FAD SOILS BULLETIN 45

organic materials
and soil productivity
in the near east

@ &
=

FOOD AMD AGRICULTURE ORGAMIZATION
OF THE UNITED MATIONS ROME



FOREWORD

Thie Bulletin contains the papers and proceedinge of the ?mfsrm.
Workshop on Organic Materials and Soil Productivity in the Near East,
which was held with the financial assistance of SIDA, on the premises
of the Faculty of Agriculture, Alexandria University, Egypt. In 1974,
at the World Food Conference resolutions were passed urging the greater
utilization of organic materials to improve the fertility of the m=oile
for marimum erop production. FAO, in cooperation with the Swedish
International Development Authority (SIDA), assumed a leading role in
promoting the use of organic materials for improving soil productivity.
The Expert Consultation on Organic Materials as Fertiliszers (Rome, 1974),
the Workshop on Organic Recycling in Asia I:Blngbnk, 191’6}, the present
Workshop on Organic Materials and Soil Productivity (Alexandria, 1978)
and others in Latin America and Africa are part of this promotioen
programmns .

In view of the important complementary effect of organic
materiale to mineral fertilizers and their role in improving the
#0il's physical properties, the Workshop has dealt with a wide variety
of iteme on techniques and uses of the organic materials and wastenm
including composting, bio-fertilizers and biogas, the snvironmental
and health aspecte, and action guidelines for follow—up activities in
the Near East countries,

The proceedings of the Workshop present sound recommendations,
the implementation of which would assist in improving the soil preduct-

ivity, raising crop production levels and producing a better quality
of life,

The Arablc summary of the English text and the technical
aditing of theses proceedings were undertaken by Dr. A.3. Abdel-Chafar,
Head of the Soil and Water Department, Faculty of Agriculture, Alexandria
University, Egypt.
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1.

I. INTROIUCTION, CONCLUSIONS, AND ACKHOWLEDQGEMENTS

INTROIDCTION

The use of organic materials for growing crops and improving scil produstivity
ie an sgricultural practice that has been followed in the Near East countries for
centuriea, Until mineral fertilizers were introduced in the mid-nineteenth century,
organic materiale in the form of compost and animal manures were the only source of
plant nutrients added to eoils except for certain legumes that supplied nitrogen.

The use of organic materials in some Near East countries began to decline about 20
years ago when we entered the era of the "Green Revolution™. At that time, the use
of mineral fertilizers gained dramatically in peopularity, and the use of organic
manures waB considerably reduced even in countries with long—established and tradit-
ional use,

Now, in view of the world energy crisis and the continuing increase in cost of
mineral fertilizers, and questions as to their future availability, there is renewed
interest in organic recycling to improve socil fartility and productivity.

In 1974, at the World Food Conference in Rome, resclutions were passed urging
the greater utilization of organic materials to improve the fertility of soils for
maximum crop production, As a resuli of this Conference, FAD, in eooperation vith
the Swedish International Development Authority (SIDA), aseumed a leading role in
promoting the use of organic materials for improving soil preductivity, by organizing
an Expert Consultation on Urganic Materials as Fertilizers in Rome, 1974 and a
Workehop on Orgaric Recycling in Asia, in Bangkok, 1976. Other workshope are planned
for Developing Countries in Latin and South America, as well as Africa and Asia, Thesme
workshope have fully recognized the urgent need to re-introduce the use of organic
recycling to enhance agricultural production and strongly endorse the complimentary use
of mineral fertilizers and organic materiale for maximum benefit. FAD is intensifying
ites efforts to assist Member Countries in developing action programmes to increase the
fertility and productivity of their soils through a balanced uwse of organic and mineral
fertilizers.

The Workshop was organized by FAOQ and the Soil and Water Science Department,
Faculty of Agriculture, Alexandria University (Egypt) and sponsored by SIDA.

The purpose of this Workshop was to promote and maintain interest in the use of
organic materiales for improving scil productivity in the Near East Region and to assist
Member Countries in developing action programmes to achieve these goals,

At the opening seession, addresses were given by the FADO Assistant Director-
General and Regional Representative for the Near East, the Dean of the Paculty of
Agrioulture, the President of Alexandria University, the Governor of Alexandria and
the Deputy Minister of Agriculture (Appendix 1),

During the workhing sessicns, 31 papers were presented by invited lecturers from
Egypt, Hungary, India, Korea, USA, PAQ, UNIDO and WHO. In addition, 2 excursions were
devoted to cbserving a land reclamation project and o ie recycling operations at
Northern Tahrir Province and & biogas unit at Fayoum (Programme: Appendix II),

The Workshop concluded its technical sessions by a presentation of ite final
report containing oonolusions and reccmmendaticons,



CONCLUSIONS

ie There is no doubt that mineral fertilizers are essential in most cropping
syntems if maximum yields are to be realized. However, in long term field
experiments where only mineral fertilizers have been used, soil structure haa
deteriorated and crop yields have sieadily decreased, The organic matter
content of these soils, perhaps the most reliable index of moil fertility and
productivity, has also decreased,

ii. The best means of maintaining socil fertility and productivity at a maximum
lovel is through periodiec additions of properly processed organic materials in
conjunction with mineral fertilizers, These organic materiale can contribute
substantial amounte of masro-nutrients (NPK) and micro-nutrients (Cu, B, Zn,
Mn, Mo) for crop growth, in addition to improving the physical properties of
scil, e.g. tilth, scil structure, and water holding capacity.

iii. The recent energy orisis and continuing increase in the price of mineral
fertilizers has resulted in a more competitive poeition for organic manures,
There are, however, certain constraints that must be overcome if their full
potential is to be realized, For example, some organic wastes such as sewage
sludges and night soil could present health hazards when not properly managed.

iv, Among the constiraints to full exploitation of organic materials for use in
improving soll productivity in the Near East countries are the following:

a, lack of awareness of the kind, amount and availability of organic
resources and lack of interest;

b. lack of infrastructure for collection of wastes in rural and urban
areas ;

G, lack of appropriate technologies in developing countries;

d. lack of concern for possible adverse effeots on public health and the

environment from the absence of waste management programmes in rural
and urban areas;

a. lack of definite policies and programmes on the part of natiocnal
governments to support the recycling of organic materials for use in
agricultural production systems;

f. lack of sufficient funds to carry out remedial measures,

V. Despite their potential economic value, many of these organic rescurcee have
remained more or less commercially unexploi ted,

Vi, The collection, processing {c,g. composting), and utilization of organic
materials for land application should not be considered as profit-making
activities, Their real wvalue, however, should be assessed on the basis of
long=term multiple benefits inoluding decreased pollution, improved public
health, and better appearance of urban and rural environments.

vii. It ia well recognized that biological nitrogen fixation techniques, if
properly developed and propagated, can supply a substantial amount of the
nitrogen requirement of a orop, However, these techniques have not been
fully exploited in developing countries owing to the lack of trained
personnel for adaptation and propagation.
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1.2

I1I. EECOMMENDATIONS

TECHNICAL

Ceneral

ii.

iii.

The Workshop recommended that FAD take whatever steps necessary to convey the
proceedings, conclusions and recommendations of this Workshop to all Member
Countries of the Near East Region.

t ie recommended that the proceedings of this Workshop be translated into
Arabic at the earlieat convenience, so that Arabic-speaking countries may be
fully informed as to ite technical content, recommendations, and proposed
action programmes,

It is further recommended that a Regional Workshop of this nature be held every
two or three years for the purpose of sharing information, reviewing progress
and revising recommendations and actions on specific programmes.

(rganic Resources for Rec_rnlirg to Iu_mrwa Soil Productivity

The Workshop recommended that assessments of the present and future availability

of organic materials for land application be made on a country-to—country basis.
Specific information that is needed includes types and quantities of organic materials
produced, present level and mode of utilization, constraints in their use for organic
recycling I:e.g. unsui table chemical composition and competitive umas]l, and potential
for increased organic recycling.

Composting of Urban and Rural Wastes

i.

ii.

iii.

Since currently available turn-icey technologies may not be best adapted to
developing countries, it is recommended that before embarking on a huge capital
axpenditure for a full-scale plant, pilot scale facilities be established in
interested countries for work on process adaptation, ranging from labour inten—
give methods to mechanical systems, market development, and local fabrication
of compost plant machinery. The results of this development work should be
used in a national programme for waste management and organic recycling.

It is alsc recommended that composting authorities be established to ensure

that organic wastes are processed according to established methods and standards.
This will ensure that the product ies environmentally safe, hygienic, and
beneficial for land application, Such authorities should include trained
compoat teclnologists and public health specialists who would be responsible

for monitoring the health of workers involved in collection, transport,
composting, distribution, and of the farmers who utilize the compost.

It is further recommended that such estiablished compeoeting authorities should
noet be organized to operate under a profit motive, but rather oriented towards
cost benefit relationships that consider leng=term multiple bemefits of
decreased pollution, improved public health, conservation of resources, and
bettar appearance of urban and rural environmente,



1.4

1.5

1.6

1.7

Biogas Technology

The Workshop recommended that biogas technology should be promoted at two
levels:

8. village—scale technology to provide a convenient scurce of energy and to promote
rural sanitation, and

b industrial-scale technology to provide an alternative source of energy and
organic fertilizers based on renewable rescurces,

Biological Hitrogen Fixation

The Workshop recommended research and application programmes that will lead to
achieving the full potential of symbiotic and asymbiotic nitrogen fixation techniques
in developing countriee of the Near East Region. These prograsmes should include
enhancing biclogical nitrogen fixation through:

a. introduction of legumes, particularly those having & high nitrogen—fixing

efficiency;
b. legume inoculation using highly efficient strains of rhizobiaj
Ca algalization of rice fields;
d. propagation and adaptation of azolla/blue-green algas systems when and wherever

possible; and

e, reduction of genetic and physiological constraints that limit the nitrogen
fixring process,

Organic Materials as Soil Amendments

The Workshop reccmmended research programmes which would lead to the development
of organic soil amendments that are more resistant to microbial decomposition in soils
of arid and semi-arid regions, Such studies should be pursued long enough to allow a
full and comprehensive economic assessment of the beneficial residual effects of theme
materials.

Extension and Trn.i.ni_::E

To ensure that research findings are transferred to and applied at the farmer's
level, the Workshop recommended more effective extension and training programmes in the
use of organic resources to improve soil productivity. The goals of these programmes
should include the following:

a. technology and socio—economic benefits of organic recycling;

b. technology of propagation and adaptation of azolla/blue-green algae as well as
other nitrogen~fixing systems;

Ca technology of legume nodulation; and

d. transfer and development of biogas technology with emphasis on training of

artisans and masons to ensure the successful construction and meintenance of
biogas plants.

It was aleo recommended that this type of training be given to extention service
specialists, workers, and the rural population and be included in teaching programmes
at the high school and university levels,
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2.1

2.2

ACTION PROGRAMMES

Preparatory Assistance for Assessment of the Availability of Organic Reacurces

Recognizing that reliable and up-to-date information on the kind, amount,
availability, and competitative uses of various organic rescurces in some countries
of the Near East Regicn may be limited, and since thie information ie essential to
successful organic recycling programmes, the Workshop recommended that the Governments
of Member Countries should take immediate steps to acquire this information with the
assistance of FAO/UNIP,

liurl_:g lan

Through the assistance of a coordinator, who would vieit the participating
countries in the region, information about the following should be collected:

B. sources of organic materials;

b kind and extent of organic recycling practices and the degree of success achieved;

Cu availability of national personnel in the region to implement activities on
recyoling of organic wastes;

d. availability of suitable research organizations and infrastructures;

e. required inpute.

I+ is further recommended that formulation of sound project doouments should be
gubmitted to International or Bilateral Agencies for implementation.

Inputs

a. Coordinator (full 4time — up to one year);

b. Consultants on specific aspects of organic recycling (city waste, sewage,
biogas...);

Ca ConBultants on specific aspects of biec fertilizers;

d. Study tours (to India, China ...).

Centre for Composting Technology and Utilization of Compost

i, To develop appropriate technologies for production and utilization of compost
in developing countries of the Near East Region, the Workshop recommended the
eatablishment of centres for pilot-ecale work on process adaptation, ranging
from labour intensive methods to mechanical systems, market development, and
local fabricatiom of compost plant machinery. The centre should also be
utiliged to conduct the following:

a. short courses on compoet technology for policy makers, extension workers,
farmers, plant operators, and maintenance personnel;

b. demonstrations on various aspects of compost utilization on land for
best agronomic results inecluding time, method and rate of application,
and also best possible combination with mineral fertilizers.

ii,  The Workshop reccmmended that FAO/UNIDO/UNDP/UNEP aseistance be provided for the
above action programmes, as well as in the planning and execution of new compost
plant projects and trouble—shooting and necessary modification of existing
compoat plants.
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2.4

Biogas Technology

The Workshop recommended demonsiration projectis in rural areas assisted by

FAO/UNEP/UNIDO sources for the following purposes:

a. to determine the competitivenmess of biogas teclmology as a source of energy and
organic fertilizer, compared with other alternatives;

b. to determine how the biogas plant should be managed as the core of an integrated
syetem with many possible variations in input material and slurry utiliszationm,
and how these considerations should be reflected in ite design and operationj

. to arouse public interest and to seoure public commitment to proper operation
and maintenance of biogas plants;

d. to mobilize financial resources (govermnment loans, subsidies, etoc.) for
development of infrastructure and for construction of biogas plants;

e, to establish a sound technical advisory service to improve cost, effectiveness,
and to promote reliability of plant design through standardization.

Workplan

B Building up national programmes.

b. Regional advieory programme.

Ca Construction of different biogas unite for different utilization of the gas
produced.,

d. Improvement of laboratories,

a, Training, study tours, fellowships, Duration: 31 years,

4 Close cooperation with national institutions and emphasis on TCIC approach.

Inputs

B. Coordinator: (full time, expert in Soil Microbiology with special reference to
btiogas tecknology).

b. Consultants for special fields and training.

C. Training course, study tours, fellowships,

d, Complementary laboratory experiments,

a. Construotion of biogas unite with the suitable machines for different utiliza=

tion models of the produced gas.

Biological Nitrogen Fixation

The Workshop recommended research, development, and application programmes,

assisted by FAO/UNDP/ONEP sources on the following aspects of symbiotic and asymbiotic
nitrogen-fixation techniques.



i.

ii.

iii.

ynhiotin Kitrogen Fixation

B Straine of rhizobla! distribution of different species of rhiszobia in
di fferent ocountries, testing the efficiency of etraine in national and
regional collections,

b, Inooulants: development of carriers for legume inoculante from locally
aval lable materials, e.g. peat, peat moss, bagasee, soil lignite, eto.

-8 Inooulant methods : assessment of inoculation methods, e.g. slurry,
preinoculation, pelleting, liquid cultures, etc.

d. Response to inoculation: assessment of response to incculation in terms
of nodulation, dry weight, nitrogen content, and crop yield.

B Efficiency in !itrn;F fixation eystems: evaluation of different aystems,
@.g. Besbania interplanted with rice, or cultivated as windbreaks,

f. Use of non-legume smystems: assessment of the potential of these systema
to fix nitrogen, e.g. na 8p.

B Azolla: study of the distribution, efficiency, propagation methods, and
orop response,

Non-eymbiotic Nitrogen Fixation

Ba Bacteria® study of the distribution, efficiency and crop response to
free—living nitrogen fixing bacteria, e.g. Azotobacter, Bed jerinckia,
Spirilla, photosynthetic bacteria, ete.

b. Blue-green alﬁi study of the distribution, efficiency, method of
cultivation, crop response,

Ce Other nitrogen fixi tems! search for other systems, e.g. species of
Spirilla and Lemma,

Taohnolnlsr Transfer

The following measurea for technology transfer are recommended:

a. training programmes, seminars, and workehope to be held at the national
and regional levels;

b. digpemination of knowledge through sseignment of experte from within or
outside the Region. -

Worknlan

Ba Building wp national programmes,

b. Regional incculation programme (leg'ma, rice paﬂﬂy}.

Ce Supply and selection of astrainse {rhinn'bia, arotobacter, epirilla, blue=
green algae, azolla),

d, Improvement of laboratories,

8, Training, study tours, fellowehips. Duration: 3} years.

. Cloae cooperation with national institutions and emphasia on TCIC approach,



Inpute

a. Coordinator: (full time) expert in Nitrogen fixation,
b. Consultants for special fields and training.

Cu Contracta.

d. Training courses, study tours, fellowships.

e, Complementary laboratories, equipment.



I1I., INTROTDUCTORY PAPERS

Paper 1 ORGANIC RECYCLING TO IMPROVE SCIL PRODUCTIVITY
by
F.W, Hauck

1.

1.1

1.3

Chief, Soil Resources, Management and Conservation Service
Land and Water Development Divieion, FAO, Rome,

INTRODUCTION

Organic Matter and Plant Growth

Organic substances by themselves, are not necesgary for plants to grow; nutrients
in inorganic forms are sufficient, However, the effect of organic matter on plant
growth ie not just a matter of nutrient supply. Organic materials influence the
phymical, chemical and biochemical characteristics of smoil, which in turn influence the
growth and development of plants.

Normally organic matter improvee the physical structure of soils and hence their
workabi 1i ty; water-holding capacity is increased and soil aggregation and stability are
improved, Chemical effects include increased eation exchange capacity and a decrease in
fixation of phosphorus, Soil micro—organiems depend upon a supply of decomposable
organic matter for their activity.

Until the introduction of mineral fertilicers in the mid=-nineteenth century,
organic materiale in the forms of compost and farmyard manure were the only recognized
source of crop nutrient added to Boils with the exception that legumes were used to
increase the nitrogen supply.

Decline in Use of Organic Manures

Organic materials, including green manures, were preferentially used, especially
in developing countries, up to the 1960'a when, following the lead of more advanced
countries, mineral fertilizers gained in popularity. As techmical progress was made,
mineral fertiliszers became more easily available and cheaper, They were relatively easy
to transport, handle and use and they produced effective and quicker results. By the
time new, high ylelding varieties of grain crops had been developed — which need high
fartilizer inputs = the era of the "Oreen HRevolution™ had been reached and mineral
fertilizers had virtually replaced organic manures as a source of crop mutriemte., The
use of organic manures, which are bulky and difficult to handle, traneport and store,
fell into disuwse even in countries where ite application was traditional and long—
established.

Re—introduction of Organic Manures

The mineral fertilizer boom did not endure and, largely due to the world emergy
crisis and increased oil prices, inorganic fertilizerse became leas available and
considerably more axpensive, It became more important for non-remswable rescurces to
be used to the higheat degree of efficiency.

Ae 5 consequence organic manures are regaining popularity and inoreased interest
is being shown in finding new sources of organic material that can be used to promote
plant growth., Thie change in policy has come at a time when awareness of the increasizg
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pollution of the envircomment has become an international concern. The fact that
recycling organic waste materials for increasing agricultural production also reduces
environmental pollution is an added imducement for ite increased practice. Using
garbage for increased vegetable production instead of acoumulating uneightly and
ineanitary heaps around a city for example, is an attractive alternative.

However, in many countries that have recently been increasingly dependent upon
mineral fertilizers, the technical knowledge of organic waste utilization has been
loet, It is thus neceseary to re-introduce the techniques, to improve them and to
develop new practices conforming to modern technology.

It must not be assumed that mineral fertilizers are to be superceded; efforts

should be directed towards a balanced uee of organic combined with mineral fertilizers
a8 giving optimum conditions for sustained soil fertility.

TECHNICAL POSSIBILITIES OF USING ORGANIC MATERTIALS AS FERTILIZER

Waste Materials

2.1.1 Animal wastes

Sources of organic, animal waste material for use as fertilizer are
farmyard manure, slaughterhouse byproducts, natural deposite of guano, fish
meal and human wastes such as night-soil or on the larger scale as city
sewage and sludge.

Human and farm animal excreta are rich in many plant nutrient elements
which should be recycled in the soil rather than merely disposed of, Tables
of analytical data showing the comparative nutrient contentes of the materials
are available in the literature. As a typical example it can be quoted that
cow dung contains from 1-2¢ N, 1-2% P and 0.8-1.2{ X and that 1 ton of fresh
dung will yield over 700 kg of manure if digested or about 500 kg if composted,
Wight-scil averages 3~5% N, 2-4% P and 1-2% K, each individual producing
nearly 600 kg per year,

The nutritive value of animal wastes will depend upon the pretreatment
given. Farmyard manure can be directly applied to the soil provided that it ie
immediately ploughed in, but storage in pite in a moist condition and under an
earth cover will improve its value as fertiliszer.

In some cases animal dung, in particular that of pige and poultry, is
added directly to fish ponde as a fertilizer.

Slaughterhouse waste provides bone meal and sometimes blood meal, which
are useful fertilizere on acid=-scils, and sometimes such waste is inecinerated
and the ash used. Human wastes should not be directly applied to soils as this
leads to offensive cdours, attraction and multiplication of flies, spread of
disease and, in any case, is inefficient for fertilization purposes. City
sewage is wsually digested under controlled conditions yielding sludge which
can either be applied directly to eoils or composted with more solid materials
before use (e.g. night-soil), the material must be compoeted with vegetable
wastes or preferably anaercbically digested when biogas i a valuable extra
product to the fertiliser.

Biogas digesters are probably the most efficient and economical means of
dealing with animal wastes, Owing to over-exploitation of foseil fueles there
is a need for alternatives. Land is being deforested to provide firewocod and
burning of plant and animal wastes i more the rule than the exception. In
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India alcne, for example, more than a hundred and fifty million tone of dry
cattle dung is burnt as household fuel every year., It has been calculated that
if all the cow dung produced in India was digested, it would produce about 17
million cublc feet of gas per year. This gas im efficient and clean; it can be
used for cooking, lighting and rumning engines. Eye disease, which is rampant
among women using cow dung as fuel, is eliminated, houses are cleaner and
equipment longer lived,

Moreover, apart from the honus as fuel gas, the ramining effluent forms
a manure of far better quality than the original orgamic wastes., It ie richer
in hume with a doubled nitrogen percentage, more finely divided and free from
harmful bacteria, fly-eggs and so on, Although most investigational work has
been done using cow dung, the same conclusions apply when other animal and
rural wastes are digested. In large areas of India, notably in India and China,
biogas units are widespread and gaining in popularity for the efficient disposal
with beneficial products of organic waste materials, eepecially human and animal
excreta.

Vegetable wastes

Most vegetable waste suitable for recycling comes from the agriecultural
community. Parmyard litter, stubble, stalks, straw, husks and so on, are common,
and special agricultural industries provide material such as sawdust, and cotton,
fruit, sugarcane, rubber and oil palm trash, All these materials contain
valuable nutrient elements which are often lost to agriculture by burning.

In many cases crop residues are returned to the soil by ploughing in
directly. Rice straw in Japan for example is produced at the rate of 19 million
tone per year and this contains 95 000 tons ¥, 11 000 tons P and 284 000 tons
of K, However, direct incorporation of straw into soils is not always the most
efficient way of recycling the elemente., A sudden excess of carbon-rich organic
matter can lead to nitrogen deficiency in the moil, pests can be simultaneocusly
recycled and, particularly for rice straw, incorporation into flooded moils
causes formation of toxic organic acids, In such cases, it has been found
preferable toc use the straw as a mulch,

All vegetable wastes can be conveniently compoated before use or could
be added to blogas digeation units. Experimentation witl promising results has
been made on the use of most industrial vegetable wastes; household vegetable
wastes are invariably part of urban waste and not treated separately,

City and indusirial wastes

Urban waste i@ a very heterogeneous substance consisting largely of
household garbage and factory wastes; strictly speaking sewage and slaughter
house wastes are included in urban waste, but these have been dealt with under
animal wastes. The waste can be divided into two broad groups; sclid and
ligquid., In many towns, household and industrial ligquid wastes find themselves
in an overall sewage system and are eventually separated into effluent and
sludge., As a final purification procedure, the effluent can be sprayed on to
agricultural land where it provides both water and nutrient elements,

The treatment for sclid city wastes is composting if the organic compo-
nents are to be recycled for agriculture, In industrialized countries many
large-scale and often highly sophisticated, composting plants have been
constructed. Recently however, the number of such plants has been decreasing
and many have simply been abandaned. Although several economic reasons exist
for this, the main reason has been lack of demand and even lack of interest,
for the produced compoat.



Thus moat urban waste is being incinerated, used for land=-fill purposes
or merely dumped. Interest in compoeting is fortunately now reviving and FAQ
recently sent a consultant to several member countries to adviee the governments
on the possibilities for making agricultural use of their garbage.

2.2 Other Materials

2.2.1 Green manures and bielogical nitrogen fixation

Generally speaking, the emphasis in green manuring is on nitrogen supply
although incorperation of green plant material into a soil alsc provides organie
matter per se and other plant nutrients,

Thus the best known and more popular green manures are those associated
with fixation of atmospheric nitrogen, such as legumes, One method of using
legumes is to include them in the rotation purely as a green manure to be ploughed
in, Thie however, is an unpopular method as land is immobilized as it were, for
a oropping season with no marketable crop as a result, The method can be success—
fully followsd in some cases; for example, a plant such as Sesbania can be grown
around rice fields taking advantage of the rice irrigation water, and being
ploughed in after the first rice harveat,

A more common practice is to interplant a green manure crop with the main
crop. In thie case, the legume must be shade—tolerant; this is successfully
done with cereals and especially with plantation ecrops such as rubber and oil
palm. Similarly a suitable legume can be interplanted with pasture grasses,

An alternative, acceptable practice is to use legumes which alsoc yield a
food crop, such as soybean or cow pea, before being ploughed in am green manure.
In general, research ie needed on legume=rhizobium relaticonships, rhizobium
strains suited to specific areas and climates need to be developed, and the whole
subject has great potential, particularly in the tropica.

Creen manure plants are sometimes grown specifically to be included in
opmposting practices in order to increase the nitrogen content, although in this
case the term "green manure' is perhaps not accurate.

Aquatic weeds have a fertilizer potential in tropical countries and in
particular the water hyacinth, This weed is very prolific and a great nuisanoe
in that it cloge up water ways. It alsc however absorbe considerable amounts of
nutrient from water and eo forme a particularly rich green manure or even animal
feedstuff; for incorporation into seil it is usually composted, Water hyacinth
and other aguatic plants are sometimes deliberately grown in sewage—enriched
waters; this resulte in a valuable manure and at the sagme time purifies the
water,

A special aquatic plant ie the fern Azolla. This plant is associated
with the blue-green mlgae Anabasna agolla which enables it to fix atmospheric
nitrogen. This symbiosis can produce about one ton of green manure per hectare
per day having 1 kg of fixed nitrogen., If sown on rice fields, it rapidly
multiplies and, as in the case of other green manurea, provides a cover preventing
growth of weeds; normally phosphorus must be provided for its growth but this will
be returned to the soil along with the plant. Considerable interest is being
shown in the potentialities of Azolla and FAO has already sent a consultant to
several Asian countries to foster this interest.




FAD ACTIVITIES IN THE FIELD OF ORGANIC RECYCLING

An FAO/SIDA sponsored Expert Consultation on Organic Materials as Pertilizers
Rome, December 1974) and a subsequent workehop on the use of organic materials
ok, December 1976), fully recognized the need to re-introduce organic manures to
sgriculture. All these meetings recommended complementary use of mineral fertilizers
and organic materiale. Thue FAQ is intensifying ite efforts to assist member countries

in developing programmes to increase scil fertility through a balanced use of organic
and mineral fertilizers,

Already two study tours in China hawve been made, one in 1977 to study general
practices in organic recycling and one early in 1978 to study epecifically Azolla
propagation and small-ecale biogas technology.

Training courses in the agricultural use of Azolla, blue-green algae and biogas
have been held in Asia and West Africa and consultant advice has been given on composting
of urban wastes, This basic training has, in several instances, been followed up by
small-scale projects of a pilot/demonstration nature. One large-scale FAO/UNDP regional
project has been formulated for Asia and the Pacific and this is described in the paper
of Dr. Hesse, the Regional Coordinator.



Paper 2 THE SIGNIFICANCE OF ORGANIC MATERIALS TO ECYPTIAN ACRICULTURE AND

MAINTENANCE OF SOIL PRODUCTIVITY

by

A.S. Abdel-Ohaffar
Soil and Water Science Dept., Faculty of Agriculture
Alexandria University, Alexandria, Egypt

INTRODUCTION

Agriculture in Egypt is as old as history. Allison (1973) in his book entitled
"Soil Organic Matter and ite Role in Crop Production™ statem "The Egyptians seem to
have a well developed agriculture dating back to the first days of recorded hystory".
It is a well-known fact that the ancient Greeks recognized the role of soil organic
matter in soil fertility and perhaps they learnmed this fact from ancient Egyptians
(Wagar 1975).

The area of Egypt ie about 1 million w2 of which only about 5.9 million acres
are under cultivation, the remaining land (over 95% of the area) is barren, desert.
However, the crop area per year is about 12 million acres due to multiple oropping.
The scils of Egypt include the alluvial soile of the Nile Delta and Nile Valley, the
sandy soils of the Eastern and Western desert and the calcareous scils of the
Mediterranean sea coast. The alluvial soils of Egypt were formed of the suspended
matter of the Nile during the annual flood which ie the result of the physical and
chemical weathering factors on the igneous and metamorphic rocks of the Ethiopian
Plateau,

The common features of Egyptian soils are:

8 the alkaline reactiocn, generally the pH is in the range of 7.2-9.0 and in the
majority the pH is J3,0-8.5;

b. the relatively high temperature throughout most of the year. Surface soil
temparature shows great variation, reflecfing atmospheric temperature and
direct exposure to the sun. At the depth of 20 em, the temperaturs is betwoen
250C and 33°C (Abd-El-Malek 1971);

Cs low organic matter content, the common range found in cultivated clay soils is
between 1,0% and 2,5% while in the calearecus and sandy desert soils it is
usually less than 0.5%,

Under arid and semi-arid conditions, the most important two factors limiting
o8oil productivity are water and orgenic matter. For many centuries, farmers have
observed that the capacity of soils to produce crops is more or less directly related
to the amounts of added organic matter,

In the old daye, Egyptian farmers depended entirely on farmyard manures to
supply plant nutrients needed for crop production, These organic manures were the
only fertilizers used in Egypt until 1906 when we started to import sodium nitrate
fertilizer from Chile.

Recently, much attention has been devoted to the nature, behaviour, and functions
of organic matter in Egyptian soils as well as composting of plant residues. Most of
these studies are covered by Egyptian colleagues participating in this Workshep.
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FARMYARD MANURE

Farmyard manure ie the greatest organic source of plant nutriente available to
developing eountries,

The Egyptian farmyard manure is very poor in organic matter and in plant
nutriente especially N and P (Abdel-Uhaffar et al 1960a; Risk et al 1968), However
its chemical composition varies greatly., On the average, the farmyard manure produced
by Egyptian farmers was found to contain about 0,4% total nitrogen, 0.2f P, 0.4% K and

organic matter. The low carbon and plant nutrient contents of the Egyptian farmyard
manure are attributed to the use of earth as bedding and to the methods followed in ite
preparation, storage and handling. If straw is used as bedding, the farmyard manure
becomes rich in organic matter and plant nutrients as shown in Table 1.

