the Ministry of Agriculture)

or by establishing a comprehensive list of registered fertilizers and restricting
production and sales to products named in that list. The setting of standards

of composition as well as the reguirements of a licence for fertilizer manufacturers
or sellers also offers a means of effective fertiligzer control.

(b) Guarantees for the purchaser

Thie issue concerns the various provisions regarding the packaging and labelling of
fertilizere as well as the statutory statements and other advice notices which the
seller must convey to the purchaser at the time of sale.

(¢) Enforcement

Thie is done by appointing control officers, by authorizing the inspection of
premiges where fertilizers are stored or offered for sale and by establishing

methods of sampling and analysis.
{d) Penalties

To punisgh contraventions againast provieions regulating the above mentioned matter.



Dafinitions of Fertilizers

Before any provision regulating these issues is drafted, the national legislator has
to decide what is understood by fertilizer or what should be included in that term.

From a technical standpoint, a fertilizer is any substance that is added to the soil
to supply those elements which are required for the nutrition of plants. Generally the
term 'fertili zer' is used for 'fertilizer material or carrier', meaning any substance
which contains one or more of the essential elements (carbon, hydrogen, oxygenm, nitrogen,
phosphorus, sulphur, calcium, magnesium, potassium, iron, manganese, molybdenum, copper,
boron, zinc, chlorine, sodium, cobalt, vanadium, silicon).

Control of types of fertilizer offered on the national market

The reason for control is mainly to protect the fertilizer consumer (farmer) from
fraudulent practice and through him to protect the national economy which will have to
bear the results of bad agricultural production due to the use of an inadequate, or wrong
type of fertilizer. It must be added here that measures of control alsc provide protection
for the honest manufacturer who otherwise would have to suffer from the unfair competition
of the dishonest producer, The ultimate aim of the control measures is to secure for the
uger a product with the correct quality for the intended use. Control measures are
therefore primarily quality control measures.

Legal provisions regarding products

Legal provieione may require either that all articles offered to the user as
fertilizers are registered with a central service (governmental or under government
control) or that only those articles can be offered for sale which are listed by the
law, normally the Regulations made under the basic Act.

Legal provisions regarding manufacturers and dealers

While certain countries have set up very strict regulations regarding the authorizationm
of manufacture of, and irade in, registered or approved fertilizers, others do not seem to
consider such an authorization or imsue of particular importance. In fact, the matter is
cne related to the country's policy on fertilizer contreol. If strioct control is thought
necessary, then those directly involved in the production, import and general trading in
fertilizers must be known to a central service in order that the competent authorities
ghall be able to follow and control their professional activities as far as fertiliger
production and trade is concerned, and these agents should then be properly registered
and should be obliged to apply for a licence before undertaking any such activity.

Standards of composition

The way in which standards of fertilizer composition is dealt with by national
legislation depends mainly on the method adopted by the country in regulating the contrel
of fertilizers put on the national market, If the method ie that of the comprehensive
list of pre-registered fertilizer, then the list itself, in an appropriate column, gives
certain indicatione as to the compeosition of the product.

Guaranteea for the Purchaser

The control measures which we have discussed in the previous section can do no more
than ensure that the fertilizers manufactured in a way complying with the relevant legal
provisions are in conformity with the established standarde and are suitable for use.
This, however, is not enough. The ultimate purpose of the fertilizer is that it be
applied to the appropriate soil, under the appropriate climatic conditione and will supply
the neceasary nutrient elements to the appropriate kind of plant.



This will not be so if two main pointe have not been taken care of: that the purchaser
knowe as clearly as possible what he is buying = that is to say, the exact type of the
fertilizer contained in the package he buys - and also the potential uses of the product
and what quantities might be used for a certain kind of crop in a given area under given
climatic conditions; that the product, manufactured according to prescribed standards
will not lose its spacific qualities by the time it is used ae a result of bad storage
conditions, tampering with, unsuitable containers, etc.

Enforcement

The enforcement of fertilizer legislation is vested with national government services
or administrative bodies and officials who sometimes are especially designated for the
purpose but more often have functione that are much wider, quality control of fertilizers
being only one part of them. Appointment of control officers as well as their relation to
the service responsible for fertilizer control enforcement will be further discussed below
under the section entitled "Institutional Aspecta".

Enforcement measures consist mainly of three activities closely related to each other:
inspecting of premises where fertilizers are produced, stored or offered for sale or
examination of books and other documents (invoices, statutory statements, etc.) related to
the manufacture and trade of fertilizere; sampling of fertilizers; and analysis of the
samples thus taken., The various national legislations regulate these three activitiss
in a substantially similar way. Inspection, as a rule, is not dealt with in an extensive
manner but is covered by provisions contained in the baeic laws and the regulatione of the
countries concerned. Sampling is aleo regulated in these texts but detailed descriptions
regarding the method of taking and dividing samples are usually found, if they are given
at all, by the national legislation, in schedules of the regulations. The same is true
also of methods of analyasis.

Penalties

Contraventions of the legislation on fertilizers incur, as a general rule, the
punishment of the person responsible, in the form of a fine and/or imprisonment and of
administrative proceedings regarding the product itself.

The fertilizer legislations of various countries foresee their own systems regarding
penalties. It is nonetheless possible to identify two broad categories according to the
body responsible for the administration of the penalties, sub-divided into two further
categories, according to how sanctions are meted out for the various offences. BSpecial
categories of sanctions also exist, viz. the so—called administrative panctions, and
penalties for offences indirectly relevant to fertilizers.

a. Authorities inflicting penaltiesi

Under this aspect, the countries can be divided into two categories: those which
establish that contraventions of the fertilizer legislation are tried and sanctioned by
the relevant court, and those which leave these sanctions to be applied by govermment or
administrative bodies.

b. Number and amount of penalties

In applying this criterion, countries can be divided into two further categories:
those which institute different penalties for the different offences regarding fertilizer
legislation and those which provide for the punishment of any of these offences by the same
penalty.

c. Administrative sanctions

These are applied in several cases either to supplement penalties, or irrespective of
these. Such sanctions usually take the form of the withdrawal of a licence, suspenaion of



the operations, cancellation of the product from the registry, seizure or configcation of
fertilizers and even the destruction of products where these are known to be spoiled or
toxic.

de Penalties for acts indirectly relevant to fertilizers

These are also instituted in certain countries and refer generally to the unauthorized
disclosure of information regarding secrets connected with fertilizers, e.g. their analysis,
manufacture, trade, etc.

From what precedes it will be clear that the main offences contemplated by the various
national fertilizer laws and made the object of sanctions are those related to: a) the
quality of the fertilizer manufactured, imported or sold (compliance of such fertilizers with
the prescribed standards of the labels and the statutory statements which accompany them)
and b) the enforcement of the provisions of the law (obstruction of inspectors and sample
takers, misleading or false information regarding fertilizers, withholding of relevant
documents, etc. ).

Ingtitutional aspects

The administration of the legislation on fertilizers ia, as a rule, entrusted to the
Ministry responsible for agriculture in the respective country.

In countries with a federal structure, even when the fertilizer legislation applies
to the whole of the federal territory, the individual states are made responsible for the
administrative matters resulting from thege provigione. The services of the appropriate
Minigtry are then authorized to appoint the enforcement and contreol officers such as
inspectors, samplers and, less frequently, analysts, %o register fertilizers and manu-
facturers, importers of or dealers in fertilizers and to issue the prescribed licences.

In certain cases, however, some or all of these functions are already delegated, as
it were, by the law to specialized bodies or local authorities acting under the supervision
of the responeible Ministry.

For more detailed information refer to FAQ Soile Bulletin No. 20, "Fertilizer
Legislation".



TRAINING AND INFORMATION IN
FERTILIZER USE LEVELOPMENT

by
]
P. Koren —/

INTRODUCTION

Appropriate fertilizer use will not evolve in a country merely because new production
plantes are installed. A good deal of work must be undertaken in setting up an efficient
organization to market the fertilizers and the agricultural products, to ensure that it is
available to the farmer in the proper quantities, at the proper time and in the proper form,
and to stimulate the farmer himself to become aware of the value of fertilizer and of the
best way of using it.

Yet, in 1970 the developing countries with 70 percent of the world's population accounted
for only about 12 percent of fertilizer consumption. By 1980 the proportion of the world's
population living in the developing countriee is expected to have rise 1o about T4 percent and
by the year ? 000 to just under 80 percent.

FAQ's provisional indicative World Plan for Agricultural Development, which wae presented
at the Second World Food Congress at the Hague in June 1970 ghowed that fertilizers are the
most important single input required to achieve the plan's targete for developing countries.

Integration and coordination are required, however, at many levels: principally at the
national or government level, the regional or wholesale level, and the farmer's level.

The farmer's level is clearly the most difficult to reach, since this level comprises
not only the largest number of individual potential fertilizer users, but in many cases also
the highest proportion of persons who have received little education.

Nevertheless, it is precisely the farmer whose behaviour and approach to fertilizers is
decigive for the success of every national fertilizer use scheme.

What a peasant farmer needs to know in order to increase his returns

Experience indicates that substantial help can be given to subgistence and small farms
without requiring large inputs of new technology or investment. On the contrary, the
capacity to become a more productive farmer, or a successful one, that is, to acquire a
greater yield, or to switch to another crop, and thereby acquire more income is often
available on the spot, or in the region where the farmer lives. Indeed, such information
ig often more useful and acceptable than ideas thought to be imported from a distant and
dissimilar place. The change itself may be as simple as row planting instead of broadcasting,
chicken coops instead of free-ranging pouliry; or a change in the variety of corn or the use
of chemical fertilizers. In view of the economic condition of most farmers in these countries,

such inexpensive, simple and easily evaluated changes may be the first opportunity of a real
change and of widespread success.

Thus, the people engaged in helping farmers on this level need not be highly skilled
agricultural experts. The expertise needed is in knowing how to locate sources of
information, new ideas, or different methods, and in knowing how to induce local farmers to
try them. In short, the agricultural extension worker must be as much a publicist as an
agriculturist, and it is in this direction that the content of the training courses has
moved. Stress is on methods of conveying information to others, through lectures,
demonstrations, usecf audio-visual aids and mass media printed material, etc.

lf Director, International Courses, Fertilizer and Chemicals Development Council, Israel.



THE REASON FOR EXTENSION TEACHING

Today, most enlightened governments have realized that without a stable, productive and
contented agricultural population, all other efforts towards economic development may fail.
Mo country can afford to neglect its rural population, and the reasons are plain to see:

First, every country needs an ample and dependable supply of basic foods for the whole
nation, and that includes town dwellers who generally do not produce their own food. In a
country where the farmers are discontented or not very efficient, this basic food supply is
endangered.

Second, where there is a great difference between the standard of living of couniry people
and that of town dwellers, many of the best young men will tend to leave agriculture and drift
to the cities. But the city is not always able to absorb them and then, frequenily, the result
is overcrowding, slums, unemployment, vagrancy and social unrest.

Third, it has been found that besides producing food, a modern farmer can also grow
industrial crops. These provide valuable raw materials for many and diverse agricultural
industries, which help to provide employment for growing populatione and to increase national
wealth.

These are some of the important reasons why governments have begun to take an interest
in the farmer, and extension services have been created all over the world. It is no longer
good enough for a farmer to learn his trade from his father and carry om in the same old way.
Farming must be progressive and efficient, just like any other industry, or elge the whole
nation is likely to suffer. But the first requirement for progress is knowledge. The purpose
of extension-teaching is to bring this knowledge to those who need it.

Knowledge must be searched for and thought out; that is why there is a need for research
institutions., Researchers, on the other hand, will not know what kind of knowledge to look for,
unless someone tells them what the problems are., Farmers generally have little opportunity to
compare their practices with those of others, and often they are not even aware that things
could be better.

Therefore, extension workers have first to help farmers define their own problems. Unce
the problems have been clarified, the extension worker can present them to researchers, so
that they can lock for possible solutions. Very often they know the answer already from
previous experience, and there is no need for special research. But again, the extension
worker has to bring the solutions to the farmers. He has to translate abstract formulas into
clear, understandable language, and show how, when, and where the new knowledge may be
profitably applied.

Thus extension teaching is a necessary link between the farmer and the researcher, and
the extension worker must cooperate with both to create the link and strengthen it. Without
it, researchers may study problems that have little practical value, and farmers may struggle
with diffieulties for which solutions have long since been found.

BASIC KNOWLEDGE

| Because there are few extension workers, each one must know whom to teach, so that
knowledge will be passed on, Each should know when to teach an individual, when to teach
a group, or when to use mass medlia.