Table 1 AVERAGE CMEMICAL COMPOSITION OF FARMYARD MANURES
(Avdel-Ghaffar et al 1960a)

Bedding
Constituents
Earth Rice Straw
Organic ct 2.89 28,23
Total N 0.48 2.03
P % 0.14 0.66
K % 0.40 1.59
Organic matter % 5,00 48,60
c/w 6402 13.9

The amounts of farmyard manure available to the Egyptian farmers are not only
insufficient but also decreasing with the increasing tendency towards the mechaniszation
of agriculture in the country. An alternative way to meet the growing needs for
organic manure is by compoeting plant and animal residunes,

COMPOSTING ORGANIC MATERIALS

Riad (1927-1929) developed methods for composting crop residues., HNe described
the methode in detail showing the area needed, the quantity of water required and
componente of the activator mixture needed for different crop residues, Abdel-Jhaffar
et al (1960b) modified this method to reduce the time required for composting crop
residues and to ensure a better end product (Table 2),



Table 2 CHEMICAL COMPOSITION COF CROP RESIIUES COMPOSTED FOR 310 DAYS

- (Abdel~Ghaffar et al 1960b)
Conetituent Corn stalks Wheat straw Rice straw
Organic 0% 35.9 3l.6 29.9
Total N% 1.5 1.6 1.5
P 0.6 0.3 0.2
K% 2.9 2.3 2.7
Organic matter % 61.9 54.4 5l.6
c/u 24.1 26,8 20.6
pH 8,1 6.4 7.8

L

The utilization of varicus kinds of organic wastes for production of organic
manures has been tried since 1930, FRiad (1930-1935) converted street sweepings and
household refuse into manure by fermenting these wastes with and without nitrogen
fertilizer activator. Chemical analysis of the obtained manure showed thai the two
methods ware alike,

Abou El-Fadl et al [1953% compoated cotton bolle infested with pink boll worm
{l'oct.i.nophort goeeyplella Saurd) to control the pest and in the meantime have a manure
rich in organic matter and nitrogen (0,79 N and 17.45% organic matter). Also, Abou
El-Fadl et al (1968) composted water—hyacinth in an attempt to utilize it as organic
manure and to present a safe means of eliminating infection of farmers and their
animals with water=borne helminths. The manure obtained is much better than farmyard
manure {Table 3}). Water-hyacinth, in Egypt, ocours both in fresh and brackish water
and is considered a serious pest in many canals and drains. However, the authors
stated that composting of water=hyacinth should be carried out under careful super—
vieion to ensure the safety of the workers,

Table 3 AVERAGE CEFMICAL COMPOSITION OF WATER=NYACINTHN
COMPOST AND OTHER OROANIC MANURES FOR COMPARI SON
(Abou El-Fadl et al 1968)

Organic manure Wi i K% mni c/
Eyacinth compost 0,58 0.31 1.50 18,1 18
Rice straw compcaet 1.04 0.26 0.85 0.4 17
Muniocipal compost 0.74 0.2% 0.48 24.3 19
Farmyard manura 0.33 0.21 1,08 8.7 10
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ORCANIC MATERIALS AS FERTILIZERS

The attempt to investigate the role of organic matter for socil productivity
started in 1919 at Bahteem Experimental Station, At that time, the research group of
the Ministry of Agriculture started to study the effect of prolonged application of
organic and inorganic fertilizere om crop yields,

The results obtained, after 316 yeara, indicated that the organic matter contenmt
of the so0il treated with farmyard manure inoreased by about 0.55 over the control and
this was accompanied by increases in yields of cotton, wheat, maize, and clover aa
shown in Table 4. These results indicate that the farmyard manure was much better than
the mineral fertilizersa,

Table EFFECT OF PROLOMCED USE OF FERTILIZERS (1919-1955)
CM 1955 CROP YIELDS AT BANTEEM EXPERIMENTAL STATION
RELATIVE TO THE CONTROL
(El~Dematy and El-Baradie 1959)

Relative yield
Pertilizer treatment 1/

Cotton Wheat Corn Clover
Control 100 100 100 100
NalNOy 143 147 155 110
Nali0; + Superphosphate 188 192 229 365
Farmyard manure 191 264 245 437

1/ NaNOy t 100 kg/acre for both cotton and wheat

: 150 kg/acre for maize
Superphosphate: 125 kg/acre for both cotton and wheat
Farmyard manure: 15 tons/acre for cotton, wheat and maize,

Similar results were obtained by many Egyptian workers using different organic
materials and different soils (Abd=-Elnaim et al 1973, 1975; Hamissa 1967; Makled 1967;
Mabmoud et al 1968: Riad and Anwar 1946).

Plant residues may be applied to the socil either directly or after composting.
The effects of applying non-composted crop residues to soil were also studied in pot,
lysimeter and field experiments by Ishac (1961); CGohar (1963), and Risk et al (1967).
Their resulte indicated that the growing crope did not show symptoms of nitrogen
starvation and in most cases gave higher yields than the controls,

Rigk et al (1967) studied the effects of adding nom—composted wheat and clower
straw on yield of barley grown in clay loam and sandy soils (Table 6). They stated
"supplementing soils with non-compoeted crop residues may be profitable when the
application is made & weels before sowing providing that sufficient moisture is always
present to permit decomposition of residues. MNon-composted crop residues could also
be applied to soil just prior to planting but in that case together with nitrogenous
activator to prevent competition between plants and micro—organisms for soluble
nitrogen™,



Table 6 EFFECT OF ADDING NON-COMPOSTED WHEAT AND CLOVER RESI DUES
(4 ton/acre) ON BARLEY YIELD RELATIVE TO CONTROL

(Rizk et al 1967)

Treatment, straw added Clay loam meil Sandy soil

Wheat i Clover Wheat Clover
Control (no straw) 100 100 100 100
& waeke before sowing 115 119 175 182
2 weeks before sowing 115 111 168 174
at sowing 81 93 136 137
at sowing + NeNO, 120 119 210 201

Finally, in view of the current world food crisis and the considerable increase
in price of mineral fertilizers, the developing countries should use organic materials
as fertilizers on a large scale,

Also, the new high yielding varieties of agricultural crops need greater ferti-
The higher dose of fertilizers not only increases
the yield of theme crops btmt also causes a higher activity of micro—organiems in the

lization with inorganic fertilisers,

goil, Many of these organisms need carbon compounds as a source of energy, so the

degradation of soil organic matter is accelerated and the soil should bte supplemented

by organic materials.
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Paper 3 POTENTIAL SOURCES OF ORGANIC MATTER IN EGYPT

by

A, Riad
Ex. Director, Chemical Section
Ministry of Agrioulture, Caire, Egypt.

INTROIUCTION

To begin with, I am going to siress twovital pointe regarding Egypt. MFirstly,
that irrespective of any advances achieved or long strides taken by us lately in the
domain of industry, Egypt will forever remain predominantly an agricultural country,
Secondly, a salient fact in our agriculture is that in view of our climate and the
characteristics of ocur soil, the importance of organic matter to us comes directly
next to that of water. Aleo, owing to the disastrous growth of our population and the
dire need of creating agricultural scil out of cur enormous deserts, the utilization
of every accessible gramme of organic matter ie to us a sacred task, T have been
shouting and imploring by all possible means, for half a century, that our golden
motto should be "what comes cut of the soil must be returned to the soil" and, there—
fore, the burning of garbage is a major and punishable agrioultural crime.

To compare the values of mineral and organic manuring, suffice to add to the
evidence advanced in this Workshop the results of that world famous Eroad-=balk field
experiment at Rothamsted Agricultural Experimental Station where a certain crop has
been grown on a certain plot and receiving the same manurial treatment since 1843, the
eaid treatments being farmyard manure (FYM), mineral manure and no manure., The
figures show that in the case of barley the loss of total nitrogen from the soil was

in the no mamure plotsj 30% in the mineral manure plots and 3% only in the PIN
plots. In the case of wheat the respective figures were 30. 32, and T%. The loss of
organic carbon from the soil was in the case of barley 40, 28 and OF whereas in the
case of wheat it wae 17.5, 28, and 0% in the same order,

Now, the langusge of figures is the most eloguent and convinoing language and
I am going to resort to that language to make my points clear and to give you a true
picture of our present pitiable situation as regards crganic sources for our agricul-
ture.

Let us have a look at the bank account of these orgamic sources, the figures
being the last ones I got hold vf 5 years ago, but they still give a clear picture.
I am going to present my data in the following ordert
a,. What we need of organic fertilizers calculated as FYM.

b. What we actually have on hand of the said amount: the difference between (a)
and (b) will be our yearly deficit.

(.18 How far we can make up the said deficit from our aveilable but neglected
regourcas,
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THE REQUIRED AMOINT OF OROANIC FERTILIZERS

On the assumption that we have, or are going to have shortly, 8.5 million
feddans {3.51’ million hnutm:} under cultivation, one million of which in Upper Egypt
does not traditionally receive what we understand by the term organic manuring — I am
going to present my figures. The said figures are all calculated on the usual assump=—
tion _that just under half of the land receives 40 m” and the remainder receives only
20 w3 of FYM per year, Also a cubic meter of our average FYM weighs about 800 kg.

By mimple caloulation, we find that the 7.5 million feddans (3,15 million
hectares) will require 170 million tons of our average FYN,
THE ACTUAL AVAILABLE AMOUNTS OF ORCANIC FERTILIZERS

The details of what we actually have on hand of the required amount of organic
fertilizers are as follown:

i. From farm animale we produce 100 million tons per year. Subtracting about 15
million tons used as fuel in the villages we will be left in this item with 85
million tons,

ii, From domestic animals like fowls, pigeons, rabbits, ducks and geese etc. we get
Bﬂ 000 tons.,

iii., From uman liquid and solid excreta in all forms as sludge, poundrette, etc, we
collect 2.4 million tons.

iv, From composted farm and garden refuse, which I named in the twentiea artificial
FIN, we only produce now a mere S0 000 tons.

V. From converting municipal refuse at that Shubra plant (at Cairo) which,
borrowing Somerset Maughnm's phrase, is walldng hand in hand with death, and
from some individual efforts throughout, we get no more than 200 000 tons,

vi. From slaughter house refuse like dried blood, meat meal, powdered horns and
hoofs etc., we collect a mere 12 300 tons,

The total of these items is 87 742 300 tons and the present deficit in our bank
account is, therefore, more than BZ million toms.

THE NEGLECTED RESOURCES
We can make up the deficit from the available but neglected resourced:

i. By correcting our well known vulgar mistakes in preparing, storing and applying
FIM, we could raige the organic matter and total nitrogen contents to double
what is actually found in our poor mamure, If the improvement is realized in
even only half the quantity produced of FYM, we would gain an increase in that
item equivalent to 42 million tomns.

ii. By collecting all the liquid and solid excreta of the population and introducing
the rural lavatory, suggested at the 21st Medical Congresa of March 1953, which
collects and stores excreta for & monthe before use, an extra 13 million tons
could easily be added to our credit side.
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Even by leaving 80% of the straws, stalks, husks, shives and leaves of our farm
and garden crops to complement fodder and to supply fruit wrappings and fuel
etoc, and by composting the remaining 20% of that source we could increase this
item by 10 million toms,

Reckoning 650 g daily of municipal refuse per person in the large cities and
220 g only per day per person for the rest of the population, and on the basis
of the latest census figures we can obtain a yearly 9 million tons of garbage,
giving about 6 million tons of fertilizer equivalent tc 12 milliom tons of our
FM, thus realizing an increase under that head of 11 B0OO 000 toms.

On the basis of the official number of animalas killed inside and outmide
slaughter houses and collecting all the blood (of which 2/3 are officially
estimated now as wasted at that antiquated Cairo slaughter house) and if we
utilize all the other refuse from that source we could add to the credit side
of that item 12 200 tona.

From tanneries we can get fleshinge (exported now) equivalent to about 3 000
tona,

From these 5 items we have already got an additiomal 76 815 200 or roughly 77

million toms of FIM to the credit side of our bank mocount, through technical improve—
ments and simple sensible management.

vii.

viii,.

ix.

X,

xii,

xiii.

From tanneries are left alsc leather clippings and animal hair containing
respectively about 80 and 55% of organic matter and a good percentage of total
nitrogen. These materials are very resistant to decomposition under scil
conditions but when digested with 5-G% of dilute sulphuric acid or with the
ammonimoal ligquor from coal gas plants they produce 2 rich available organic
fertilizer,

Ancther source is sea weeds, inviting attention all along our extensive sea
shores, It could be well washed with water and nsed as bedding for FIM, It
contains on the basis of dry matter about 80% of organic matter and 1,5% of
total nitrogen.

Fish meal containing not less than 55% of crganic matter could easily be
obtained from fish cleaning or lefi over by simple treatment with esteam to
clear them from fats and gelatin,

From vegetable and fruit conservation and processing factories we can get waste
matter amounting to hundreds of tons daily which can be added to our compost
heaps.

From cane sugar refineries we get sludge and bagasse, From distilleries, rice
and starch factories, breweries, cottcn seed pressing and flax retting we can
get valuable materiale which could be utilized collectively or individually.

Mounde and mounds of Houfri deposits all over the country, the maroug deposits
in Upper Egypt, bird gumncs on the Red Sea Coast, and bat guano in Qena and
Asswan Oovernorates are terribly neglected sourcea,

Wood shavings and dust have been composted in Switszerland finishing the decom—
position in 5 montha by adding 2.5% of cane sugar solution,

lignite deposite in unknown quantities are found in the Siane mountains and
gould be used as a eource of organic matter in the soil., Needless to say that
if the material is established as a source of organic matter it could only be
used locally in Sinase.
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IV, Even cold car tyres have been subjected by Nikerson and Faber of Rutgers, USA to
a host of moulds and fungi which could convert the tyres to crganic dust-like
material. :

And let us hope that from the last 9 socurces we can make up the remaining
deficit of 5 million tons per year, tlme barely saving our skin, only for the present
and God help us for the future.

BIOGAS

An article was published by me in the early fifties in the Agricultural Magazine
issuwed by the Cooperative Organization for Printing & Publishing about a Jerman process
called Bibu gas registered in Germany in 1947 by ite invemtors. In the procese town,
animal and agricultural wastes of all kinds are essentially anasrocbicdlly fermeted in
large towers producing an organic fertilizer, like activated sludge, and a mixture of
gases: methane, CO2, hydrogen, nitrogen, and NS, the first forming about 30% of the
mixture and the last one forming only traces which could be eapily removed, The said
mixture of gases was used for lighting, heating and driving engines. The process was
successfully tried in several parts of Cermany and other countries, In the said
article, in my Presidential address to the Egyptian Academy of Scientific Culture and
on many other occasions, I begged and prayed our worshipful Ministry of Agriculture to
try the process only in one village, the economic minimum for the process being 50
head of cattle, and thus provide manure, energy, cleanliness and a whiff of civiliza-
tion to an Egyptian village. BPut the praysrs were never heard, I wish to our younger
workers on the subject every success and better luck than mine.

Finally, 1 cannot finish an address like this without referring to the venerabls
old problem of converting Cairo mmicipal refuse to organic fertiliser = an infant bern
in 1929, btut one that has never left the nursery yet. Put thie is a very sad stery,
and I have not got the heart to end this meeting on a2 sad note,



Paper 4 THE ROLE AND IMPORTANCE OF ORCANIC MATERIALS
AND BIOLOGICAL NITROGEN FIXATICON IN THE RATIONAL
IMPROVEMENT OF ACRICULTURAL PRODUCTION

by

G.3, Vidyarthy and R.V. Misra
Ministry of Agriculture and Irrigation, New Delhi, India

Somsery

Utilization of organic materials as fertilizers would result in increased agricultural
production through nutrient contribution and help in solving sanitary, environmental and scil
conservation problems. Manifold benefits result from the use of organic materials, Work
carried out in India on decomposition of various types of organic materiale, effect of appli-
cation of these materials on plant growth, nutrient uptake, mierobiological and chemical

properties of soils and crop yields, and the use of bacterial fertilizers, blue-green algae
and Azolla are discussed,

Coneiderable attention is being given in India to the development of programmes like
mechani zed composiing, sewage sludge utilization, biogas popularization, cultivation of
lagumes, production of urban and rural compost and use of bacterial and biofertilizers.

1. INTRODUCTION

The increasing demand for plant nutrients in agriculture has to be met to
maintain an adequate supply of food for the world's growing needs, The world supply
capabi lities for nitrogen, phosphate, and potash fertilizers are expected to grow to
67.7 million tons N, 39.5 million tons Psls, and 31,2 million tons of K-0 by 1982-83
(Causten, 1978). Inspite of the oomidm‘gln expansion in the production capacity of
fertilizers, it has not been possible to meet the optimum requirement for raieing erop
production, In most of the developing countries, there is an enormous gap between
production and consumption of mineral fertilizers. A rise in the cost of fertilizers,

in particular nitrogen, is a stimulant of interest to the use of alternative nutrient
resources,

The role of organio materials and biological nitrogen fixation has been kmown
in agricultural production since ancient times. Many of the developing countries, in
their enthusiasm to push up mineral fertiliser conswmption, paid little attention to
the use of organio materials and fization of nitrogen through biological means,
Utilization of orgamic materials as fertilizer would not only result in increased
production through its nutrient comtribution potential and balanced nutrient supply,
but would also help in solving sanitary, envirommental and soil conservation problems,
Exploitation of organic material resources would also result in foreign exchange
savings for the developing countries. The effeot of organic matter on moil producti-
vity may be indirect am well as direct. The direct effects are related to retentiom
and release of plant nutrients (both macro and micro), absorption of organic components
of huens, which influence favourably plant metabolism, and release of carbon dioxide
following oxidation, The microbial fixation of nitrogem, solubilization of phosphorus,
the elowing down of nitrogen release from added fertiliters, improvements in the
physical, chemical and biologieal properties of the soil, and moisture and ion
retention capacities are among the several important indirect effects.

In a country like ours, organic matter contemt of most of the scils is low,
Addition of organics will help prevent erosicn, retain hmmidity, adjust pl, improve
drainage, prevent crusting and cracking, build up ion exchange capacity and promote
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normal biological life in the soil. Organic materials, also, increase the efficiency
of inorganic fertilizere, particularly in the long run.

In nature, a few micro—organisms are endowed with the capacity to fix atmos—
pheric nitrogen with the help of the enzyme, nitrogenase, and it is possible to make
use of these organiems in our agriculture. BEiological nitrogen fization through the
use of legumes, green manures, and biofertilizers can to a considerables extent
supplement the growing demand of fertilizer nitrogen.

USE OF OROGANIC MATERIALS AS FERTILIZER

The role of organic materiale in the maintenance of soil organic matter under
tropieal and subtropical conditions needs no emphasis, Organic materials awvailebles
as orop residues can be recycledby either composting, mulching, or direct incorpora-—
tion in the scil, Farmers should be advised by the extension workers to conserve
these manurial resources and to use the proper teckology for utilization of organic
materials., Since the nature of organic matter and the rate of decomposition are
variable, the tecknology for utilization of organic materiale will depend on various
situations and the farming eystems, 3Some of the work carried out in India ie briefly
mentioned,

Fate of Decompocsition of Organic Materials and Scil Organic Matter

The rate of decomposition of various organic materials viz., leguminous and
cereal straws and farmyard manure (FIM), in different soils, has been studied (A1l
India Co—ordinated Project 1970, 1971, 1972), These studies indicated the differen—
tial rate of decomposition under identical conditione, Leguminous plant materials
and non-edible oil cakes decomposed faster as compared to the wide C:N ratio of
cereal residues and straw, Addition of nitrogem in the form of fertilizers or non-—
edible cakes to nitrogen poor materials accelerated their decomposition, The rate
of decomposition of FYN/Compost is slow and steady. The general sequence is:

Cakes > legumes = cereal > + oil cakes > sereal —=>FYM, These findings can be used
to regulate the release of nutrients as needed by the crop.

Maintenance of Organic Matter in Indian Secile

Through the studies conduoted in different seoils, it has been established
that application of FYN at the rate of 44 tons/ha (0.5% carbon) effectively builds
up the organic matter status of different scils (All India Co—ordinated Project 1971).
Higher quantities of cereal residues are required for effective tuild-up of scil
organic matter. It bas been possible to increase the organic carbon in different
goil groups by l0-40% with the application of FIM and crop residues, This information
iz quite wseful in the sense that most of our soils are poor in organic matter and
need replenishment.

Effect on Soil Micro—organiems and Nutrient Availability

dpplication of organic matter inereases the miorobial population and the
microbial activity in the soil, The response obtained shows variations with the
nature and characteristics of the soiles and organic materials used. The application
of organic matter influences bacteria to a greater extent than fungi and actinomycetes
Azotobacter and anaerobes, growing in a nitrogen free medium, were found to be stimu-
latod by appliocation of straw per hectare (Mukherjee 1975). The addition of FIM and
cereal residues resulted in an over-all increase in the nitrogen content, varying
from T to T4% depending upon the poil type and organic material used, Immobilization
of scil nitrogen was obeerved with the addition of cereal residues in the scil,
whereas with FIM treatment no such effect was observed. Phosphorus availability
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increased with FIM application whereas wheat straw decreased the phosphorus avail-
ability in the early period of decomposition, but supplementing with superphosphate
at the rate of 60 kg/ha increased the availability of phosphorus., Thus supplementa-—
tion with the proper amcunt of nitrogen and phosphorus helps the in gitu incorpora-—
tion of wheat straw,

Organic Mulching and Crop Yields

Field atudies have shown that cereal strawe when used as mmlch,apart from
conserving moisture in acidic red loam, sierozem and laterite scils, increased the
yield of the wheat crop by 1l4.3, 24 and 29% respectively over unmulched control. In
case of pea, crop mulching has a better effect in acidic red loam, medium black, and
laterite soils, and the increase in grainyields was 77.6, 45 and A0% respectively.

The beneficial effect of mulching with cereal residues may be attributed to ite
favourable effect on microbial population and nutrient availability besides conserving
s0il moisture, control of weeds and maintaining favourable soil temperature,

Influence of Organic Subsiances on Crop Yields

The effect of humic substances extracted from farmyard and other sources on the
growth of plants and mioro-organiems ie shown in Table 1, Application of sodium
humate prepared from FIN at the rate of 0,03% to soil (W/W) significantly increased
the yield of berseem, dhaincha and wheat crops, Numuws (Humic + fulvic fractions)
when applied to sandy loam alluvial soil at the rate of 0.025 and 0.05% (W/MW)
increased the yield of paddy and grem crope (Mathur and Gaur 1977). Spraying of
humates, even in small dosages (1C ppm), 2 or 3 times during the growth of plants,
inoreased the yields of soybean, moong, and tomato crops. Similarly, hydroquinone
sprayed at the same rate inoreased the yield over control but the response was leass
a8 compared to humates, The efficiency of Rhisobium and Asotobaster inoculants
inoreased because of the application of humic materials as shown by the increase in
yields of wheat, gram, and dhaincha crope (Table 1), Nodulation was also improved
substantially as recorded in the case of gram and dhaincha.

HNodulation of groundnute was improved by the application of wheat straw both
at the 4th and Tth week of growth. The acreage yield of groundnuts wae significantly
increased by 6&0‘ and 95, because of the application of 2 and 5 tone of wheat
straw per hectare, reepectively and by only 40% upon the addition of 10 tons straw/ha,
The wheat straw was applied one week before Bowing the inoculated groundnut seeds,

The application of farmyard manure and wheat straw (0.5%, W) to paddy seils
increased the soil organic carbon by 72 and 79% over the control, respectively
{lnk.har,ju 19'?5}. Farmyard mamure significantly increased the grain yleld of paddy
by 41% and nitrogen uptake by 10% (Table 2),

In a wheat crop, the effect of inooulation with phosphate solubilizing miecro—
organisms (Pseudomonas striata and Aspergillus awamori) could be improved by the
application of organic matter as shown in Table J with maize stubbles. Also super—
phoephate could be replaced or supplemented with low grade rock phosphate even in
alkaline soile in the pressnce of phosphate solubilising micro—organisms,




Table 1

INFLUENCE OF NUMIC SUBSTANCES ON YIELD OF CROPS

(Caur 1978)
Crop Treatment Yield increase %
Berseem Na~humate (0.03%) 47.0
Hhi gobium 23.0
Rhizobium + Na-humate (0,03%) 52.8
Dhaincha Na~hmmate (0.03%) 22.8
Ehi zobium 18.7
Rhizobium + Na=humate (0,03%) 61,6
Rhi zobd um 1.0
Rhi zobium + bumos (0.05%) 41,0
Soybean Nydroquinone (10 ppm) sprayed 8.8
Emmate (10 ppm) sprayed 23,2
Moong Eydroquinone (10 ppm) sprayed 33.0
umate (10 ppm) sprayed 77.0
Tomato Rydroquinone (10 ppm) sprayed 97.8
Fumate (10 ppm) eprayed 109,0
Wheat Na-hmmate (0.03%) 27.7
Azotobacter 4.6
Azotobacter + Na-tnmate (0,03%) 35.4
Paddy Fumus iﬂ-ﬂﬂﬁ‘ﬁ 557
Numus (0.050% B5.4
Table 2 EFFECT OF ORGANIC MATERIALS ON YIELD AND NITROGEM
UPTAKE BY PADDY CROP
Treatment
Control FIX Wheat straw
0.5% 0.5%
Yield g/plot Grain 1/ 666.7 941.7 836.7
Straw 2/ 831.7 1 048.3 923,3
Yield increase 4 Orain - 4l.2 25.2
Straw - 26.0 11.0
Witrogen in grain % 0.95 1.06 0,98
Witrogen uptake by grain g/ 6.3 10,00 8.2
plot

1/ C.D. at F%: 76.3
2/ C.D. at S6: 78.4
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Tablae EFFECT OF MAIZE STUBBLE, ROCK PHOSPMATE,
AND INOCULATION WITN PHOSPEATE SOLUBILIZING MICRO-ORCANISMS
N YIELD OF WHEAT CROP

Treatment 1/ Grain Straw
Yield 2/ | Increase | Yield 3/ | Increase
£ % kg

Control 488.5 - 1,16 -
Maize stubble (C/N:40) 56641 15.8 1.36 17.3
Rock phosphate 497.0 1.8 1.49 6.4
Rock phos, + M, stubble 629.7 29.0 1.48 27.5
Rock phos. + incoulant 602.1 23.4 1,57 35.13
Rock phos. + M. stubble + i 672.8 37.7 1.7 47.4
inoculant

jf Total N in any treatment: 120 kg
2/ C.D. at 5%: 104.7
C.D. at 5%: 0,31

Effect of Cellulolytic Micro—organisms on Composting of Organic Materials

The effect of microbial inoculants was investigated in composting of paddy straw
and karanj leaves (All India Co-ordinated Project 1977). Organic carbon decreased
gradually and at the end of 12 weeks the loss in carbon accounted for nearly 50% of the
carbon estimated at the 4th week pericd. On the other hand, total N content increased
gradually, The C/¥ ratio was found to be lower in all the treatments than in the
control. Among the cultures, Trichurus spirlis, Aspergillus sp. and Penicillum sp.
proved to be the most efficient inoculants, There was about 20% lowering in the C/N
ratio over control showing the effect of microbial inceoulation in reducing the time of
componting.

In addition, prepared composis were enriched with rock phoephate, Asotobacter,
and phosphate solubilizing micro—organisms,

BIOLOGICAL NITROGEN FIXATION IN ACRICULTURAL PRODUCTION

Nitrogen being one of the most important limiting factors in increasing crop
production, it is necessary to examine critically the economics of different sources
of nitrogen supply for crop production, keeping in view the cost factor and the lasting
benefits., Bacteria, symbiotic and non-symbiotic, fix atmespheric nitrogen which
becomes readily available for plant growth. The symbiotio relationship of Rhizobium
with various species of legumes and the ways and means of exploiting this relationship
for better fixzation of atmospheric nitrogen i® an important line of work. Recent
studiea take into account etrain variations among the rhizobia, genetic variations in
the receptivity of the symbiont by the hoet plant and the various factors which
influence to aymbiotic relatiomehip and nitrogen fixation proceas,
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Symbiotic Bacteria and Nitrogen Fixation

Application of efficient rhizobium inooulants not only establishes legumes by
symbiotically fixed nitrogen, but alsc leaves residual nitrogen in the soil., Under
good management, rhizobial inoculation can save up to 80% of the crop nitrogen require—
ments, provided the introduced efficient strains dominate the rhizosphere and profusely
nodulate the roots, Effect of seed inoculant with rhizobial cultures on the yleld of
vuj.ma::.:ropa as obtained under the field conditions is summarized in Table 4 (Subba
Rao 1978).

Table 4 FIELD RESPONSE TO RMIZOBIAL PRODUCTION
(Subba Rac 1978)

Name of crop Place Yield response,
‘S increased over control
Urad Kanpur 14.5
Ranswara (Raj) 69.2
Oram Delhi 2.0
Palwal (Naryana) 50.0
Bangalkot 60,0
Noong Jadhpuar 14.2
Amravati 1T.0
Arhar Murtizapur (M.P.) 50,0
Soybean (different strains)| Kanpur 15 to 36
Pantnagar 14 to 23
Jabalpur 73 to B8
Kalyani 10 to 34
Junagadh 172 to 255
Ludhi ana 33 to 36

In Icar's All India Pulse Improvement Project the efficiency of various strains
of Rbizobium for different crops is regularly tested. Some of the significant findings
under the project are listed below (Subba Rao 1976):

a, Bhizobium inoculation increased yields of certain leguminous crops in certain
soile up to a marimum of 71% over corresponding non-inoculated controls. These
included important crops such as gram (Cicer arietinum), arhar (Cajamus cajan),
and after pelleting inoculated seeds with wood charcoal or lime, lentil
culinaris) and soybean (Glyoine max.);

b phosphatic fertilizer application inoreased the yields of legume cropsj

Q. applioation of inorganic nitrogencus fertilizers to secil in the absence of
Ehi sobium inoculation was detrimental and in many instances reduced ylelds were
obtained.

Some nf}ﬂu recent results from Hhisobium inoculation traile with ;rhr
(Cajanus MJF y Bengal gream (Cicer arietinum) and lentil (Lens culinaris) show that
the percent Inorease in orop yield dus to Rhisobium inoculation varies from 19.47 to
32.20 over unincoulated controls (Table 5), Furthermore, the yield inoreases by



Ehizobium inoculation were equivalent to those obtained by the application of 40 kg

. 'I"i}m nitrogen fixing capacity of some legmmes is indicated in Table 6 (Subba
Rac 1972).

The nitrogen fixing capacity of the legumes, based on Rhizobium-host symbiosis,
should be one of the important strategies for firing atmospheric nitrogen. Use of
legumes in the crop rotations needs to be increased and use of legumes as cover crops
should be popularized.

EFFECT OF 3EED INOCULATED WITN REIZOBIAL CULTURE

Table
(N THE YIELD OF VARIOUS FULSE CROPS IN TARAI 30IL l:'pl T«3)
k Arhar Bengal gram Lentil
AERR Tield Increase Teld Increase Teld Increase
(g/ha) (q/ha) % (g/ba) i

Uninoculated 11,3 10.5 B,T

(control)

Inooulated with

IARI oulture 13.5 19.47 12.7 20.94 11.5 32.20
40 kg ¥/ha 13,2 16.82 11.8 12,38 12,1 39.10
Table & ESTINATED AMOUNT COF NITROGEN FIXED BY SOME LETUMES

(Subtba Rao 1972)

Legume Iim 1}'1.:.-4 Legume Nitrogen fixed
Alsike clover . 130 Beans 45
Pur clover 120 Cowpea 652=128
Crimson clgver 103 Kudzu 99
Ladino clover 224 Lentils 144
Red clover B2=145 Laspedza 95
Sour clover 120 Peas 62=115
Sweet olover 130 Groundnuts 46
Alfalfa 125=327 Soybean 57
Blue lupine 208 Velvet bean T3
White clover 132 Vetch B7=154
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Free=living Bacieria and Nitrogen Fixation

Free-living nitrogen fixing bacteria include aerobic, microaerophyllic, and
anaerobic genera. The relative abundance and distribution of these organiems depend
largely on several soil factors such as pH, moisture and C,n'"H ratio. Recent studies
bring out the importance of bacterial nitrogen fixation in the plant rhizosphere. The
mitual relationship between certain cereal plants and bacteria such as Azotobacter,
Peeudomonas, and Spirillum that exiet on the rhizoplane or underneath the epidermal
layers of plant roote results in fixation of atmospheric nitrogen to benefit the plants,
Quantities up to about 79 kg tha. in a cropped rice field are reported to be fixed
through the biological process stimulated by the root surface micro=—organisms.

In India, further studies are being made on the use of Azotobacter chroococcum
as inoculant for the cereals, The advantages of this inoculant is that it is non
symbiotic and non-specific. However, it suffers from some limitations such as its
capacity to function only in the rhizosphere, dependence on the secil organic matter
content for multiplication, slow multiplication under Indian conditions, and its
primary role as a growth producer rather than as the nitrogen fixer (Subba Rac 1976).
Inspite of these limitations, ite role in developing countries like India is important
considering the fact that even 10-15% general increases in yield for the meagre coet
of inoculant may be worthwhile under certain eituations, At the Tamil Nadu Agricultural
University, Coimbatore, inoculation with Azotobacter has been shown to save 25% of
inorganic nitrogen applied to the rice crop (Ublisami 1978).

Tropical temperatures (28°-32%) were found conducive to maximum performance by
Azospirillum (formerly BErillw]. Triale conducted have shown that incoulation
significantly improved the yields of grasses, rice, barley and wheat, The results
point out that Azospirillum has great promise in the tropics as a supplement to the
application of inorganic N fertilizer (Table 7).

Table EFFECT OF Azospirillum brasiliensis INOCULATION
AT VARYING LEVELS OF INORGANIC NITROGEN FERTILIZATION ON WNEAT YIELD
(Field trials, 1977=1978)

Urea Wheat yield, g/ha
fertilization
kg N/ha Inoculation Niphad, Delhi Shilleng, | Missar,
sonalike Nd 2122 HP 1287 | HO 2009
0 - 7457 27.63 13,79 37.78
+ 9-22‘ 29—21* 14159 }BU%
30 - - - 16.58 -
+ - - 20, 20% -
40 - - 39.19 . 45,39
+ - 41.90 - 45.76
60 - - - 17.53 49.38
+ - - 19,00 57.53
120 - - . - 4914?
+ - - - 62,68+
C.D. at 5%

* Significant over corresponding control.
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Blue—green Algae as Biofertiliszer

Nitrogen fixing algae are another effective means of adding organic nitrogen to
the soil. Species of Anabaena, Nostoc, Aulosira, Calothrix, Telypothrix, Cylindro-
sperma, Plectenoma etc, are free-living blue-green algae kmown to fix atmospheric

nitrogen. Alsc Azolla-Anabaena symbionts fix large quantities of nitrogen. Under
rice field conditiona, blue—green algas ocoupy a prominent place as agente of bieclogi-
cal nitrogen fixation. Using tracer techniques, it has been found that nitr n
fization by blue-green algae in rice fields is in the order of 40 to 80 kg N/ha., No
depression of nitrogen fixing activity occurs in the presence of ammonium below 40 ppa
or in the presence of various pesticides used for rice. Besides nitrogemn, the algae
aleso synthetize growth promoting substances like auxim and amino—acids which help the
growth of the rice plants. The work conducted at Indian Agricultural Hesearch
Iretitute shows that:

a. in areas where commercial nitrogen fertilizers are not used for various reascns,
application of algae can give the farmers the same benefit as applying 20 to
3¢ nitrogen;

b. where commercial nitrogen fertilizers are used, the dose can be reduced by 0%
by supplementing it with algae, thms resulting in a saving of commercial
fertilizers;

0. aven at high levels of nitrogen fertilizers, the yield per unit input can be
increased through algal inoculation (Table 8).

Table 8 EFFECT OF ALGAL INOCULATION ON TME GRAIN YIELD OF PALDY (IRB),
AVERAGE COF SIX REPLICATIONS

Treatment Orain yield Increase
PK (Control) 2 762,0 -
FE '+ Algae 3 372,13 22.07
PEN 3 567.3 29.14

C.D. at 5%: 0.612

Use of Azclla as Biofertilizer

Use of Azolla fern for bioclogical nitrogen fixation is an attractive propoei-
tion, Ite use in rice fields has widely spread in Vietnam, China, Thai land and
Indoneeia and ie being investigated in various parts of the world including India.

This fern ie commonly found floating on water in shallow ditches and channels
containing idle water mostly during the winter and early summer in India, when it
forms a thick mat appearing mostly reddish in colour along with other aguatic plants
like Lemna and Spiredela. The symbiont (algae) is present during all stages of leaf
development and there is no need for external algal inoculation, as in the case of
legumes, Azolla decomposes very rapidly and 80% of the ammonia is released in 34
weeks after incorporation in soil in flooded conditioms,
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Essential rejquirements for the multiplication of Akolla are the application of
phosphate and standing water. If enough water is available in the field before plant—
ing, the fern is grown in the field and used as green manure. In this case, freah
Azolla is sprayed on the surface of the water (6~10 om) at the rate of 500~1000 kg/ha
along with 4-8 kg P2°5fh”' and after 10=-20 daye it ie incorporated in the soil; then
rice seedlings are planted, If Azolla cannot be grown before planting, dme to scarcity
of water, fresh Azolla is added with superphosphate after the establishment of the rice
seedlings, In this case, the fern (after 20-40 days) is incorporated in the soil after
draining the field, Mixing the pesticide Furadan with the inococulum ie recommended in
areas where Azolla pests ccour frequently. Field experiments conducted during the last
3 years revealed that the use of Azolla increased wth, tillers, nitrogen content,
and grain and yield of rice significantly (Table 9).

Table EFFECT OF AZOLLA INCORPORATI(ON BEFORE PLANTING ON
THE YIELD OF MIGHE YIELIING VARIETIES (OF PALIDY

Grain yleld |
Season Variety Fresh Yield increases
Control Azolla
10 tons/ha
Autumn 1976 IR 8 4 237 4 708 11
Vani 3 340 4 188 25
Supriya 3 445 4 416 28
Spring 1976 CR 1005 4 875 5 316 9
IR 8 3 844 5 113 38
Van 2 615 4 032 54
Autumn 1977 Jaya 2 969 37113 27
CR 1005 5 286 5 753 8
CR 18810 4 590 5 084 11
CR 191-5 3 926 4 736 21
G 61-8 2 484 2 Bab 15
Spring 1977 Supriya 3 489 5 125 47
Kalinga=2 1 722 2 423 41
IR 8 4 722 5 918 25

FPROGRAMME FOR UTILIZATION OF ORGANIC MATERT ALS AND BIOLOGICAL NITROCEN FIXATION IN
INITA

Programmes for the utilization of organioc materials have received constant
attention by the Government in India. To ensure the development of an integrated
nutrient supply system through utilization of organic materials in combination with
organic fertilizers, an ambitious programme designed to yleld quiock and definite
results was lsunched (Vidyarthy and Misra 1976).

Mechanical Composting

The traditional methods of composting as adopted hitherto are not proving
suitable for the bigger cities, In the present contert, the mechanization of composting
which has several advantages, such as sanitation control, recovery of discarded
materiale and production of good quality organic fertilisers, is considered to be better
suited to the Indian cities, where the city refvwse is rioch in organic materials,
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An a result of several steps taken, the level of urban compost produstion per
annum has been raised from 4.5 million toma in 1973~T4 to 5,5 million tons in 1977=
1978, Similarly, the level of rural compost production has been raised from 150
million tone in 1973=T4 to 200 million tons in 1977-TH.

3 31 Utilization

The discharge of lmf:ludgc in a river or stream results in water pollution
and at the same time deprives agricultual land of two scarce materials, namely water
and plant mutrients. Potential availability of sewage in the country is estimated to
be of the order of 800 million gallons per day. A programme for tapping 250 million
gallons per day of sewage/sludge for irrigation was taken up in the Central Sector.

Biogas Development Programme

It is commonly recognized that the predominant use of non—commercial fuel,
namely cattle dung and fire-wood, in rural India entails high social cost to the
nation, In the wake of the continuing energy crisis, the use of biogas plants has
been advocated as an ideal way to ease the situatien. To provide impetus to the
programme, financial assistance in the form of grants and loans are provided to the
individualssetting up such plants. The scope of the programme has been further
widened by setting up of commmunity biogas plants and biogas plants based on night
soil. The capital investment in 100 ft3 plants can be recovered in a peried of 4 to
6 years. The pay back pericd becomes emaller for larger gas plants.

Nowever, some of the major problems militating against the widespread adoption
of biogas planis are listed as: high installation cost, fall in gas supply during
winter, bheavy corroeion of gas holders, necesaity to own or have large number of
ecattle; lack of suliable extension, maintenance, servicing facilities, cluster distri-
bution of rural houses; leading to the problems of slurry disposal, social prejudice
against acceptance of night-soil in blogas plante; and lack of alternative sources of
fuel for villagers who do not own any cattle.

Co-ordinated efforts in the field of research and development are under way to
find solutions to these problems,

The authors are grateful to the Co—ordinators of projects on microbioclogical
decomposition of organic matter and blue-green algae and the Director, CRRI, for the
valuable information on the subject,
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INTRODUCTTION

The role of organic fertilizers in the improvement of agricultural productivity
has remained far below ite potential. This is due less to the problems involved in
using organic fertilizers, than to the criteria used to judge their beneficial effecte.
For the most part, the evaluation of organic fertilizers in their contribution to
raising yields has been separated from their contribution to the goal of feeding more
people better. That these two goals do not completely overlap is constantly seen
through the problems of distribution of goods and insufficient purchasing power of the
individual. If pertinent criteria, among them the goal of nourishing more pecple,
were used to judge measures to be implemented, the benefits of organic fertilizers
would be more positively evaluated, In addition, some of the perceived problems would
become insignificant, some could even be rebooked as benefits,

Since increasing yielde a2 an isolated criterion does not necessarily mean
feeding people better, we must loock at what interferes with this main goal, and how we
can better achieve it., With this aim, the following paper looks first at our ocurrent
standards, which are oftem a hindrance to real aid, then describes new criteria for
Jjudging the benefits and problems associated with various measures for agriculture and
applies these criteria to the evaluation of organic fertilizers.

That monocultures, techno-farming, etec, exist, is obvious, That the changes
mentioned here cannot take place immediately, i® alsc obvioum, The emphaeis ie thus
placed mope on the direction that changes in agriculture should be taking and less on
gpecific data and statistical evaluation, whose interpretation i2 not necessarily only
objective, The current direction, as all too well known,is marked by increasing
pollution, lowaring of the earth's carrying capacity, increasing unemployment,
decreasing resources, increasing dependency on external sources of food, energy, oto.
Therefore, instead of asking "how much further can we go on thie path before we reach
the limit", we should be asking "are we 8till going in the direction we want to?, It
appears that all too long we have been loocking for exact answers to the wrong questions.
In trying to help with the orientation, the following paper attempts to start asking
the right questions, In order to reduce the risk of making the same mirtakes as before,
we need to examine critically the criteria upon which the answers are based.

WEY LOOK FOR NEW CRITERIAT

Because now & restricted economic consideration lays the basis for most decisions,
thus neglecting many aspects in agriculture which cannot be directly analymed for an
egconomic interpretation and decieion

If a price could more easily be placed on the costs invelved or benafite
accruing, such positive measures as organic fertilizers would long have been more
heartily recommended., In the use of organice the costs are mainly the time and
inventiveness of the farmer, and among the benefits are unmarketed foodstuffs (which
may be consumed by the family, thus improving their health and work capacity) and a
contribution to the soil health (thnn supporting future pmmtim}. Neither of these
would be immediately reflected in an economic analysies, but both are extremely
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important in indicating the direction the development is taking, and the economic
viability of the families invelved. The decisions of the farmers are thus economi-—
cally eignificant and affect the rescurce utilization, tut our standard criteria do
not give us enough information about true costs and benefits to guide decisions for
better utilization of available resources,

Because progress is now measured by the wrong type of efficiency

Much of that which is currently considered progress is based on an increase in
"efficiency”. Thie efficiency ie considered in a limited and isolated way. Generally
it means the amount of human labour involved in producing a unit of goods, whereas
only the direct human labour is considered., If a more realistic and less isoclated
evaluation is made, by examining the relationship between material resources used as
inputs and the value (also on a resource basis) of the products coming out, one sees
that real efficiency has actually decreased, We continue to use more and more
resources — and less human labour = for our production system ... paradoxieally in
the face of decreasing rescurces and increasing labour potential.

Because of the need for more food and more joba

One of the most negative aspects of the above mentioned trend with respect to
less developed countries, which need both food and joba, ie that the "efficiency"
provided by modern agriculture means lees people directly invelved in the production
(although more jobs may be created in other countries where the fertilizers, bioccides,
and machines are produced), accompanied by a resulting decrease of purchasing power
of the individual, and thus of the food effectively available. In addition, the trend
toward larger farms, with fewer people has not necessarily meant an imcrease in the
yield/area which is a critical point, For example:

= the value of output per acre in India is more than one-third higher on the smaller
forms than on the larger farms (Owens and Shaw 1972);

= in Thailand plots of two to four acres produce almost GOff more rice per acre than
farma of 140 acres and more {Horld. Bani 15??5};

= in Taiwan net income per acre of farms with less than one and a quarter acres is
nearly twice that of farms over five acres (Owens and Shaw 1972);

= for several countries in South America, the pituation is shown in Table 1.

Table 1 RATIO OF HECTARE YIELDS OF SMALL FARMS TO LARGE FARMS IN SOUTH AMERICA
(Bolenstein and Power 1976)

f.uldfhucta.ﬂjt E uldfuurkur}
small farms small farms
Gountxy ﬁeld,.-'im ctare Yield/worker
(large farms) (large farms)
Argentina 8,2 0.21
Brazil 8.8 0.14
Chile 8 2 0. 23
Columbia 14.3 0.10
Guatemala 3.9 0.14
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Becauee of the need for a more Btable production, and thus for more resistant orops

It must be recognized that the lower the standard of living and the more unpre-
dictable the natural enviromment, the more decisions will be governed by the need to
a oid risks (Duncan 1975). Thus, low cost reduction of risk to meet subsistence
requirements sets free capacity for increased production, However, conditions are
becoming more difficult for this, For example, the trend toward a more narrow genetic
base means that a single blight affecting a particular strain ecould ruin an extremely
high percentage of the crop in an entire area at once. Unlimited biocide use is not
the answer. For varied reasons, such as costs, side effects, toxicity, ete., a lower
biocide use belongs to the boundary condition for future development. Thus the nesd
to increase inherent resistance arisese., Plant resistance is known to bemfunction of
soil health, but in view of the ready access to biocides, attention is no longer paid
to the adaptive and corrective capeocities of the natural bacterial reactionm of meil,
which strongly influence soil health. The bacteriological composition im to a large
axtent a function of the chemical composition of the soil, The same is true for the
type of weeds present, whose valuable capacity to favourably affect am unharmonic
chemical composition in soil has essentially been ignored in modern agriculture,

In both cases, there is an attempt on the part of nature to create a favourable
balance by influencing the availability of components, either by binding those in
excess, or making more available thosme which are less sufficient. For this reason,
organic fertilizers, by affecting the bacterial composition, can strongly influence
the productivity of the soil even by low nutrient concentrations. The absclute amount
is not the only oriterion for productivity. For this reason, strictly chemical
analysis does not give full information about the scil health or insufficiences, sinoe
the regulating capacity of natural crganisms is not taken into consideration.

The attempt to compensate chemically for an apparent insufficiency may only
make another component rate—limiting, thms coercing a change in bacterial type distri=-
btution, which means at least a temporary loss of stability. If an addition is mads in
soluble form, the loss in stability can be much longer. Thie ccours partially because
the concentration of the components is subjected to stronger fluctuations, thus
preventing a stable, adapted bacteriological composition being reached. This affects
significantly the health and resistance of the plants. The use of herbicides to
eliminate weeds can also unfavourably affect the regulating capacity, as well as the
use of other biocides which are shown to reduce the capacity of nitrogem fixation
(Chandra 1966).

Essential tc meeting the inorsasing demands placed upon agriculture is a more
oonsistant production, which impliea good plant health. This requires more attention
to scil health based on natural capabilities, Available knowledge on thim msubject
has been poorly utilized, partially due to the attempt to rationalize the information
transfer in agriculture by preparing guide rules which are generally applicable. This
bas meant however, a distinot loss in the specific and critical information for the
lecal situation, and prevents the proposals from having a greater effect,

In addition, the emphasis of current implementation in agriculture is more
toward an increase in yield (i.e. Pgtim} rather than toward the capacity of the
soil to maintain production (i.e. the aspect of produstivity). This often means short
term profita paid for by a decrease in long term productivity — an unacceptable
gituation., By not contributing lfﬂa hmus care, plant combinations or sequencer, etec,)
to the intrinmsic capacity of soil to create and maintain an effective nutrient mnd
trace element balance in order to support productivity, we are forced to inorease the
external inputs such as fertilizers, biocides, irrigation, ete, for this purpose., This
development can generally be shown as in Fig. 1. It indicates that initially, external
inputs raised the yields considerably. Then comes a phase where more energy only




manages to maintain the pame level of yields, This is the state of many agricultural
areas today. In some areas however, there has been a change for the worse, Tield is
beginning to decrease in spite of further increasing energy inputs and investment.

Thie has come about for various factors, many arising from a decrease in soil health.

OUTPUT
{ EFFECTIVE "ﬂELgEl'

-
INPUT ( ENERGY, FERTILIZER ,ETC)

Fig. 1 Effeot of inoreasing inputs (fertilizers, etc, on output )

This curve can be considered characteristic of many aspects in agriculture. A
gimilar example is the effect upom protein quality as a function of increasing
nitrogen (Fig. 2).
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Fig. 2 Effect of increasing nitrogen fertilizer on the biological value

(EAA-Index).
2.5 Because we cannct continue at the same rate of energy and rescurce consumption

The general trend in agriculture shows a continuous increase in the amovnt of
non-renewable energy and other resourcee in fasd production. The change in agriocul-
ture from being & net energy producer (ca. 1 calorie input ylelded ca. 50 calories of
food) to a net energy consumer (ca. 2-5 calories required for 1 calorie output) has
forced it faster along the path of resource depletion than is neceesary. Indusirial
countries are gradually coming to the conclusion that they themselves cannot continue
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thie kkind of agriculture, One now begins to calculate the trade—off of land for
chemicale (an increase of ca. 12% land could allow a decrease of ca, 50% insecticides
(Chapman 1973)). 1In some cases, the trend will not be too easily reversible. The
land remaining is not of the same good quality. The land used has been depreciated by
s destruction, erosion, imbalances in nutrients, toxic accumulation, etc.

:Becnune‘gaggla need to be fed better

The standard for crop improvement has all too often been only the weight of
yield and not quality of yield, The increased yields have often been paid for by a
lower protein content, meaning a decrease in nutritive components. Thus weight is not
an acceptable single criterion. The inverse relationship between weight and protein is

shown in Fig. 3 (Decau 1975). This plots the experimental information for wheat, This
has had marked effects in the practical eituation.

o @
T >

GRAIN PROTEIN %
&

3.5 4.5
GRAN YIELD (t/ha)

Fig. 3} Orain protein content and grain yleld of 28 winter whest
cultivars. I-=Y.L. (550): 550 hgfh.n protein isoyleld line

For example, low-yield Indian corn (maize) has shown a protein content of ca.
12=-15%. Seeds selected for yield resulted in considerably lower protein, Between
1911 and 1956, the crude protein content of selected hybrid samples in the USA fell
from 10.3% to 5.15% (Perelman 1972). For the States, this has meant such a decrease
in the quality of animal feed, that it is now supplemented by fish protein from Socuth
America, affecting very unfavourably the food situation there,

The need to increase both ylelds and protein content ie cbwvious, HNowever,
selective breading can cause a disproportionate inorease in energy and nitrogen
requirements as compared to base strains, As shown in Table 2 a 1% increase in protein
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content demands a 6--125 increase in nitrogen requirement, Perhaps the old cereal
strains, containing twice the protein (up to ca. 32%) as newer strains should be re—
evaluated. These may be particularly valuable for areas not having much water, since
only little is required.

Table 2 STANDARD CEEMICAL COMPOSITIONS AND NITROGEN REQUI HEMENTS
(MILLICRAMS OF N PER GRAMME OF mm’!‘ﬂ} FOR CEREAL GRAINS
(Bhatia and Rabson 1976}

Assumed standard composition hiitrug'm requirement| Increase in
Cacks (% dry matter) (mg /&) ni trogen
Protein Carbo— | Lipid Ash With | With 1§ | Tequirement
hydrate standard | increase (%)
protein Hin protein
Wheat 14 82 2 2 16.0 17.0 6
Rice
HQJ as N
sonroe 8 g8 2 2 9.7 10.8 11
as N
BoUrce - - - - 10.4 11.7 12
Maize 10 Ba 5 1 11.3 12,3 9
Barley 9 8o 1 4 11.5 12.3 10
Sorghum 12 82 4 2 13,6 14.6 1
Cate 13 17 5 5 14,8 15,8 7
Rye 14 g2 2 2 16.0 17.0 6

Because attempting to import a solution makes for larger problems elsewhere

The trend has been to look for possible solutions from other countries, with
the creation of additional problems and additional dependencies, This holde true for
developad and less developed countries, WFor example, the amount of fish protein
imported by the USA from South America to compensate for lower grain quality would he
sufficient to eliminate half of the protein deficiemcy there (Commomer 1968)., Thus
North America's imports of fish protein ocreates problems for South America, coeting
more than the profit from the sale of protein. The case is similar for other less
developed countries, where the external eale of cash orops often does less to help
solve thes mutritional and financial problems than if the availeble local agricultural
rescurces had been wisely used for the production of leoeally consumed food. The
attempt to reach a global solution in this way is in all probability unrealistic, If
we are at some time to reach ma global solution to such critical problems as hunger, it
will more likely come as the sum of the small, lecal solutions based on local needs
and rescurces, which gradually take on glebal significance.

LOCKING FOR MOHRE VALID CHITERIA

Assuming that our primary goal is feeding people and mot "omly™ increasing the
quantitative yield, we have seen that existing oriteris are inefficient. New criteria
should at least consider the following questions, in addition to the question of
increasing the yield.
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' Do more people participate in the production (and therefore either directly
cbtain food, or indirectly by earning money to pay for it)?

b. Does the measure contribute to the maintenance of the scil, and therefore to
the ability to continue production?

Ca Does the measure contritute to the stability of the agricultural system and
therefore to the reliability of the orop production (less affected by blights,
pests drought, etc. )7

d. Does the measure improve the quality of the orop {a.nd not only quantity)?

a, Does the measure decrease the requirement for external (in partiomlar non-
renewable) energy in the form of fertilizer, biocides, irrigation, stc.?

f. Ices the measure help solve some other problem which would otherwise need to be
solved in a more coetly or emvironmentally destruotive way? For example:

- ruduaijng the need for imports (and therefore reducing need for economic
cropa);

~ providing cash crops for those imports needed (mixed cultures, eto.);

= wusing organic wastes (and thus decreasing requirement for fertilizer and
waste problems).

Ee Does the measure use loocal resources to help solve local problems?
PROBLEMS INVOLVED WITH USING CRCANIC WASTES AS FERTILIZERS AND THEIR EVALUATION
ACCORTING TO CRITERIA DEFINED ABOVE

Amount of Organic Fertilizers

Concern about the guantitative sufficiency of organic fertilizers has lead to
work on increasing the amount available, via technical methods (composting, further
waste treatment, etc.). However, even with minisum tecknical assistance, most
estimates of available organic material are favourable, being in the range of several
times the amount of fertiliser now used in developing ocountries, In addition, the
amount of nitrogen which can be fixed by tropical legumes ranges up to oca. 500 kg/ha/
yr (Ayanaba and Ckigbo 1975), the utilization of which should be the main goal in
organic fertilizers, If indeed there is a problem, it will be more in making the
materials available when and where they are needed. Increasing the available amount
is only one approach to deal with the quantitative sufficiency. Another approach is
to consider what can be done directly in the fields in order to reduce the need (but
gtill maintain yields) of external organic material. This latier approach has the
advantage that additional energy and infrastructure for treatment, storage, transport
etc, can be reduced, The energy required is mainly human labour, which is of course
the main resource available,

4.1.1 Reducing demand for external organic material

i. Consideration of soil health

As mentioned in section 2.4, the ready availability of chemical additivea
has distracted attention from measures supporting the soil's capacity to
remain productive, and looked rather at chemical compensation for the
failing productivity. This is again a case of substituting energy for
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the specific information of the local situation. The direct utilization
of information about plant and weed combination, or humie care, reverses
this trend, while increasing ecological atability and thus plant resist—
ance, That better consideration of local conditions alone could substan=—
tially raise the yields, without any increase in inputs other than labour
and better use of existing information, is no longer the view only of
ecologists, btut is accepted more and more by the economic advisors as
well, For example, the latest report of the World Bank (1978) strongly
exphasizes these considerations, pointing out that simple measures,
aldapted to the local conditions can, for example in India, increase yields
10-30% on rainfed land and 25-50% on irrigated land.

Increase of on—field organic scurces {inturcrnpping. weed utilization)

The tendency toward increased use of machinery and deoreased human labour
has been the major factor for intercropping not assuming the role it can
and should, For the same reasons, the traditional role of weeds (as
ground coverage and organic source) has been neglected. Both aid in
maintaining the huwmus layer, which is critical for seil health, and pro=-
ductivity are prerequisites for good production. In addition to these
most important advantages, it is obvious that material which can direotly
be produced "on field" possesses further advantages by not requiring
transport, atorage, additional purchasing power or infrastructure., It
should be noted that in certain areas intercropping is again becoming
used, but the use of effcctive weed growth as a contribution to soil
health and organic source has been lagging behind, Future development
could profit from the better combination of nitrogen fixation along with
these aspecte. Further, the crop combination for intercropping must be
guided by the scil composition, respective requirements of the plants
and, equally important, the interrelationships of the various beneficial
and harmful insects associated with each crop and weed growth. By clever
combination of crops, use of the non—-edible portion and weed growth as
mulch, the requirement for external organic material and pest-—control
measures can be reduced markedly.

4.1.2 Evaluation (of sufficiency problem) according to adapted criteria

Meeting the organic fertilizer requirement by a reduction of extermal

organic needs meets all the criteria used here. BEspecially it accomplishes the
following goals:

b.

Ce

d.

gsubstantially increases ('b:r intereropping) the per area output;

favourably affects the productivity of the field and therefore stability
of production;

increases the requirement for human labour, and

decrenses external energies by using local resources,

Competition of Economic Crops with Oreen Manure

Toe a large extent economic crope are needed for the importation of agricultural
aids, such as mineral fertilizers and oil pesticides. The purchase of these is however
based on an inoreasingly unfavourable "terma of trade™ situation., Pricea for the aids
are rising faster than the prices of the prodnots produced to pay for them. Therefore,
even for the same ampunte of imports, an increasing amount of goods must be exchanged —
a lost race from the start. For this reason alone, it becomes desirable to solve the
problem locally where at all possible,



4.2,1 Decreasing the competition

The first goal is thus to decrease the need for imports. This is one of
the main roles of organic fertilizers. The second goal im to allow the inte=
gration of economic crops (for those imports nonetheless needed), and therefore
avoid the "either or" situation of cash-crops or green manure, In a well
functioning ayetem, all three goale of agriculture can be met at once: food,
economic crops and maintenance of soil productivity. Soil conditions and
customs determine how these can best be met.

How such a muliipurpose goal can be elegantly fulfilled is shown by
examples of groups and cultures long resiricted to small areas of land, thus
learning to produce and maintain within the boundary conditions as set by
manure (which are of course the ones we all have to meet, only wup to now, we
have always sound some way to import materials in shortage from ancther area,
and thus temporarily aveid a clash with the local ll.lita:ti.m). Wise use of
temporary weed ocovering can add to the overall productivity of such a system,
The effective yield of such a mixed system can be several timea that of a
field where only one crop is grown at a time, The technological requirements
are minimal. Knowledge of compatible and complementary crops and weeds for
the local conditions on the other hand is eritical,

4.2.2 Evaluation (of competition problem)

Considering that a major coercion for growing economic crop stems from
the need to purchase agricultural aids, there are two ways to approach the

problem:

B increase production in order to meet payments although, as
mentioned, due to the “terms of trade", this is increasingly
difficult; or

b. decrease the needs for economic crops, mainly by the increased

use of organic fertilizers and mixed farming., This latter
approach meets all the main oriteria used here. Of particular
importence, it reduces the dependency on foreign markets and
increases the reliability of the local crops by inoreasing seil
health and ecclogical stability.

Organic Material in Competition with Traditional Fuels

The cbharacteristics of the organic material used for heat determine partially
the ease of transitiom to other fuels. For example, the burning of animal dung
remaging a main source of heat in many areas. Foods and cooking methods based on the
slow, mild heat have evolved accordingly during the centuries, Even smocial functions
are involved; for example, the food can be allowed to cook while work is carried out
in the field. A change to a higher temperature (i.e. faster cooking fuel, such as
methane) necessitates changes in social babits and in the types of foods, both of
which are major events. HNowever, without such adaptations, substitution may lead to
a decrease in nutrient utilization due to the new cooking methods, These may not
provide the same degree of digeatibility or, just the opposite, may cause too much
destruction of critical subetances.

In such changes, consideration of the finely woven web of interrelationships
among nature, agriculture, mutrition, and social customs is necessary, An unwise
change in any one of these could lead to unintended damage in others, creating more
difficult problema than one initially had,
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4.3.,1 BSubstitution of organic materials by other fuels

As discussed in another paper, the use of bi plants provides multiple
benefits, In addition to providing heat, an excellent manure is produced.
Further, the necessary infrastiructure for colleotion and storage of organic
materials is created. The cultured growth of algae or water hyacinthe, perhaps
in connection with water treatment, can provide additional organic material for
the biogas production, or can be used separately as a source of organic material
for compoeting or direct mulching.

Depending on the purpose to be met, solar ener can be substituted
domestically for other fuela., It is to be noted however, that the emphasis, at
least initially, should be upon "“passive" solar energy, which requires a
minimum of technology. Passive solar energy could make a major contribution
where low grade heat is required, by simple, appropriate construction for
capturing and storing heat. In any case it can help decrease the demand for
higher value energy, which should be used only where high temperatures are
really required, Solar cookers have often been mentioned, but their real
contribution is difficult to estimate, since they require a change in cooking
habtits and therefore can be adopted only gradually.

Fast mt_d.gg trees have again been gaining attention as an energy source,.
These, too, can provide multiple benefits — being used as wind breaks, shade for
other cultures, access to deeper levels of moisture and nutrients (thus enlarg—
ing the depth over which nutrients are recycled) and in general stabilizing the
agricultural system. In the selection of trees suitable to the area and this
purpose, the possibility of combining with the capacity for symbiotic nitrogen
fixation, known for many trees, should not be overlooked.

4.3.2 Evaluation

Changes in the use of organic materials for fuels should be governed by
two additional oriteria beside. those already mentioned:

a. where only low grade heat (a8 for warmth) is required, this should
be met by low grade energy (in particular passive solar energy),
in order to reduce the need for high grade {1.&. capable of high
temperatures) energy;

b. since burning represents & loss of organic material, energy sour—
ces should be used which make multiple use of the material.
Examples are biogas unitse and trees (especially fast growing),
integrated into the agricultural system where possible.

In all cases, the suggestions made here allow for local solutions with
low level technology, thus increasing independency and decreasing the need for
sconoOmic CropB.

Inefficient Composting

Compost can contribute in a major way to the diversity of the organics and
organisms of soil, oritical to hums formation and to soil and plant health. For
several reascns the contribution of composting has remained far below its capacity.
That it requires additional labour is often mentioned as one point, but more important
has been the lack of attention paid to the characteristica of the particular location
and material to be composted, a®s well as to the time required for a good compost., Ome
has become all too used to fast effects and fast reactions by technological aids, but
here we are dealing with a biological system whose benefits accrue slowly. The bio—
logical information needed for such a biological system, cannot be blindly transferred



like technical information, from one area to another, The attempt to do so has led to
inefficient composting, which has not aided the implementation or reputation of this
highly valuable aid to soil care.

4.4.1 What can/should be composted in rural areas?

The largest amount of orgamic material comes from crop wastes and is not
usuxally available for composting because it finds direct uwse in mulching.
There are of course exceptions, for example, cotton planis are often burned to
prevent proliferation of plant diseases, In such a case, compoeting could
preserve the organic componenis while also destroying contaminating organisms,
Organic wastes from the village may be used to a large extent as fodder and thus
lead to animal wastes. Where possible, these can be used together with human
wastes for biogas production. The collection in tanks or pits to prevent loss
of organic materials should be emphasised. In connection with animal wastes,
used for biogee or composted, the suggestion of a preliminary step involving the
produstion of additional organic material (to then be used for biogas or compost )
via water-hyacinths or algas production has often been made. In cases where
waste water ia to be used for irrigation, a partial treatment of the water could
be obtained via such fast growing plants, Waste water is often used for irri-
gation without treatment, which practice is not without dangers of spreading
commnicable diseases. A study in Israel for the summer months showed that the
incidence of Shigellosis, Salmonellosis, infectious hepatitis and typhoid fever
was between 2 and 4 times as high in waste water irrigated areas as compared to
areas where treated water was used (Katzemelson et al 1976). Thus, pretreatment
via algae or water-hyacinth growth, followed by plant use for composting (or
biogas), could provide several bemefits at cnos.

4.4.2 Evaluation

The difficulties associated with composting are mainly due to inecorrect
usage. Properly used, it provides one of the most valuable additions to the
organic and organism content of soil. By thus increasing the health of the
eoil it contributea increasingly also to higher yields, Ite effect may ini-
tially be less dramatic, since an effective hmmms layer requires years to build.
It ie thus in strong contrast to the effect of mineral additions, which may
show a stronger immediate effect, but are however not kmown for maintaining a
basis for long=lasting productivity.