Agricultural extension from the practical point of view, means bringing about a change
of behaviour and if we speak about training of agricultural technicians (‘To train the
trainers'), or about the training of farmers, what we really want in the long run is to
get the trainees (trainers or farmers) to do something that he does not actually do at
present, or to do the same thing in a better way. In any case, the most common mistake
is to believe that it is only a guestion of agro-technical knowledge. The change of
behaviour depends on at least three factors: knowledge, attitude and means.



If we want the farmer to use a certain kind of fertilizer, (a) he has to know about
it and ite purpose, (b) he has to desire to use it in epite of his conservative way of
thinking, the tradition, etc. and (c) the fertilizer must be available on appropriate
terms (supply, price, time, etc.).

(a) Defining Objectivest We must establish annual fixed goals for programmes, or
for certain activities. We have to define exactly who ought to do what, when,
where and how much, etc., as a result of the extension we are plenning. The
job done by an extension worker is measured by the results. It ie convenient
to determine exactly the date for completion

(v) Evaluation: Evaluation ought to be made constantly and reassments made. This is
the best way for us to learn ourselves. We must define, what we want to do, plan
how to do it, evaluate the results and analyse why we did not completely meet our
goal, Many times, this does not depend on us (money, climate, etc.). The most
important thing besides trying to reach the goale is to know why they were not
reached and thus do it better in the future.

(e) The Groupt We have to know whom we teach and therefore to know the social position
of the individual within the community. We have to know the various groups and
sub=groupe and how they are inter-related and who are the important people of the
community.

(4) The Individual:s We have to bear in mind, which are the forces that influence the
attitudes and the behaviour of the individual and how to convince him to change his
behaviour in the appropriate direction.

(e) Communication: Here it is interesting to know how an idea is passed on from one
person to the othery the steps of this process and the mistakes which might
result from a failure in the process.

In any society there is a flow of information, we ought to know in which way this
information is being extended, in order to learn how to introduce innovations,

lathadnlag_ of extension

Teaching of thecretical and practical knowledge to an individual can be done through
visits to his house or his field, interviews and personal letters.

We can convey theoretical knowledge to a group, lectures and discussions and other
group metheds, using audio-visual aids. We have to plan the activities of the group and
for this purpose we will have to prepare and plan the audio-visual aids for them and use
them in the best possible way.

Practical knowledge for the group will combine various methods. We will teach
theoretical knowledge, then give a practical demonstration, and finally teach them

individually. These methods are: demonstration plots, field trips, demonstration day,
etc.

Planning extension

The planning of a campaign will be based on thorough knowledge of the theoretical
principles of extension and their various methods.

We will plan the introduction of innovations into a society in various steps. For
that purpose, we will begin with collecting dataj; the problems of the farmers will take
into account the human and economic factore establishing the aims and objectives.



Planning the working schedule: Apart from the introduction of innovations, there is
also daily work to be done, such as solving seasonal problems of the farmer: planting,
plant protection, harvesting and attending to animals. Time needed for these activities
must be taken into consideration while meking out annual working schedules so that we will
know in advance what we shall do every month of the coming year. For every activity which
can be planned ahead, we should set clearly defined annual goals.

THE EXTENSION WORKER'S JOB

It would be misleading, however, to regard the extension man simply as a go-between,
a kind of retailer of other people's ideas. In fact, he is and has to be much more than
that.

First of all, he has to be a good agriculturist in his own right, otherwise he will not
recognize a farming problem when he sees one, and farmers will have little confidence in
the solution he brings them.

Second, like an interpreter, he has to speak in two languages: the farmers' day to
day language of practical down to earth matters, and the highly specialized technical
language of scientific remearch. Failing that, he cannot translate farming problems to
the scientist, nor can he translate research findings to the farmer.

Third, he has to know some psychology and sociology; he has to know how to deal with
people. It is no simple matter tomake people change age old practices and ways of thinking.
Most of us are reluctant to air our problems in front of strangers, nor will we readily
accept advice on matters which we think we know already. It takes great tact and deep
understanding of human nature to deal equally successfully with simple peasants and with
gophisticated research workers.

Finally, the extension worker must have in him something of the pioneer;j he must be
dedicated to his job, and be capable of deriving satisfaction from helping others.

COMMUNICATION TN AGRICULTURAL EXTENSION

The simplest process of communication involves at least two persons. Learning may
conveniently be divided into passive (received through the senses, sight, hearing, etc. )
and active (speaking and doing).

In order to learn, a person has to gain experience and thig we camnot do on his behalf.
All we can do is to plan experiences for him and assist him in gaining them. The axtent to
which we have succeeded in our teaching effort will be measured by the change of behaviour of
the trainee in the appropriate direction.

It ie necessary that the trainee should be aware of the problem. There is no. chance to
learn anything, if we do not feel the need of it.

There is a risk in passive learning that a person might fail to understand and therefore
will not be able to use this knowledge in similar situations.

Four factors form the process of communicationi

le« The sourcet i.e., the speaker or the extemsion workerj

?. The receiver: i.e. the audience or the farmer (traines);

3. The messagel i.e., the contents of the knowledge that is passed onj
4« The channel i.e., the worde, symbols, pictures, etc., through which

knowledge is transmitted.



There are six steps in the process of communications

1« Creation: We must have a clear idea in mind what it is that we want to
communicate. This is 'creation'.

2. Encoding: We will translate the abstract idea in our mind into symbels, which
will be understandable, be it words, drawings or movements.

3. Transmission: This we do by speaking, etc.
4. Receptioni The other person will perceive these gymbolas.

5« Decoding: He will then interpret these symbols and transform them into an
abstract idea (creation of idea).

f. Results: One ought to evaluate the process of communication: The trainee should
give us back what he has got, in order that we may evaluate the process.
He ought to give us the same idea which we have passed on to him, or
another similar one.

It is important to emphasize, that only the first five steps will generate a process of
communication. Step No. & will only check the results.

Mistakes we can maket
— The idea may not be clear in our mind, before we pass it on.

- The code might not have been understood (it has not been adequate) e.g., words
with double meanings; words that were not clear enough; caricatwres or drawings that
were not clear enough.

— We have to make sure that both the pource as well as the receiver see the same thing.
There are words with many meanings. We must use the term that means to the receiver
the idea we want to pass onj; for that purpose it is necessary to know his way of
speaking.

— The transmission of symbols may not be clear enough. It might be, that the socurce
does not speak clearly enough. Or not loud enough, or does not show what he intends
to show; in that case, the receiver does not get the message adequately.

- In the reception, there might be problems of physical or mental interferences (he
does not want to listen; is not interested; haa got other problems; is not
prepared to absorb the ideas; +there is too much noise; lights that distrub, etc.).

The farmer does not have to learn; it is our job to teach. If a farmer does not
learn, this does not mean that he is a bad learner, but that the extension worker did
not succeed in his teaching effort.

Mutual learning

In mutual learning there are two people who learn from one ancther. In the same way
this may ocour between a person and a group. Good learning means alwayse an exchange of
knowledge. There ies an effort in two directione; mutual learning may occur between two
individuals (interviews, conservations) or among groups (meetings, discussions).

Through mutual learning, knowledge is being acquired from the other person; one's own
knowledge is not lost but accumulates. This is one of the advantages of exchanging
knowledge. We give and we receive,



In extension, we get more through giving. The ends to which we use mutual learning
arel

- To learn: We oureelves learn.

= To teachi We teach others. We convince them to change attitudes through mutual
learning. We can change their attitudes and behaviour, because we do not speak
to them but talk with them. Therefore, they are more agreeable and disposed to
accept our suggestione and ideas.

— To _assist others: We assist others through understanding. Actually, we learn to
understand their problems and therefore we are able to help them, trying jointly to
solve their problems.

It becomes clear then, that we cannot teach people but assist them to learn, For this
purpose, we must know, how they perceive the gituation.

Using the method of mutual learning, we will raise the level of learning from listening
to talking. If we want people to speak up we must listen to them and that does not mean
we will be silent., When we are silent, we are not always listening.

Three points emerge:

l. We do not pick up everything;
2« We only pick up what we want to, and not what we do not want to

3. Understanding ie selective.

Iuring a discussion, while other people are speaking the following happens:

as At the beginning, we listen;
b. We plan what we want to say while the other is speaking;
c. Sometimes, we pick up something of the final part;
d. In the end, we reply about what we felt he should have said.
If we have a discussion amongst varicus people and can speak up from time to time, we

use our time in planning an elegant reply, without listening to what the others say and
then we say what we wanted to say.

How can we help people listen in a discussion? by summing up in short what other
people said, so that the rest will listen., However, there is a risk that people will not
listen, knowing there will be a summing up at the end,

Generally, we talk too much and use more time than necessary, What is it that we
must learn, so that a conservation will be short? Propose an idea and later speak up
once more. Thie will permit a true exchange of ideas. A discussion muet be free.

We ought to speak briefly. Get straight to the point, let others talk, try to listen
and speak in such a way that the other may listen and reply.

Motivational elements of changes in attitude and behaviour

Extenmion
SALELELUN

By this term we understand™the informal training of adults, aimed at bringing about
technological changes in their behaviour" which will result in raising their standard of
livi.ng.



We say that it is 'informal' because it is not something compulsory (as e.g. school);
a person may accept it or leave it. The intention is to raise the standard of living, if
this is wvery low, we should not say that we can do nothingj we should try, at least, to
raise it to some extent.

To raise the standard of living, there are various steps:

Introducing technological changes or innovations which must be within reach:
capital investments, marketing facilities, better farming methods, usually lead
tos

Higher yields which should bring about:
= An increase in farm income which should result in:

The desired standard of living.

Behaviour

Thig is any action performed by a person or a group, that can be observed through the
sengory perception of othera.

Behaviour is based on three pillara:

. ttit
s A udes Theoretical

b. Knowledge -'——'-—‘f: Practical

C. Means

These three factors are interrelated.

To change behaviour, it is necessary to know which pillar ought to be changed. This
will depend on each caese. In some, the attitude muet be changed; in others, the knowledge;

. in others adequate means are miessing. If any one is mieeing no change of behaviour will
take place. ; )

a. Attitudes are based on perceptiont We see a situation and interpret it according
to previous experience and behave accordingly.

Two people might react in a different way when facing a similar situation, as a result
of different previous experience,

We cannot always trust our senses. This is due to the fact that what we see is based on
previous experience and on cur feelings.

The farmers too, behave in accordance with their previous experience. The problem
coneists in that usually cur experiences and theirs are different.

Perception of the source

People combine the knowledge acquired with the personality of the one who passes it on
to them. If someone speaks well about something which the other likes, he will approve of
that person, but if someone we like defends something we dislike, we have a conflict.



Motivations

Two forces are active in motivation:

A

b.

Forces of attraction;

Forcee of repulsion.

These two forces, (attraction and repulsion) are always in conflict., Extension work
will be successful only if we can identify the various motivating forces which influence
the farmers' attitudes and take them into consideration.

TRAINING AND EXTENSION METHOIS

The

Lecture

The lecture can be defined as a verbal extension method in which one individual conveys
knowledge to a group of listenere. Certain advantages and disadvantages are associated with

it.

The

The

advantages are thatt

The lecture provides a means of conveying much knowledge within a short
space of time.

Through the lecture, a large group of people can be reached at once.

Abstract ideas, and subjects with which the audience is not familiar, can
be dealt with in a lecture,

disadvantages are that:

Audience retention of subject matter is poor.

The audience remains more passive than in other methods of disseminating
knowledge.

The lecture cannot be a vehicle for the instruction of the audience in skills.

Since the lecturer all too often assumes that in order to teach his subject he has
oenly to knot it, the lecture is rarely properly prepared, and as a result, is
quite frequently badly delivered.

The lecture alone is rarely effective in changing the attitude of the audience
t0 a given problem.

lecture is a good method of communication when a large group is to be instructed,

when time is limited, and when the subject matter is either abstract jor foreign to the
audience, From the foregeing we may conclude that it is a good method for introducing
another extension method. For example, a discussion might be introduced by a short lecture.

As with any other teaching method, we should consider, first and foremost, the four
basic elements involved in the planning of any extension activity:

1e

Aim: The objective of any extension is to bring about a change in the behaviour
of the persons instructed. The change we wish to bring about as a result of our
teaching should be clearly defined. The aim of the lecture will be a part of the
objective as stated above. Thie aim should be worded in esuch a manner that it
expresses a behaviour, i.e. that it ghould express the action the participant
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should be able to perform at the end of the lecture. For instance, at the end of the
lecture, participants might describe in their correct order the various operations
involved in cotton sowing, as well as enumerate the tools required to perform these
operationsa.

The only means of checking whether our lecture has been effective, is its aim. Thus,
we shall be in a position to check whether the aim has been reached, only if the
latter has been worded in a categorical and unequivocal manner, Im other words, our
lecture will be good and effective if its aims have been attained Ly the audience,

Audience: Even when we have an identical aim in mind for different audiences, we may,
according to the educational level and the actual needs of the audience concerned,
change both the material presented and its method of presentation.

Communication Techniques: They should be adapted to the audience and to the aim. The
lecture may be subdivided into a number of points or stages that are expounded in a
chogen order. Communication should not be necessarily oral or one-way. The lecturer
may, for example, decide on a short discussion or a small demonstration in order to
teach one or several points of his lecture, It goes without saying that all these
communication techniques can be illustrated with all visual aids the lecturer considers
necessary.

Technical Conditions: The three elements outlined above will dictate the technical
conditions necessary for the success of our lecture. However, the available means
and technical conditions may sometimes influence the above mentioned elements.

Points for evaluating a lecturer or discussion leader

Appearance and habits:

- Stands quietly and at ease,

- Does not play with chalk, ruler, keys, etc.

— Does not comport himself with arrogance.

- Displays interest in the subject.

- Does not criticize superiors and others.

- Has a sense of humour,

- I8 self-confident.

= I emotionally well-balanced.

— Adapts gestures to subject and circumstances.
= Iresses neatly but not gaudily.,

Knowledge:

- Knowledge of the subject.
= Extensive professional background,
- Extensive general background.

Structure of the lesson:

Clearly defined objectives.

Subject suited to the audience.

Opening and introduction to suit the subject and the circumstances.
Main part of the lesson develops by stages and in logical order.
Summary and conclusion suit the subject and the circumstances.
Lesson develops from easy to difficult material.

= Proofs and reasoning are convincing.

i
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Communications

- Instructor is sensitive to the atmosphere in class.
- Encourages participation of the audience.

= Is considerate of the feelings of his audience.

— Does not allow students' interest to flag.

— Is able to take care of hecklers.

- Does not engage in dialogue with one participant.

— Is prepared to listen to ideas of participants.
Succeeds in launching discussions among the students.
Is sincere.

= Knows how to kindle students' enthusiasm

= Succeeds in stimulating students to do their best.

= Makes the group feel that decisions taken are his own.
- Tries to be of the class and not above it.

— Is able to overcome difficulties of communication.

Fresentation:

-~ Instructor adheres to programme and objective.

- Opening is interesting and arouses audience attention.
- Keepe to the time schedule.

- Does not jump from one subject to another.

— Knows how to make use of the outline.

- Delivery is simple and presented in plain language.

-~ Does not use unclear terme.

— Makes efficient use of the different types of question.
- Continually tests studente' absorption of material.

- Adjusts subject development accordingly.

— Sums up material at intermediate stages, when necessary.
- Effectively combines different methods of instruction.
- Adapts material to the students' needs.

- Questions are so formulated as to be clear and easily answered.
- Abstract concepts and ideas are fully explained.

- Aims at developing students' thinking power.

= Broadens scope of students' interest.

—~ Uses clear, easily understood language.

- Speed of delivery is adapted to the audience.

— Delivery ie not monotonous.

~ Changes tone to indicate emphasis.

- Summing up is clear, convincing and easily remembered.

Visual Aids:

= Are suited to the subject.

- Are suited to the audience,

- Are guited to local technical facilities.

— Are brought into play at the right moment.

- Are sufficient but not superfluocus.

— Are prepared in the correct size and shape.

- The investment of labour and money is justified by resulta.
—~ The lecturer handles them confidently.

~ The main points of the subject under discussion are well amphaa;zad by use of the aids.
= Use of the aide is effectively integrated intc the lecture.
= The aids stimulate the audience into action.
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General:

= The instructor is able to create a pleasant general atmosphere.
= Takee care that technical facilities are adapted to pedagogic needs.

VISUAL AIDS

Planning of visual aids

Examine each point of your outlinej; ask yourself where can you improve the
communication value by ueing some visual aids. In deciding what to use, ask these

questions while considering each point in relation to the audience you are addressing:

Is this part of the lecture important for achieving your purpose?

Is that point difficult to explain without the use of visual aida?

= Do the visual aids help in making it stick in the memory of the listenere?

Is it easier to persuade the audience with the help of visual aids?

Does the use of visual aids make presentation more lively and more interesting?

List exactly what you plan to use, then ask yourself the following questions:

-~ Where can I get the necessary aids?

= Will T have to make it myself?

= Will it cost me tooc much?

= Will I have time to make it?

= If I order it, will it be here on time?

~ Does the office have the materiale I need?

= Will I have the visual aid on hand for practice?

- Will I be able to hang it up, display it, plug it in?
- If it is a projector; will I be able to operate it?
Can I find someone to do it while I do the talking?

= Will it be clearly seen?

Practising the speech with visual aids

= Try to have all visual aids present when practising.
Practise arranging them,
= Practise using a pointer if necessary.
- Follow the general procedures of previous practice instructions.

Presenting a speech with visual aids

= Be ready before entering the meeting place.

- Put your visual aids in order, in positions where they will be geen, Don't
place devices before the audience for their observation prior to the point of
your speech where you want to introduce them.

— Don't get tied to the mechanica of your own aidse. Hemember you are talking to
the audience and the aids are aids only. If an aid overwhelms the speech,
dominates it, draws constant attention to itself, it is a poor aid.

Checking after presentation

- Were the devices really useful?

- Were they well plannaed?

- Were they used well?

- Could they be plainly seen?

Did they suit the subject-matter?

Did they help in achieving the main purpose?
Were you too dependent on the aid?

Did they distract attention

Did the audience react favourably?

Did you get auvdience feedback?

LI I |



The Blackboard as a Teaching Aid

The blackboard is one of the cheapest, simplest, most popular and effective visual

aids to teaching. Correct use, which requires only brief training, will ensure maximum
profit from the board, not only in schools, but also in agricultural extension work.

a. Advantages of the blackboard:
= Simple to use in comparison with other visual aids.

b.

Ca

Every ingtructor can easily master the method.

There is hardly a subject to which the use of the blackboard cannot be

applied successfully.

The experienced instructor can adapt the use of the blackboard to any audience and
any level.

The blackboard can be used to introduce subjects at required intervals according

to the tempo of the leacture.

The blackboard enables one to develop the subject gradually, as the lecture progresses.
Any alteration can be made, an error can be erased without difficulty, and without
interrupting the lesscon.

Use of the blackboard is flexible. Part of the subject may be prepared on it before
the lesson, the remaining part of the board being used to develop the subject during
the lesson. Furthermore, a special section of the board may be reserved for a
'reminder' - to note questions, problems and memoranda during the lesson.

— The blackboard does not usually require special arrangements, does not use

electricity, as do many other types of equipment. It may be used almost anywhere.

Materials of which a blackboard is made:

In & classroom or regular meeting place, one of the walls may serve as a board if
properly plastered, planed and painted.

For portability, a board may be prepared from plastic cloth, stretched over two sticks.
A firm wall behind the cloth is needed while writing.

The measurements of the board always depend on the subject, but as a rule it may be said
that the blackboard should not be too big. When a portable board is used, sometimea two
to four boarde are needed. Size and number is determined by:

= aize of the study group;
- distance between the board and furthest seat;
- requirements of the subject being studied.

Location and preparationsi

Proceed according to the following paragraphs, step by step.

Include in your lecture outline notes on the manner of using the board. Intricate
drawings, formulae or tables must be included in the lecture outline.

Before the lecture, set up the board in a suitable position. Walk around and test
vieibility from every point in the meeting place. At this stage, decide where to
stand during the lecture. Also prepare duaster and chalka.

If the subject matter calls for it, or if you have not complete confidence in
yourself, rehearse briefly some of your drawings or other details.

Examine the size of your lettering from the back rows.
Afterwards, clear the board well. Notes from a previous lecture should not be left on

the board, even if you do not intend to use the blackboard, as this disturbs the
concentration of your listeners.
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- Complex drawings and diagrams on which you do not want to waste time during the
lesson should be prepared beforehand. They may be covered with paper and then be
revealed at the right moment. Hemember that preoccupation with the board on your
part is a waste of audience time and tends to reduce attention.

- Plan the arrangement of the audience before its arrival. Take into account that
visibility ie not good from an acute angle to the board. Do not hesitate to point
out a better place to a participant.

= If the meeting takes place outside, the sun or other source of light should be
behind the audience or slightly to one side. If anyone should have to make an
effort to see, it is better that it be you.

Layout:

It is common knowledge that an audience can remember well the full picture as it appears
on the board. You should, therefore, attach particular importance to your layout; it
should be clear and eagy to remember.

- Divide your board, (at least mentally), into two parts:
one to be used for the subject, the other for incidental notes, questions
and comments from the audience.
- Ae a rule, the board should be used from top to bottom and from left to right,
except for special cases, when the subject calls for a different procedure.
- A lengthy subject should be divided into visual sections, to make understanding easy.
= Do not overcrowd the board with superfluous, irrelevant matter.
— Erase immediately incidental explanations and leave only key pointa.

— For example, underline; wuse circles and squaresj; use colours; beware of exaggerating.

- To indicate movement, direction, etc., use arrows or other easily recognized symbols.

= Layout is a matter of experience and, in some cases, borders on art. But, however
you decide to divide your board, think about it in the beginning and throughout your
lecture. Pre-planning will prevent eituations in which you will find yourself short
of space, when you will have to erase essential pointe in order to make room.

Readability:

= Firet rule: letters and digite must be simple, not decorated.
Most lecturers alter their handwiriting when using the chalkboard.
The change should be for simplicity and eclarity, not for epeed and intricscy.
- Printed capital letters are easier to read than script.
— Distinguish, by size or type of lettering, between headings and subheadings and text.
- Leave ample margins.
— Test the size of your lettering, using the following rule of thumb:
Letterse two inches in height are readable at a distance of fifteen feet;
Letters three inches in height are readable at a distance of twenty-five feet at most.
-~ Space between the lines is no less important than size of letters. Ideally the
distance between the lines should be at least equivalent to the size of the letters.
= Illustrations accompanying notee should be as simple as possible.
— After the lesson, do not immediately erase what you have written on the board.
Stroll around the meeting place, look closely at the board, and ask yourself about
improvements for the next lesson.

Behaviour during lecture:

— Don't talk while drawing on the board. Your worde will not be clearly understood.
If necessary, interrupt your writing from time to time and explain to the andience
what you are doing. Keep up the interest.

While talking, always face the audience.

Always stand beside the board. Do not obscure the blackboard.

Use a pointer to show details and attract attention.
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— Behave quietly, don't be nervous. Do not play with chalk or pointer; put
them away when they are not in use.

- Stop talking while you make erasures.

— Test your behaviocur and you will find other ways of improving it.

Summary of rules:

- Get everything together before the meeting.

— 5implify use of the blackboard.

- Do not overcrowd the board

- Check the lighting.

- Plan the lgyout.

- Use colours where necessary.

— HWrite and draw on a large scale.

~ Erase what you no longer need.

— Prepare complicated equipment beforehand,

- Use a pointer and duster; do not use your hands,

The Flannel-Board

The flannel-board is a popular and effective visual aid, Here are some of its
advantages:

Adaptable to almost any subject and audience;
Stimulating

Simple to use, alone or with other visual aids;

- Inexpensivej

- Enagbles development of the subject at the desired pace.

The preparation of a flannel-board:

The board is simple to prepare. Flamnel cloth, a woolen blanket fixed to a stiff
background, will give the best results. For the use of regular sessions a number of
boarde of some light material, such as cellotex, can be prepared for special
purposes; portable folding boards of hardboard or thick cardboard can be made.

The size of the board is determined by +the size of the audience and by the space
needed for the development of the subject.

A blanket, well stretched between poste or trees, may be used under field conditions,
but the lecturer will do well to take the wind into consideration.

The: flannel-board should be tilted backwards at an angle of 10 to 15 degrees.

Illustrative material:

The illustrative material used with the flannel-board is varied and depends on the
imagination of the person preparing it. In any case it requires only simple
preparation. (Ready-made pieces can also be used for many purposes).

Material in use are:

- Flash—cards

- Cut-outa

- Symbols

- Objects made of plastic, foam, cork, etc.
- Figures and silhouettes

- Photographse

- Cloth cut—outas,



c. Planning
Determine the central subject of your lecture, or that section of it which you want to
illustrate with the help of the flannel-board. Ask yourself the following questions:
— Where can I add interest?
— Which points need visualization to make them better understoocd?
Flan the order of presentation of your pieces according to tle progress of your
lecture.