Ite requirement of additional human labour has perhaps been a factor in
its lema than full use, but where available labour counts as a main resource,
this should not be an acoepted hindrance. The need for construction and
technology ie minimum. The quantitative contritution under rural conditions
may not be large, since a large part of the available organics may be used as
fodder, but it is nonetheless to be supported for ite qualitatively valuable
contribution,

4.5 Storage

4.5.1 Low volume = minimum problems

In rural areas, in contrast to urban, a large part of the treatment of
organic material whether for compoeting or gas production can take place
decentralized, The amounts thus being treated do not need to constitute a
major problem for either transportation or storage., Beyond the requirement for
pite for adequate storage of animal wastes, little ie needed. For composting
iteelf a static rather than dynamic treatment is preferred, thus requiring no
mechanization., The transport and application of compost can also be
accomplished with a minimum of mechani zation.
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4.5.2 Ewaluation

On the scale to be expected under rural conditions, storage and transport
of subetances for composting, as well az of the compost itself, present a mini-
mum of demande on technical or mechanical infrastructure, The major additional
input i8 the human labour required for the application, particularly in view of
the emphasie to be placed on intercropping.

Health Hazards and Environmental Pollution

4.6.1 Inappropriate and incomplete treatment as cause

With respect to composting, the preparation of a ripe compoct is essen—
tial for hygienic cpnsiderations, As is well known, pathogenic Bpores are
destroyed by correct composting due to the slow rise in temperature, which
induces germination, through which they lose their thermostability and are
destroyed by the further rise in temperature. An attempt to speed up the
process by too rapid temperature rise, leads to inferior products. Being a
bicological system, a Ghﬂnﬂﬂ in rate is ageompanied also by a change in the
types of reactions, not all of which aid in compost ripening.

Environmentally polluting substances found in urban wastes such as heavy
matals, chemical toxrins, etc, are not gemerally found in material used for
rural composting and thus do not generally oconstitute a problem,

#.6.2 Ewvaluation

Under proper conditions, an appropriate use of organic material for
fertilizing can decrease the envirconmental load by:

B decreasing pathogenic organisme through composting;

be improving bumus and therefore socil retention capacity,
with a resultant decrease in run-off of nutrients;

Ca replacing or reducing mineral fertilizer, leading to lower
coste and energy use,

Since its application decreases demand on fossil energy (but increases
human labour) it further decreases the dependency on external resources,

CONCLUSION

Until recently, an evaluation of measures to be taken for agricultural improve—
ment has been based on criteria incompatible with long—term productivity and survival.
Isclated increases of yield have been sepavated from the goal of feeding more people,
For example, the criterion of efficiency leads to a higher yield per person involved
in the production, but simultanecusly excludes many from the production, and thus of
income and the chance to buy food. For this and similar reasons, the use of organic
materials in agriculture must be re—evaluated according to criteria concerning the
whole eystem or society involved, and not only according to isclated factors. Thus,
if we loock at the social benefits in addition to the increased yields, resulting from
direct participation of people, we aee that the uae of organic fertilizers must be
mich more positively evaluated. Purther, many associated problems, once they are
brought into relation to the overall benefits, must be considered negligible. Some
“problems" can be moved from the debit to the credit side = particularly the require-—
ment of human labour,



We have gonme through e stage of development where we have besen able to substi-
tute energy, or the products of energy for insufficient (or un-used) knowledge about
#0il and productivity. We have been able to increase outputs by adding "more" of
various components, instead of supporting the scil's own capacity to be productive.
For our future development we should attempt to reverse this substitution tremnd, and
start to utilize our knowledge, rather than the dwindling rescurces, to increase yield.
A= a result, Figure 1 could be altered to take the path shown in Pig. 4. It should be
noted that the new curve rises above its original course, indicating e higher level of
productiviiy and production with less energy or resources in general,
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Fig. 4 Possible effect of substituting information for energy and other
material resources

This is considered gquite possible, because we have gained additional knowledge
in the years that have passed since our energy consumption was at a lower level, We
can now take advantage of this kmowledge. That this is indeed the case is examplified
by the wise use of organic fertilizers and (labour) intensive farming — yielding
significantly higher yields st significantly lower energy inputs.

One constantly reads of "discoveries" which emphasize this tremd in the scien-
tifio approach as well. For example, ancient wild wheat and barley strains, believed
to be extinet, but now found as weeds in Israel, have twioe as much protein (15=32%)
a2 newer sirains and, in addition, are adapted to difficult local conditions (Miron
1978). Knowledge of such extremely well developsd systems should be integrated in the
attempt to develop an agriculture benefitting mankind, while preserving nature and her
resources — and only such can be of any real benefit in the long run. We know that
the problemas of feeding growing populations are increasing. Thus we can no longer
afford an agrioulture which all too often attempts to solve the problems of today, at
the cost of being able to meintain productivity for the future. The wise use of
organic materials allowse solutions for both today and tomorrow.
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IV. SOURCES OF ORCANIC MATERTALS AND TEOHNIQUES FOR THEIR USE

Paper 6 INPROVING SOIL WITH OROANIE® WASTESe: MEWICIPAL SLUDCE COMPOSTS

by

J.F. Parr, G,B, Willson, and D. Colacicoo
US Department of Agriculture, Beltsville, Maryland, USA

Summary

Hecent legislation in the USA has imposed restrictions on the disposal of sewage
sludge by incineration, freshwater dilution, landfill, and ocean dumping, Consequently, many
municipalities are considering land application methods for disposal of their sludges. There
are, however, certain problems asecoiated with land application of sludges that can largely
be overcoms by composting. The US Department of Agrioulture at Beltsville has developed an
Aerated Pile Method for composting elther undigested or digested sewage sludges. The method
transforms sludge intc usable compoet in about 7 weeks, during which time the sludge is stabil-
iged, odours are abated, and pathogens are destroyed. The finished compost is an envirom-—
mentally-safe, humus-like material, that ie free of malodours, and can be beneficially used
a2 a fertilizer and msoil conditioner, Unlike sludges, it can be conveniently stored, easily
handled and uniformly spread on land with conventional equipment.

1. IRTRODUCTICOH

Leginlative actiona in the United States over the last decade have imposed
restriotions on the disposal of mumnicipal (sewage sludge and garbage) and industrial
wastes by incineration, fresh water dilution, ocean dumping and landfilling. These
actions include the Air Quality Aot of 1967; the Federal Water Pollution Control Aot
of 1972 as amended; the Marine Protection, Research, and Sanctuaries Aot of 1972 as
amended; and the Resource Conservation and Recovery Mot of 1976, According to the
US Environmental Protection Agency, oocean dumping of mewage will supposedly ceass by
1981, Meanwhile, the costs of present methods of miudge disposal, inoluding tremching,
landfilling, and incineration are increasing rapidly and will have a significant
impact on future sludge disposal options (Colacicco et al 1977; Colacioco and
Christisnsen 1977; Colacioco 1977).

Sewnge sludge is the residual material which remaine after wastewater treatment.
Unfortunately, the more extensive the tresatment, the greater the amount of sludge
produced. For example, smecondary treatment such as trickling filter or waste activa-
tion ylelds more than twice as much eludge as primsry treatment. Tertiary or advanced
waste water treatment (AWT) methods will generate up to three times as much sludge
from the waste siream as secondary treatment methods, Thus, the annual US sludge
production is expected to increase from the present rate of about 5 million dry tons
to more than 10 million tons by 1985.

According to Farrell (1974), some 20% of municipal waste water sludges in the
US are now epread on land, while 40% goes to landfill, 15% is disposed of by oosan
dumping, and 25% ie incinerated. Landspreading of sludge should increass markedly
during the next decade as more and more municipalities are now considering land
application methods for the disposal and/or utilization of their sewage sludges.



SEWAGE SLUDGE: A POTENTIALLY VALUABLE RESOURCE

Sewage sludge is a potentially valuable resource. It consiste of 40 to 60%
organic matter and oontains both macronutrients (e.g. nitrogen, phoephorus, and
caloium) and micronutrients (e.g. zino, copper, and manganese) that are essential for
plant growth. Epetein (1975) and Epstein et al (1976b) demonstrated that both sluige
and sludge compost were beneficial as organioc amendments for improving the physical
proparties of marginal socils. The application rate on agricultural land will be
limited by the entent of contamination from heavy metals, toxic organic chemicamls, and
pathogens (Epstein and Parr 1977). Sommers (1977) and Chaney st al (1977) reported
that the chemical composition of mnicipal sewage sludges can vary tremendously,
depending on the method of waste water treatment and the type and amount of indus=
trial effluents that are discharged into the manitary sewers.

FROBLEMS WITH LAND APPLICATION OF SEWACE SLUDGES

Sewage sludges can be applied to land as liquids (2 to 10% solids), as partially
dewatered materials (18 to g0lids), or as heat—dried and air—dried products (>9%0%
solids), However, a number of problems can arise when these materials are applied to
land.

i. Odours can be a major problem. Avoidance of odours necessitates immediate
incorporation of sludge into the soil, Sites for landspreading of sludge must
be melected with respeoct to population density, air movement, and the pre—
vailing wind direction,

i1, The potential impact on human health is a matter of concern. Sewage sludges
ocniain human pathogens some of which may survive for months or even years
(Burge et al 1977; Burge and Marsh 1978).

Neath risks are considerably greater with raw or undigested sludges (i.e., un—
stabilized sludges) compared to digested sludges (i.e. stabilized sludges),

iii. Specialized and expensive equipment is often required to haul, inject, spread
or incorporate sludges on land, Partially dewatered sludges are difficult
to spread at uniform application rates,

iv, Lack of publie acceptance can be a problem (Epstein and Parr 1977). Residents
along bauling routes as well as those living clome to the application mite
often object to sludge disposal/utilization on land.

V.- Improper site management can cause enviromnmental problems such as transport of
#ludge in runcff water, nitrate pollution of groundwater or surface waters,
and release of malodours.

wvi. Sludge application may have to be curtailed in certain regions during the winter
montha. Some states prohibit the appliocation of mludge on frozen or snow—
covered ground, whioch necessitates costly storage facilities., Sludge storage
can lead to sneercbic decomposition and the production of maledours,

wili. The high cost of land for sindge disposal projects near some nrban areas may
eventually probibit, or greatly limit, future operations (Sobers 1978),

viii. Excesmve amounts of heavy metals and industrial organic chemlcals in sludges
applied to land are of oconcern because of possible phytotoxic affects, becanse
soms metals and chemioals may be absorbed by orops and endanger Tuman health by
entering the food ohain, anf because Long-term use of contaminated sludges may
permanently impair the use and productivity of soil for crop production (Chaney
and Glordano 19773 Chaney and Normiok 1977 Pare et al 1977; Chaney et al 1977).



4.

RELATIVE EFFECTS OF IIFFERENT TREATMENT PROCESSES ON PATHOGEN IESTRUCTION AND SLUDOE
STABILIZATICON

In view of these problems, and empecially those of publio concern about odours
and pathogens, along with a growing comsensue that good quality slndges should be
reoyoled beneficially on land, there is inoreasing interest in the US in composting

a8 a means of stabilising seludge for land eppliocation., Moet of the problems associated

with land application of sewage sludges can be alleviated by compomrting,.

Table 1 RELATIVE EFFECTS OF VARIOUS TEEATMFNT PROCESSES ON IESTRUCTION
OF PATHOOENS AND STABILIZATION OF SEWACE SLUDOES
(sdapted from Farrell and Stern 1975)

Processes l Pathogen Putrefaotion [ Odour
Anaercbic digestion fair low good
Aerotic digestion fair low good
Chlorination, heavy good medium good
Lime treatment good medium | good
Pasteurization (70°C) excellent high poor
Ioniging radistion exoallent high fair
Heat treatment (195%C) excellent high poor
Composting (600C) good low good
Long=term lagooning of good - -

digented sludge [

Farrell and Stern (1975) summarized the relative effeots of different treatment
processes on pathogen destruction and stabilization of sewage sludges (Table 1),
Pathogens can be completely eliminated by pasteurization, ionizing radiation, or heat
treatment; however, the sludges remain wnstabilirsed and when reinooulated mdfor
applied to land will undergoe putrefmotion with the production of malodours. Both
anaerobic and msrchic digestion can effectively stabilize sludge, but destruction of
pathogens is inocomplete. Lime treatment and chlorination of sludge provide good
pathogen control, but stabilization i® incomplete. Composting im the only prooess
that ensures acceptable pathogen destruction and effective stabilizatiom.

THE COMPOSTING PROCESS: PRINCIFLES AND PRACTICES

Golueks (1972) defines ocmposting as ™the biological decomposition of the
organic constituents of wastes under controlled oonditions". Aoocording to Goluske,
the term "decompoeition™ is preferable to "stabilization™ because the process is
rarely allowed to proceed to the point at whioch the waste is cocmpletely stabilized.
Complete stabilisation implies that the residual organic fractiom, after composting,
would decompose at only a negligible rate, oven if oonditions were favourable for
mierobiologioal activity. Another key word in thie definition is "contrelled”, sinoce
it i® the application of control that differentiates composting from the natural
putrefaction or fermentation (or other decomposition processes) of organic wastes in
scil, open dumps, and sarndtary land fills.



During compoeting, ocomplex orgamio molecules are deccmposed into simpler
ocmpoundas through tbe growth and activity of bacteria, actinomycetes, and fungi. While
thess organisms utilize a portion of the carbon and nitrogem fractiom in the composting
btiomase for synthesis of cellular materials, they also eonvert chemical energy into
heat through respiration. A4s the temperature continues to increase, a point ie reached
where specific types of miocro-organisms called thermophiles dominate the process.
These organisms have a temperature optimm over the range of 40 to 75%. The intensity
and duration of this internal heat causes the rapid and complete destruction of patho—
genio mioro—organisms, thereby ensuring a safe and useful product., Moreover, as a
result of this thermophilic activity, malodorous organic compounds are repidly decom—
posed which enhances the accepiability of the final product.

Composting is an ancient practice used by farmers to convert organic wastes
into scil amendments that supply available nutrients to crope and replenish depleted
#cil organmic matter. The practice remained more of an art than a acience until about
40 years ago when Sir Albert Howard, a British agronomist in India, developed the
Indore Process for composting. This method, named after the 3tate in India where
Howard conceived it, wae a significant advance in the "Soience of Composting”. The
method utilizes a 56 f1 layered pile of various organio wastes such as leaves, night—
scil, animal manure, sewage sludge, straw, and garbage, The pils is turned after 2,
4, and 8§ weeks, and compoeting is complete in about 3 to 4 months, The method is
epsentially a combination of asrcbic and anasrobic composting., Howard's work demon—
strated that composting can be a beneficial alternative to the disposal of refuse and
sevage sludges by inolneration and landfilling. Exoellent bocks on the fundamentals
cEf uﬂ)-polting municipal wastes inolude Golueke (1972), Ootaas (1956), and Satriana

1974).

COMPOSTING SEWAGE SLUDGES FOR UTILIZATION AS A FERTILIZER AND SOIL CONIITI(RER

in 1973, the Biological Wastie Managesent and Scil Nitrogen Laboratory at USDA's
Beltesville Agricultural Research Center developed a windrow method for composting
digested sludge containing 20 to 25% solids (Willson and Walker 1973; Epetein and
Willson 1974). The method consists of mixing sludge with a bulking material, euch as
woodcldps, and then forming the mixture into windrows that are mechanically turned to
maintain aeroblc composting conditions. While the windrow method proved to be quite
suitable for composting digested sludge, it was not acceptable for composting undi-
gested (raw) sludge because of the greater level of malodours associated with thome
#ludges, Morecver, undigested sludges gemerally contain a higher level of pathogens
and there was concern that some of thess organiems might survive in the outer layers
of the windrow where lower temperatures might ccour.

The Beltsville lerated Pile Method

This laboratory has now developed a process for composting undigested or raw
sewage sludges (Epstein and Willson 1975; Epstein et al 1976e; Parr et al 1978; Willson
et al 1977-1978). The method is widely referred to as the Beltsville Aerated File
Nethod, whereby undigested sludge (approximately 22% solids) is wixed with woodokips
a# a bulking material and composted in & stationary aerated pile for 3 weeks. Slundge
at this high meisiure content will not oompoet aercbically without alteration becaume
sufficient alr cannot pemetirate the biomass, eithar naturally or through forced
ssration. Therefore, it im necessary to mix the sludge with a bulking material to
provide the necessary structure and porosity toaccommodate forced meration, and te
lower the moisture content of the biomass, thereby ensuring a rapid asrobio/thermo—
philic compoating prooesa. Other bulking materimls that could be utilized inolude
leaves, refuse, paper, groundrut hulls, siraw, corn cobs, cotton gin trash and sugar—
cane bagasee,



6.2

A three—dimensional schematic diagram of the aerated pile method ie shown in
Fig, 1. This meihod differs from the windrow method in that the composting biomass
is contained in a stationary pile and remains undisturbed for 21 daym, A 12-inch
layer of woodchips or unscreened compost comprises the base of the compost pile, which
also ocontains & loop of 4-inch orated plastic pipe. Ome volume of sludge is mixed
with two volumes of woodchips (about 1:1 on a weight basis), which produces the
necessary absorbency to lowsr the moisture content from 78% (sludge: 22% solids) to
about 60% (eludge and ohips: 40% solids). The pile is constructed on the base and the
loop of perforated pipe is connected to a 1/3-hp blower controlled by & timer, Aerobic
ocompoeting conditions are maintained by drawing air through the pile at a predetermined
rate. The effluent nir stream is conduoted intoc a small pile of soreened, cured
campost, where odorous gases are effeotively sbeorbed. After construotion, the pile
is covered with a 12-18 inch layer of soreened oompost for insulation and odowr control.
The blower is then turned on and the composting period begins.

High temperatures generated through the activity of thermophilic micro-orgamsms
are espential in the aerobic composting process for effective destruction of pathogenic
organisme and undesirable weed seeds. Temperatures above 55°C (1319P) will effectively
desiroy most pathogens, During the first 3 to 5 days, temperatures in the pile in-
crease rapidly into the thermophilioc range reaching as high as 80°C (197°F). Tempera-
tures start to decrease after about 3 weeks, indicating that the more decomposabls
organic constituents have been utilized by the mioroflora and that the sludge has been
stabilized. If the piles are construoted properly, neither excessive rainfall nor low
anbient temperatures bave any adverss effect on temperatuwres within the pile or the
oomposting process. Failure of temperatures to inorease rapidly during the initial
steges of sludge composting by this method oould be due to improperly constructed
piles, excess moisture in the sludge or btulking materisl, and exocessive asration
(Bpetein and Willson 1975; Epstein et al 1976a). Uniform thickness of the blanket
material covering the pile is important to prevent the ccourrence of runes having
suboptimal temperatures,

The aerated pile method is a major advance in sewage sludge composting because
a very expensive step in waste water treatment (1.e. anssrobic digestion) can be by-
passed, Further advaniages of this method over the windrow method include: (a)
greater reduction of pathogenmic organisms, (b) greater flexibility in scale of oper—
ation, (o) lowsr capital costs, and (4) greater flexibility in labour vs. capital
intensivenese. It should be pointed out, however, that either raw or digested sludges
can be cowmposted by this method,

The Aerated Exrtended Pile

The USDA composting facility at Beltsville processes approximately 60 tons of
wet (22% solids) raw sludge each day, The resulting piles are 7 to & £t high, 65 £t
long (this dimension could be increased or deoreased amocordingly), and sbout 15 £t
wide. An added dimensiom of the aerated pile i the aerated sxtended pile illustrated
in Pig. 2, in which each day's sludge increment is mixed with woodchips and the
resulting pils is constructed by utilising the shoulder (65 ft side) of the previous
day's pile, and #0 on, forming a continucus or extended pile. The concept offers
certain advaniages for larger mumicipalities since the required cperating area is
considerably smaller than with individual piles. Moreover, the amount of blanket
material needed for insultation and odour control is decreased by 65%, as is the
woodohip requirsmsnt for the pile base, Ressarch at Belteville has shown that
approximately 1 acre is needed for every 3 tons of sludge (dry weight basis) composted,
This includes the entire cperating area, space for runoff oollection and etorage,
curing, materials storage, and administrative and maintenance buildings.



COMPOSTING WITH FORCED AERATION
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Fig. 1 Threse—dimensional schematic diagrasm of the Balteville Aerated Pile Method
for composting sewage sludges
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Fig. 2 Three—=dimsnsional schematio dipgram of the Beltsville Aerated Extended
File Method for comnosting sewage sludges



6.4

Unit Operations and Available Options

A flow diagram showing the various unit operations for composting sewage sludge
by the Beltsville Aerated Pile Method is shown in Fig. 3. There are two options which
provide considerable flexibility for the process, If weather and climatic oonditions
are favourable, and if labour and equipment are available, option A is usually followed,
whereby windrow drying and soreening are performed prior to a ouring period,

The ocompost and woodchip mixture ie usually dried to about 40 to 45% moisture to ensure
olean separation of compost from chips during soreening. The recovered woodchips are
recycled with new batochea of sludge,

During periods of inclement weather or if labour and equipment are not available,
tion B can be followed, whereby the composted biomass is taken directly from the

aerated pile and placed in a curing pile for 30 days before drying and soreening.
Curing ie actually an extension of the composting provess and is associated with
slevated temperatures, though somewhat lower than the mean temperatures attained during
the initial composting pericd. The reheating provides a backup to the very effective
pathogen destruction of composting. Where compost is used for land reclamation and
erogion control, users cften prefer the unscreened compost containing woodchips.

Chemi oal Composition of Siudge Composts

Compoeition of raw and digested sludges from the Washington, D.C., Blue Plains
Waste Water Treatment Plant, and their respective composts processed at the USIA
Composting Facility at Beltsville, Maryland, is shown in Table 2. The low heavy metal
omtent of these sludges makes them quite acceptable for composting and utilisation

WOOD CHIPS
RECYCLED _‘

OPTION A CURING
SLUDGE DRYING = SCREENING [
(1 VOLUME) ‘1 (30 DAYS)
AERATED COMPOST
MIXING =  PILE STORAGE ™| MARKETING
(21 DAYS)
00D CHIPS L. Eﬂ”gﬂg] L »| DRYING |[+SCREENING
(2 VOLUMES) obrion s |

wWooD cHiPs__I

RECYCLED

Fig. 3 Flow diagram of the Beltsville Aerated Pile Method and related process
technology for composting sewage sludge.



Table 2 COMPOSITION OF HAW AND INLGESTED SLUIGES

FROM THE WASHINGTON, D.C., BLUE PLAINS WASTE WATER TREATMENT PLANT

AND THEIR RESFECTIVE COMPOSTS

FROCESSED AT THE USDA COMPOSTING FACILITY, BELTSVILLE, MD

opment | v oiutge | Tersivies | Newied | Bewind
pH 9.5 6.8 6.5 6.8
Water, % 78.0 35.0 76.0 35,0
Organic carbon, % 3l.0 23.0 24.0 13.0
Total N, % 3.8 1.6 2.3 0.9
NE =¥, ppa 1 540.0 235.0 1 210,0 190.0
P, % 1.5 1.0 23 1.0
E, % 0,2 0.2 0.2 0.1
Ca, % 1.4 1.4 2,0 2.0
Zn, ppm 980.0 770.0 1 760,0 1 000,0
Cu, ppm 420.0 300.0 725.0 250,0
cd, ppm 10.0 8.0 19.0 9.0
Ni, ppm 85.0 55.0 - -
Pb, ppm 425.0 290,0 57540 320.0
PCBe 1/ 0.24 0.17 0.24 0.25
BEC 2/ 1.22 0.10 0.13 0.05
IDE 3/, ppm 0.01 0.01 - 0.008
IDE, ppam 0.06 0,02 - 0.06

1/ Polychlorinated byphenyls such as Arochlor 1254,
2/ The gamma isomer of bensene hexachloride is also called lindane.
3/ IDE results from the dehydrochlorination of IDT.
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on agrioultural land. ITigested sludges are typically higher in heavy metals than the
raw or undigested sludges from which they are derived, because metals are concentrated
during anaercbio digestion., The sludge oomposts have a lower heavy metal content than
their parent sludges because of a dilution effect from the woodchips, The level of
chlorinated hydrocarbon pesticides in most US domestic mludges is now quite low sinoe
these chemicals are no longer used., Ths presence of industrial chemicals such as
polychlorinated biphenyls 's) in sludges being returned to land is of oonoern
because of possible adverse affects on the food chain.

The macronutrient content of mewage sludges and their compostis is rather low.
For example, the N=P-i analysis of the raw sludge compost shown in Table 2 is 1.6 -
1.0 = 0,2. Thus, if compost alone ware used to provide the levels of nutrients
necsssary to sustain optimm crop ylelds rather large amounts would have to be applied.
The best practice would be to apply the compost in combination with inorganie ferti-
lizers, thereby enhancing its value as a slow release H fertilizer and as a soil ocon-
ditioner. MAnother option would be that a "spiking" or amending oompost with inorganio
sources of H, P and K to incresse its fertilizer value. Sludges are typically low in
potassium sinoce this element is water soluble and remains in the liquid phase.

A Manual for Composting Sewage Sludge by the ierated Pile Method

The staff of the Biological Warte Management and Soil Nitrogem Laboratory in
co-operation with the US Environmental Protection Agency has prepared a manual for
oomposting sewage sludge by the Aerated Pile Msthod that will soon be published as a
joint USDA/EPA document (Willsom et al 1978)., The manual contains specifio details on
such topics as the economios and bensfits of composting, factors affeoting the com—
posting process, site selection and design oriteria, btulding materials, mixing cpera—
tions, pile construction, aeration parameters, odour filter piles, ocuring and storage,
buman health, and aspescta of utilization and marketing.

ECONOMIC FEASIBILITY OF COMPOSTING

To evaluate the economic desirabllity of compoeting for a municipality, one must
first evaluate the coste of converting raw sludge into compoat and the benefits that
the compost will furnish to the community. Benefits will partially offeet coste and
the net cost of composting may then be compared with the cost of other forms of sludge

management .

The oost of composting will very among projects. Much of the veriation will
result from differsences in physical inputs in response to (1) the amount of sludge
composted, (2) the topography of the composting site, (3) state and looal restriotioms,
(4) local institutional oconstraints, and (5) the availability of existing public works
equipment for the composting. The unit prices of the physical inpute will also differ
among localities, adding another coet variable. More complete details on the costs of
sewage sludge composting can be found in the report by Colacicco et al (1977).

Table 1 compares costs of various sludge disposal methods. The wet sludge
actually oomposted contained 23% solids, The dry ton figures presented may be
converted to approximate wet tons by dividing by 4.

The fertilizer value of sewsge sludge compost must be considered in determining
the soonomic feasibility of this alternative., A market study is necessary to determine
the net benefits to a community from the distribution of the sludge compost. MNost
refuse oomposting cperations thet started in the 1950'e and 60's have now closed because
of the lack of a developed market for compost in their area, poor produot quality, and
because the investors expected to show an immediate profit from the production and
distribution of the ocompost (Satriana 1974), Composting will benefit the sewage auth—
ority economioally if the net cost of production and distribution is less than that of
any other environmentally acceptable disposal system. A well-planned and managed
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marketing programme is essential to derive a profit over distribution coste. If the
sludge ocompost is used for its fertiliser wvalue alcne, there could be a net cost of
distribution, depending on the hauling distance.

Table 3 APPROXIMATE COMPARATIVE COSTS FOR VARIOUS SLUIGE
IT SPOSAL PROCESSES — 1976

HRange of coste in §
Proocess per dry tom

Digested sludge hy:

Ocean cutfall 10 te 35

Liquid landspreading 20 to 54
Iigeated and dewatered sludges by:

Ooean barging 11 to 44

Landfilling 23 to 53

Landspreading 26 to 9%
Dewatered sludges:

Trenching 1/ 116 to 134

Incineration 2 5T to 93

Heat drying 2 62 to 115

Composting 2 15 to 50

1/ Costs exolude transportation of sludge to disposal site.
Coets include cost of removel of residues and benefits from resource recovery.

Compost mey be used in place of peat moss or topsoil for certain horticultural
applications, Iuring preparation for the 1976 US Bicentemnial, the National Park
Service used Beltsville sludge compost to oomstruoct Constitution Cardens in the Mall
area of Washington, D.C. The Park Servioe saved over $200 000 by making and artificial
topsoil with the oompost instead of buying topsoil, which was then selling for about
$5 per oubic yard, not including hauling. Compost oontains small amounts of nutrients,
so the Beltsville ocompost has a value of about $4 per cubdc yard in terms of 1977
fertilizer prices in Maryland for nitrogen and phosphorus. The yleld of compost is
sgbout 5 ocuble yard per tom of dry sludge sclidas, so the net profii or loss on distri-
bution per yard must be multiplied by 5 to obtain the effeot per ton of sludge solids.

Composting may be a cost-effective alternative for some municipal sludge mana-
gemsnt problems., The net cost of composting will vary among municipalities because
the production coste and the utilization benefits will also vary. Therefors, a
feasibility study of sludge composting must inolude not only & cost analysis of the
process but also a comprehensive analysis of the potential market for the product.

AINANTAGES OF COMPOSTING SEWAGE SLUDGES FOR LAND APPLICATION

In summary, thers are a mmber of advantages of composting sewage sludge for
lgnd application:
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B Stabilization of raw sludge by composting eliminates the need for costly
anserobic digestion, or other means of stabilisatiom,

b. Miorobtial decomposition of the volatile organic fraction during composting
eliminate malodours and produces a stable, bumus—like, organic material.

Ca Heat produced during compoeting effectively destroys human pathogems.

d. Compost can be conveniently stored, and easily and uniformly spread on land
without expensive equipment.

8, Compoet is a valuable produnct that can be applied to land as a source of
nutrients for plants, and a8 an organic amendment to improve the physical
proparties of soil.

UTILIZATION OF SEWAGE SLUDCE COMPOST AS A FERTILIZER AND SOIL CONIITIONER

It is unlikely that sewage sludge compost will be used to supply the total
nutrient requirements of agricultural crops because of the large smounts that would
have to be applied, The greatest potential valus of these materials will be realized
when they are used as organic amendments to improve socil physical conditions, At
these rates they will also provide a significant mmount of nutrients for orops and
the fertiliszer requirement can be decreased mocordingly.

Sinoce most of the nitrogen in sewsage sludge compoat is in the organic form it
muet be mineralized to inorganic ammonium or nitrate before it is available for orops,
Ressarch at Belteville indicates that from 10 to 20% of the organic N will become
available during the first oropping period following application. Thus the sludge
compost functions as & slow release N fertilizer.

The application of sludge compost alone, at fertiliszer rates (i.e., the N or P
requirements of the crop), to marginal scils can produce significantly higher yields
than when commercial fertilizers are applied alone at the same level of N (L.J. Sikora
and E. Epstein, Unpublished data), This result is thought to be due to an improvement
in soil physioal properties by the compost. It is well known that marimum orop
response to inorgeanic fertilizers is dependent upon favourable soil physical conditioms.,
The addition of sludge composts to soil are kmown to improve their soil phyeical pro—
perties as evidenced by (a) inoreased water content, (b) increased water retention, (c)
snhanced aggregation, (d) increased soil asration, (e) greater permeability, (f)
increased water infiltration, and (g) decreased surface orusting, Addition of mludge
compost to sandy scils increases their ability to retain water and renders them less
droughty. In heavy textured olay soils, the added organic matter will increase
permeability to water and air, and increase water infiltrationm into the profile,
thereby minimizing surface runoff. In turn, these scils will have a greater water
storage capasity to be utilized for plant growth. MAddition of sludge compoat to olay
soils has also been shown to reduce compaction (i.e., lower the bulk density) and
increase the rooting depth (Epetein 1975; Epstein et al 1976b).

The finished compost can be used as both a fertilizer and a soil conditicner.
Large quantities of the sludge compost produced at Belteville have been used success—
fully as a topecil substitute by a number of public agencies, including the National
Capitol Park Service and the Maryland State Park Service, for land reclamation and
development projects. Research in progress at Belisville indicates that sewage sludge
compost ocan be utilized to great advantage in the commercial production and establish-
ment of turf-grasses, and by commercial murseries in the production of trees and
ornamental plants (Jouin and Walker 1977).