It is advisable to make a sketch of your pileces as they will appear on the board, so
that you will be able te visualize their appearance on the flannel-board., You will
sometimes find that you can make changee in the plan and introduce new ideas.

Use the flannel-board together with a real object or with other visual aids.

The Observation Trial

a+ Definition and uset

The observation trial is a device whose function is to prepare for the work of the
extensionist. It coneists of a number of plots of land in the fields of certain
farmers, where the extensionist puts to the test the results obtained at the
repearch station.

The observation trial represents the intermediate stage between the trial at the research
station and the demonstration, which is aimed at extension in the strict sense. The
observation is widely used for the following reasons:

- Research on a given subject is conducted only in one station. Research.is very
costly, and simultaneous experiments cannot therefore be conducted in a number of
gtat 10na.

- Research conducted in one region does not necessarily hold good for another, where
the goil or the climate is different. Therefore, we prefer to test the results of
scientific research in the regions which are interested in the particular crop.
This task is performed by the regional extension workers in cooperation with the
research workers who are charged with the supervision of the observation plot and
with the analyses of the results obtained from it. An observation trial would be
used when, for example, the results obtained on an experimental plot, concerning
some new varieties of groundnut have to be tested. Of all the varieties which were
tested at the research station, two seemed to give greater yields than the local
variety. Before the new straine are extended, they must be tested in a number of
observation trials belonging to groundnut growers in the region, to make sure that
the new varieties are really better than the old.

be Types of observation trial:
We shall indicate two types, according to the method employed:

1« A trial with a design identical to the one previously carried out at the
experimental etation, that is t¢ say that each treatment is repeated a number
of times. This method has some merits but might not be easily applicable on
average farmers' fields as it generally requires a great number of plots and,
consequently, pathe or bunds between them. The feasibility of carrying out such
cbeervation trials may greatly depend on the level of instruction and asttitude
of the farmers as well as on the background and experience of the extension '
workeras.
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2. A trial where each treatment is performed only once, but several are laid out in a
relatively limited area, with similar environmental conditions which allows grouping
of the results and their statistical analyses.

Planning:

Having defined the problem, the operation must be planned, and the sites and farmers
selected according to the following criteria: '

(i) Choosing the Bite:
Three important points must be borne in mindj
1« The fertility of the soil.

2. The uniformity of the soil over all the area, so that the resulis
will be significant.

3. The crops of the preceeding years must have been the same as those which
are to be put to the test.

(ii) Choosing the Growers:
The farmers who are to grow the itrials should meet the following criteria:

~ They must be convinced of the importance of the project for themselves
and their friends.

- They must be prepared and know how to carry out all the crop husbandry
operations in a precise manner and at the desired time,

- They should be influential and enjoy the esteem of their neighbours.
- They must agree in advance to accept group visiis to their land,

{idi) Cocperation with the research workert

Having chosen the sites and the growers, the extension agent accompanied by the
research worker, will visit the selected sites and the two will examine them.
They will draw up the plan for the project, taking into account the information
gathered so far, to achieve the aim of the operation, i.e. to obtain valid
results. The cooperation of research workers at the planning stage is of great
importance because:

- They have already conducted experiments in research stations on the crop
in question.

- They are specialists in the planning of scientific experiments and are
trained to draw conclusions from the results.

Implementations

Having planned the project in cooperation with research worker(s), the extensionist will
proceed to carry it out. This will involves

(1) Divieion of the land inte plets in accordance with the plan. Placing of signs
on stakes to indicate the treatment used, the number of the test, etc.

(11) Planting:
Fertilizer application and planting will take place in the presence of the
extension worker. He will weigh fertilizerse and seeds to the exact gquantity,
and make gure that they are equally spread over the plots.

(iii) Instructions:
The extensionist will issue all the instructions (oral and written) to the
grower, on the taske to be carried out until his next vieit.
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(iv) Frequent visits:
The extensionist will make frequent visits, in the course of which he will
examine the plots closely, noting every detail on the vegetation, diseases
and parasites. He will have errors corrected and will issue instructions.

(v)  Results:
At harvest, the extensionist will be present and weigh the yields obtained
from each plot, and will note the figures, in accordance with the plan of the
project and report all data required.

(vi) Profitability Study:
After the operation, the extensionist and the grower will draw up the
financial balance sheet, taking into account supplementary expenses incurred
through additional labour, materials and incidental losses. The total outlay
minus the price obtained from the sale gives the net benefit from the experi-
mental crop, which can then be compared with those of the neighbouring plots of
the same area which have been grown in the traditiomal manner.

Conclusion:

We have seen that the obgervation plot represented the intermediate stage between the
experimental plot at the research station, and the demonstration plot which ie aimed

at extension. Although the cbeervation plot is primarily for experimental purposes,

it can serve the purpose of extension, if the results are conclusive.

One could, for example, organize a field trip to the observation plot to arouse the
interest of the growers. The extensionist could also, on the basis of the results
obtained and the conclusions drawn by the research worker, prepare a lecture on the
subject, showing photographs or colour slides taken on the observation plot. In this
way, it will prove easier to convince the growers of using the new method, by means of
the demonstration plot the function of which is to extend the new method.

Croup demonstrations and field days
Definition and description:

The demonstration considered as an extension activity is a teaching method the purpose
of which is to show how to carry out a definite operation or series of connected
operations on a given subject. Thus it will be possible to use the demonetration to
rouse interest in a given extension subject.

Advantage of group demonstrationss:

The demonatration of the subject to the participants makes it possible for them to
judge of ita excellence and entails at the same time an exchange of opinions among
them that will convince them of the truth of the subject and the importance it has
for them.

Stages of preparation:

An agricultural demonstration haa a number of stages. The accurate carrying out of thee
stages according to their order will ensure the attainment of the aim.

= Convincing farmers to come to the activity.

- Convincing them of the importance of the subject for them,

= Acquiring the basic knowledge, necessary to the demonstration.
= Introducing the subject as a whole.

Teaching every stage in detail,

Conclusion of the matter taught and evaluation.
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Subject of the demonstrationi

An extension officer who is about to prepare a demonstration ought to wonder first of all

whether the subject is topical and suited to the participantse; whether the farmers are
in a position to acquire the equipment necessary to carry out the operation on their
farma; whether the educational level of farmers is suited to the demonstration of the
subject; whether the subject was sufficiently tested in the conditions prevailing in
the participants' farms.

In a planned demonstration it is possible to teach numerous and various subjects but
the extension method should be suited to the subject.

For example, it is easy to demonstrate (in a convincing way) any subject the results of
which are quickly obtained, e.g. an efficient working method. On the other hand, it is
more difficult to demonstrate subjects the results of which will only be obtained after
a certain time, as for instance, soil conservation methods or animal breeding.

The visit of the Extension Worker to the farm

Introductions

A vieit to the farm is the direct form of extension work; it is for the extension
worker, the method. A wvieit increases the farmer's faith in the extension services
and gives the extension worker a good opportunity to interest the isolated farmer in
the operations of the service.

A vigit to the farm is an excellent method, but an expensive one. It requires careful
planning, a clear definition of aim and a prior evaluation of ite results. In order to
be useful, the visits ought to:

- Have a clear aim,
-~ be well planned,
= be of a friendly and business-like character.

The aims
You probably vigit farme for one or a number of the following purposes:

- To get acquainted with the farmer, the farm, the problems of the farm.

= To plan a demonstration.

= To examine the fields, see the results of various methods of cultivation.
- Te consult local leaders and members of the local committees.

- To stimulate cooperation and participation.

- To exchange opinions on agricultural plans and policy.

- To introduce new methods on the farm.

= To reapond to a request for instruction, to solve farm problems.

A sensible use of the vieit is an important part in your work plan. A good use means:
make those visits in places which will derive the greatest advantage from them, give
you a chance to become acquainted with the greatest number of farms and not limit your
visits to small groups of people. Young and new farmera will greatly benefit from your
vigits. Make sure you vieit those who need your presence most.

Planning the visit:

The success of your visit depends, to a great measure, on your preparation for it. You
have to collect all the available information concerning the farm - size, type of soil,
kind of crops, etc.

It is still more important to know the farmer and his family beforehand. It is useful

to know the story of his life, his family situation, his understanding and knowledge, his

prejudices and spirit of enterprise. You will receive additional information about the
farmer when you ask him questions at his home and in the fielda.
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Plan far ahead. Keep a calendar of visits; arrange vieits in geographic groups in order
to save time and money. If the visit is particularly important, or is to last long, plan
it well in advance.

The Vigits

When visiting a farm, you are the teacher as well as the bearer of ideas and facts. Thus,
you perform an important function. You will do well by keeping the following rules in mind:

- Emphasize again and again the purpose of your wvisit.

— Be pure that the talk doeen't veer off the main subject and doesn't turn to gossip.
- Be pure that your instruction fits the particular farm you are visiting.

Remember that the farmer is your host and you are his guest.

Be modest, forgiving and careful in your proposals.

Be flexible.

Be careful to give out only necessary information on other farms.

= When you finish your visit - move on to another farm.

Tell the farmer immediately what you came for. An opening such as, "I just dropped in
because I had nothing else to do," will lower the importance of your work in his eyes.
On the other hand, he will respect you more and will consider himself more respected if
you'll say: "I came to see you about ..." or, "I wanted to meet you."

If you don't kmow the man well, speak with him in the beginning on matters and problems which
he brings up, but steer the conversation in the direction which you planned beforehand.
Your task is to give him concrete help. Try to give him alternative proposals pointing out
the merits and faults of each. Get full information before you make recommendations.

Don't set yourself up as a final authority; quote others. Bring examples from the work of
othere and immediately emphasize their succese.

If you don't know something, admit it, but then find the answer and contact the farmer
again. Do thig on time.

Don't take too much of a busy man's time. Make your visit matter-of-fact and business-
like, Finish your job and be on your way.

Be flexible. If the farmer wants to show you something new on his farm, find time to
see it. Encourage himj; your encouragement and praise will stimulate him to further
effortp.

If you have met the farmer only a short time ago, invite nhim to classes and demonstrations.
Explain to him in what ways the extension service can help him,

Once you have said goodbye, be on your way. You can stop on the road to write down your
remarke.

Since vieiting farms is such an important part of extension work, you ought constantly to
strive to improve your techniques. Advising farmers is an art; you have to know how to
praise them, how to accept their remarks, and even critieiem. You must remember that, on
the whole, people tend to respond positively when asked to give practical help or advice
in extension work,

A good instructor will show leadership in his visits to farms. He will listen sympatheti-
cally to the problems and ideas of the farmers; he will try toc teach them and give them
instruction. He will not take advantage of his visite to increase his pereonal prestige.



e. Requests for visits:

If the farmer invites you to visit him, your task will, of course, be easier. Most
vigits, however, are not the result of invitations. Other forms of instruction -
such as group meetings, radio broadcaste, bulletins, demonstratiomns, will arouse the
farmera' interest and make them ask for visits of extension workers. In many cases,

invitations will follow when farmers receive information on a specific extension
service.



NEW DEVELOPMENTS IN FERTILIZER TECHNOLOGY

by
Hobert G. Hueller if

INTRODUCTION

The Tennessee Valley Authority (TVA) was created in 1933 during the administration of
Franklin D. Roocsevelt to work in a very depressed region of the United States of America,
the Tennessee Valley Region. The area is composed of parts of seven states and is about
half the size of Kenya.

The agency was further given a nationwide responsibility namely to develop and introduce
new and improved fertilizers. Some old, government-owned nitrate plants constructed in
Alabama during the first world war to make nitrate for explosives were given to TVA for use
in the fertilizer programme. The facilities were alsc to be used, as needed, to make
munitions in time of war.

In meeting its fertilizer obligations, TVA has developed at Muscle Shoals, Alabama,
a National Fertilizer Development Centre, which has also, in many ways, become an inter-—
national centre for fertilizer information.

It was decided early that TVA's role in fertiligers would be one of research and
development: to search for new fertilizere and ideas, which would be patented; +to help
develop these new processes and products and then to license them to induetry for further
development and production. The licensing of TVA'e processes is not exclueive to industry
in the U.5.A. No patents are taken out in other countriesj thus, developments are also
freely available to industry worldwide. '

Although TVA holds the patenta for many of the fertilizer processes used in the United
States today, we do not sell the products normally found on the U.,5, markets. We do not
" sell urea, ammonium nitrate, triple superphosphate, diammonium phosphate or normal NPK
grades that are readily available to the American farmerj the user must buy these from
industry. TVA manufactures, but only in small quantities, such products as ammonium
pelyphosphates, urea ammonium phosphates, various base solutions for liquids and suspension
fertilizers and numerous high-analysis fertilizers that contain significant amounts of
secondary nutrients and micronutrients. It iz almo beginning to manufacture controlled-
release N fertilizers. TVA's objective is to make fertilizers that fit crop needs and
reduce nutrient losees through volatilization, run-off, or leaching sc that a higher per-
centage of the applied N fertilizer can be used by the crop. At present, in the United
States and Europe, much attention ie being focused on the potential contribution of
fertilizers to eutrophication.

TVA's goal hae been primarily one of working through research and development to make
fertilizers that are cheaper and of better quality. In the past improvements were
achieved principally by increasing the plant nutrient content eof the fertilizers, making
them of higher analysis and improving on fertilizer processes to make them more efficient.

Plant nutrient contents of fertilizers in the U.5.,A. have been increased from an
average of 20% in 1940 to over 40 today. Fertilizers have alsc decreased in price to the
American farmer and are the only major input to have done so.

l/ Training Officer, International Fertilizer Development Staff, Tennessee Valley
Authority, Muscle Shoals, Alabama, USA.



At the National Fertilizer Development Center there are a Division of Agricultural
Development, a Diviesion of Chemical Development, and a Division of Chemical Operations.
Employees total about 1 100 people and a professional staff of scientists and engineers
that number over 200. Disciplines include chemists, chemical engineers, agronomists,
economists, marketing specialists, transportation specialists, communication specialists,etc.

TVA has a small International Fertilizer Development Staff that coordinates technical
apeistance programmes with developing nations. Members of this staff call on individuals
from all these disciplines for help in solving problems and advising those in the
developing countries on problems related to fertilizers. This is done at the request of
the U.S. Agency for International Development; wvarious UN organizations, including FAO;
the World Bank, Regional Development Banks, and the governments and industries of the
developing countries.

Since 1964 TVA has reeponded to requeets from some 25 countries and have sent some
60 teams utilizing over 60 different people as team members.

In addition, TVA offers training courses and assists in organizing or conducting
training courses in the developing countries. Since 1965, TVA has trained over 300
participants in courses on fertilizer production, distribution and sales. It has also,
during the past five years, improved its library to give it better coverage of matters
pertaining to fertilizers. TVA also encourages the use of this facility either by direct
visits or through correspondence.

It makes numerocus studies that are of worldwide importance and interest. As one example
it tries to keep an up to date record of fertilizer production capacities, in operation,
under construction and being planned. Then, by working with FAO statistics on fertilizer
production and use, it can have available a better picture of fertilizer production in
relation to demand. 4ll this information ie accessible by computer methods and it can
easily be made available to anyone who wantas it,

From this information TViA'es projections show that world consumption of plant nutrients
is likely to rise from the 1971 level of 68 million metric tons to more than 105 million
metric tons by 1980. Orowth rates between 1971 and 1975 should be about &% per year. Over
the longer term, the rate is expected to average 5% per year from 1972 to 1980. By 1980,
nitrogen use should exceed 51 millien tons, P20g over 29 million tons, and Kp0 almost
25 million tons (Table 1).

Rates generally will increase faster in developing than in developed regions, but may
not e¢qual the rapid gaine of recent years. The world fertilizer market is maturing to a
point where in many areas the greatest impact of increased use may have already been
achieved; in such areas, the future increases in agricultural productivity will depend to
a greater extent on the optimum combination of all farm inputs.

World nitrogen supplies should easily exceed forecast demand, with little overall
improvement indicated by 1375 in the supply-demand balance. Capacity is being increased
at a declining rate in developed regions, but developing regions are expected to continue
to expand capacity rapidly. Nitrogen supplies in developing regions will therefore more
closely match demand in the next four years; achievement of significantly higher
operating rates could lead almost to self-gufficiency in nitrogen.

Phosphate capacity is not expanding ae fast as demand is expected to increase;
however, a wave of construction of new capacity may be coming which could result in
excess production. Although the developing regions have planned significant increases in
capacity, they will not be able to meet expected demand and continued trade in phosphate
materialas or intermediates such as phosphoric acid can be expected.

The world potash production potential remains more than adequate to supply anticipated
demand. Potash use and trade will remain primarily in the developed regions. Some improve-
ment of the potash market is foreseen as capacity additions are at a minimum and a eteady
increase in demand is expected.



Table 1. Consumption of plant nutrients (N, P,0,, K;0)

I ./ N T S | S
Total Total  Annual Toual Annual Tonal Annual

demand Market demand growth Market demand growth Marker demand growih Markes

_ Region _(mil tons) _share (mil tons) "65-70  share  (mil tons) ‘7175  share  (mil tons) 7180 share
Developed Regions (%) € @ @& &) CANKA)

North Amenca 10.5  25.7 16.1 7.3 236 199 54 232 45 50 232
Western Evrope 12.5 0.5 16.7 19 M6 189 i0 220 NE 30 0.1
Eastern Europe 59 21.7 178 123 6.2 23.5 0.5 274 00 59 8.4
Tara® 355 86,7 S4.8 75 Bil.4 671 52 78.2 818 4.5 74

Developing Regions

Asiab 2.1 5.0 52 166 76 T RS 8.3 90 64 8.6
Alrica J 1.6 1.1 LEY 1.6 1.3 46 1.6 16 38 15
Latin America 14 15 il 138 4.5 46 107 53 SR T4 55
Toral 4.2 101 a4 146 137 131 87 15.2 165 6.5 15.6
Communst Ana 1.3 3.2 40 198 58 5.6 9.0 6.5 72 1.1 1.0
World 410 1000 68.2 B8 1000 85.8 §9 1000 1057 50 100.0

“Includes (loeanua, Japan. lsracl. and South Afnca
Excludes Communist Asia (Peoples Republic of China, North Vieinam, and North Korea).

Table 2 illustrates the past trends and projections in NPK production and consumptim
in developing African countries (including South Africa).

Table 2. Past irends and projections in NPK production and comsumption for Africa

Consumption Production As € of world
Y ear N P K N P K consumpt ion
1967 452 176 116 163 33l 0 1.6
1968 476 207 119 150 391 0
1969 540 218 118 144 446 0
1970 587 239 131 163 426 67
1971 665 09 150 197 426 160 1.6
1972 684 311 167
1973 712 an 178
1974 139 362 183
1975 764 B3 193




While Africa's annual growth rate of fertilizer consumption 1965-T1 has averaged
9% its world market share has remained the same (l.6l). These figures reveal a amall ton
tonnage that ie in relation to Africa's size and population.

Africa and Brazil are now about egqual in consumption and production of fertilizer.
Brazil's consumpticn is gorwing at 154 to 2080 per year. The reasons are many, but at
some time Brazil's recent experiences would be of value to African planners, particularly
in the areas of rur 1 credit, foreign investment pelicy, fertilizer education, etc.

Until 1968, Egypt was the only African country, other than South Africa, producing
nitrogen., However, several new ammonia plants have since been constructed elsewhere,
mainly in North Africa, and no longer dominates the region's supply pattern.
Developing Africa has only 10% of total nitrogen capacity in the developing regions.

By 1975, it should have 13 of the total. However, because of its current limited
demand, Africa is the only one of the three major developing regions that could become
self-sufficient by 1975, even should plan® operate at only 60% of capacity. Location of
capacity away from areas of potential heavy use implies that producer nations will face
gtiff competition for these African markets.

Improving operating rates to 80¢ would create an apparent surplus of over 250 000
ton ¥ by 1975. Consumption forecasts for Africa have been heavily weighted by the lack
of a significant long-term growth in use in Egypt. Other African nations have experienced
much higher rates of increase and the potential exists for further rapid gains. &
significant gain in the demand for nitrogen could quickly take up any surplus production
within the region.

With regard to phosphate, the developing countries of Africa have a total estimated
production capacity of more than double their current consumption. Long a major exporter
of phosphate rock, this region has also established phosphate fertilizer production
facilities at mine or port sites to convert phosphate rock to finished materials, alsoc for
the export market. A steady increase in trade between 1965 and 1968 was recorded; however,
in the last two years increased domestic consumption and lower production rates reduced the
trade balance to 130 000 tons of P20s in finished goods form.

Capacity additions in the next few years will be more in line with projected demand
levels, allowing this region to maintain ite current balance of trade. Increased trade
can only be achieved with improvement in operating levels well above the poor performance
of the past two seasons.

Fertilizer products of immediate and long term potential

Urea, high-analysis compound fertiligers, and diammonium phosphate are experiencing,
and will continue to experience, the greatest acceptance and offer the greatest growth
potential in Africa of all the fertilizers on the market today. These projections are
based in part upon the analysis presented in the Introduction, in part on trends of use
by product that have occurred in the past 10-15 years, and on new fertilizer capacity
gcheduled to be built in Africa in the next 31-5 years.

Although special local situations may dictate otherwise, the materials in decreasing
order of immediate potential in Africa are as follows:

Urea
as« Potential

Urea is the highest N-containing solid fertilizer material commercially available. Its
high analysis permits considerable savings in shipping and distribution costs. Because of



this, plus the fact that solid fertilizers have better growth potential in Africa than
liguids due mainly to the simplicity of shipping and handling dry materials and the
common absence of sophisticated equipment, urea has proved attractive te a large number
of farmers and fertilizer manufactureras.

For these and other reasons, urea has played an increasingly dominant role as the
main nitrogen fertilizer in the world in general. (Figure 1). Although these generali-
zationsg hold for a given region, the degree of dominance of urea within a country is
somewhat dependent upon the amount and type of other existing nitrogen capacity.

When properly applied, urea has been shown to be equal or nearly equal to ammonium
sulphate as a source of ¥ to many crops, including maize, wheat,and rice (Engeletad &
Hauck, 1966). 1In those instances where response to urea was less than to ammonium
sulphate, the differences have been attributed to either the sulphur component of
ammonium sulphate or to the improper use of urea. No other single-nutrient fertilizer
has captured the attention of agricultural and fertilizer production specialists as has
urea. In mogt areas, it has already become, or is rapidly becoming, the leading fertilizer
uged in the developing world.

In spite of this potential and current rate of acceptance, urea has certain inherent
problems that must be overcome if it ie to continue its current rate of growth. This ia
particularly true in those regions lacking sophisticated capabilities in handling fertilizer
and modern methods of tilling soil. The more significant of these problems are first the
hygroscopic nature of urea which often resulte in poor handling properties, either as
straight material or in blends, particularly under hot, humid conditions (Figure 2). This
causes problems in bulk blending, bulk transport, and mechanical bulk spreading. Unless
corrected, this disadvantage could restrict its use. Second, nitrogen is lost through
volatilization as ammonia when urea is surface-—applied to soils, especially in warm
climates. This is a major problem when the product is not incorporated into the soil
immediately after application (Burton & De Vane, 1952; Volk, 1959, 1961). As much as
605% of the N applied as urea may be lost in this way. BEven on flooded rice, urea hae
occasionally been shown to be greatly inferior to ammonium sulphate as a source of N
to the crop (Patrick, personal communication, 1970). The reasons for this have not all
veen identified. These problems are real and will be more apparent as fertilizers become
more available and farmers have an opportunity to compare various nitrogen sources in
supplying the needs of the crop.

Although it has been suggested by some that the biuret content in all urea produced
should be less than 0.3, it is now believed that this is important mainly for citrus crops
when urea is applied as a foliar spray. Extensive tests on other crops suggest that biuret
levels in foliar-applied urea can approach 0.7% and not be harmful, and that 2% biuret is
acceptable if the urea is applied to the soil (Goralski et al., 1966; Hartsig, 1958;

Jones et al., 1955). T

Ammonium Phosphates

Various types of ammonium phosphate are available (11-48-0, 18-46-0, 16-20-0, 16-48-0,
13-39-0). For reasons that will be apparent later, it is difficult to determine whether
consumption of ammonium phosphates or complex (N-P-K) fertilizers will experience a growth
rate second only to urea. It is the author's opinion that, the overall rate of use of
fertilizers is still relatively low in many of the developing countries of Africa, ammonium
phosphates (N-P) will receive great attention.

as. Potential

It is difficult to forecast the role that ammonium phosphates will play in the total
phosphate market in Africa, although their popularity has increased greatly in recent years
and, on a world basis, they promise to replace normal superphosphate in 1973 as the chief
phosphate fertilizer. This growth has occurred primarily in the developed countries where
bulk blending has become very popular (Figure 3) (Wellman Lord Inc., 1967).
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The direction in growth of ammonium phosphates depends on whether bulk blends or
complex (N-P-K) fertilizers become popular. This in turn is dependent upon the type of
phosphate capacity already existing within a country. Where little or no phosphate
capacity exists, ammonium phosphates may well prove very popular, first, because their
high analysis and good handling cqualities make them easy to import, and second, as
consumption increases, large, efficient units for production of moncammonium and diammonium
phosphate (MAP, DAP) might be established within the country. Thus, this would provide a
bagsic ingredient essential to the start or continuation of a blending industry.