Plants and turfgrasses produced with sludge compost were of better quality, had
developed more extensive root systems, were transplanted with lower mortality, and were
marketable earlier than those grown only with inorganic fertilizer, It is likely that
large amounts of sludge compost will eventually be used on golf courses, cemeteries,
and for landscaping the grounds of public btuildings.,

In addition to these uses, sludge compoet has a major potential for use in the
revegetation and reclamation of lands disturbed by surface mining, by removal of top-—
soil, and by excavation of gravel deposits, Stripmined lande in the eastern US are
among the most hostile of all enviromments for the establishment and growth of plants
because of (a) extremely low pH, often below 3.0, (b) extreme droughtiness from lack of
organic matter, (o) very high surface temperatures, (d) lack of nutrients, and (e) wery
poor physical oonditions. Reeearch by USDA has shown that through the proper use of
dolomitic limestons, rock phosphate and sewage sludge compost it is possible to grow
& wide variety of both agrioultural and hortiocultural crops, as well as many forageo
(Armiger ot al 1976; Bennett et al 1976; Oriebel et al 19‘?'}'5. With proper management,
such disturbed lands can be reclaimed in a surprisingly short period of time and
restored to a high level of production.
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Summary

The US Department of Agrioculture at Beltsville, Maryland in co-operation with the
Maryland Environmental Service, has developed an Aerated Pile Method for composting either
undigested or digested sewage sludges that transforms sludge into usable compost in about 7
weelka,

There are certain fundamental parameters, including temperature, meoisture, aeration
or oxygen supply, carbon to nitrogen ratic, pH, and particle size of organic wastes, that are
essential to the composting process, and which must be at optimum levels if asrobio/thermo—
philic composting is to prooceed rapidly and effectively.

Certain chemical properties of sludges and buliking materials can also affeot the
compostiing process as well as prodwot quality. These include excess soluble salts, toxic
organic chemical such as PCB's, heavy metals, lime, and ferrio chloride, There are alsoc some
physical properties of sludges and bulking materials, such as fluidity and compaciness, that
must be considered if the oomposting process is to achieve a high degree of reliability.
After composting, preoduct quality can be improved by selective soreening, leaching, nutrient
enrichment, granulating, and pelleting.

To ensure that proper conditioms of moisture, temperature, and aesration are achieved
during composting, and that & safe and mcoceptable high quality product iz marketed, a
comprehensive monitoring programme is absolutely essential.

1. INTRODUCTION

Golueke (1972) defines composting as "the biological decomposition of the
organic constituente of wastes wnder controlled conditions™. He prefers the word
"decompoeition™ rather than "stabilization™ because the process is rarely allowed to
proceed to & point where the waste i® completely stabilised, Another key word in
this definition is "oontrolled", eince it is the application of control that differ—
entiates composting from natural putrefaction or fermentation, or other decomposition
processes, In their review of compoating, Oray et al (1971a and 191’1\1} defined this
process as "the decomposition of heterogeneous organic matter by a mixed miorobial
population in a moist, warm, serobic envirorment®, Mnstein and Morris (1975) dsfined
composting as ™the miorcblal degradation of organic material that involves aarcbio
reapiration, passes through a thermophilic stage, and yields a stabilised end product®,
i,8., compoat.

A more complete definition of the composting process as applied to sewage sludge,
and partioularly as practised at Beltsville, seems appropriate. The following defini=
tion ocowbines a number of otherse snd ie offered here for the reader's oonvenience and
comprehbension: Composting is the asrobio, thermophilic dscomposition of organic wastes

mixed populations of indi mi oro—organisms under conirolled conditions which
yields a partislly stabi 11! residual organioc material that decomposes slowly when

conditions again become favourable for miocroviological saotivity.
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The US Department of Agriculture at Beltsville, Maryland, in co-operation with
the Maryland Environmental Service, has developed an Aerated Pile Method for composting
either undigested or digested sewage sludges, The method traneforms sludge into
usable compost in about 7 weeks, during which time the sludge is stabilized, odours
are abated, and human pathogenic organisms are destroyed (Willson et al 15‘1&&]. The
principal objective in compoeting sewage sludges is to produce an envirommentally-safe,
busus—like material that ie free of malodours and pathogens, and that can be used
bensficially on land as a fertilizer and soil conditioner,

This paper considers certain chemical and physical characteristics of sewage
sludges and bulicing materials that can affect the composting process as well as compost

quality.

BIOCHEMICAL ASPECTS OF COMPOSTING

Composting is a microbiological procees that depends on the growth and sctivities
of a mixed population of bacteris and fungi oontained in the organic materials to be
oomposted. When tempersture, moisture and oxygen levels are favourable, the micro=
organisms will grow and aerobic decomposition proceeds, The microbes utilize the
organic materials for available carbon, nitrogen and other nutrients. As the activity
continmes, the temperature begine to increase from the heat generated through miorobial
oxidations and their respiratory functions, If the composting biomase is insulated and
assumes a geoméirical form, such as a pile or windrow, heat is retained for an extended
pericd. Eventually, however, as the avallable carbon and other nutrients are depleted,
miorobial activity subesides, decomposition elows, and cocling occours.

Poincelot (1975 and 1977) suggested six fundamental parsmeters which are sssen—
tial to the composting process and which must be at optimum levels if urﬂbiofthnﬂo-
philic composting is to proceed rapidly, effectively, and efficiently. These are
briefly summarized as follows:

Temparature:

A typical ttﬂftqmtuﬂ relationship for composting raw sewage sludge by the
serated pile method is shown in Fig, 1 (Curve 1), As microbial activity
increases, temperatures increase rapidly (i.e. within several days) from the
mesophilic into the thermophilic etage (Curve 1) which begine at about 400°C
(104°F). At this point, the mesophilic mioro-organiems are inhibited by
temperature while the thermophiles become very active. Decomposition of the
organic materials is moet rapid in the thermophilic stage. Optimal temperatures
for sewage sludge composting have been found to range from 50°C to TOOC,
Pathogen destruction has been shown to ooour rapidly in the 4 hilic stage
acoording to specific time/temperature functions (Burge ot al 1978). More
specific details on the temperature dynamiocs of composting bty the aerated pile
method are presented elsewhere (Willson et al 197$,

ii. Moisture

The optimal moisture content of the biomass for rapid aerchic/thermophilic
oomponting is from 50 to 60% (w/w). If the moisture content is below 40%,
deoomposition will be mercbic but mlow. If the moisture content is above 60%,
there may be insufficient air space to sustain aerobic decompoeition, and
anssroblo conditions may result.

iii. Aeration or oXygen lm!;

A continuous supply of cxygen (0;) must be available to ensure aercbic/thermo-
philic composting. It should alec be recognised that the rate of consumption
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A typical tiluftmutm relationships for composting sewage sludge by the
Asrated File Method, Curve 1 depiots a situation where conditione of

moisture, temperature, and seration are at opiimum levels for rapid transition
from the mesophilic into the thermophilic stage. Curve 2 represenis a

oondi tion where cartain parameters are deficient or outside their optimm range,
resulting in adverne sffecta on the growth and activity of the indigenous mioro-—
organi sme

of 0, by miore—organisme depends on a whole host of other fastors inocluding
pile“or windrow temperatures, type of material being composted, particle sise,
and degree of mechanical mgitation, Tb! asration requirsment for oomposting
sewage sludge may range from 5 to 10 £t~ of eir per pound of volatile solids
per day.

Carbon: nitrogen ratio

Probably the moet important aspeoct of composting is the carbon (G] and nitrogen
(§) content of the biomess (e.g. =ludge plus bulking material) to be composted,
usually expressed as the C:N ratic. Since the miorco—crganisms involved require
C for growth and energy, and N for protein synthesis, the rate of decomposition
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is affected mccordingly. Rapid and efficient composting is achieved with C:N
ratios of between 25 and 35, Lower ratios ocan result in the loss of N a=
ammonia, while higher ratios can lead to longer composting periods.

v.  pH changes

The optimum pH for rapid aerobic/thermophilic composting is somewhere between

6 and T.5. However, research at Beltsville has shown that there ies a wide
latitude over which sewage mludges can be composted with little apparent effect
on the rate of decomposition (Parr et al 1977; Willson et al 1976).

vi. Farticle sige reduction (i.e. grinding or shredding )

In some cases, grinding or shredding of the starting materials can accelerate
the rate of decomposition during composting by inoressing (a) the surface area
for microtial attmck, and (b) the extent of contsot between the sludge and the
bulking material. Exocessive grinding cculd also lead to compaction and poor
assration.

Thus, if any of these fundamental parameters are deficient, or outside their
optimom range, the growth and activity of the indigenous micro—organisms may be
sdversely affected, and the rapid, asrcbic/thermophilic composting depicted by
ourve 1 (Pig. 1) may not be achieved, If deficiencies are extensive, the
resulting tiu;’t-pomtm relationship during composting may not be unlike
that of curve 2,

PROPERTIES OF SLUIGES AND BULKING MATERTALS THAT MAY AFFECT THE COMPOSTING PROCESS
AND PRODUCT QUALITY

Sludges will vary greatly in their chemical and physical characteristica
depending on the method of waste water treatment used, and the kind and amount of
industrial wastes discharged into the sanitery sewers. Thus “"compostability" of a
partionlar sludge will depend on ite chemical composition mnd how it was treated. In
pddition to pH, and the C:N ratio, there are other chemical properties of both sludges
and tulking materials that may affeot the composting process and product quality.
Thess inolude soluble ealtm, toxic organic chemicale such as pesticides, po lori-
nated tiphenyls (PCB's) and wood preservatives, sludge conditioning agents (lime,
alum, and ferric ohloride), and heavy metals.

i. Soluble salte

Sevage sludges contain verying amounts of soluble salte depending on their
source and the typs of waste water trestment smployed., Where alum, lime and
ferric chloride C13) are used as flocculating and conditioning sgents during
sludge treatment, potential problems can arise since the soluble salt content
inoreases acoordingly, and some plant species are highly sensitive to moluble
salte, When preparsd composts are ussd for agricultural and horticultural
purposes, the danger of soluble salis is minimal becauss or dilutiom in soil
after the compost im lncorporated and mixed, and the extent of leaching that
ooours alter application.

At Beltsville, composts ars always leached to remove soluble salts prior to
studying heavy metal effects on plante so a8 to avoid confounding of salt
injury with heavy metal phytotoxicity. HNevertheless, even this apparent
precaution camnot fully mooocunt for the results obtained in aoms horticultural
experimenis, such a8 those shown in Table 1. Twe experimental composts were

ueing limed raw sludge from the Blue Flains Waste Water Treatment
Plant in the Iistrioct of Columbia, and woodohips obtained from land clearing
operations in Maryland and from pilings and other waste woody materials
gathered in the New York City Harbour arsa.



The composts were used to prepare potting mixes consisting of (a) one—third
compost and equal parts of peat and vermiculite, (b) two—thirds compost and
equal parts of peat and vermioulite, and (o) full-strength compost., All mixes

wera formulated on & volume basis,

potting mixes was then investigated (Table 1),

Orowth responss of different crope to these

Table 1 CROP RESPONSE TO LIMED RAW SLUDGE COMPOST
POTTING MIXES LEACEED BEFORE CROPPING 1/
Treatment
Marigold Tomato Snapbean
te P SoRroe dry shoots per poﬂ

33 Beltsville 11.23ab 3/ 10.84 a 8.30 &
67 Beltsville 11,81 a 9. 38ab 7.32ab
100 Beltsville 9.46 b 9,54ab 5,05abo
33 NYC Harbour 11.44 a B.25 b 3210
&7 NYC Harbour 10.5Bab B.36 b 4.04 bo
100 NYC Harbour 9,44 1b 6,10 o 1.91 o

1/ Composted Blue Plains limed raw sludge.
2/ % by volume; remainder was equal parts of peat and vermioulite.
3/ Duncan's test, 5% level,

ii.

There was little difference in the growth of marigolds when the composts were
applied at the same rates, although yields tended to decrease when plants were
grown in full-etrength compost. Thies may have been due to phytotoxieity
resulting from residual salt concentrations, since marigolds are moderately
salt-sensitive, or possibly from excessive amounts of organioc matter deocomposi-
tion products such as ammonia (WH3). However, in the case of both tomato and
snapbean, yiels were substantially lower for the ocompost preparsd with woodchips
from New York City Harbour pilings., Again, yields were lowest when the mixes
oonsisted of 1 of either oompost, Further investigations indicated that the
NIC compost contained a higher level of residual soluble salts after sequential
leaching than did the Beltsville compost, This i® not surprising since the
pilings had probably become well saturated with high salinity water over an
axtended period., Morecver, the pilings in some cases had been treated with
preservatives, such as oreosote, which ocould have caused some phytotoxicity.
Preliminary studies suggest that full-strength use of the composts may have
caunsed an imbalance of plant nutrients resulting in a manganese deficiency.
This problem did not arise with compost that was prepared from unlimed digested
sludge from Blus Flains,

Toexio nr_Eniu chemicals

It is possible that some sludges may contain rether high levels of toxic organic
chemiocals of industrial origin, The level of chlorinated hydrooarbon pesticides
in most US domestio sludges is now quite low mince these chemicals are no longer
used, Also, there is some svidence that these pesticides are biocdegraded during
sewage treatment (Hill and MoCarty 1967) and alse during ocomposting (Rose and
Mercer 1968; Epstein and Alpert 1978). The presence of polychlorinated
biphenyls (PCB's) in sludges and composts being applied to land is of concern
becauss of possible entry into the food chain in root crops.



iii,

31 from advanced waste water treatment

The future plans of a number of waste water treatment plants in the US calls
for the production of sludges from advanced waste water treatment (AWT). Such
treatment will necessitate the addition of substantial amounts of different
ohemicals to remove the remaining solids and some ®ludge borne chemicals from
the effluent. Consequently, these sludges will have a considerably higher
chemical content than most sludges that are available for composting today.
Since there is little information on the composting of AWT sludges, some pilot
studies were conducted at Beltsville to characterize limitations in composting
these sludges (Willson et al 1976).

Several small batches of synthetic AWT sludges were prepared by adding various
combinations of chemicals to a mixture of orimary and waste aoctivated sludges,
The final analyses of these sludges are shown in Table 2.

Table 2 PERCENTAGE ANALYSES OF SOME SINTHETIC AIWANCED
WASTE WATER TREATMENT SLUDGES
Combined primary Combined sludges Sludge from
and waste soctivated |from nitrification & nitrification
Component sacondary sludges denmitrification treatment
treatment Sample 1 Sample 2
% % %
Organi os 81 1/ 39 1/ 36 2/ 36 1/
11“]'4 14 - - -
CaC04 3 35 37 3
Fe(0H)y 1 4 - -
¥g (0H), 1 4 4 4
A1(0H)4 - 12 17 17
Iime inerts 1 3 4 4
Folymer 1 3 2
pl 5.8 8.0 12.0 5.9

1/ Raw primary sludge
Lime—satabi lized primary sludge

The sludges wers mixed with different bulking materials, including woodchips, and
inoubated in 10=liter laboratory composters, Exoept for the pH 12 lime-stabilized
sludge, which seemed to be nearly inert, the sludges exhibited an oxygen demand
and a temperature rise indicative of microblological sctivity and compostabllity.
Moreover, sludge odours were not deteoted after 3 weeks of processing in the
composters, Indications are that at least some of the AWT sludges can be com—
posted suocessfully. Perhaps a more pertinent question is whether or not after
composting they will be acceptable for land applioation in view of their high
chemical content which could exceed 50% by weight, and which could causs adverse
affects on both plants and soils, or reduce the bemefits ordinarily achieved in
the use of oomposts as fertilizers and soil conditioners,
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Morecver, sludge cdours were not detected after ] weeks of processing in the
compoaters. Indications are that at least some of the AWT sludges can be
composted sucosssfully. Perhaps a more pertinent question is whether or not
after compoeting they will be acoeptable for land application in view of their
high chead cal content which could excesd S0% by weight, and whioch oould cause
adverse effects on both plants and soils, or reduce the benefits ordinarily
achieved in the use of composts as fertilisers and solil oconditionars,

When AWT sludges are actually available, larger scale sxperimente are planned
at the Beltsville Compostiing Facility to determine the effects of various
chemioals in these sludges on the composting procsss, and how they affect
product quality. If AWT sludges are slow to stabilize during composting, they
may have to be blended with other sludges that have received less rigorous
chemical treatment. Moreover, if after composting some AWT sludges are deemed
potentially hazardous tc plants, because of their high chemical content, they
may bave tc be diluted with compoete produced from primary and secondary sludges
prior to marketing.

Heavy metals

The application of sludges and aludge compost®s on agricultural land will be
limited primarily by their level of contamination from heavy metals. The heavy
metal content will vary depending on the method of waste water treatment, and
the type and amount of industrial waste effluents that are discharged into the
sanitary sewers. For example, the metal contente of digested sludges basmed on
(a) the maximum concentrations observed, (b) the marisum domesiic level that
would be accepiable for landspreading or oomposting, snd (o) the attainable low
lavels that could be achieved through pretreatment and abatement proocedures,
are presented in Teble 3.

Table METAL CONTENTS OF IIGESTED SEWAGE SLUDGES

(DRY WEICHT BASIS)

Metal Attainable Maxi wum Observed
low level 1/ domestio 2/ maxi mum

Zn, ppm 750 2 500 50 000
Cu, ppm 250 1 000 17 000
Fi, ppm 25 200 8 000
Cd, ppm 5.0 25 3 400
cd/2n, £ 0.8 1.5 110
Pb, ppm - 1 000 10 000
Cr, ppa 50 1 000 30 000

1

_,f Observed in sludges generated from wvaste water of newer suburban ocommunities

with ne industrial efflusnt. Sources of these metals are assumed to be from
deterioration of domestic plumbing fixtures and mtorm sewers.

g/ Typiocal of sludge from oommmities without excessive industrial waste sources

or with adequate source abatement, Sludges which sxoeed any of these metal
conoentrations are not recommended for landspreading or ocomposting.



It is generally acoepted that the cadmium to zine (Cd:iZn) ratio should not
axceed 0.015, i.e., that the Cd content of sewage sludges or sludge composts
should not exoeed 1.5% of the Zn ocontent, This would help to ensure that

where sludges and their composts are applied to land, Zn will acoummlate in the
plant to toxic levels before sufficient Cd can be absorbed to endanger the food
chain, Excessive amounts of some heavy metals such as copper, zine, nickel,
and cadmium, can cause phytotoxic effects on agriocultural and hortioultural
crops (Chaney and Giordanc 1977). However, crop species will vary oconsiderably
in their relative tolerance to heavy metal toxicity as shown in Table 4.

Table 4 RELATIVE TOLERANCE OF VARIOUS CROPS TO HEAVY METAL TOXICITY

Dagree of tolerance Crop

Very sansitive Swiss Chard, sugarbeet, redbeet, kale,
mmtard, turnip, tomato, lettuce

Sensitive Snapbean, cabbage, collards

Moderately tolerant Small grains, soybean

Tolerant Corn (maize) and most grasses: fescus,
Bermudagrass, peremnial ryegrass,
orchardgrass

Very tolerant Certain escotypes of grasses

Leafy vegetables such as lettuce are very sensitive to heavy metals while most
grasses are very tolerant, In 1976, USIA proposed certain guidelines to limit
the acowmmlation of heavy metals on agricultural land from the application of
sewage eludges and their composts, The purpose of these guidelines (Table 5)
was, and still is, to encourage the proper use of good quality sludges (low
heavy metal content) while limiting the use of bad sludges (high heavy metal
content) for land application, The guidelines are bamed on the best available
information from scientists at state universities, agrioultural experiment
stations, and USDA. Two categories of land were delineated: {n]l privately—
owned land and (b) land dedicated to smludge application, i.,e. publicly-owned or
leased land, Hsavy metals are more phytotoxio and available to plants when soil
pH falls below 6,0, Thus, where sludges and composts are applied, soil pH should
be maintained in the range of 6.2 to 6.5 by liming if necessary,

Anmual application rates of sludge or sludge compost should be based on the
nitrogen or phosphorus requirements of orope. Table 6 illustrates the effect
of the metal content of different sewage nludges, and a raw sludge compost, on
the maximum amounts of sludge (dry weight basis) that can be applied at N
fertiliser rates according to the USDA guidelines (Table 5). For example, if a
soil has & oation exchange capacity (CEC) of 5 to 15 100 g, the total
allowable cumulative zino loading would be 500 kg/ha. Then if the sludge
contained 4% N, and was applied at a rate equivalent to 100 kg of ¥/hectare/
year, sswage sludge from the Piscataway Waste Water Treatment Flant in Prince
Gecrges' County, Maryland could be applied for 370 years, Because of their
progreassively higher sinc contents, sludges from the Elue Plaine Waste Water
Treatment Plant (Washington, D.C.), Baltimore, Maryland and CGrand Rapids,
Michigan could be applied for 112, 39 and only 5 years, respectively.



Table 5 RECOMMENTED MAXINUM CUMULATIVE SLUDGE METAL
AFPLICATIONS FOR PRIVATELY-OWNED CROPLAND

Soil cation exchange capacity (meq/100g)
Metal 0-5 5=15 15
Maximum addition kg/ha

Zn 250 500 1 000
Cu 125 250 500
¥i 50 100 200
cd 5 10 20
Pb 500 1 000 2 000

Notes: 1, Annual Cd application should not exceed 2 kg/ha from dewatered or
- composted sludgee, or 1 kg/ha from liquid sludge; sludge application
should not supply more orop available N than the crop requires,

2. Sludges having Cd greater than 25 ppm should not be applied unless the
Cd:Zn 0,015, If sludge Cd/Zn exceeds 0,015, an abatement pr
to reduce sludge Cd to an acoeptable level should be initiated.

3. These recommendations apply only to scils that are adjusted to pH 6.5
when sludge is applied, and are to be managed to pH 6.2 thereaftsr,

4. Leafy vegetables or tobacco should not be grown on sludge—treated
cropland.

5. The CEC designation is for mmamended soils.

The Fiscataway and Blus Flains sludges are good quality sludges for land
applioation, either directly, or after composting. With some abatement of Zn,
Cu and Hi, the Baltimore sludge would be suitable for land application. The
Orand Rapids sludge is a good example of a bad sludge, and it should not be
applied to private land until the metal ocontents reach the "maximum domestio”
levels shown in Table 3. While the Blue Plains digested sludge could be applied
for 112 years before the scil Zn level would approach the USDA guidelines, Blua
Plains rew sludge compost could be used for almost as long, i.e. 104 years. The
reason for this is that although the digested sludge has a higher ¥ level, the
metal content of sludge is diluted in the compoEting proceas,

Table T shows the extent to which heavy metals are concentrated on the dilution
of metals in both raw and digeeted Blus Plains sludges. Becauss of this
dilution principle, an cbvious question is: "Can a bad sludge be transformed
into a good compost?" This question is answered, at least in part, by Table 8
which shows the extent of heavy metal dilution in Baltimore and Philadelphia
digested sludges after composting with woodohips, While the Zn and Cu content
of the Baltimore sludge was comsiderably higher than the recommended maximum
domestic levels (Table 3), after composting the concenmtratiomns of these metals
were within the acceptable range for land spplioation, Although composting
caused oonsiderable dilution of heavy metals in the Fhiladelphia sludge, the
concentration of ZIn and Cd remained unacoeptably high. Thus, in the case of
"borderline” sludges, composting can produce a reasonably good produot; however,
when sludges contain excessive amounts of heavy metals it is most mnlikely that
composting will provide sufficient dilution for safe and acoeptable use on
agricultural land, It is also noteworthy that in addition to heavy metals, the
levels of N and P in the sludge are also diluted by composting, thus reduscing
the fertilizer value od the compost,



Table &

EFFECT OF THE METAL CONTENT OF SEWAGE SLUDGES

FROM DIFFERENT MUNICIPALITIES ON THE MAXINUM ALLOWABLE

CUMULATIVE AMOUNT OF IRY MATERIAL THAT CAN BE APPLIED TO SOIL
A3 NITROGEN FERTILIZER ACCORIING TO THE USDA OUITELINES

Metal and cumulative IP.llunnw

Grand Rapids|

Blue Plains 1/ Baltimore
amount eludge sludge L ocompost sludge eludge
level in sludge
Zn, ppm 540 17180 110 5100 | 20500
Cu, ppm 240 486 300 1 760 3 140
Nu, ppm 33 42 55 280 7 8%
Cd, ppm 5 15 8 21 165
Cd/Zn, % 0.9 0.8 1.0 0.4 0.8
Cumulative amount 2/
Ton/acre 413 125 290 44 6
Mt/ha 3/ 926 281 649 8 15
Fertilizer, yr 4/ 370 112 104 39 5

y’ Column 1 reports
reports data on compost made from BElue Plains raw

the analysi= of Blue Plaine digested sludge, while columm 2
(undigested) sludge,

Cumulative loadings calculated from USDIA and EPA recommendations; first limiting
slement is underlined,

3/ Assumes a soil CEC of 5 to 15 meq/100 g.

y Pased on sludge or compost application of 100 kg H/ba/yr; sludge N = 4.0%,

Wt H= 1.6‘.
Table METAL CONTENT OF PLAINS SLUDGES AND THEIR COMPOSTS
Material Zn cd Cu Wi
ng/kg dry wt.
Raw sludge (BS) 980 10 420 8s
(RS) Compost 770 8 300 55
Migested sludge (IS) 1 760 19 725 50
(18) Compost 1 000 9 250 300 1/

1/ Samples were contaminated with fragments of
from an unpaved composting pad.

nickel-oontaining serpentine rook
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Table 8 DILUTION OF HEAVY METAL CONTENT OF
BALTTNONE AND PHTBAIELFHTA ILIGESTED SLODGES
AFTER COMPOSTING WITH WOODCHIFS

Source Material Zn cd gai [Ty Be

ng/kg dry wi. <

Baltimore Sludge 5 100 20 1 570 -

(Back River Treatment

Plant) Compont 1 730 Ta5 619 60

Phi ladelphia Sludge 7 520 226 1 090 -

(Northeast Treatment

Plant) Compost 4 100 100 1 000 50

CONSIDERATICHS FOR IMFROVING THE QUALITY OF SLUDGE COMPOST AFTER COMPOSTING

There are a number of ways in which sludge composts can be conditioned or
modified to improve their quality and marketability. These include (a) melective
soresning, (b) leaching to remove soluble salts, (g} blending with sand or soil for
potting mixes or synthetic topsoils, (d) enrichment with additional nutrients,
particularly nitrogen, and (e) granulating or pelleting. An example of how the
chemical properties of a sludge compost can be changed through selective soreening
into different sized fractions is shown in Table 5 (Tester et al 1978). The N content
tends to inorease with fine soreening because of the greater removal of residual
woodchips, This results in a much lower C:!N ratic. The P content was alsc increased
with fine soreening. Pot tests showed that plants responded readily to the increased
N and P levels in the finer fractions. The potential for using selective soreening,
in producing specially compost products is being thoroughly investigated.

Table 9 SOME CHEMICAL PROPERTIES OF BLUE PLANTS
RAW SLUDGE COMPOST AS AFFECTED BY SCREEWING

Sieve fraction pH Total N J Total P I Carbon C:N
Bg/g ary wt,
Coarne 6.8 12.3 14.7 180,.6 14.7
[passed through a Gaom
mesh )
Modi um 6.9 11.6 11.5 215.6 18.6
(1= mm sized fraction)
| Pine 6.8 13,5 18,0 140.5 10.4
t (I mm mesh or less)

SUGGESTED MONITOHING PROORAMME FOR A MUNICIPAL 3SEWAGE SLUDGE COMPOSTING FPACILITY

To ensure (i) that proper conditions of moisture, tempsrature, and seration are
achieved during the oomposting process, and (ii) that a safe and accsptable high
quality produot im marketed, a comprehensive monitoring programme, as cutlined in
Table 10, is absolutely essential, The frequency of anslysis for heavy metals and
pathogens, sither befors or after ocomposting, will depend on (a) the sludge volume and



production schedules, and (b) the methods of marketing and utilisation, For example,

a facility that composts 50 tons of sludge per week will require less frequent analysie
for heavy metals than one which is composting 500 tons per day. Moreover, if most of
the compost is to be utilized for land reclamation or on agrioultural scils, standards
for pathogen survival should be lesa stringent than if the product is bagged for whole—
sale and retail marketing, or distributed directly to the public. Site monitoring,
inocluding health of personnel, odours, and dust, requires continuous surveillance.
Until more is known about the possible significance of air-borne spores, monitoring

programmss should periocdically assess the numbers that are gensrated and transported
from the mite.

Table 10 SUGGESTED MONITOEING PROGRAMME FOR A MUNICIPAL
SEWAGE SLUIGE COMPOSTING FACILITY

Aotivity/time Component Analywsis Frequency
efore composting|Sludge Heavy metals PCB's Monthly
btulkking
material

During composting| Aerated pile| Acosptable tillftw‘hﬂ‘l Temperature measure—
or windrows | relationships e.g. 55 C for ments on at least &

3 to 5 daym days during first 2
vwasks
After compomting | Compost Heavy metals pathogens Monthly/bimonthly

prier t:u Bioaseay in growth chamber :.lpt::.‘;n; on. wee of l
marketing | o greenhouse to characte— -
rize plant response, metal
uptake, and phytotoxic effects

|8ite monitoring | Personnel Physical examination prior to [h:mully
smployment and periodically

thereafter
Protective equipment and Continuously
clothing as nesded
Odours Regular monditoring of odour Continuously, but
strength sapecially during wet
Begular maintenance of odour pericds
filter piles; log of
complaints Continucusly
[ust Assessmant of partiocunlate Continuously but,
ooncentrations especially during dry
periods .
Leachate & | Analysis of BOD, suspended Nonthly |
runoff solide and pathogens ]
M r-borne Determine numbers generated/ |Monthly |
EpoTen transported |

Preliminary plans for design of sewage sludge composting facilities should
inolude assessments of numbers of air-bornme sporss (particularly mﬂru fusd gatus )
prior to the start of composting so as to establish reliable background levels for
poesible future reference,
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Paper 8 RESOURCES OF OROANIC WASTES IN EGYPT

by

Mohiy=Eldin Abdel-Samie
National Research Centre, Doki, Cairo, Egypt

Organic wastes are considered to be one of the renewable materials resulting from the
synthesis of different compounds in plants by utilizing solar energy, water, CO, and other
dissolved nutrients from the scil,

Organic wastes comprise the following:
) the residues left on the land after harvesting the crops (maize and cotton stalks, etc.);
ii, the residues left after separating grains (maize cobs, rice and wheat straw, etc.);
iii. the residues resulting from grain milling and grinding (huske and brans, ete,)j

iv, the agro/industrial residues resulting from extractive and transformative industries
such as sugarcane, oil, starch, dairy products, and vegetable, meat and fish canning
industries, These residuss comprise bagasse, maize steep liquor, maize germ cake and
gluten, cotton seed cake, whey and meat and fish wastes, etc.;

v. land and aquatic weeds resulting from clearing waterways and cultivated lands,

Upon the advancement of the different branches of science it has been feasible to
utilize organic wastes to produce enzymes, proteins, antibiotice, organic acides and molvents,
as well as non-fossil fuels such as methans and hydrogen through microbial formentation processes,
Cn the other hand, the production of petro—chemicals from petroleum fractions and natural gases
(fossil fuels) has been a competent technology to fermentation industries,

However, the consistent riee in petroleum pricee might imbalance this situation favouring
microbiological utilization of organic wastes to produce industrially important chemiocals,

In rural areas of Egypt moet of the crop residues are used as animal fodder, Even malze
stalks and cobs have been used for this purpose upon the abrupt rise in the prices of roughages
such as wheat straw, Cotton atalks are used for snergy production through direct burning.
Obvicusly, this means the lose of a great proportion of the organic matter needed to be recyocled
to keep soil productivity at a high level,

The competition between burning the organic wastes for energy production and ite utili-
zation in a manner suitable for the adejuate recycling of organic matter should be handled
seriously to preserve and increase our soil productivity,

A good compromise is to adopt the technologies of biogas production by anaerobic
digeation of organic wastes, Only the carbon component will be consumed to give mainly methane
and CO,. Macro and micronutrients will be reserved in the digester as a stabilized sludge.

The use of cotton residuss for biogae production has not been tried extemsively.