Where blending has been accepted, such as in the U.S5.4., a phenomenal increase in
18-46-0 and 0-46-0 has been observed, the former now supplying 50% to 55% of the Pp0s
used in the United States. Where substantial superphosphate capacity aslready exists
within a country, it may well be used directly in small N-P-K granulation plants. Under
these circumstances,. the potential for ammonium phosphates will be guite limited.

bs Agronomic and Chemiecal Properties

The term 'ammonium phosphates' encompasses a wide variety of fertilizers produced by
the ammoniation of phosphoric acid, often in mixture with other materials. Because of
their binutrient content, low hygroscopicity, high analyeis, excellent handling gqualities,
100¢) water solubility of nitrogen, and near 100% solubility of phosphate, they offer the
considerable advantages of lower transport and application costs and a quick-acting effect
on Crops.

Ammonium phosphates are particularly suited for direct application in situations
where substantial amounte of basal or band-applied phosphorus and small amounts of
nitrogen are reguired. As more sophisticated application equipment is developed, they
will be banded rather than broadcast at time of plonting for such crops as wheat, maize,
and sorghum. Where conditions permit, these materials will increasingly be applied to
rice soils during seedbed preparation. Since all the nitrogen in the ammonium phosphates
is in the ammonium form, they are particularly well suited to rice (Harre et al., 1972).

In contrast to urea, there are few physical or chemical problems associated with the

* uge of ammonium phosphates in the humid tropics. They can be shipped in bulk in hot,
humid regions with little or no difficulty, are compatible with a wide range of other
fertilizere and can be applied to the surface of the soil with less danger of loss of
either N or P. There is at least one problem, however, usually asscciated wiih diammonium
phosphate; when banded at high rates in contact with or close to the seed under dry
conditions, it can release free ammonia in sufficient quantities to retard seed germination
or injure young seedlings (Albred, 1962). This can be easily avoided by placing the
fertilizer, by hand or with special banding equipment, at least 1 to 2 inches to the side
and below the seed.

Chemically— or Physically-Combined High-Analysis N-P-K Fertilizers

a. Potential

Complete high-analysis N-P-K grades (more than 30 units plant food) of fertilizer
have been accepted by consumers in Africa, and their consumption has grown faster than that
of any other fertilizer in tropical and subtropical countries such as Japan, Taiwan,
Philippines, Korea. In EBrazil, N-P-K complexes supply 70% of the plant nutrients sold.

The frequency of potash deficiency is less than one-temth that for nitrogen and one-
third that obeerved for phosphates. With intensification of farming, including use of new
and higher yielding varieties, responses to potash will become more frequent, particularly
on organic sandy and laterite soils; thus N-P-K compounds or mixtures will be in demand.

A8 already discussed in the section on ammoniated phosphates, the acceptance of N-P-K
grades is dependent upon the potential of bulk blends. Where bulk blenus have good potential
demand for physically-mixed N-P-K grades which include ammonium phoasphates will probably



increase. In regions where bulk blends do not have great potential, such as in parts of
Africa, use of the chemically-combined compound fertilizer will grow.

Regardless of whether they are blends or compounds, N-P-K gradee will be of high
analysis. Products are now available to make complete fertilizers in either form
containing at least 40 units of plant food.

b. Chemical and Agronomic Properties

The products are usually granular. Colour is variable in blends but generally
greyish if chemically combined. They usually contain more than 30 wnits of plant food,
and are available in a number of ratioe. They are chemical or physical combinations of
two or three major nutrients, 100% water—soluble N, and 50% to 100% water-scluble P
depending upon the choice of phosphate materiale and production processes. The agronomic
properties of these products are based upon the form of the individual plant nutrient
pregent,

Triple Superphosphate (0-46-0)

a. Potential

Triple superphosphate is a high-analysis phosphatic fertilizer that has become more
important in the last 20 years. Ite use in Africa is expected to increase substantially
from its current 5% share of the total phosphate ma.rket; by 1972, it may hold 20% of the
market for the developing portion of Africa.

Triple superphosphate is most economically produced when a supply of phosphate rock
is nearby and the phosphoric acid is produced in large and continuously operating plants.

b. Agronomic Properties

The phosphorus is almost entirely water soluble and is readily available to most
crops under a wide range of conditions. Its low sulphur content (3 or leass) relative
to that of normal superphosphate is easily overcome by applying a sulphur-containing mat-
erial to the crop at some other time. This fertilizer is free flowing in either run-of-
pile or granular form and lends itself readily to ammoniation. This is a particularly
important characteristic for those countries that must import phosphate but have their
own ammonia facilities. Finally, it is a relatively low cost source of P505, and its
high analysie permits additional economies in handling, shipping, and distribution. In
spite of all these apparent advantages, most if not all of ite good qualities are equalled
or surpassed by ammonium phosphates, particularly DAP, This, coupled with ite incompati-
bility with DAP or urea in blends, limits its future growth potential.

New Potential for 0ld Products

Without exception, all the new fertilizers mentioned are higher in N, P, or K than
their predecessors but contain little or no sulphur and certain cther essential nutrients.
Because of thie and the proven beneficial effects of sulphur, particularly on wheat, maize,
sorghum, and certain pulses, it would seem appropriate to reassess the potential of some
of the so-called low-analysis fertilizers, Two of these are ammonium sulphate and ordinary
superphosphate.

Ammonium Sulphate (21-0-0)

as Potential

Because of its low nitrogen content (21%, all ammonium nitrogen), the downward trend
in use of ammonium sulphate was predictable (Figure 1). In most fertilizer research tests,
and in many government fertiliszer education programmes, it has been replaced by other
nitrogen scurces, usually urea. Under present and probably future circumetances, this



decision is justified; per unit weight of N, urea ie a more economic choice. WNevertheless,
the relative competitive situation for ammonium sulphate is changing. Most of the ammonium
sulphate produced today is a byproduct, usuwally of the steel or caprolactam industries. The
loss of domestic and export N markets to urea has been substantial (Anon., 197C). This,
coupled with increased emphasis on pollution control, has led to a variable supply of
ammonium sulphate in recent years.

Fan CGranulated Urea Ammonium Sulphate

Considering the good agronomic characteristics of ammonium sulphate and the more
fragile physical characteristics of urea, TVA about two years ago felt that a compromise
material might be developed which would incorporate the favourable characteristice of each.

The mixed product would have a higher nitrogen content than ammonium sulphate, contain
available sulphur, and possibly have better physical properties than straight urea. TVA
initiated studies to determine if a suitable and relativaiy simple process could be developed
to produce such a material. The studies were carried out in a pan granulator ae described
below.

This process was studied in a large pilot plant in which the production rate was
about 0.45 t/h (Figure 4). Most of the test work was carried out for production of a
40-0-045 material, although some tests were made of a 35-0-0-105 grade. In these tests,
a concentrated urea solution was prepared by melting urea prills in steam heated tanks.
This solution was fed to two spray nozzles arranged to deliver solution to the moving
bed of recycle. The solid ammonium sulphate was added to the urea prills prior to melting.
This method appeared to be superior to feeding the ammonium sulphate directly to the granu-
lator. By use of a concentrated urea solution no dryer is needed; granules flow from the
pan granulator to the cooler and screens, and the oversize is crushed and mixed with recycle
fines. The granules were rough in appearance compared with pan-granulated urea, but this
should not detract from ite use in bulk blending or direct application.

Pan-granulated urea—ammonium sulphate of 40-0-0-45 grade would, on the basis of amall-
scale storage tests, have to be conditioned (preferably with a high-efficiency conditioner
‘such as diatomaceous earth) to remain in satisfactory conditien in bulk or bag storage for
longer than a month. Precautions should be taken when the material is stored in bulk
because, like ammonium nitrate, it is somewhat hygroscopic. Protection could be provided
in the form of a tightly closed building, plastic pile covers, or dehumidified storage.

The critical relative humidity is in the range of 55% to 60%.

Urea-Single Superphosphate

Single superphosphate (SSP, 0-20-0) is often a very economical source of phosphate in
many developing countries, and it is alsc a source of sulphur. In many cases, it is a good
means of using byproduct sulphuric acid. However, owing to the relatively low analysis
(208 Fal05 ) it is more costly to bag and ship over long distances than the higher analysias
matarlals such as diammonium phosphate (DAP, 18-46-0), monoammonium phosphate (MAP, 11-55-0),
or triple superphosphate (TSP, 0-46-0), TVA in cooperation with AID has been testing the
production of urea-single superphosphate based compound NPK granular products for these
situations. Many countries market phosphates on the basis of water solubility. When
single superphosphate is ammoniated, the water solubility is significantly reduced.
Therefore, the process studied invelved little or nc ammoniation.

Generally mixtures of urea-single superphosphates or triple superphosphates have
been avoided because of the poesibility of formation of an adduct which releases water
and renders thege fertiliszers tacky and wet during processing. Some work has been done
in India on this process. Also, some products are made in Great Britain and Japan
containing urea and unammoniated or lightly ammoniated single superphosphate.
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a. Proccess

The flow diagram for production of urea-single superphosphate based granules is
shown in Figure 5. In order to make relatively high analysis grades, it is necessary to
supplement the single superphosphate with other phogphate materials such as diammonium
phosphate or moncammonium phosphate.

b. Results

Granulation was gquite poor with test conditions for a 14-14-14 and a 10-20-10
product, In both formulations, there was a tendency towards either undergranulation
or overgranulation.

From data obtained thus far at TVA, the granulation of compounds based on urea and
single superphosphate without ammoniation sppears to be difficult. It appears that some
specific equipment changes would be required for formulations of this type. The drying
and feeding of hot single superphosphate to the granulater may be helpful. The use of a
small cquantity of ammonia in the granulator eliminates many of the operational problems,
but lowers the phosphate water solubility to about BCOY!.. TVA plans to conduct further
gtudies of the process.

Granulated Urea Rock FPhosphate

Granulated urea rock phosphate is a homogenous mixture of urea and finely ground
rock phosphate. Urea provides the granulating medium for binding together the small rock
particles. In order for the rock phosphate to be available to crops, it must be either
applied in & finely ground form or in one that can rapidly be converted to its original
finely ground form. This last is accomplished by the rapid dissclution of the urea in
water which causes speedy disintegration of the granules to provide finely ground material.
Obviously, the handling, storage, transport, and application characteristice of granulated
materials are preferred to those of a dusty material such as ground rock. Two grades of
materials were produced, 26-13-0 and 18-18-0.

Figure & shows one process used for production of the urea rock phosphate granules
in the TVA pilot plant. Tests have been conducted in two types of granulation eguipment,
a pan type and a rotary drum granulator. FHesults were superior when the pan method was
used.

Some developing countries use rock phosphate for direct application, and complaints
have been received regarding handling and application of the finely ground rock. Various
methods are being sought to granulate the powder, among which the use of urea would be very
convenient.

Further tests are needed on ways to granulate urea rock phosphate. For example, the
use of crushed urea prills and finely ground rock with steam granulation in a rotary drum
should be tested. Also, a pugmill might be used for this process. Inclusion of other
materials such as a small quantity of water—soluble phosphate for early crop response might
be helpful.

The products are being tested agronomically for rice and much interest in such
products is being shown in Indonesia. However, the agronomic effectiveness of ground rock
is depencent on its reactivitiy and TVA is evaluating various rocks in this respect. A
report is available which discusses the relative reactivity of selected rock phosphates.

Urea with improved physical properties

The attractiveness of urea as a nitrogen fertilizer could be increased even further
if simple and inexpensive methods could be found to improve mignificantly its physical
properties, especially for handling, storage, and transport in humid areas., A urea that
is readily compatible with granular triple superphosphate for bulk blending would be helpful.
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This, of course, would be attractive for industry in the United States as well as in
developing countries. With theee objectives, TVA has been conducting tests to evaluate
various materiales that could be applied to urea after the product has been air-prilled,
spheroidized, or pan-granulated. This mainly involves application of a coating to the
particle surface in small quantities with evaluation of this coating as a moisture barrier,
This work is not part of the sulphur-coated urea project of which the object is to control
the dissolution rate of urea in the soil, although thin sulphur coatings may be effective
under some conditiones.