Rizk et al (1968) actually made preliminary trials for combustible gas production from
the anasrcbic digeation of cotton, maize and rice Btalks, Their data show that the amount of
combustible gases produced from cotton etallke digestion was half that produced from maize
stalks,



Cotton stalks are known to resist degradation when compared with other crop residues
such as barley (Abdel-Malik et al 1965), This relative resistance to biodegradation was also
met in the work done at the National Research Centre (Kamel et al 1966), Laboratory and field
experiments were carried out to obtain bast fibers and cotton stalks, which proved to be
resiatant to the conventional retting practice, if stagnant water was used., Investigations
proved that the stalks contained compounds inhibitory to the anaerobiec retting organism,
Clostridium felsenium. This problem was solved by soaking the stalks for 2 to 4 days in plain
water and subsequent transfer of the stalks to the retting basins. This scaking was sufficient
to overcome the inhibitory effect of the constituents of the cotton stalks., In the field, this
problem was solved by using the waterways (drainage or irrigation canals) for retting, since
the slow flow of water would take care of removing the inhibitory compounds from the immersed
stalke, The inhibitory substances, although not fully identified, might be of the polyphenol-
ica known to be present in cotton leaves (Abdel-Wahid 1969},

The above mentioned work might lead to the anticipation of a similar situation in the
anaerobic digestion of cotton plant residues for methanogenesia, Inveatigations concerned
with biogas production from such a residue should take into consideration such inhibitory
compounds, in addition to the problems of degradation of ligno—cellulosic materials in the
initial stages of anaerchic digestion,

A potential source of organic waste, that deserves the attention of an investigator, is
the collected cotton leaves infested by the cotton leaf worm. Another similar residue is the
infested cotton bolls. The anaercbic bicdigestion of these residues, not only serves the
purposes of combustible gases and manure production, but alsc breaks the cycle of reinfestation
of the subsequent cotton crop. Abou-El-Fadl et al (1958) studied the impact of composting the
infested cotton bells into organic manure as a control of the pink boll worm, Pectinophora

gossypiella.

Abdel-Malik, Y., Monib, M. and Gohar, M.R. The effects of ploughing under crop remains in
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Paper § OREEN MANURE
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INTROTUCTION

It im well known that organic matter influencee the physical, chemical and
biclogical properties of moils, which in turn affect the growth and development of
plants, Organic matter improves ithe physical structure, soil aggregation siability,
and water holding capaoity. From the chemioal point of view, organioc matter increases
cation exchange capacity and supplies plante with a stream of nutriente through its
decomposition by mioro-organisms,

Organic matter, inoluding green mamre, is generally of great importance to soil
fertility and hence productivity. The permanent fertilization experiments at Rothamsted
Experimental Station, England (150 years), and at Bahteem, Egypt (80 ysars) showsd that
organic matter treatments gave the highest ylelds as compared with other trestments
receiving inorganioc fertilizers. The use of organic manures is inevitable especially
in tropical and subtropical moils and also in sandy soils whare the rate of degradation

of organic matter is very high, due to the pressnce of optimal environmental conditions
for mierobial activities,

Howadays, apart from the hazard of the use of inorganic fertilizers due to water
pollution and the effect of nitrogen oxides produced as a result of nitrate reduction on
the ogone layer, mineral fertilizers became so axpensive dus to the high increase of oil
pricea, Conssquently, orgaric manures are now regaining thelr popularity, especially
with the advancement in technology of waste recyeling to avoid mainly environmental

pellution, and increasing agrieultural production to meet the high rate of increase in
world population.

Factors influencing the rate of decomposition of soil organic matter have been
the target of many investigatorsm: Jonsen 1929; Starkey 1924; and Whiting 19267 found
that organic materials with wide C/N ratios deccmposed slowly, and that younger plante
decomposed more rapidly than older ones, Also Waksman (1929) reported that the nature
amd rapidity of decompomition of different plant materials, were markedly influenced by
their chemical composition, provided that conditions for decomposition were the same,
The rate at which organic matter decomposes, increases with increasing moisture and
also with riee in temperature (Wakeman & Gerreston 1931), It appears that temperaturs
is & more important factor than moisture, but obwiously e ocombinatiom of both is most
effective on the organic matter decompesition.

Green manuring is = very old prastice. It is well lmown since the Romans. Both
laguminous and non—leguminous plants are utilized for this purpose, Because of the
importance asoribed to soil crganic matter, interest has been oreated in developing
practica] methods for maintaining or increasing organio matter content of our soils.
Gresn manuras and orop residues had been the chisf means wherseby this maintenance or
inorease has been attemptied.

Oreen manuring is a good means of preserving scil nutrients from leaching, firxring
or trapping them in an inscluble organioc form which, when mineralized by scil micro-
organisms, supplies the plante with a gentle stream of nutrisnts throughout their life
period in the moil, Purther, green manures in sddition to fixring awvailable nutrients
in the moil in the organic form, increase soil nitrogen and organic metter, gained from
ritrogen fixation and photosynthesis.
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COMMON CGREEN MANURES

1. The beet known green manures are legumes asscciated with fixation of atmospheric
nitrogen. These can be incorporated in the rotation as green mamnures such as
berseem (Trifolium nlmnd.;_inm} which ie ploughed under after taking one cut or
more before cultivating cotton., Other plants, such as moybean and cowpea yield
a food crop before being ploughed under as green manurs,

i1, In view of the fact that the rate of decomposition of organic matter in ocur socils
ie high, Sesbania and Crotalaria legumes, which grow as shrube containing a high
content of cellulotic material, can be used af green manures. The rate of
decomposition of thesme shrubs is slow and they add ample amounts of organic
residues and nitrogen to the scil,

iii. Water-hyacinth, a weed which is a nuisance by obestructing irrigation canale and
open drainage systems, in addition to absorbing considerable amounts of nutrients
from water, can also be used as green manure or feed stuff. It is either
composted, or added directly to the soil after being dried and chopped to small
pieces,

iv. Blus-green algas, green algae, and aleo water-hyacinth can be grown in ponds of
sewage enriched waters. Such organic materials can be used to enrich animal or
poultry feeds or as manure in addition to ite effects on the purification of
sewage water.

V. The fern Azolls in association with the blue-green algae Ansbaena azolla fixes
atmospheric nitrogen and can be used a® green manure in rice fields. This
pymbiosis oan produce almost 1 ton of green manure/hectare/day, having 3 kg of
fixed nitrogen. In Egypt, we should pay more attention to thie plant., Alseo,
inoculation of rice fields with blue-green algae im of considerable importance,
especially in Egypt, where we can make use of the solar energy and N, assimilated
by algae. In addition to No~fixzation, the algae also supply the plants with
growth promoting substances, but we nesd to have a percclating system especially
when the plants grow older and shade the algae from the direot sunlight.

THE USE OF GREEN MANURE IN ECGYPT

Quite a lot of work has been done on the effeot of green manuring on the fertility
of sandy soile in Tahreer Provinoe, Egypt. HReclamation of these virgin sandy soils could
be achieved by organie manuring, addition of mud, and proper management. These scils are
sandy in general and are almost demtitute of olay and hums.

Results of experiments carried out on Tahreer Province scils (Tables 1, 2 and 1),
showed that the rate of decomposition of added organic material depended primarily upon
its chemical composition and C/N ratioe. The rates were in the following descending
order: groundnut, Egyptian oclover, compost, Sudan grass and barley. It was alsc found
that moil organic matter, soluble nitrogen, and microbial contents were greatly affected
by the added organic matter.

In other axperiments (Tables 4 and 5), results showed that the addition of winter
or summer green manures or compost to the soil, in equal quantities, resulted in
inoreasing the scil oontents of organic matter and total nitrogen as compared with the
control.

The rate of decoomposition of added organic materials, as well as the extent of
inerease in soil nitrogen depended on the nature of the plant to be ploughed under, its
age, and the period during which the green manurs was left in the soil to decompose,
before oultivating the sucoeeding crop.



Table 1 ORGANIC MATTER, TOTAL NITROOEN AND C/N RATIO OF
SOIL, GHEEN MANURE AND QOMPOST USED FOR INOUBATTON EXPERTNENTS
Total Organic c/n
Material used nitrogen % matter ¥ ratio
Seil 0,016 0.12 4.3
Oresn manure: y
Barley 1.42 74.00 30.4
Sudan grass 1.84 73.84 23.3
Egyptian clover (Berseem) 2,28 72,00 18.3
Oroundmut 2,46 T1.60 17.1
Compost 2.01 51,00 14.8
1/ GOreen manure was used just at the beginning of the flowering stage,
Table 2 CHEMICAL ANALYSIS OF SOIL SAMPLES
TREATED WITH GREEN MANURE AND COMPOST
Inoubation period in days
So0il analysias
0 1 15 0 60 120
Barley
pH 8.10 8.20 8.30 8,30 8.45 8.5
Organic matter % 0.64 0.55 0.51 0.49 0.47 0.46
Total N, ppm 560 550 560 560 560 560
Soluble N, ppm 1 5 1 19 n k7!
Suden gress
pH 8,20 8.30 8.3 8.35 8,40 B.40
Organic matter % 0.66 0.55 0.50 0.47 0.43 0.42
Total N, ppa % 600 600 610 610 600
Soluble N, ppa 1 8 16 22 35
tian elover
PE 34.50 B-TB B.Tﬂ B.ﬁﬂ 5.45 B-‘D
(rganic matter % 0.66 0.50 0.40 0,36 0.32 0.29
Total N, ppa 630 730 710 720 700 700
Soluble N, ppa 10 60 100 130 200 220
Oroundnut
pH 8.50 8.40 8.35 8.35 8.30 8.20
Organioc matter % 0.70 0.60 0.%0 0.42 0,33 0.28
Total ¥, ppm 800 800 B20 810 780 770
Soluble ¥, ppm 10 10 120 160 240 260
Compost
Fl ‘ H-;g aim T.E Elm ;'?; E'g
mo matter O. uiﬂ 0. 44 - -
Total N, ppm 160 700 710 700 680 680
Soluble N, ppa 6 40 T0 92 130 146




Table 3

BACTERIAL CONTERT (F GOIL SAMPLES
TREATED WITH GREER HANURE AND COMPOST

Incubation pericd in days
Material added
4] T 15 30 60 120
Total bacterial count, millions/g dry soil
Barley 14 30 50 &0 T0 €5
Sudan grass 15 40 60 65 5 0
Egyptian clover 20 70 90 100 115 110
Oroundnut 20 8o 100 110 120 115
Compost 15 60 15 Bs 110 105
Sporeformers, lil'uorn.lfi dry soll
Barley 1.0 3.0 5.0 6.0 Te5 Te5
Sudan grass 1.2 4.0 6.0 6.5 8.0 8.0
Egyptian olover 1.6 Ged 9.0 10,0 12,0 12,0
Groundoat 1.5 T.0 10.0 11.0 12.5 12.0
Compoat 1.1 5.0 T.0 8.0 11.0 11.0
Table 4 EFFECT OF EGYPTIAN CLOVER OREEN MANURING AND COMPOST
ON SOIL CONTENTS OF ORGANIC MATTER AND TOTAL NITROGEN
AND ON GRAIN YIELD OF SESAME
Obganiio semxre: |Gt mtion Organic matter % Total nitrogen % Teld 1/
added time days 1/ ypitia) | Pinal | Inttial | Final | X&/scre
Clover green manure
0ld 1 1.54 0.T4 0.08 0.07 520
15 1.46 0.70 0,08 0.07 520
m 113’1 0162 n-m O-N 4’62
Young 1 1.52 0.64 0.09 0.07 462
15 1.40 0.55 0.08 0.07 434
10 1,26 0.45 0,08 0,07 405
Compoat
(11 ton/more) - 0.84 0.63 0.06 0.05 482
None (control) - 0.14 0.29 0.02 0.02 289

1/ Time of cultivation of sesame after ploughing the green manure.




Table 5 EFFECT OF GROUNINUT GREEN MANURING AND COMPOST
0N SOIL CONTENTS OF ORGANIC MATTER
AND TOTAL NITROGEN AND ON GEEEN YIELD OF MAIZE

Organic manure | Cultivation | Organic matter % Total nitrogen % | & .. 4
added time days 1/} tm}'« Y
Initial Final | Initial | Pinal i
Groundnut green
manure
014 1 1.37 0.49 0,07 0.06 2,12
15 1.24 0,48 0.07 0,06 2,08
30 1,11 D.d4 0.07 0.06 1.93
Young 1 1.34 0,39 0,08 0.07 1.54
15 1,11 0. 36 0.07 0,06 1.35
30 0.92 0.31 0.07 0,06 1.08
Compost
(11 ton/acre) - 0.84 0.84 0.06 0.05 2.04
None (control) - D.14 0.20 0.02 0.02 0.81

1;’ Time of cultivation of maize afiter ploughing under the green mamure,

It was also found that in addition to mineral fertilizers, treating the soil with
olover green manure, with groundnut green manure or with compost, in equal quantities,
resulted in increasing significantly the sesame and maise yields as compared with the
control treatment. Green mamuring with clover or the addition of compost, in egqual
quantities, was found to have nearly the same effect on sesame yield (Table 4). On the
other hand, the use of younger groundnut green manure, gave a significantly lower yleld
of maize than compost or older groundnut green manure (Table 5).

Regarding the added plant materiala whioch vary in their chemical composition, it
ie natural to expect that there will be differences in the rates at which they
decompose., Evidently the rate of decomposition of added materials depended upon their
¢/N ratio, The wider the Cfﬂ ratio, the larger the period regquired to decompose
(Waksman 1942). Leguminous green manures were found to be more rapid in decomposition
than non=leguminous green manures, Compost added was found to be slower in decomposi-—
tion than leguminous plant materials, although its C/N ratio was lower. This could be
due to the fact that the added compost had reached a certain degree of stability, where
the more easily available portions of the organic matter were decomposed. The remainder
conasisted of rather resistant materials, where decomposition processed more slowly and
with mooh more diffioculty as stated by Brown and Allimen (1916).

It was found that the inoubation period had no effect on the socil total nitrogen,
Tha soil total nitrogen did not vary in the soil manure-mixtures from the commencement
to the end of the experiment, within the limits of acouracy of the method of analysias.
This was confirmed by Hibtbard (1919), who explained that on the basis that asrobic
oonditions were continuous in the experiment, hence no loms of nitrogen was to be
axpected., No doubt, there were considerable changes in the form and combinations of
the nitrogen, Even, there may have been some losses of gaseous nitrogen as a result
of denitrification, which might have existed under aercbic conditiocns, yet such loss
was ocmpensated by the fixation of a herioc nitrogen by the non-eymbiotic nitrogen—
fixers, as indicated by Hutchinson (1918) and Tbrahim (1964)., Consequently, the total
nitrogen was found to remain nearly constant.



The decomposition process was at first rapid, where the increase in microbial
numbers had reached ite maximum after 60 days of incubation (Table 3), After this
period, the process was gradually slowed down where microbial numbers slightly decreased
till 120 days of incubation, the duration of the experiment. This was due to the faoct
that the development of micro—organiems during the first 60 days of incubation exhausted
the supply of most available nutrients resulting in subsequent decrease in numbers,

Composte and leguminous plants gave higher densities of microbial population than
non=leguminous plants, Thie is eimply due to the presence of more nitrogen in the
former than in the latter. In the last case, nitrogen will be the limiting factor for
the development of scil microflora, Besides, the presence of more resistant forms of
organic matter in nen—legumincus plante such as cellulose and legnin, would cause the

slow decomposition of the added organic materials as reported by Wakeman and Starkey
(1924) and Waksman (1952).
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V. ORCGANIC MATERIALS AS SOIL AMENDMENTS

Faper 10 USE OF ORGANIC MATERIALS AS SOIL AMENDMENIS

F. Gati
Sandy Soil Department, Hesearch Institute for Soil Science
and Agriocultural Chemistry of the Hungarian Academy of Sciences
Budapest, Hungary

Summary

Organic materials can be considered as humus supplying and soil improving agents,
The maintenance of & balanced humus regime is of particular importance in socils of the
arid and semi-arid regions. The improvement of soil phyeical and chemical properties and
of the nutrient status depends to a great extent on the rational use of organic materialas
as amendmentsa.

The formation of & deep fertile layer is a basioc condition of improving light-structured
sandy soils, poor in nutrients and colloids. The improvement can be carried out by:

i. the ploughing of organic materiale into the upper O—40 cm layer of the soilj
ii. the carpet-like placement of these materiales at depthe of 40-60 om.

Some of the materials and methods diecussed are at present only of scientific import-
ance, for example the clay-humus complex and organic materials activated with polymers.
Foassil organic materials such as ligite and brown coal are already applied in practice as
compoats; but the use of some of their derivatives, for instance, lignite disaggregate with
liquid manure, would solve serious problems of environmental conservation. The efficiency
of humic acid preparations and fertilizers on brown coal base was justified by the experiments.

Some products and by-productes of the petroleum industry can be regarded as orgamnio
amendments, e.g. acid-resin originating from petroleum refinery, and different types of
bitumen emulsion.

1. INTRODUCT ION

Scil organic matter means the bulk of materials of plant and animal origin
decomposed in the soil, the living and dead mass of micro-organisms and the perfeotly
decomposed end-product called humus. The soil'es phyeical, chemical and biclogical
properties are influenced by the humus fraction, which also plays an essential role
in the nutrient supply for the plants. It follows that the conservation of moil
organic matter is an important factor in soil fertility. The type and texture of
the soil and the olimatic conditions determine the humus level of the moil.

The present paper deals with the use of traditional organic materials of plant
and animal origin from the aspect of soil improvement. Information is also given on
some recent organic amendments, methods, and trends in research. We tried to consider
the soil problems of arid and seml-arid regiona where the conmervation of humus is
coneiderably influenced by climatic and eoll conditions.

24 MAINTENANCE OF SOIL PRODUCTIVILY WITH ORGANIC MATERIALS

The maintenance of soil productivity requires & certain constant level of
organic matter. This is a special problem in soila with low humus content, e.g.
loose—structured sands. These soile have an unfavoursble nutrient and water regime.



2.1

2.2

Egerszegl et al (1972) stated that the humus and Cal03 content of sandy soils had a
significant influence on orop yield and efficiency of fertilizers. High CaCO3 (above
10‘% and low humus (about D.Sﬁg are limiting factors for the soil fertility. Accord-

ing to Sarkadi (1958) nitrogen is the main influencing factor in sandy soils.

The principal sources of soil orgenioc matter are orop residues, e.g. stubble,
roots, eto., but also of importance are organic materiale of animal origin, e.g.
liguid manure, farmyard manure, etc.

The comservation of humus in soils of arid and semi-arid regions is impossible
without organic materials, the most important of which are dealt with in the following
paragraphs.

Greco Megure

Oreen manuring is the incorporation of plant material bafore maturity while
green into the soil., Thie method of manuring was known to the Romans; Cato (234-149
BC) and Vergilius (70-19 BC) suggested ploughing under leguminous crops such as bean,
lupin or vetch to enrich the msoil,

In the case of leguminous crops, not only the organic matter content but also
the N reserve of the soil is increased. Nutrients in the subsoil becoms available
and the soil surface is protected from drying by the shadowing sffect, For increasing
the productivity of sandy soils, low in humus, vigorous leguminous forages are pre-
ferred. By applying green manure plants, average amounts of 200 to 300 g fresh green
mass and about 50-100 kg N are incorporated into the soil per hectare and it is only
the F and K that have to be supplemented.

The developed root system of green manure plants improves the soil structurs
and enriches the humus content (Alekseev, 1948).

The yield inoreasing effect of green manure is mainly due to its N-supplying
capacity. According to Barnes and Clarke {1953}, clover as & green manure increased
the yield of barley and sugar beet grown in a light Woburn soil.

In Hungary, where the average annual precipitation is 550 mm, experiments on
green manure in crop rotation, conducoted by Westsik (1965) since 1928, proved that
green manure plants, especiamlly lupin, were successful for the improvemert of blowing
sand., Between 1955 and 1961, Antal (1968) carried out green manuring experiments
with rye, hairy vetch and white flowered Melilotus in three kinds of crop rotations
in sandy soils (pH 7.0-7.2; humus 0,4-0.7%). Potato, maize and rye received mineral
fertilizers in amounts of 35 kg Fo0g and 55 kg Kp0 per ha. HNitrogen was not applied.
The oumulative data of asix-year experiments are shown in Tablae 1.

Straw Manure

In traditional small-scale agricultural production, the eBtraw of cersals ie
usually used for making farmyard manure. In large-soale production, & part of the
straw is used in industry (e.g. cellulose production), but a considerable amount is
returned into the soil after composting and fermentation.

Simon (1961) observed that the adsorption capacity of the soil inoreased with
gtraw manuring and with nitrogen application; permanent well-absorbing humus forma
were developed., According to Erofeev and Vostrov (1964), straw manuring favourably
influenced the soil structure and water regime; further, it had a proteocting sffect
against water and wind erosion.



Table 1 EFFECTS (F HAIRY VETCH-RYE MIXTURE AND WHITE FLOWERED

MELITOIUS ON THE YIELDS OF POTALO AND MATIZE AND THEIR
RESIDUAL EFFECL ON RYE IN ROTALION (Antal 1968)

Crop Potato Maize Rye
1955-1957 1958-1961 1956=1961

Oreen a Relative g/ha  Relative g/ha Relative
mAnUTe numbar number number
Gontrol 83,8 100.0 18.6 100.0 12.3 100.0
Hairy vetch-
rye mixture 126,9 150.7 25.8 138.7 21.9 178,0
White—=flowered
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Soils with a low nutrient status can also be enriched by straw manures. As
reported by Bergman et al (1966), 50 g/ha straw supplies the following macro and
micro-element amounts to the soil:

Macro—-elements Mioro—elements
20=-35 kg N 28 g B

=T M P 15 " Cu
80-90 " K 10 "™ ¥n
10=15 " Ca 2 " Mo
4=6 " Mg 200 " Zn
5= "s 0.5 " Co

Sauerlandt and Gierke (1961) reported on the increase of available P, K and
Mg content in the examined acid soil due to straw manuring.

In Hungary, Westsik (1955) prepared straw manure by fermentation and compared
it with raw straw, this fermented material gave about 10 to 20% more yield in rye—
potato—rye rotation. Westsik stated, however, that green manure and farmyard manure
cannot be substituted by straw material.

F;mard. Manure

Farmyard manure is the most ancient organic matter source used 4o conserve soil
productivity. By the intensive use of mineral fertilizers, it is possible to reach
high yields but humus content cannot be increased this way.

Cooke et al (1958) compared fertilizers and farmyard manure in long-term
experimente. In the first half of the century, relatively low fertilizer rates were
used., Today, fertilizer doses are multiplied and crop yields are conasiderably higher.
However, experimental date demonstrated that there were no marked differences between
mineral fertilizers and farmyard manure in crop yields uesing a poor calcareous loam
goil (Table 2).



LTable 2 YIELD DAYA OF LONG-AERM EXPERIMENLS A4 SAXMUNDHAM, SUFFOLK, ENGLAND
AVERAGE OF THE YEARS 1901-1956 (Cooke et al 1958)

Yield/acre average of the years
1901-1956

Troatmant Wheat Mangolds Barley Beans Clover
grain roots grain grain hay

bu ton bu bu cwt

Control 18.2 443 16.6 20.8 39.4
Farmyard manure 1 33.4 18.6 3z.8 9.8 117
wpk 2/ 34.0 18.8 35.5 3.2 60.2

1/ Applied FYM: 6 ton/acre

2/ NaNOy: 2 owt/acre, Superphosphate: 2 cwt/mcre, and potassium salt: 2 owt/acre.

Table 3 INSVABILITY FACLORS AND WALER PERMEABILIVIES OF
- CLAYS AND SANDY SOILS (Williams and Cocke 1961)

Inetability Permeability
History and treatment faotor to water after
per cent slaking ml /hr/om?
Clay soils
Arable
Fallowed for several years 15 20
FYM annually 00 130
Orase Qo0 q20
Ploughed before sampling 5 360
&d: soils
Arable
Cereals continuoualy 42 30
FYMN each year 46 50
Orass 0 2. 600

Instability factor: Loss in pore space on slaking,




The influence of farmyard manure on soil etructure was studied by Williams
and Cooke (1961). Loss in pore epace and permeability of the slaked soil were
measured (Table 3), Stable structures were observed after the use of farmyard
manure ag well as under grass in the clay soils. In the latter case water perme-
ability increased. In the sandy soils, the structure was not stabilized by using
farmyard manure in the course of 18 years. In contrast, grass growing for 3 years
resulted in structural stability and good permeability of these sandy soils (Table 3).
In long-continued rye cultivation on a diluvial loamy sandy soil at Halle I:Germn
Democratic Rapuhliu:l., Kullman (1962} reported data on the formation of water etable
aggregates, the changes in the bulk deneity, volume weight and water permeability
flable 4 and Fig. 1). These experiments started in 1898 with (a) 120 q farmyard
manure /ha, annually, (b) 40 kg N, 56 kg PEE}5 and 90 kg l{zﬂfha, annually and (ec)
unfertilized.

These data indicate decidedly the direct and positive effect of farmyard
manure on the soil etructure. This influence, however, depends considerably on the
compaction and the duration of the continuous organic matter supply.

2.4 Industrial and Urban Wastes

World—-wide industrialization ie accompanied by the accumulation of industrial
and urban wastes in large amounts. The utilization of these materials in agriculture
is important due to their nutrients content and for reasons of environmental con-
servation. The main forms of these wastes are:

1. by-products of food and fermentation industries;
ii. liquid manures produced by large—scale animal husbandry and,

iii. urban wastes, e.g. Bewage, activated sludge, composts from urban and
slaughter house wastes,

In gertain cases, these materials are used as ameliorants. Their significance

as nutrient supplier is discussed by Varge et al (1975) and Raychaudhuri (1977).

Table 4 CHANGES OF SOIL PHYSICAL PROFERTIES IN LONG-LERM
RYE CULTIVALION EXPERIMENLS AL HALLE (Kullmann 1962)

With FYM NFK Unfertilized LSD 5%
Volume weight g 127.8340.72 131, 6040. 74 136.3740. 83 3.12
Pore space % 51456 50. 34 48.54

Water permeabi- _
lity ml/min 6.2640.43 5.1540. 32 5+ 10+40. 30 1.56
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Fig. 1 Aggregate Stability as a Function of Soil Humidity
Regression linest (a) FYM; (b) NPK; and (c) Control
Fl.ftar Kullmann 1962)

Mulching and Minimum Tillage

Light structured soils are usually exposed to the influence of wind erosion
upon desiccation. Massoud (1975) emphasized that due to the low water storage
capacity of sandy soils, evaporation losses are high. This can be reduced through
the use of surface mulch.

Flant residues applied or left on the soil surface from the preceding ocrop
are used to reduce socil loes and weed growth and to conserve moisture, Different
plant materiale such as straw, leaves, sawdust and stubbles are highly effective.

In general, a 50 to 80 percent saving of water may be effected depending on the
thickness of the mulch layer and the nature of the mulching materials. But mulching
ia not applicable to field crops requiring frequent intertillage. The combination
of mulching with minimum tillage on eandy soile would have beneficial results. It
promotes organic matter accumulation in the soil, increases water siorage capacity
and improves soil structure. No-tillage was introduced with success on Hungarian
sandy soila by Egerszegi (1972). The soil surface was protected with rye which ie
destroyed with"Oramoxzone", and served as a mulch during the spring-summer period.
Into rows made in the mulch cover, maize was sBown and corn stalk was equally used
for mulching. In the case of minimum and no—tillage, ploughing was not necessary and
root mass was left undisturbed. By thie method seil structure can be improved by
time,

IMPROVING LOOSE STRUCTURED SOILS POOR IN NUTRIENTS AND COLLOIDS

On sandy soils, high orop yields can only be reached if the physiological
requirements for orop production are considered. This means that the special demands
of the plantas and the chemical and physical soil properties are to be taken in acocount.
Thie comprises & deep fertile layer, ensuring the continuous nutrient and water supply
for the plante through improving the absorption properties of the soil by using
organic and inorganic colloids and protection against water and wind erosion.

Reasarch and experiments of Egerszegi (1953), Klimes-Szmik (1954), Antal (1956),
Muller and Rauhe (1959), Dvoracsek and Dvoracsek (1961), Makled (1962, 1967), Kozak
(1971) and Balba (1975) contributed to a large extent to the realization of these
aims in sandy soils.



The improvement of sandy soils of low colloid and humus content cannot be
imagined without organic materiale of sufficient quality and gquantity, which onoe
incorporated into the soil, promote the continuous nutrients supply and improve
the water regime.

Farmyard manure, peat, lignite and their composts are the traditional amend-
ments used in large—acale farming in Hungary. To promote the formation of a deep
fertile layer, these materials are uniformly ploughed into the upper 0-30 or 0=40 em
goil layer. They can serve as a barrier if deep placed.

3.1 Improvement of Sandy Soils with the Use of Organic Materials

Organic materials, eepecially peat and farmyard manure as amendments, are mainly
used on sandy soils to increase their fertility. The deeper the fertile layer can be
formed the more the colloid characteristics are improved and the nutrient supplying
capacity and water retention are inoreased,

Peat is formed in marshes under favourable olimatic, geomorphological and
biological conditions. According the Domsodi (1977), the composition of some
Hungarian peats are given in Table 5. The neutral, darker fen peate, containing
humificated components, are generally preferred to high-moor peats originating from
acid sphagnum poor in nutrients. Peat is composted with farmyard manure or only
with NPK mineral fertilizers. MNowadays, the production of artificial composts on peat
bage is going on at an industrial scale. Peat composts are used, primarily, as amend-
mente in Hungary, Poland, and the Soviet Union for improving sandy soils. Ninikov
et al (1962) studied the yield of potato as affected by highmoor, fen peat and their
compoate fermented with mineral fertilizers and established the superiority of fen
peat, According to their data, the water retention capacity of the soil was improved
and the amount of water stable aggregates in the 0.25 = 10 mm fraction increased.

Table 5 QUALTLY OF SOME HUNGARIAN PEAY AND PEAT-SOIL
(D3dmeodi 1977)
Volume hsh Organic
Site weight 1/  content 1/  matter ol
‘t.‘.i"1|13 % e
Osli peat 0.16 16.1 53.9 6.2
Peat-soil 2/ 0.4 35.9 34.1 6o4
Kecel-Kiskoros peat 0.2 22.5 475 6.9
Peat-soil 2 0.4 38.2 31.8 o2
NAdasladany 27“ 0.2 20.0 49.8 6.7
Peat-soil Q.4 351-? 3.3-3 ?-1
1/ Related to 30% humidity
g,-" Top=layer
THE CHEMICAL COMPOSITION OF THE ORGANIC MALTER
WILHOUL ASH
Carbon (C) 53.01 = 57.00%
Hydrogen (H) 5.50 = 5.90%
Oxygen (0 34.01 - 38.00%
Nitrogen (N) 2.01 = 3.50%
Sulphur (8) 0.06 - 2.66%



Llable 6 AMENDMENT DOSES USED FOR SAND IMPROVEMENI

Amendment doses g/ha

Humus content FPeat-=soil Farmyard Mineral fertilizers
of the soil % manure
Arable land
0 - 0.5 TOO 200 NFK: According to the
0.5 = 1.0 &00 200 requirements of the nrop.‘.f

Ploughing at minimum 315 cm depth

For vineyards and orchards

Q0 = 0.5 Q00 00 NFE: According to the
0.5 = 1.0 T00 300 requirements of the plant

Ploughing at minimum 60=70 om depth

1/ Minimum 75 kg N, 50 kg P05 and 120 kg Kg0/ha

Source: GSoil Laboratory of the Centre for Plant Protection and Agrochemistry
Budapest (Hungary)

On caloareous sandy soile the following amendments are used: mixtures of fen
peat, farmyard manure and mineral fertilizers. On acid sand the acidity of the soil
has to be neutralized by liming. Table 6 presents some amendment doses suggested by
the Seil Laboratory of the Centre for Plant Proiection and Agricultural Chemistry,

Hungary. Further amendment combinations aret

i. fen peat, farmyard manure and pulverized lignite completed with NPK
fertilizers,

ii. fen peat and pulverized lignite completed with NFK fertilizers, and
iii. pulverized lignite completed with NPK fertilizers.

.2 Sand Reclamation by Deep-placed Organic-mulch Layer

Sand amelioration and the applied agrotechnics have to be adjusted to the soil
type and the bioclogical requirements of the ocultivated plant. Considering these as
aspects, Egerszegi (1953) elaborated the system of placing deep layers for lasting

amelioration. In contrast with the traditional methode of eoil cultivation and
fertilization, deep ploughing and deep-placement of organic materials achieved:

i. an improvement in the physical properties of highly compacted sandy soils,

ii. the formation of a wet looal nutrient zone,

1ii. the regeneration of the organic material by the roots penetrating into the

barrier, and

iv. s decrease in the rate of mineralization and of microbial activity (Szabo
and Egerszegi 1969).



The deep placement of organic materials resulted in an increase in the water
and nutrient amounts and, when undisturbed, remained effective for several years.
This is supported by the development of a voluminous and physiclogically active root
mass which penetrates into the deeper layers. The development and shape of the root
system is illustrated in Fig. 2. A long-term experiment lasting 7 years (Table 7)
ghows the effect of deep placement in comparison to traditicnal manuring. The
ploughing depth varies according to crop, so the orgmnic mulch layer is placed for
vegetables 35 om deep, for field crops 45-04 cm deep, and for orchards and vineyards
TO=110 em deep.