Numerous materials including oils, waxes, and resins have been evaluated. The
materials are applied, usually in the form of ligquids, to the urea particles while
tumbling in a rotary drum.

Several types of coating were promising as materials to retard moisture absroption
at 32°C (909F) and 90% relative humidity. MNormal sulphur-coated urea (209 coating) was
cutstanding and only absorbed 3 and 17 mgfcmz in 4 and 24 hours, respectively. Other
materials such as Bunker C fuel o0il, mixtures of paraffin and ¢il, and mixtures of
petrolatum, resin, and paraffin were effective in the laboratory tests.

Work is continuing on improvement of physical properties of urea with the object
of finding a coating that will be effective in quantities small enough to give a 45%
nitrogen product, that will limit absorption to a degree equal to the above coatings,
but will cost only in the order of $1.50-$2.00/ton for the coating material, not including
the cost of application. One material that appears especially promising is a 1% coating
of a mixture of wax (62°C (143°F) melting point) and Bunker C fuel oil which would cost no
more than $0.50/ton. One possible disadvantage of this material is that a discoloration
of the urea is noted when this material is used.

As pointed out previously, an improved urea would have good potential for developed
as well as developing countrieas, Perhaps the largest need is for a urea product that could
be blended with unammoniated granular triple superphosphate. However, almost any treatment,
coating, conditioner, or whatever, will increage product cost. No one seems prepared 1o
say what increased cost can be tolerated, although some have suggested that a product
containing as little as 40% nitrogen and costing 10% more per unit of nitrogen might be
acceptable. Sulphur-coated urea, prepared to control the dissolution rate of nitrogen,
has been shown to be compatible with granular triple superphosphate as well as being
resistant to extremes of humidity and temperature, but the cost of thia type of coating
would not be acceptable sclely for improvement of physical properties.

Anhydrous Ammonia

Anhydrous ammonia is by far the highest analysis N product commercially available
anywhere in the world., Because of its high analyeis, it can be shipped great distances
to ite point of use at competitive prices. Anhydrous ammonia has one major disadvantage -
a high vapor pressure at ordinary temperatures, It muset be transported and stored in
pressure containers, generally with a minimum working pressure of 265 1b/in®. Unless
injected into irrigation water, anhydrous ammonia must be injected as & liquid into the
goil with special equipment where, beneath the soil surface, it vaporizes, reacts with
the soil water, clay or organic fractions, changes to the ammonium form and is retained
by the system.

When properly used, anhydrous ammonia is equal to any other form of ammeonium nitrogen
but does require special management or its agronomic performance can be affected (Engelstad
& Hauck, 1956). Ammonia applied either pre- or post- planting should never be placed in
cloge proximity to the seed or young roots; otherwise, as in the case of urea or diammonium
phosphate, germination or growth can be retarded. Depending upon the amount injected,
lesses of ammonia can result if the ammonia is injected at too shalloew a depth in soils low
in moisture, clay content or organic matter or when tracks left by the injector knife fail



to close because of insufficient or excessive moisture. In general, anhydrous ammonia
requires special equipment for handling, which ie very expensive in developing countries.

Progpects for use cof nitrogen sclutions
and ammonia in developing countries

It is generally accepted that dry fertilizers offer the greatest potential in the
developing countries of the world. Many believe the immediate potential for ammonia and
nitrogen sclutions is quite limited.

These assumptions are probably correct based primarily on the general acceptance of
dry fertilizers. Their simplicity of handling, compared to the more sophisticated syatem
required for ligquid materials, makes them more readily accepted in a country which lacks
mechanization. However, to stop here would be an oversimplification of the situation and
would not reflect the true potentials for nitrogen solutions and ammonia.

Although dry fertilizers, particularly urea, ammoniated phosphates, and complete
N-P-K compounds will be the dominant force in the developing country market for some time,
ammonia and nitrogen solutions, particularly aqua ammonia and non-pressurized solutions,
could very well make substantial advances in the nest few years. This will ocour for at
least three reasons which are: (1) labour shortages are developing in certain regions,
thus placing a premium on increasing efficiency of handling agricultural inputs, (2)
adaptation to non-pressurized agqua ammonia or non-pressurized solutions requires only a
very limited amount of sophisticated equipment, (3) because of the tendency for ammonia
producers to look for additional markets for excess ammonia, they will actively strive to
develop these markets.

Under these conditions, prospects are good for acceptance of one or more of these
materiale as agriculture becomes mechanized. The major potential for extended use of
nitrogen scolutions exists mainly in large estate areas that are the principal earners
of foreign exchange and which grow rubber, oil palm, sugarcane, or where these holdings
are old, in need of rejuvenation or perhaps conversion to crops such as rice, maize, or
wheat. Potential also exists in certain areas of smaller land holdings. Of particular
promise are areas where farmers are willing to pool equipment and farm their land co-

- aperatively. Under these circumstances, nitrogen solutions can offer savings in both

labour and cost per unit N. 4n additional potential, its success dependent upon

government policy and development of regional projects, is aerial application of non-
pressurized nitrogen solutions. There are vast areas of Africa where crops are gTowWn

under uncertain moisture conditions. In these areas, farmers often use only a very

minimum of fertilizer., Where optimum rainfall occurs, usually when growth of the crop is
well advanced, additional nitrogen could prove to be profitable., Under these conditions, it
might be profitable to apply, by airoraft, 12-30 kg of nitrogen per hﬂctare, to take gquick
advantage of the more favourable water supply.

Low-pressure solutions and high-pressure anhydrous ammonia, although widely ancaptud
in the U.S.A. and Europe, offer limited potential for direct application in Africa.

Congidering that these materials are of high analysis, particularly anhydrous
ammonia, the special equipment needed to take advantage of this offsets any advantage
accrued in labour saving or low-cost nitrogen. The exceptions to this are areas where
landholdings are substantial and individual fields are sufficiently large to allew for
the economic use of this relatively sophisticated equipment.

This is particularly true where labour is short in supply and/or nitrogen losses are
occurring where urea is currently applied to the surface soils. Under those circumstances,
urea solutions and anhydrous ammonia in particular seem attractive,



Polyphosgphates

A very significant advance in phosphoric acid manufacture, a basic ingredient of many
phosphate fertilizers, has led to the development of a new family of peolyphosphate fertili-
zers, many of which are now being tested by TVA and others.

Ordinary phosphoric acid (54% Fgﬂj} may be concentrated to super acid which, depending
upon whether the electric or wet process is used, ranges from 68%-80% in P20g content. To
our knowledge, neither super acid nor products made from it are available commercially in
the developing world. Nevertheless, some offer immediate potential in selected areas. and
will be discussed in brief.

a. Superphosphoric Acid

More than 10 years ago, TVA developed a method for producing concentrated phosphoric
acid, usually referred to a 'superphosphoric acid's. This new product contains over half
its phosphorus in the pyro and more ‘condensed formsj; +the remainder is in the standard ortho
form, When made by the standard electric furnace process, the Pgﬂ5 content is T6% or more.
Table 3 illustrates the difference between furnace acids of ordinary and superphosphoric
concentrationa.

The main advantages of super acid are its high analysis (almost 50% more P 5 than
ordinary acid), its low corrosion rate (less than half as rapid as ordinary acidiﬂand its
ability to sequester impurities often found in wet-process acid, an advantage in making
liguid fertilizers.

b. Ammonium Polyphosphate (Ligquid 10-34-0, 11-37-0; solid 15-62-0, 12-57-0).

The term 'ammonium polyphosphate' refers to material containing condensed phosphates
either as solutions or solide and produced by ammoniation of superphosphoric acid. These
have proved to be favourite intermediates for making liquid fertilizer.

Ammonium polyphosphate can alsc be produced as a solid by ammoniation under pressure
(Kelso et al., 1968).

Work in the United States (Terman and Engelstad, 1966) has led to the conclusion that
there is no clear-cut difference between monoammonium phosphate and ammonium polyphosphate
(4PP), although both are superior to concentrated superphosphate.

Of the materials in this family, solid ammonium polyphosphate (15-62-0 or 12-57-0)
offers the greatest potential for use in developing countries. This is because (a) it is
a high-analysis, binutrient fertilizer, and (b) it can be shipped in the sclid form to
intermediate pointe where it can be readily converted to a liquid (10-34-0) if and when
the situation should warrant.

For these reasons, solid APP has good potential in the same regions offering good
opportunities for nitrogen solutions and bulk blends. The solid APP (imported) together
with the locally-produced nitrogen solution could serve as the nucleus of developing a low-
cost liquid industry. It could aleo serve as & high-analyseis, binutrient component of a
bulk blend.

cs Urea—Ammonium Polyphosphate (Solid; 30-30-0, 39-13-0, 19-19-19 or varying grades;
all nitrogen in urea or ammonium formj phosphate lnﬂﬁ water soluble and 50% soluble in the
non-ortho form). Agronomically, this product ie as good as MAP or DAP. This coupled with
its high analyeis, simplicity of production and low production costs make it a product with
good potential in Latin America, Asia, and Africa.




Table 3. Properties of Ordinary Phosphoric Acid and Superphosphoric Acid
made from Electric—Furnace Acid

Parameter Type of Acid
Ordinary Super
Acid concentration (% P20s5) 54 T6
P20s5 content (1b/U.S. gal.) Tal 12,2
Percentage of P20, as poly acids 4] 51
Viscosity (Centipoises)
at 40° ¢ 12 400
at 100° ¢ 4 45

Corrosion rate (mils/yr)
mild steel st room temperature 523 230

FERTILIZERS IN THE FUTURE

Ultra=high-#Analysis forms of phosphorus and their agronomic value

COver a long period, efforts to develop new products in the fertilizer industry have
mainly been directed towards further increasing the concentration of the primary plart
. nutrients. Ammonium polyphosphate (APP) (15-62-0) is the most concentrated solid
fertilizer currently available. Very long-chain APF and ammonium tetirametaphosphate of
approximately 14-73-0 grade have been prepared and tested on a laboratory scale. It
now appears that the 14-73-0 grade ies close to the limit of high-analysis with ortho-
phosphates or condensed phosphates. On thie basig, further development of ultra-high-
analysis P or NP sources must, of necessity, be concerned with new forme of P with
covalent N-P bonding and little or no oxygen in the molecule.

Although the actual chemistry of these products has not been worked out in various
systems, in theory, products of this type may react with soil water through chemical or
biological action to yield conventional forme of P and N in the soil.

Ultra-high-analysis fertilizers have been defined as those compounds that contain
more than 100% plant food on an oxide basis (usually N-P basis although more emphasis
will be placed on N-P-S systems). There are four basic groups under study: vapour
phase reaction products, phosphonitrilica, cyclic metaphosphimates, and linear polyamides
(Terman & Allen, 1969; Russel, 1970; Hignett, 1970).

a. Vapour phase reaction products (NH3-P-0).

One of the more promising routes to ultra-high-analyeis P sources is the direct
reaction of HH3 and P in the presence of water moluble P and N. Results obtained thus
far are encouraging, particularly from a production standpoint. OGreenhouse tests have
revealed that these products are 109-50% as effective as conventional N-P sources. Under
the present level of technology, at least 50% of the reaction products (usually very long—
chain polyphosphates) are inert. Modification of the process might offer a combined quick-



and slow-release action sought in slow-release fertilizers., Interest in this product
lies in its use as an intermediate which probably would be converted to solutions at the
point of distribution.

(b) Phosphonitrilic Hexaamide Compounds

One of the highest nitrogen component N-F compounds that shows some promise is phos-
phonitrilic hexaamide (55-92-0), an N-P ring compound. It contains no oxygen and very
little hydrogen. Greenhouse tests suggest that the unsaturated phosphonitrilic ring
apparently yields available P at rates sufficient for optimum growth. The nitrogen
component appears to be completely available to the crop.

(c) Cyelic Metaphosphimate (27-60-0). In contrast to the phosphonitrilic compounds,
cyclic metaphosphimate ring structures are not subject to microbial attack, and do not
readily release their N and P; thus they must be considered very stable in soil systems.
Further processing, such as breaking the ring by chemical or thermal action, is necesgary
before this material proves attractive for use as a fertilizer.

(d) Linear Polyamides

Another potential route to ultra-high-analysis sources of P is the synthesis of linear
polyamides and thiopolyamides.

Three of the four compounds shown in Figure 7 include substantial amounts of sulphur.
All contain little or no oxygen. This and the S content results in a much higher content of
plant nutrients. The phosphate availability of these compounds decreases with increase in
molecular size. With the exception of thiopolyamides, the nitrogen sources were as effective
as ammonium nitrate. The thiopolyamides were slightly toxic.