When compared with the traditional deep cultivation at 20 om the field increases
were 40-(0% with fodder crops, 20-40% with cereals and 60-90% with potato with the
use of deep-placed mulch layers. Results obtained by Makled (1962, 1967) proved the
favourable effect of deep—placed organic materials on yield under the climatic con-
ditions of both Hungary and Egypt.

4. SFECIAL AMENDMENTS OF ORGANIC ORIGIN

In the past decades increasing interest has been shown in soil amendments of
organic origin. Recently, investigations were carried out to fit the inorganic col-
loide into the clay=-humus complex system and the application of linear end cross—
linked polymers. Orgenic materials of fossil origin (e.g. brown coal and lignite)
ag the basic material of amendments are nowadays manufactured in technological pro-
cesses of the fertilizer industry.

41 Clay-humus Base Activated with Linear Polymers

Fluvial eilt and organic materiale are used to enrich sandy soils in Egypt.
Ahmed and Mahmud (1968) obtained valuable results for agricultural practice in thie
respect, the importance of which was emphasized by Balba (1973) and Sabet et al
(1971). Ziegler (1957) suggested the improvement of sandy soils with amendments
produced from mixtures of montmorillenite—type clay minerals and neutral orgmnic
materials such as peat.

The development of amendments on clay-humus base is the homogenization and
activation of cley mineral and clay wmineral organic material mixturee by linear
polymers. The produced clay-humus—polymer (AHP) complex materiale are essentially
tranaformed from a colloidic aspect. Linear polymers can be, for example, hydrolyzed
polyacrilic nitryl I:HF!.H}., vinyl acetate maleic acid anhydride copolymer Eum}. ato.
In this system a clay mineral of the montmorillonite type, usually bentonite, is the
inorganic ocomponent and the organic material consists of peat of lignite. OAti and
Wikes (1964), GAti and Kazo (1965), Makled and GAti (1968) and others studied the
different effects of clay-humus systems activated with HPAN, AHP on the cation ex-
change capacity (Table 8).

Also, clay-humus complexes activaeted with polymers (AHP) improve soil physical
properties iﬂlti and Kazo 1965). AHP preparations have significant fertilizing
effect me well, The technulogy of the AHF preparation was elaborated by GAti et al
(1960). GEEE

.2 Organic Materials with Activity-retarding Effect, Treated with Cross-Linked Polymers

It is well known that farmyard manure and composts have only a short-lasting
affect. Their nutrient supplying and improving capacities in sandy soile are limited
to & maximum of two to four vegetative periocds because of their rapid decompoeition
and mineralization in the soil. Natural organic materials (corn stalk, straw, etc.),
due to their unfavourably wide G,:'"]-T ratio, often cause yield decreases (pentosane
effect). To double these materials, partly contrasting aims were
set:
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Tahla [ COMPARATIVE RESULLS OF A SAND INMPROVEMENL LONG-YERM EXFERIMENI
(Egerszegi 1971)
1960 1961 1962 1963 1964 1965 1966
Yreatment aorn whent Alfalfa green manure

air dry grain

Yield g/ha
Control 15.5 12.9 9.2 159 138 127 57
FY¥ incorporated
in surface layer 21.5% 17.5 9.8 235 19% 268 125
Turned sand 17.8 13.5 23.6 162 130 118 58

Deep placed FYM 41.9 27.1 0.6 249 257 529 344




Table 8 CHANGES IN HE ADSORPLION CAPACTLY OF SANDY SOIL AS
) AFFECTED BY COMPLEXES (F CLAY-POLYMER (AP) AND
CLAY-HUMUS-PCLYMER (AHP), (Makled and Gati 1968)

C.E.C.
Treatment meq/100 g soil
Untreated 2.25
Ag Bentonite 3.25
H) Peat 4.70
AH) Bentonite + 50% peat 5.94
AP) Bentonite + 5% HPAN 3.29
AF) Bentonite + 104 HPAN 3.52
AP) Bentonite + 15% HPAN 3.75
AHP) Bentonite + 50% peat + 5% HPAN 6445
AHP) Bentonite + 50% peat + 10% HPAN 6. 79
AHP) Bentonite + 50% peat + 15% HPAN T.23
i. the mobilization of nutrients in the orgmnic materials, and

ii. the increase of their long-lasting effect.

The organic materials are soaked with & suitably chosen condensation solution
of synthetic resin to release and mobilize nutrients. Through the N content of the
resin the wide C/N ratio of the preparation can be considerably decreased. The
adsorption capacity of the organic material increases due to the active sites of the
reein and the effectivity of the organic material becomes long-laeting at the same
time due to the formation of surface coating. The ion exchange groups, linked to
the resin structure, ensure the chemical function and the adesorption capacity is
influenced by the other polar groups too (GAti and Mikes 1964 ).

Field experiments were conducted with differaent organic material combinations:
Sorghum + corn stalk, Peat + farmyard manure, "Agrofix" a soil improving material on
clay-humue base, and "Trass" a mixture of organic materials and inorganic fertilizers
(0At1i et al 1963). The experimente were oarried out on sandy soil poor in humus;
the studied materials were placed carpet-like at depths of 45 cm. The rate of de—
composition (Fig. 3) gives information as to the lasting effect of the preparations.
The crop yields proved the favourable residual effect in the second Year dus to
polymer treatments (Table 9). The main advantage of treating organic materials with
crogs=1inked polymers is the activity-retarding effect, i.e. more favourable nutrient
mobilization and the slowing down of decomposition,

4.3 Soil Amendments on Fossil Organic Material Base

4.3.1 Lignite and brown coal disaggregetes and their derivatives

Hungarian lignite and brown coal complexes in their native state, am
identified by Barna (1974, 1978), contain mineral and organic materials; the
mineral part is aluminium hydrosilicates and the organic part is humic acid
derivatives in different propertions, By mechano—chemical activation, Barna
(1973, 1976) succeeded in decomposing the lignite and brown coal into the
colleoidic state whereby the functional radicals became loosened by hydration
to produce an active and stable clay mineral-humus suspension of larger
surface. Thess peptized and decomposed natural organic complexes are called
disaggregates. According to Barna, the mechanical etability of the moil
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Inorganic-Organic Mixtures in the Soil
After GAti et al, 1563

Table 9 YIELD DATA IN FIELD EXFERIMENLS WILH POLYMER WREALED
ORGANIC MAYERIALS (Gati et al 1963)

Maize Rye
green mass green mass
Treatment 1961 1962
Dry matter Relative Dry matter Relative
kg/100 m2 nurber kg/100 m2 number
Control 40.4 100 11.3 100
Sorghum + corn stalk (1:1) 46.1 59 15.3 135
same + nitro-chalk 59.9 129 37.4 in
same + 10% polymer 50.0 108 35.4 313
Peat + farmyard manure (1:1) 51.7 111 17.8 157
same + nitro-chalk 53.0 114 18.1 160
game + b polymer 48,6 105 23.8 210
Agrofix 6. 2 138 23.0 203
game + polymer instead of
nitro chalk 64.9 140 23.3 206
Trass 63.2 136 16.0 150
same + polymer instead of
nitro-chalk 76.0 164 26,6 235




surface is successfully increased by disaggregates. The thin, film-like layer
formed there does not prevent infiltration but markedly decreases evaporation
losses from the seoil, Water retention is increased as well, Incorporated
into the upper 0=30 cm soll layer, the disaggregates can be considered as a
humue supplying, nutrient and water retaining medium., Flaced carpet-like at
depthe of 40-80 om, it can serve as a barrier,

Kazo (1977) used liguid manure instead of water for mechano-chemical
disaggregation. By this method a bio—active substance was introduced into
the colloid suspension system of disaggregates, producing a material with
similar effect to that of farmyard manure. Thie method of preparation is
very important from & sanitary point of view.

4:3:2 Humio acid preparations on brown coal base and carbo—mineral materiale

Humus formation in the s0il is the result of very complicated biochemical
processes, On the basie of solubility in acide and alkalie, humus is thought
to be made up of three clasmses: fulvic acid, humic acid and humin. In epite
of differences in the chemical and physical make-up, the three classes are
similar in cation adsorption and nutrient release. Humic acids can be taken
as polyanione of three dimensions. The active groups of polyanions (mainly
phenolic hydroxyl-groups and -GJD{E} may react with cations so that coordinated
complex or chelate-bound compounds are formed (Scheffer and Ulrich 1960). The
developed alkali humates are readily soluble, whereas, the Ca, Mg, and Al-
humates are of poor solubility {Puri 1945‘}.

The stimulating effect of humatee on plant growth ie well known
(Barbier 1943; Chaminade and Blanchet 1951; Kristena 1951). Tomko (1973)
examined the effect of humic acid preparations obtained from brown coal on
different soila. The examined humic acid preparations were magnesium humate,
urea humate, ammonium humate and calcium humate. The structure-forming effect
(the quantity of water stable crumbles characterized by the medium measured
dimter} of ammonium humate was of an excessively high degree on all the
four soils (Fig. 4). The cation adsorption increase was the highest in case
of ammonium humate, while the hygroscopicity was inoreased by calcium humate
and magnesium humate to the largest extent.

The technology of preparing alkali humates was elaborated at the Coal
Mines of Tatabanya, Hungary (Dzeida 19??}. The potassium and ammonium humate
preparations produced in this way proved to be good in practice (Fig. 5).

From mixtures of coal wastes and foseil humus, carriers or other
organic materials (Carbo-mineral materials) can be produced, They can be
homogenized and enriched with nutrients to obtain different compositions such
as Carbovit-k 21 and Carbovith-kh.

4.3.3 Fertilizers on lignite and brown coal base

There are several methods for the production of fertilizers on a lignite
and brown coal base, One of the best known is simple ammonization by which
compost-like produsts are obtained, Brown and Berkowitz (1967), Sarma et al
{?96?} desoribed the production of humic nitrogeneocus fertilizers by oxy-
ammonization of brown coal in a fluid bed reactor. Korbuly and Takldcs (19?4}
8tudied the treatment with nitric acid. In this procedure, nitric acid is
used for the digestion of ash components. It can be substituted by sulphuric
acid and phoaphoric acid. Sulphuric acid, as hydrolyzing agent, accelerates
oxidation and promotes nitration. Fhosphoric acid, besides ite digesting
effect, solves the problem of introducing P nutrient. The product is neutral-
ized by agqueous ammonia solution and potassium salt is added. By this method,
an artificial compost on a nitro=humic acid bape can be produced. It contains
plant nutrients in a very effective form.
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At P&t in Hungary, & plant was established to produce artificial
composts on & nitro-humate base, the characteristic composition of which is:

Humidity 37.0%

Total N 3.5

Citrate soluble Pp0s 2.5

Citrate soluble KoC 2.7

Humio acid 20.5

Other orgenic and mineral 33.8
substances

Field experiments proved the beneficial effect of artificial humic
acid compost. On an acid sandy soil with forest characteristiocs significantly

higher yields were obtained than with NFK fertilizers of the same nutrient
content (Table 10).

Table 10 EFFECT OF ARIIFICIAL COMPOST ON A NIIRO-HUMIC
ACID BASE ON THE YIELD COF OAT AND VELCH PLANY MIXTURE

(reen masse

Treatment q/ha relative
Baaic fertiliser 1/ + 100 q
artificial compost 377.7 262.3
Basio fertilizer + NPK adequa
with the artificial compost 2 191.3 132.8
Basic fertilizer 144.0 100.0
1/ 180 kg FK

2/ 791 kg NPK nutrient

Source: Information of the Hungarian Chemical Trust and Chemical Work of P&t (Hungary) 1973.

5 AMENDMENTS FROM MATERIALS AND EY-PRODUCLS COF THE FEUROLEUM INDUSLIRY

Producte and by-products of the petroleun imdustry can be used as organic
materiale for soil. Crude oil and bitumen emulsions are successfully used in
ractice. An asphalt layer can also be applied as a barrier, The use of aoid resin
a waste-product of petroleum refineries) on salt affected soils, is justified by
Overstreet et al (1955), Schoonover et al (1957) and Booskai (1968, 1969, 1970).

The method of a bitumen-bentonite emulsion barrisr combined with subsurface
irrigation (Terrekliv-BR system) in sandy soils was eleborated by Sarosi et al (1970).
The emuleion is produced from a mixture of activated bentonite and bitumen. It is
injected into the soil at & depth of 40-60 om to form a carpet-like layer. The per—

forated plastic irrigation tubes are laid above the semi-previous layer at intervals
of 36 metrea.

Applied in locae sandy soile, the syetem prevente desp leaching of water and
nutrients, Fertilizers can be added to irrigation water.
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Paper 11 ORCANIC MATERIALS AND IMPFROVEMENT OF SOIL
PHYSICAL CHARACIERISTICS

by

JeNo Im
Institute of Agricultural Science
Suweon, Korea

Summary

The effects of organic material applications on soil physical properties are reviewed
in relation to eoil productivity.

The beneficial effects of organic matter additions on soil physical conditions include
(1) better aeration and increased infiltration for silty and clayey soils, (2) increased
water holding capacity and moisture availability for sandy soils, (1) decreased soil erodi-
bility, and ?4} increased resistance to compaction.

It ie concluded that continuous application of organic materials could greatly improve
the various soil phyeical properties and favour the growth and yield of crops.

1« INTRODUCT ION

Among the so0il characteristics, organic matter content is the moet important
factor determining soil productivity. It has long been recognized that organic
manuring often increases orop yield. In general, the expected beneficial effects
of incorporating organic materials are (a) improved soil structure through aggregetion,
(b) increased water holding capacity, and (c) increased supply of available plant
nutriente. Accordingly, farmers in Korea are advised to use about ten tons of organio
compost per hectare for all orop establishment, in addition to such mineral feriiliszers,
lime, etc., that the specific soils may require.

Although compost usually has very beneficial effects on crop yield, the physical
and chemical properties of soil altered by the incorporation of organic materials,
and how the growth and yield of crope are influenced by such changes of soil character—
istics, are not fully understood.

-The decomposition and humification of organic materials in soil, and the re-
sulting influence on soil characteristics and plant growth is complex., Fig. 1 is &
schematic diagram of the humification and ite effects on plant growth, in general
terms given.

Recently, considerable attention has been given to the direct effects of humus
substances. Flaig (1975) pointed out that some substances released or formed during
decomposition helped minimizing the risk of yield depression caused by abnormal en-.
vironmental conditions. But some other substances can occasionally be detrimental,

The indirect effeots may be defined as crop responses that are secondarily
influenced by the change of the soil characteristics from use of organic materials.
The indirect effects are partly due both to the improvement of soil physical pro-
perties, and to chemical properties such as availability of nutrients, reaction,
and cation exchange capacity.

One can hardly say that either one plays a more important role in improving
orop yields. Some data have shown that beneficial effeots merely come from the
additional supply of plant nutrients; mainly the nitrogen which is contained in
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Fig. 1 The decomposition of organic material and ite effect on plant growth

organic materiale. This opinion seems to hold true only if soil is free of physical
limitations on reooting depth, and weather conditions, especially rainfall disetri-
bution, are nearly optimum. But such ideal conditions seldom ococour in farmer's
fields,

Many researchers have reported beneficial effects of increasing levels of
soil organic matter upon soil physical properties up to certain levels. In general,
there im substantial evidence relating organic matter content to inoreased aggre—
gation, water holding capacity, and percolation, and to deoreased erodibility and
compactibility of the soils.

The improved physical condition of soils from organic matter additions often
simificantly inoreases crop yield over unmanured plots at the same rate of ferti-
lizer, Higher organic matter levels may increase the effiocienocy of fertiliger
used. From this viewpoint the use of organic materials ie thought +to be a prac-
tical method to increase soil productivity and stabilize crop production where soil
and weather conditions are not faveurable, and chemical fertilizer ies limited.

The results of long and short-—term field, and laboratory experiments are
reviewed and discussed in relation to the growth aand yield of crops.

S0IL ACGREGATION

The structural condition of soil can be a dominant faotor influsncing crop
yields. Well-aggregated structure provides favourable soil physical conditions

for root elongation and plant growth by supplying sufficient water and improving
meration.



Aggregates between 3 and 0.25 mm are used as & guide to the interpretation
of aggregation data because they are moet effective in developing good tilth, re—
sistance to dispersion, and moisture holding capacity (Nijhawhan and Dhingra 1947).
Numerous researches show positive correlation between moil organic matter and aggre-—
gation.

In a study of the effects of various levels of organic matter additions upon
the degree of aggregation of meveral cultivated soila, Rost and Rowles (1940) found
that aggregation was significantly increased as soil humus content increased (Table 1).
But the initial large linear response was followed by a tapering off, with the latter
increments producing little effect. They concluded that the critiocal level of ef-
fective humus wae approximately 2 to 2.5%.

Table 1 CHANGES IN AGORECGATION INDUCED BY ADDING INCREASING
AMOUNT OF HUMUS IN SEVERAL SURFACE S50ILS
(Rost and Rowles 1940)

Original Soil humus content added, %
humus, %
0.0 0.25 0.5 1.0 2.0 3.0
0.84 47.5 - - 80.9 B7.2 90.8
1.13 67.5 T3.5 18.7 80.2 B0.8 84.0
1.90 58.4 67.7 £8.6 T2.4 T3.4 -
2.16 T3.3 77.0 - 78.7 84.8 86.2

4 similar result was reported by Wilson and Fisher (1946). They stated
that the aggregation of soils seemed to be approaching maximum level at about 1.7
to 2.0% carbon.

The effect of organic matter on aggregation varies with soil condition. The
addition of organic materials has a more pronounced effect on soils low in organic
matter content and poorly aggregated (Wilson and Fisher 1946). There was a significant
positive correlation between aggregation and orgenic matter content only for medium
and heavy textured soils.' In lighter soils, orgenic matter had little or no effect
upon aggregation (Baver et al 1972). The effect also varies with the type of organic
materials added., According to Browning and Milam (1944), organic materials which
decompose eagily in soil are more effective on granulation of soil particles for a
short period (Table 2). 7They found that some materials that decompose slowly require
& longer time to exert their binding influence; however, it extends over longer
periods.

The most productive soils usually have high stability of aggregation, i.e.
they maintain aggregate size distribution throughout the crop season., The difference
is mean weight-diameter (& MWD) between dry-sieving and wet-sieving for aggregmte
gize dietribution ies used as an index of the aggregation stability. The dotted area
is related to & MWD (Fig. 2). The greater is & MWD, the less ism the stability of
apgregates., It was realized that the use of wheat straw {12 tons per hectare) in-
?raaud ';he aggregate stability of eilt loam moil during twoe monthe of decomposition

Im 1978).



Table 2 EFFECT (¢ DIFFERENT ORGANIC MALERIALS ON SOIL AGOREGALTION
IN GILPIN SILLY CLAY LOAM SURFACE SOIL, ONE MONWIH AFLER I'REALMEN:
(Browning and Milam 1544)

% Aggregates greater than 0.25 mm
¥aterinl
Bafore After Stable
shaking shaking aggregntes
Check (non added) 0.7 131.9 45.2
Peat moss 39.5 12.2 35.4
Wheat straw 41.4 20.4 49.4
Alfalfa 55.1 6.1 65.5
Sucrosa Tdedi 47.2 63.5
No straw added I2 tons straw/ha
Wet-sieving 7
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Fig., 2 Effect of straw application on aggregate stability of silt loam soil (Im 1978)



PERMEABILITY

Good aeration encourages root growth and consequently increases crop yield.
Rapid drainage after rainfall and continuous exchange of soil air with atmosphere
are desirable during the growth period. Permeability to water and/or air is a
function of pore size distribution, especially the non—capillary pores, Since
organic matter additione can increase the aggregates of large size as discussed
previcusly, the permeability of seil can be improved resulting in an inorease in
non=capillary pores.

Peale (1937) reported the effect of differential rates of organic material
additions upon the percolation rate of a Cecil clay subsoil. The percolation rate
increased throughout the range of organic matter level (0 to 12 tons/acre). The
heavily manured soil had a percolation rate nearly double that of the unmanured plot.

Im (1978) determined the saturated hydraulic conductivities of soils treated
with and without straw 312 tons/ha) and plotted it againet the normal load applied
for compression (Fig. 3). He conecluded that the addition of organic materials im-
proved the soil permeability to water even if the soil was severely compacted. The
improvement of permeability wes entirely due to the inocrease in total porosity.

Infiltration ie & very important factor in irrigation. Miller and Aaretad
{191’1] investigated the furrow infiltration rate with different additions of straw
annually. The infiltration rates of the straw treated plot were maintained at a
high level throughout the irrigation period, while that of the control decreased
rapidly with time (Fig. 4). Such a high level of infiltration makes it possible to
utilize rainfall more efficiently and contrel eoil erceion on sloping land.
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Fig., 4 Effects of straw incorporation on furrow infiltration
(Miller and Aarstad 1971)

WATER HOLDING CAPACITY

Since organic matter has high water holding capacity, ite addition to soil
ghould increase the amount of water available to plante. There are so many different
opinions about this that it is hard to say if the addition of organic materials has
a significant effect on the increase in available water capacity of soil in all cases.
Some workers insist that thie effect is negligible. Although available water capacity
is somewhat increased, there is no agronomic significance. But there are also many
opposite opinions.

After a study with a hundred loamy textured soila, Oh and Im (1967) concluded
that organic matter did not appear to affect available water capacity when lower
than 2,04 (Fig. 5). It was suggested that 2.0% may be the critical level above
vwhich organic matter plays an important role in increasing water holding capacity
in these soils, Up to now there is no evidence why organic matter can exert an
effect above this level.

Russell et al (1952) found that there was a sigificant positive correlation
between the organic matter content and moisture retention. Moisture equivalent was
increased by organic matter addition, but the 15 atmosphere percentage increased at
a lesser rate (Peterson et al 1968 and Russell et al 1952). Thus, the available
water capacity inoreased. Thie conolusion was eupported by a study of the relation—
ahip between organic matter and moisture holding capacity in Korean soils (Tcha and
Park 1973). It appeared that field capacity {173 atm) and wilting point (15 atm)
inoreased by 1.13 and 0.4%, respectively, for each incremental increase of 1.0%
organic matter ocontant.

The effect of organic matter on water holding capacity seema to depend upon
soil texture., Avallable moisture capacity usually increases with organic matter in
ocourse texrtured soils, but ms texture becomes finer, the increase in available
moisture capacity ie influenced by texture more than by organic matter (Im 1978;
Peterson et al 1968; Salter and Williams 19530



Some data suggest that organic matter additions improve the availability of
soil moisture to plants, Salter and Williams (1963) reported that annual applications
of farmyard manure resulted in a significant increase not only in available water
capacity of a sandy loam soil, but also in volume of water released at low tensions.
The differences between available water capacity of the manured plots were not large
EFig. 6). A similar result was also obtained in a short-term laboratory experiment

Im 1978). However, the soil matric suctions of the manured plote were almost always
lower than that of the un-manured plots., The lower suctions prevailing in the mamred
soil could be a factor contributing to the higher yield (Salter et al 1967).
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Fig. 5 Relationship of water holding capacity of Korean loamy textured soils
to organic matter content (Oh and Im 1967)
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Fig. & Moisture characieristics of sandy loam soil as affected by farmyard manure
(5 kg/m2) (Salter et al 1967)



¥cIntosh and Varney (1972) reported the variation in tha effect of organic
matter according to weather conditions. Manure application eignificantly increased
Yields of maize grain and stover during years of normal or lese than normal rainfall,
but manure had no beneficial effect on maize growth and yield during relatively wet
years. The fact that addition of organic matter has a good effect in dry years is
of agronomic importance because it is possible to reduce the hazard of drought.

S0IL ERODIBILITY

S0il erosion contrel is particularly important in respect to maintenance of
productivity on sloping land. The amount of Boil erosion on any given area is
affected by soil properties, provided other conditions are the same. The difference
in erosion, due to soil properties alone, ie referred to as the soil erodibility.
Among the soil properties influencing erodibility, infiltration rate and dispers-
ibility are of great importance.

Runoff during rainfall is largely determined by the infiltration rate of soil,
As infiltration rate increases, runoff tends to decrease.

The effects of organic matter addition on dispersibility wers studied with
several surface and subsoils containing different initial levele of organic matter
I['I‘able 3}. Browning (1917) reported that organic materiale decreased the eass of
diepersion of soil particles and thereby decreased soil erosion.

The soil erodibility factor {K}, proposed by Wischmeier et al [19?1}, for
Korean socils was correlated with organic matter content (Fig. Tj. Jung et al (1976)
reported that K-values were inversely correlated with orgenic matter in a range of
3 to 13%, but there was no relationship at organic matter levels under 3%, This
suggeste that soil erodibility was affected more significantly by texture than by
organic matter at low level of organic matter. A high rate of applied orgmnic
materials could decrease the soil erodibility.

COMPACTIBILILY

Ihe tendency to use heavier and more powerful machines on the farm has in-
variably resulted in increased mechanical loads on soils. Soil compaction, induced
by heavy loading, is responsible for the deterioration of the physical conditionsa
of many moils, decreasing their productivity.

The amount of compaction of soil at a given loading depends upon ites moisture
gontent and compactibility. Compaction etudiee indiocate that organic metter not
only determines the moisture content at which maximum compaction ocours for & given
soil, but alsc has a pronounced effect upon the susceptibility to compection. Seoile
with relatively high organic matter content have higher moisture contents at maximum
compaction, and manifest lower compactibility (Free et al 1947; Russcll et al 1952).

Compaction tests for eandy and silt loam soils treated with straw (12 tons/ha),
compared with non-treated soils, are shown in Fig. 8.

The total porosity, as an index of the degree of compaction, wes plotted
against the normal load applied to water-saturated soils, It was concluded that the
application of organic materials had a marked effect on preventing scil compaction
induced by mechanical loading. Thus uee of organic materials might contribute to
reducing the possible detrimental effect of farm mechanization on soil productivity.



Table 3 RELATIONSHIP BELWEEN ORGANIC MALIER AND
B DISPERSIBILILY OF SOIL (Brosming 1937)

Initial Diepersion retios, %
organic
Soils matter Check oM OM + Lime
content
Dekalb surface 2.0 41.5 17.7 13.2
" aubsoil 0.6 52.4 30.1 30,6
Hagerstown surface 2.2 44.5 28.6 -
" gubsoil 1.5 33.3 17.1 Ta1
Upshur surface 4.4 19.7 13.8 15.7
" subsoil 1e1 13.7 13.4 13.4

x |

go4l

8

. I

302}t

=]

2 !

@ -
S 0.0 : ey
2N 12

Organic matter content, %

Fig. 7 HRelationship between soil erodibility factor and organic matter content
of Korean Soils (Jung 1976)
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Fig. 8 Total porosity of soils as a function of loading (Im 1978)

CONCLUSION

The physical conditions of soile are invariably deteriorating rather than
improving in most cases in agrioultursl lands. Therefore, soil should be managed
in a proper manner so that its physical properties are favourable for plant growth.

Organic matter has been recognized as an important key for inereasing seil
productivity. Voluminous research supports the proposition that continuous appli-
cation of organic materials greatly contributes to improving various seil phyesical
properties related to yield potential. It is etill doubtful that crop yield alwaye
responds positively to such improvement. The effect of orgenic matter on crop yield
often depends upon the environmental conditione under which experiments are conducted,

Better aeration and increased permeability through aggregation, induced by
organic matter addition, probably exert great effects on heavy soils. An increase
in water holding capacity and moisture availability are of significant importance
in light soiles. Also the decrease of soil erodibility can play a very important
part in maintaining higher soil productivity on eloping lands.

It is concluded that judicious application of organic materials is urgently
desired for the increase of soil productivity, continuation of stabilized high
productivity, and soil conservation.
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Paper 12 LIGITE: A POTENVIAL SOURCE OF ORGANIC
MATLER AND A SOIL CONDIL'IONER
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Summary

The microbiological and micromorphological studies show that lignite is an orgenic
material which is highly resistant to microbial attack and lose through decomposition. It
remaine in the soil over a long period of time. However, it is subject to physical break-
down through wetting and drying.

Lignite ies an efficient soil conditioner which improves the major physical and
chemical properties of the soil. The improvement is significantly correlated to the amount
of added lignite. Its use in sandy soils requires an alternation in the mineral fertilization
programme to include an initial and economical application of available N and K.

1. INTRODUCT ION

Lignite ie a decomposed organic material, an intermediate state between peat

and coal, It is generally considered a low grade coal whose calorific value is too
low for economic use at present.

There are several types of lignite in nature, and although they differ some—
what in their chemical composition, yet they are all characterized by their high
total organic content, very low nitrogen content and, therefore, extremely high
C/N ratio. They are rich in lignified materials and contain varying amounts of
humie and fluvic acida, as well as different amounts of Ca, Mg, Na, K, I, Mn, Cu,
and Zn (McLaren 1976). Lignite was found to possess an appreciable cation exchange

capacity, to improve water retention properties and to reduce the hydraulic con-
ductivity of sands.

Under arid and semi-arid conditions, soils generally euffer from rapid de—
composition of organic matter which necessitates continuous supplementation with
organic manures to maintain optimal phyeical and chemical properties required for
high orop production. Continuous additions of organic manures are not only costly,
but awe also in many cases impossible because of the unavailability of the material,
Furthermore, addition of fresh or partially decomposed manures may entail the hazards
of nitrogen immobilization, and contamination of the newly reclaimed soils with weeds
and nematode worms. In this respect, lignite, being a chemically and physically
active and sterile material, becomes a potentially suitable and economic source of
organic matter for use in agriculture particularly as a soil conditioner in the sandy
soiles of the arid and semi-arid regions.

The present work was undertaken to study the resistance of lignite to degra-
dation and to evaluate its conditioning properties when used in desert sandy soile
under field conditions.



2.1

2e2

2+3

24

THE EXPFERIMENT
The Soil

lhe trial area is located in the newly reclaimed area of Wadi El-Mulak, which
is a desert plateau of sandy soils, south west of the city of Ismailia, E t. The
virgin soil of the area is' composed of 76 course sand, 14% fine sand, 10% silt +
clay, and 5% precipitated carbonates. It has a CEC of 4 to 5 meq/100 g, a field
capacity of 16 to 20%, a total soluble salt content of 2 meg/l, an infiltration rate
of 6 cm/min, a pH of 8 and an organic matter content of 0.0&%.

The Lignite

The material used is an English lignite kmown commercially as "Kapag'. It
is a non-fibrous material with an approximate analysis of 4% resins and tannine,
4% fats and waxes, 14% humic acid, 72% lignite, 10% mineral matter, less than 1%
cellulose, and a C/N ratio of T5.

This study used three lignite treatments:

i. lignite in its basic form;

ii. modified lignite in which the C/N ratio was lowered to 30 by the
addition of a sufficient amount of mineral fertilizer;

iii. lignite-farmyard manure mixture, composed of BOZ basic lignite and
Jlml farmyard manure (17% organic matter),

Three levele of each were used: 3.57, 5.95 and 8.33 ton/ha.

For comparison the local farmyard manure was used at the rate of 57 'ton;"]’la
in addition to the control which received no organics. The farmyard manure was
mixed in a base of alluvial sediments.

The Experimental Design

The experiment was carried out in the field with a winter potato crop. Three
replicates for each treatment were used and were laid out at random distribution.
The area of each plot was 100 m<.

Lignite and farmyard manure were spread and ploughed in. The soil was then
farrowed mechanically (20 om deep) and seeded manually with potato at a depth of
15 cm. All treatments as well as the control received mineral fertilizers (70 units
N, 54 units P and 72 units K).

Soil samples were collected after 1, 6, 12 (harvest) and 14 weeks (residual)
from seeding. The collected soil samples were tested for: organic matter, soluble
salts, cation exchange capacity, available N, P and K, infiltration rate and seil
Emintt;ru characteristics according to Jackson (1958), Olson et al (1954), and Shawky

1967).

Counting of Soil Mioro—organisms

A laboratory experiment was conducted to study the availability of lignite
to soil micro—organisms. Either course (20 mesh) or fine (more than 80 mesh) lignite
was mixed with the soil and distributed in plastic cups (100 g soil/cup). Ammonium
nitrate (35 ppm), superphosphate (300 ppm) and potassium nitrate (100 ppm) were added
as solutions and the soil moisture was kept at 60% WHC for 14 weeks at 30°C, At 2
weeks intervals, total bacteria, fungi and actinomycetes were counted according to
Allen (1957).
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3.2

Micromorphological Changes in Lignite Orains

Undisturbed soil samples were collected in steel boxes (4 x 6 x 10 om), the
inside of which were coated with thin films of parafin wax and lined with aluminium
foil. The samples were slowly impregnated with unsaturated polyester (Rohne paulance,
France) dissolved in elestrol (monostyrene). It is & non-polar, isotopic plastic
with an R.I. close to that of Canada Balsam. It polymerises at room temperature with
the help of cyclohexanone peroxide as a catalyst and cobalt octate as an accelerator,
accerding to Brewer (1964).