Although commercial production of any one of these ultra~high-analysis products is
probably 10 or more years away, they offer promise of becoming the fertilizers of the
future, provided certain technological difficulties can be overcome, Furthermore, when
their plant nutrient contents are expressed on an elemental basis, many of the producte
tested approach the theoretical (100%) limit for high-analysie products., While initial
agronomic tests appear very promising, a very concentrated effort on methods of synthesis
will have to be made before ultra-high-analysis compounds, particularly polyamides, can
be produced at reasonable cost. In spite of these restrictions, the fundamental chemistry

is being investigated and prospects are good for the appearance of new ultra-high-analysis
fertilizers within the next 20 years.

SUMMARY

The problem TVA faces as promoters of fertilizer production and use could be summarized
in Table 4.

Table 4. Consumption of fertilizer in certain regions, 1969

Consumption (kg)

Per Capita Par Hectare
Western Europe 61.9 158.9
North America 66.2 6T.T
Latin America 9.0 20.7
Asia 4.8 2l.2
Africa d.2 Ged




Figure 7. STRUCTURAL FORMULAS AND ANALYSES OF ULTRA-HIOH-ANALYSES
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Only 10 years ago, noted social and agricultural scientists of the developed nations
forecast impending disaster for many of the developing nations. These predictions were
based on the assumption that the world and the developing nations, in particular, were
rapidly outstripping their food producing capabilities. Disaster in the form of famine on
an unprecadented scale was forecast to cccur by 1570. Neverthelesas, this famine has not
taken place, nor do people still look at the food situation in despair. Great hope has
been kindled by the start of a green revolution which, if it continues its momentum,
gives promise of continued meeting of food demand in meost of the world.

Although credit for much of this success, no doubt, must go to the development and
widespread use of high yielding varieties of rice and wheat which incidentally are very
resgponsive to fertilizer, credit must also be given to an equally great development that
has occurred in fertilizer technology and fertilizer use.

During the nineteen sixties, strides were made in fertilizer technology of a magnitude
equal to those made in the breeding of the high yielding varieties of rice and wheat.

Engineers succeeded in designing and building fertilizer planis capable of producing
1 500 ton/day of ammonia thus making low cost nitrogen a reality. Transport facilities
and marketing systems were also developed, thus assuring amounis of fertilizer at a price
that makes its use profitable even at rather high rates per hectare. These and many more
developments have gone a long way towards initiating and maintaining the pace of the green
revolution.

To continue to.keap the green revolution alive, TVA feels that the future opportunities
ares
A. Developing fertilizers for tropical soils
Controlled release fertilizers
Improved phosphatic fertilizers

Addition of needed secondary and microautrients to macronutrient fertilizers

B. Puture teams

Requests will probably require expertise in: Marketing organization
Production capacity planning.
C. Guidance and cooperation with other proposed technology centres similar to the

National Fertilizer Development Council of the United States in developing
countries.
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POSSIBILITIES FOR ASSISTANCE IN
FERTILIZER USE DEVELOPMENT

by
FoW. Hauckj/

FAQ Activities

During the last 15 years assistance of various forms in fertilizer use development has
become increasingly important in FAQ's programme, which coneists essentially of the Field
Frogramme and the Regular Programme.

The main objective of field projects is to provide countries with the necessary
information on soil development and conservation and to assist in introducing technically
and economically appropriate types and quantities of fertilizers into practical agriculture
on a large scale, with particular emphasis on small farms. In accordance with the
requirements of the countries the work is carried out along the following lines:-

1. Research on soil fertility, soil management, fertilizer use, s0il chemistry
and related fields and on the effects of fertilizers on the human environment.

2, Field experiments in research stations and under farming conditions.

3. Studying the economic factors affecting fertilizer use and finding ways and
means to overcome obstacles.

4. Tranefer of research results to the extension services and farmers.

5, Fertilizer Pilot Schemes as examples and incentives to improve marketing and credit
facilities.

6. Long-term planning of fertilizer use development which might eventually lead to
local fertilizer production,

Field activities are carried out by UNDP financed projects {emall scale and large
scale, at present number 27) and by the FAO Fertilizer Programme (22 projects with 15
pilot schemes). The UNIP projects are prepared and carried out in the framework of the
UNDP)country programming and within the financial limits of the Indicative Planning Figure
{IPF).

UNDP (Small Scale)

This type of assistance usually provides one or two experts as advisers to Governments
for special fields of technical activities. The programme also provides a limited amount
of equipment and one or two fellowships, and has & duration per project from twoe to six
years. Under this programme, fertilizer use and promotion projects were started in the
early fifties and have operated in 24 countries.

-KSanlur Officer (Soil Development and COnnervat1onJ, Land and Water Development
Division, FAC, Rome.



UNDP (Large Scale)

These are intended to provide preinvestment assistance to Governments. They are
primarily in epplied research and investigation; however, for some years, in Special
Fund projects on soil fertility and fertilizer use, strong promotion components have been
included. UNDP's contribution to these relatively large projects usually includes a team
of five to seven international experts; equipment and supply for the field and laboratory
work including vehicles; for projects with a fertilizer distribution component, adequate
quantities of fertilizer; and finally, about ten or more fellowships for the training of
local staff. The minimum duration of large scale pro ects of this type is three years,
but most are for five years or more. Such projects have been, or are being executed,
€.g+ in Iran, Republic of Korea, Philippines, Thailand and Pakietan, Ghana and Argentina,
Apart from field experiments and demonsirations,special attention hase been given to the
establishment or strengthening of services required for fertilizer use, and the development
of sound fertilizer recommendations. Oovernments are also assisted in developing policies
for fertilizer supply, and assistance is given to pilot schemes for fertilizer distribution.
Emphasis has been placed on combining fertilizer use with the use of improved high yielding
varieties and with better methods of cultivation, irrigation and pest control. These
intensive projects have contributed considerably to an extraordinary increasse of fertilizer

UsSe.

For instance, in Ghana a large scale UNIP prcject carried out by FAC, in cooperation
with the Ministry of Agriculture, ie providing assistance in the following fields:
goil fertility, soil chemistry and soil testing, agronomy and in the development of infra-
structure for the distribution of fertilizers to farmers, with emphasis on cooperatives.
Accordingly, the FAU team consiste of six experts in the various fields of specialization,

and a number of consultants for specific problems are being provided,

The aim of the project

is to build up an organization under the Ministry of Agriculture, and related field organiz-
ations, which can introduce fertilizera into agriculture on a countrywide basis.
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In the Philippines a large escale project carried out jointly b
Fhilippine Bureau of Scils and the international team of FAO, has
trials on all the major food and cash crops, with special emphasise
Detailed fertilizer recommendations for each province and main soil
wielding and traditional vaireties have been worked out,at the rang
for local varieties, 60-40-30 for improved varieties and 90-40-30 f
The project has assisted in re-equipping and upgrading eight region
plant nutrition laboratory and greenhouse were established and rese
there on the nutrient requirements of rice, maize and coconuts, and
of Rhizobium spp. on legumes have been carried out. A field check
carried out and suggestions were made for improving soil mapping te
marketing and credit situation was studied and proposals for improv
project reviewed the organization and staffing of the Bureau of Soi
reorganization to improve the planning, coordination and practical
A detailed proposal for a Division of Fertilizer Promotion, to be c
of Agriculture, was worked out. This would be responsible for the
activities in fertilizer use development including diesemination of
fertilizer legislation, coordination of imports, local production,
pricing and long term developments. The project in the Philippines
sound technical and economic basis for fertilizer use but it has al
fertilizer consumption was 97 000 tons (N P20s, Ko0) in 1964 when t!
had reached 226 000 tons in 1970/71.

The FAQ Fertilizer Programme is not financed by UNIP but by di
from the World Fertilizer Industry and governmental and non-governm
Programme started in 1961 and ie at present working in 22 countries
Pertilizer Programme uses the following lines of approachi



1. Experimental work under farming conditions for developing rational fertilizer
formulas.

2, Demonstration and extension work.
3. Economic studies in connection with field work.
4. Pilot schemes for fertilizer distribution.

The Projramme is essentially very close to the practical requirements of the countries,
using e: isting research results and implementing them in agricultural practice.

Regular Programme

The main purpose of the activities under FAQ's Regular Programme is to advise in the
formulation of field projects, to give technical support, and to provide the member
countries with additional information and assistance as requested. Regular Programme
activities includes:-—

1. Studies of technical, economic and marketing aspects of soil fertility and
management, and in fertilizer use.

2, Publications on all activities and on the results of field activities, also on
eonsultations and different types of meeting.

3, Conferences, sessions, seminars, consultations.

4. Commissions, missiona.

5. Working Groups, particularly on fertilizers and related inputs, on fertilizer
economics, on fertilizer marketing and credit, and, in cooperation with UNIIC and
IBRD, on fertiliser development planning.

f. Soil Data Bank for the computerized storage analysis and retrieval of field
regults.

7. Coordination of fertilizer use development planninge.
8. Liaison and cooperation.

These activities are carried out by expert staff in FAQ Headquarters, in cooperation
with the regional and field project staff, with other organizations and with the help of
consultants. It should be obvious that each type of activity under the Regular Programme
is closely interrelated with the field activities.

Inter-relations between activities

In the context of the various countries' development programmes, assistance given by
FAQ in fertilizer use development ie always closely interrelated with the gemeral regquirements
in agriculture and with other projects (multilateral or bilateral) in the same or in related
fields., For instance, FAO's form of assistance in a project of the Fertilizer Programme is in
field experimentation, demonstrations and extension work. In bilateral projects FAQ is
placing emphasis on the improvement of fertilizer distribution to farmers by supplying larger
quantities of fertilizers, and by assisting in the improvement of distribution facilities.
Depending on the situation, the various activities of a project can also be phased,
emphasizing the technical aspects during the first phase and shifting the emphasis to
distribution and credit problems during the second phase. A project of the Fertilizer Programme
can also be followed by a more comprehensive UNDP large scale programme, as is the case in
Ghana, or it can be followed by bilateral assistance with a wide scope for development



activities, as, for instance, in Ethiopia. Assistance in fertilizer use development can
also be combined with, or followed by assistance in the gradual development of local
fertilizer manufacturing. In a few cases the World Bank (IBRD) has expressed interest in

a large scale investment project for inputs, following a successful FAD assisted fertilizer-
use development project.

How to obtain assistance from FAQ

The basis for receiving assistance from FAQ, as well as from other UN organizations,
is a regquest from the country which is submitted through established channels.

The origin of the reguest within the country can come from different sources, for
ingtance, from an officer working in soil fertility, research or extension or from a
high ranking officer in the Ministry of Agriculture. The request is usually discussed
at an early stage with representatives of potential aid-giving organizations, for instance,
with the FAO Country Representative and with FAQO experts in the country. After the country
has expressed its intention to ask for an assistance project (e.g. by a Letter of Intent
to FAO or UNDP) a preparatory mission can be sent to the country. The mission assists the
country in formulating the request in detail,’ including the technical, organizational and

budgetary aspects.

As far as UNDP projects are concerned, it is also important to discuss with the UNDP
Representative, at an early stage, how the project would fit in with the jointly
establighed UNDP country Programme, which contains not only the coperational guidelines
but also sets out the availability of funds within the Indicative Planning Figure (IPF).

IFF indicates the amount of funds reserved for the country by UNDP for development projects
for a period of five years. Once an understanding of the project within the above framework
has been reached, the respective authority (usually the Ministry of Agriculture, but in

some countries the Planning Commission) submits the request to the local UNDP office for
final approval by UNDP Headquarters, New York, with a copy to the respective UN Agency; in
the case of agricultural projects this ia FAQO.

In the case of the FAO Fertilizer Programme, the financing is not done by UNDP but by
a Trust Pund administered in FAO Headquarters. The financing of this type of project is
therefore outside the indicative planning figure provided by UNLF.

Assipstance by the FAD Fertilizer Programme is based on a request from the country
directly to FAO through the local FAOD representative and the preparation of the request is
gimilar, including the possibility of assistance from a preparatory mission.

When planning the request for a project, it shoulu always be remembered that in
addition to the contributions requested from UNDP or FAO, the request should also spell out
the counterpart contributions of the particular country to the project. This calls for a
provigion t¢ be made in the budget of the Ministry of Agriculture well in advance. Generally
speaking, the development of an aseistance project is a time-taking procedure which might
involve up to twe years or more from the first discussion of the idea to the actual start of
oporations. The importance of the time factor should, therefore, not be overlocked.