RESULTS AND DISCUSSION

Availability of Lignite to Soil Micro-organiems

Following the changes in microbial densities gives a oclear picture about the
availability of the added organic material to soil microflora., In comparison with
the control soil, the addition of both basic and modified lignite had only a slight
effect on the development of soil microflora. There were slight increases in counts
of fungi, actinomycetes, and total bacteria due to lignite addition during the first
four to six weeks. However, the counts in theee treated soils hardly exceeded four
times thoee in +he control. There is a constant trend for lignite to favour these
8oil micro—organisms, but it could be comsidered of little importance.

After the 6 weeks period, counts of all microbial groupe in the lignite
treated soil became more or less similar to those in the control. Differences during
the earlier period of the experiment might be due to the presence of trace amounts
of organic material in lignite which were rapidly consumed.

The insignificant changes in microbial counts due to lignite additions point
out that lignite, in basic or modified form, is a carbonaceous material highly re-
gistant to microbial degradation. Even in the presence of the fine particles of
lignite ( ¢ 80 mesh), which is a more preferable fraction to soil micro-organisms,
the microbial counte did not increase significantly. It is expected that under
field conditions, lignite may resist microbial degradation and remain in the soil
for a long time.

Micromorphological Changes in Lignite Graine in the Field

Examination of thin sections of samples collected from the virgin soil of the
experimental area shows the soil particles to be mainly of quartz. Horneblend and
plagioclase are present in very small amounts. The soil grains are very smooth,
rounded, subrounded and elipsoidal in shape, and range between the lower limit of
course sand and upper limit of fine sand in size. They are randomly distributed in
wavy bands and equant clusters of fine pand grainse between loosely packed coarse
grain (Fig. 1). Nearly 10% of the area ococupied by thin sections is characterized
by the ocourrence of a powdery matrix of light red, yellow and light brown carbonates
impregnated with iron gels., The carbonates appear as outans, bridge, clusters and
nodules. In localities high in fine sand the carbonates act as a cementing agent,
occupying wider areas and producing patches of intertextic fabrie. Localities rich
in course sand show granular fabric, in which the grains are coated with carbonate
cutana of about 15 thickness. The voids are mainly of the simple packing type,
and approximately 10=15% of the total cross section of pores are of large and very
large chamber type, up to 2 mm in diameter. The changes in soil structure with
depth only appear ae increases in thickness of carbonate clusters and cutan.

NHo organic matter or gypsum could be traced in the thin sections of the
virgin seil.



Fig. 1 Virgin soil (0=10 em depth). Fine sand band cemented by carbonates
in a course sand soil. Dark rings are brown carbonate cutans around
skeleton grains (X 12 ordinary light).

Fig. 2 Basic lipgnite {0=10 em depth). Lignite grains mixed with sand grains
with no definite inter-relationship, but with a greater tendency to
accumulate in carbonate rich localities, left hand =ide of photo
{x 12 ordinary light)



3s3

In lignite treated soil, examinatibn of the thin sections of samples collected
immediately after the addition and mixing of lignite with soil, showed the lignite
grains as black, opague, rigid, moetly subangular and ococasionally angular or
elongatad particles, with well defined smooth outer edges (Fig. 2). Thay are mostly
in the range of fine sand. Very few grains appear "soft" emough to be able to adhere
to sand grains, and the homogeneity of sizes of both lignite and sand grains minimizes
the possibility of moaification of the packing system, or the cemsntation of sand
grainse. However, some of the finer subrounded grains of basic and modified lignite
show & tendency to accumulate near the carbonate rich localitiea, and to adhere to
the cutans around the surfaces of course sand grains. Very rare adhesion to barren
sand graine is observed. Thie phenomenon may be due to chelation between the irom
gels impregnating the ocarbonates and some active component of the lignite, Lignite
has the advantage of being more evenly distributed in the soil than the organioc
matter of farmyard manure origin in the top 20 om of soil; and only fine lignite
grains reach the depth of 30 om when well mixed with soil.

Mixtures of basic lignite and farmyard manures show the olay base of the
local farmyard manure to be more effective than lignite in filling the medium eised
void and partial ocoupation of large voids, and in cementing sand grains.

After 12 weeke of seading and a total of 17 irrigations the most obvious
feature was the complete oracking and breakdown of the majority of lignite grains,
especially of small sised grains, along their natural weak points (Fig. 31). The
develeped oracks run in two or more directions, the resulting fragments being
spaced apart and some adhering tc sand grains. Cracking and breakdown appear %o be
mainly of phyeical nature and resulting from wetting and drying. The sxtent of
oracking appears to be more pronounced in the grains of modified lignite than in
those of basioc lignite. The oracking of modified lignite grains is as strongly
manifested at the depth of 10-20 om a8 it is in the surface 10 om of soil, whereas
the breakdown of basioc lignite grains is mainly confined to the soil surface layer.
This seems to imply that the physioal breakdown of modified lignite is easier than
that of basic lignite, possibly because of a more pronocunced contribution of miore—
bial decomposition. Furthermoere, & rare but definite fraying of edges of some
lignite graine is observed, and powdered lignite haloing the original grains ie
recorded. The powder is in the range of 13—-15/‘ in size. Thie type of disintegration
appeare to be more of a miorobial nature,

The oracking and breakdown of basic lignite mixed with farmyard manure follows
exactly the same patterns described for basic lignite. A mixing of lignite grains
with the organo-mineral complexes of farmyard manure origin is also observed in mome
localities (Fig. 4).

The micromorphological study indicates that lignite grains are strongly subject
to phyeical breakdown into smaller sized graine due to the oyclic wetting and drying
associated with perennial irrigation. This breakdown is beneficial in that it in-
oreases the active specific surfaces of the graine with time.

It would be expected that some of the finer fragments and powdery material
would be translocated downwards in the soil profile, causing losses from the surface
to the subsoil. Complete removal from the root zone is not expeocted under controlled
irrigation.

Changes in Orgenic Matter

The organic matter content of the socil inoresases with time under all levels
of treatments with basioc lignite, modified lignite and mixtures of basioc lignite +
farmyard manure (Fig. 5 and Table 1). The maximum is reached in 6 weeks, after
which the organic content diminishee again. At harvest, organic contents of all
lignite treated soile are almoet equal to those determined immediately after the
addition of lignite. The increase appears to be dus to residues of orop roots.



Fig. 3 Modified lignite (0-10 cm depth)}. Severec cracking of ligmite grains
(X 50 polarized light aided by gypsum plate

Fig. 4 WMixture of lipgnite and organic residues of farmyard manure (0-10 cm depth).
(X 12 polarized light aided by gypsum plate)
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Table 1 EFFECT OF LIGNILE AND FARMYARD MANURE ON FERCENTAGE
OF ORGANIC MALWER, 2 WEEKS AFIER HARVESUING POLALO CROP
(14 WEEKS AFIER SEEDING)
Level of addition, ton/ha

reatment Depth 1/
0 3457 5.95 8.33 5T
leit‘ .!l- 0-11 Qn1a Do21 ﬂ-.?{} -
B 0.11 0.14 0.10 0.18 -
Lignite, modified A 0. 11 0.17 0.17 0. 31 -
B 0.1 0.09 0.11 0.10 -
B 0. 11 0.08 0,09 0.06 =
FYM A 0.11 - - - 0.21
B 0.11 = - = 0.09

Ll" A= 0=10 cm

Bw=

Je4

10-20 om

The soil treated with farmyard manure only shows continuous losees of organic
matter with time, and reaches ite minimum values at harvest.

The values of organic matter 14 weeks from seeding or 2 weeks after harvest
provide information about the residual effect of the added organic materiale.

The results indicate that, in the surface layer (0-10 om), there is an actual
loss of 26% of both basic and modified lignite, 28% of the mixtures of basic lignite
and farmyard manure, and 82% of farmyard manure. In the second layer (10-20 tr.m?.1
losses were 38% under low and medium levels, while a gein of 100% cocurs under the
high level of basic lignite. Under modified lignite the loss averages 35% under
all levels. In mixture treatments, increasing losses with increasing levels of
addition occur showing values of 40% and 824 under medium and high levels, respective—
ly. Under farmyard manure, 8294 of the added organice are lost. The resulte also
indicate the possibility that basic lignite is washed down from the soil surface to
the 10-20 om layer in plots treated with 8.3 ten/ha.

Statistically, ANWA tests show significant inter-treatment differences at each
separate time interval, these differences being maintained throughout the season.
Neither intre-treatment differsnces, nor differences with time are significant.

Changes in Cation Exchange CEEEHE

An increase in the CEC of the top 20 om of the soil occours immediately after
addition of lignite, and the increase is directly related to the amount of lignite
added (Fig. 6). The ANOVA test shows that inter-treatment differences are significant
at the 1% level in both layers. There are no inter—treatment differences. The
actual increases of CEC in the 0-10 om layer average 9% under low levels, 40% under
medium levels, 87% under high levels of lignite, and 93% under farmyard manure., In
the 10-20 om loyer the increases average 15% under both low and medium levels and
33% under high levels of lignite, and 11% under farmyard manure,
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The changes in CEC with time (Fig. 7) are directly related to the organic
matter content of the soil. Simple correlation analyses, show that CEC and organie
matter are significantly correlated at the 1% level at all time intervals, and
throughout the whole experiment. All lignite treatments retain fairly constant
values with time, whereas under farmyard manure the CEC drops after 12 weeke to that
of control.

i.5 Surface Infiltration Rates
Surface infiltration rates increase under all treatments including the control
because of mechanical breakdown through ploughing (Table 2). However, the increase
in lignite treated scils is much more proncunced, and amounts to 1.3 to 1.4 times aa
much as that observed in the control plots. The most important cbeervation at this
early stage ia that the least amount of improvement was that recorded for soils
treated with farmyard manure ocnly.
Table 2 EFFECT (F LIGNIVE AND FARMYARD MANURE ON MOISTURE
CHARACLERISLIICS AND INF ILTRALION RAUES, 1 AND 2
WEEKS AFLER SEEDING POLALOES
Level of Sampling Moisture % Moisture 4 Infiltration
addition time, at 0,1 bar at 15 bar rate, om/min
ton/ha weeks T B A B A B
0 1 20.53 22.99 2. M 2.00 10.23 9.04
(Control) 12 19.02 17.94 2.05 2.41 18.59 24.16
Lignite
3.57 1 21.98 27.89 1.86 2.03 20.58 12.19
12 19.10 20.96 2.63% 2.61 27.38 35.57
5.95 1 23.85 25.03 2.03 2.35 34.88 25.00
12 18. 71 22.57 1.88 1.96 20.584 29.76
B.33 1 22.61 22.66 2:51 2.3 31.07 27.98
12 16,58 18.40 1.76 1.82 24.07 34.39
Lignite, modified
3.57 1 22.08 23.00 2.63 2.59 17.22 T.22
12 20.11 19.50 2.00 1.89 25.63 16.99
5.95 1 .78 21.86 2.26 2.35 13.85 13.00
12 21.78 22.69 2.05 2.15 26.30 29.63
B.33 1 27.46 26.T1 2,00 173 17.46 10.19
12 17.93 18.21 1.67 2.00 36,29 37.80
Lignite + FYM
3.57 1 21.81 18.98 279 2.10 .25 18,58
12 28.51 19.80 3.35 2.00 28.96 18,89
5.95 1 23.69 26,06 3.06 3.10 21.37 16.28
12 18.28 14. 60 2.05 1.86 20.18 20.63
8.13 1 24.33 25.02 2.92 3.83 12.84 9.74
12 24.10 21.75 = | 2.23 24.44 24,76
EYN
57 1 24.94 18.64 2.23 1.82 12.64 16,67
12 25.32 27.30 .42 3.05 41.60 31.60

1/ A= 0-10 cm, B = 10-20 om layer depth
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Statistically, ANOVA test shows that after 1 week of seeding the inter-
treatment differences are significant only under basic and modified lignite treatments.
The significanse is maintained for & weeks under basic lignite only. After 12 weeks
all inter-treatment differences and changes with time are not significant. Further-
more, simple correlation analysie between the infiltration ratee and the amount of
organic matter in the soil recorded throughout the experiment showe no significant

correlation.

Total Soluble Salte, SAR and pH

Leaching of TS5E, and subsequent changes in SAR and pH values of the soil solu-
tion are related to the soil infiltration rate, and to the nature of added organics.
The results, presented in Fig. 5, show that within 1 week of seeding, an appreciable
drep of moluble ealte cccurs under all levels of treatmente. The drop alsc cccurs
in control plots but to & smaller degree. All low and medium levels within all lignite
treatments appear to show no further change with time. Under high levels, the leach-

ing of salts appears to be gradual with time.

—  Control
— — Lignite
10 ---- Modified, lignite
—.— Lignite+F.Y.M.

MEQ /L .

TIME OF SAMPLING,WEEKS

Fig. 8 Changes of total soluble salts in soil under 5.95 ton lignite/ha (0-10 com)



The results show that in the firast & weeks of cultivation under basic and
modified lignite treatmente the surface infiltration rates and leaching of salts
are more efficient than under mixtures, or farmyard manure treatments.

1.7 Soil Moisture Characteristics

The average values (Table 2) show certain indicative tendsncies. After &
weeks of cultivation and complete settlement of soil, the changes in the field capa~
city became directly and significantly correlated to the organic content of the moil.
After 12 weeks of cultivation there is a general drop in moisture retention under
all basic and modified lignite treatments and in control, whereas under mixture
treatment and farmyard manure the field capacity increases, The difference in
behaviour is probably due to the nature of the organic material in the soil rather
than to ite amount. Actual values determined for field capacities in the first week
of cultivation show approximate increases of &%, 21% and 24% over control plots in
the 0—10 om layers of soils under low, medium and high levels of addition, re—
spectively. A 25% increase is recorded under farmyard manure. After 12 weeks the
recorded values show approximate increases of 14%, &% and 2% under low, medium and
high levels of lignite addition, and 61% under farmyard manure.

Statistically, the ANOVA test shows that inter—treatment differences in the
moisture content at field capacity are insignificant for the first and eixth week,
In the 12th week inter-treatment differences are significant in the 10-=20 cm layers
of soils under mixture treatment only.

3.8 Crop Yield

It was found through field observations that germination was completed 10
days earlier, growth rates were higher and plant sizes bigger, under all levels
of modified lignite and under farmyard manure, than under basic lignite or mixture.
This was reflected in the crop yield (Table 35. The increase in yield is about
20-30% under modified lignite and farmyard manure.

Table 3 EFFECT F LIGNILE AND FARMYARD MANURE ON YIELD
OF POTAYO IN TON/HA

Level of addition, ton/ha
Treatment y
o 3457 5.95 B.33 o1
Lignite T.62 Ba57 T.38 8.33 -
Lignite, modified 7.62 9.76 10,00 10.95 &
Lignite + FYM Te62 7. 62 B.57 B.5T -
F‘fl! T-62 ot b _— 1&1?1

_L.n"' All treatments received NPK fertilizers

Statistical analyses show that the crop yield is not correlated to the
organic matter content, cation exchange capacity, total soluble salts, field capacity
or infiltration rate. However, it is correlated to the amount of organic matter in
the seil in the first week of cultivation and to the surface infiltration rates
at the end of the season.



A positive correlation between yield and the available N and K at the first
week of cultivation was found. Thus, the only wvariable affecting crop yield appears
to be the initial nutrient content of the added organic. In the case of modified
lignite, the large amount of mineral nitrogen mixzed with lignite (C/N ratio 30) was
not immobilized by the organic and remained in an available form in the soil., In
the case of farmyard manure ite available N and K contents are responeible for the
high yields.

The inoreasesa in yield with increasing levels of lignite are attributed to
the improvement of soil properties.
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Paper 13 EFFECTS OF LONG TERM APPLICATION OF FARMYARD
MANURE ON SOME SOIL FROFERIIES

by
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Su:mg

The prolonged use of farmyard manure increased significantly the organic matter con-
tent of the soil and slightly affected soil permeability and exchangeable sodium percentage.

1. INTRODUCTION

Hunger ie not new to the world. The problem lies in the rapid rate at which
the population is increasing. Experts predioct that the world'e population will be
between 6 and T billions by the year 2 000, double that of today. Furthermora,
more than 90% of this increase will coour in the developing nations, where food
supply is already critical and where the technology for increasing food production
is wholly inadegquate.

Intensification of production on lands already under cultivation is one of
the routes which can be followed to increase land productivity. Incorporation of
organic matter into the surface of the soil is coneidered one of the managements
needed for increasing orop production.

To study the beneficial effects on soil properties of adding organic matter
to the soils, it was found necessary to establish some long term field experiments.

In Egypty the Bahtim permanent field experiments were established in 1912
and modified in 1919 to study the effeoct of using farmyard manure, known locally
as Baladi manure, on crop yield and secil properties under different rotations.

2. EXPERIMENTAL LAYOUT

The permanent field experimente at Bahtim (10 km North of Cairc) were es—
tablished, by the Royal Agricultural Society (now the Egyptian Agricultural Orgen—
ization) in 1912 %o determine the effect of the continuous application of mineral
fertilizers (N, NP and NPK) on crop yields and on the physical and chemical character—
istice of Egyptian soils. Originally, the experiments followed & three year rotation
on the main crops; berseem (Egyptian clover), maize, wheat and cotton, but later
in 1919 certain modifications were made to include one-year and two—year rotations
as well as farmyard manure treatments.

The FYM comprised 15 tons of Baladi manure per feddan (36 tons/ha) for each
crop of cotton, wheat and maize, Thies is beside other plots left unmanured., The
average chemical analyeis of thies farmyard manure was: 10% orgenic matter, 0.3%
total nitrogen, 0.5% phosphoric acid, and 1% total potash (Aladjem 1952).

3s STUDIES CARRIED OUT

With respect to soil properties, there were four mein studies. The earlier
one was carried out by Mahmoud (1934) covering the period extending from 1912 to
1933, The second study was carried out by Aladjem (1952) based on semples taken in
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4.2

4.3

November 1947. After thet El-Seidy {196?} did the third study on samples taken in
February 1958. Heggi (1976) did the fourth study on samples taken in January 1972.

In all these studiea, different soil properties were studied and the analyses
included: mechanical analysis, bulk density, real density, total porosity, permea-
bility, aggregation, calcium carbonate, pH, cation exchange capacity, exchangeable
sodium percentage, and organic matter.

HESULTS

In 1934, Mahmoud did not observe significant differences in the physical or
the chemical characteristics of the various plote. Thie study was carried out on
samples taken in 1933, 14 years after the establishment of the modified layout of
the experiments. However, the resulta of Aladjem (1952), El-Seidy (1967), and Heggi
(1976), which were carried out on samples taken 29, 39 and 51 years after the es-
tablishment of the experimente in 1919, showed certain changes in soil properties.

Mechanical Analyeis

There is similarity between the data of the mechanical analysis of the surfaoe
and subsurface soil up to 60 cm, especially in the percent of clay fraction which
was 48 to 53% (Aladjem 1952), 47 to 53% (El-Seidy 1967), and 41 to 52% (Hegai 1972).
This means that there was no marked change in the mechanical analysis of the Boil
for 51 years.

Bulk Density and Real Density

The determination of both bulk and real densities was only done by Heggl
(1976). He concluded that neither farmyard manure nor orop rotation had any effect
on the values of bulk and real densities. _In general, he found that the values for
bulk density ranged from 1.20 to 1.45 afum3 for the surface layer and from 1.50 to
1.70 g,l'"crmj for the subsurfece layer. The values of the real density varied from
2.20 to 2.50 g/om® and from 2,50 to 2,60 gfom’ for the surface and subsurface layers,
respectively.

Total Porosity

Both El-Seidy (1967) and Heggi (1976) reported that the farmyard manure had
no effect on porosity, in comparison with the other soil treatments. They gave the
same conclusion regardlese of the great difference between their mean values,.
El-Seidy (1967) reported mean valuss of 34.66% and 29.54% for surface and subsurface
layers, reepectively. Heggi (1976) reported that porosity values ranged between
40,00 and 48.00% for the surface layer and 30.50 to 40.00% for the subsurface layer.

Permeability

Aladjem (1952) stated that no reduction in soil permeability was noticed in
the plote treated with nitrate of soda alone or in conjunction with other fertilizers.
Later, Heggl (1976) found that the values of infiltration rate were higher in the
organic manure plots than in any mineral fertilizer treatment. Also, orop rotation
had ite effect in infiltration rete dus to orop residuse,

Laboratory studies of soil permeability were also made by El-Seidy (1967)
and Heggi (1976). The former found that the permeability coefficisnts of the plota
treated with farmyard manure were almost double those of the plota treated with
mineral fertilizers as well as the untreated plots (0.133 nm/gr} as shown in Table 1.
The latter stated that the permeability coefficients of the organic manure plote
were higher than those of the mineral fertilizers.



Table 1 EFFECT OF PROLONGED USE F FARMYARD MANURE AND

MINERAL FERLILIZERS ON CERTAIN FROFERIIES OF
SOIL ALl BAHVIM (El-Seidy 1967)

Farmyard ¥inaral
So0il property Control manure fertilizers
Permeability 0.133 0.27T 0.144
CEC, meq/100 g soil 53:3 53.2 -
ESP T9 Ee7 9.1
Organic matter % 0.9 143 0.7

4.5

4ot

4.7

4.8

4.9

Aggregation

El-Seidy (1967) mtated that the degree of aggregation and the aggregation
index were not influenced by the application of either farmyard manure or mineral
fertilizers. Heggi (1976) came to the same conclusion. He stated that the effect
of organic manure was statistically almost equal to that of NFK treatment with respect
to the diameter of aggregates and aggregation.

ol

The results obtained from the three studies indicated that there was no effect
from the different treatments on the pH values of the soil. All the figures fluctu-
ated within a limited range which was between 8.36 and 8.65 (Aladjem 1952), T.40 and
7.56 (El-Seidy 1967), and 7.86 and 8,15 (Heggi 1976).

These workers agreed that the soils were highly buffered by the presence of
appreciable amounts of CaCOj (about 3%) and its high content of clay. This is the
general case in the normal alluvial Egyptian soils.

Cation Exchange Capacity

It was found that, in general, no significant difference was detected between
the treatments. The cation exchange capacity was about 45.6 maqﬁm g 80il in the
untreated plots as indicated by Aladjem (1952), El-Seidy (1967) reported that it
wag about the same for both manured and unmanured treatments (Tatle 1).

However, Heggi (1976) stated that the organic menured plots had higher cation
exchange capacity than the unmanured ones, but upon calculating the mean walues, it
was 54.51 and 51,39 meq/100 g soil for the manured and unmanured plots, respectively.

Exchangeable Sodium Percentage

From the data presented by both Aladjem (1952) and El-Seidy (1967), it could
be stated that the farmyard manure lowered the exchangeable sodium percentage
(Table 1).

Organic Matier

The addition of farmyard manure increased significantly the organic matter
content of the soil as compared with the other treatments (Table 1). Also Heggi
(1976) stated that mineral fertilizers decreased the organic matter content of the
soil. In general, the figures presented by Heggi (1976) were relatively very low



in comparison with the figures reported by El-Seidy (1967) even though both of them
used the same method of analysis.

4.10 Crop Yield

Although mineral fertilizers, whether nitrogenous, phosphatic or potassic,
and farmyard manure were used in doses which would provide these elemente in equal
quantities, the farmyard manure resulted in higher crop yields of cotton, wheat,
maize, and berseem (Aladjem 1952; El-Damaty and El-Baradi 1956; and El-Damaty and
El-Baradi 1959).

It seemed that the effect of farmyard manure on increasing crop production
was mainly through other factors such as its effect on moil moisture characterietics,
trace elements, and the activity of different seoil micro—organiesms.
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1. S0ILS EXAMINED

An investigation was carried out to study the distribution of organiec carben
and humus components in Egyptian soils:

i, alluvial soils from Oiza, Banha, Kafr El-Zayat, Damnhour and Edfina in the
Nile Delte (clay : 21.4-59.0%, CEC t 25.5-60.1 meq/100 g, and pH : 7.8-8.1);

ii, lacustrine soils from Abis near Alexandria;
iii, sandy soils from south Tahreer (Sand 1 84.6-92.4%);
iv. calcareous soils from Nahda, North Tahreer (CaC03 : 28.3-44.2%):

Ve alkali soile from Ferhash, Middle Nile Delta (pH : 8.6-10.6).

2 ORCANIC CARBON

The organic carbon varied from 0.35 to 0.93% with an average of 0.59% and
standard deviation of 0.14%. It tended to be relatively higher in the alluvial
and calecareous soile and lower in sandy scile. Also, it declined consistently but
gently with the depth of profile down to 150 om in all investigated soils.

3a HUMIC ACID

Humic acid constituted from 1.45 to 66.65% of the organic carbon with an
average of 28.2% and a standard deviation of 15.4%. It attained the higher values
in the lacustrine (40.26%) and alluvial (32,12%) soils and the lower values in the
alkali (8.61%) and calcareous (7.06%) soils. With profile depth, the humic acid
was invariable in alluvial soils, tended to decline rapidly in sandy, calcareous,
and alkali soils, but increased slightly in the lacustrine soils.

4. FULVIC ACID

The fulvic acid fraction varied from 6.49 to 57.44% of the orgenic carbon
with an average of 30.67% and a standard deviation of 16.4%., Its value was relatively
greater in lacustrine nuil;cé.tz.ﬁﬁ] and least in ocalcareous soila (11.%%). The other
soils were similar (about Js With the depth of the soil, it varied inconsistently
in alluvial and lacustrine soils, declined in alkali and calcareous soils but increased
in sandy soilse.



Paper 1 THE EFFECT OF ORCANIC MATERIALS

ON S0IL AGGREGATION
by
A.M. Gomah

Department of Soil and Water Science, Faculty of Agriculture
University of Alexandria, Egypt

Summary

Aggregate stability usually increases when scoils are amended with organic materials.

The addition of clover and wheat straw as well as cotton stalks to & silty clay loam and a
caloareous sandy loam soil resulted in a significant increase in aggregates of more than
4.76 mm in diameter, and a deorease in those of 0.21 - 1.0 mm in diameter. The maximum
effect was observed ater 1-2 weeks incubation. Clover siraw was more effective than either
cotton stalks or wheat straw. A logarithmic increase in the caloulated structure coefficient
(C,) followed the addition of these organic materials to the soil.

Marked increases in total baoteria, fungi and microbial gums were observed in soils

treated with different plant residues.

1s

INTRODUCTION

The binding of eingle soil particles into water stable aggregates is necessary
for optimum soil tilth. A well aggregated soil does not form crust easily and it
has an air moisture regime favourable for plant growth and microbial activities. 1In
addition, soil aggregation improves water infiltration and resistance to erosion.

Many factors are known to affect aggregate formation and degradation. Harris
et al (1966) stated that cropping eystem, micru—organisms, organic material, earth-
worme, cultivation and climate control aggregate formation and stabilization. Organic
matter, polysaccharides, and aluminium were found to be the most important factors
Chesters et al 1957 and Saini et al 1966). In Egyptian alluvial soils, Hamdi et al
1965) ghowed that the aggregation index was correlated to soil texture and soil
organic matter. Inorganic ions, water availability, temperature, asration and pH
were aleo found to affect aggregate formation and degradation, since they influence
the activity of soil micro-organisms (Acton et al 1963; Harris et al 1966; and Kaila
and Kivinen 1952).

It has been shown that aggregate stability usually increasea when soile are
amended with organic materials and that the aggregating power of such materials is
related directly to their rate of decomposition (Browning and Milam 1944; Kaila and
Kivinen 1952). The increase in soil aggregation following the application of organic
materiale could be explained by one or more of the following:

i mechanical binding of the soil particles by microbial filaments or cells;

ii. organic cementing substances found in the added materials or formed during
its decompositionj

iii. orgmnic binding compounds synthesized by soil micro—organiems.
In pure culture studies and in the presence of a suitable energy source, many

fungi, streptomycetes, bacteria and yeasts were found to be capable of forming water
etable aggregates (Gilmour et al 1948; Oupta and Sen 1962; Martin et al 1959; McCalla



et al 1957 and Swaby 1949). This effect was attributed to particle binding by living

cells rather than cementation by microbial mucilages (Harrie et al 1966), In certain
South Australian soils, many of the sand grains were bound together by strong fila-
ments and finer grains were entangled in the filament masses. Furthermore, many
workers showed that microbial polysaccharides and fungal mycelia play a major role
a8 soil aggregating agents (Aspiras et al 1971; Chesters et al 1957; Oreenland et al
1962; Harris et al 1964; and Rennie et al 19545- This paper discusses the work con-
ducted in the Department of Soil and Water Science, Alexandria University, on the
influence on water stable aggregates of adding different organic materials to two
Egyptian soils.

EFFECT OF ORGANIC AMENDMENTS ON AGGREGAIE STABILIZATION

Using a clay loam soil and & calcareous sandy loam soil, it was found that
the addition of wheat and clover straws as well as cotton stalks, at the rate of
1, 2 and 4% (w/w) caused marked incremses in aggregates with diameters of more
than 4.76 mm and decreases in those with 0.21-1.0 mm diameter (Fig. 1). The maximum
effect on aggregate stabilization was observed after incubation for 1-2 weeksj slight
changes were detected thersafter. Clover straw at the } levels studied was more
effective than either cotton etalke or wheat straw.

In order to find out the aggregating capacity and to compare quantitatively
between different treatments, the structure coefficient (Cp), a8 suggested by
El-Shafei and Ragab (1976), was calculated. This coefficient is the ratio between
the percentage of the total amount of fractions more than 0.25 mm in diameter and
the percentage of fractions less than 0.25 mm. In this study, aggregates of 0.21 mm
in diameter were used instead of 0,25 mm. Figures 2 and 3 illustrate the logarithmic
increagse of the ¢ wvalues for the two soils amended with the different organic ma-
teriala. It is olear that a marked increase in Cp resulted from the addition of the
different plant residues. In the silty clay loam soil, this increass ranged from
52 to 156, 36 to 1620, 42 to 380 times the control, in the soil treated with clover
and wheat straws and cotton stalks respectively (Fig. 2). In the calcareous soil
these inoreases ranged from 1.5 to 272, from 31.8 to 318 and from 1.5 to 227 times
the control (Fig. 3). In addition, the amount of the added organic material affected
Cr values indicating that more binding materials seemed to be formed under higher
levels of addition. The more marked effect in the case of clover straw additions
could be due to either its higher rate of decomposition (Browning and Milam, 1944),
or to the increase in microflora counts (Table 1), The more noticeable affect in
gilty clay loam soil than in calcareous sandy loam could be dus to the higher content
of elay fraction in the silty clay loam soil than in the oalcareous.

However, in untreated soils, higher Cr wvalues were found in the calcareous
(0.11) than in the silty oclay loam soil (0.046). This might be due to the CaC03
content which affects the aggregate stability in the absence of added organic matter
(Oreenland et al 1962).

EFFECT OF ORGANIC AMENDMENTS ON MICROBIAL COUNTS AND GUM FORMATION

The aforementioned results indicated an increase in water stable aggregates
following the addition of different organic materials. Such an effect could be dus
to either the increase in microbial mass which is accompanied by mechanical binding
of seil particles or to the formation of miocrobial gums which could act as a soil
binding agent. These iwo assumptions were taken into consideration when condusting
this experiment. A great incresse in the total number of bacteria and moulds cocurred
during the first week of incubation following the addition of plant residues (Table 1).
The increase in the total bacteria reached 3 to 8 times the control in the silty clay
loam ecil and 1.7 to 24.7 in the caloareous soil. Also, the number of moulds inoreased
from 1.5 to 3.0 times the contrel in the two soils. A greater effect on the number
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of total bacteria and moulds was observed with clover straw than with either cotton
stalks or wheat straw (Table 1).  This could be due to the higher nitrogen content
and the more easily decomposable constituents of clover straw than the other two
residues, Also microbial gume extracted from the soils treated with the different
organic materials increased greatly after 7 days incubation and changed slightly
thereafter (Table 2). In the treated silty clay loam Boil, the gum material in-
ereased from 17.5-20.0 at the start, to 26.0-350.8 mg,.i"'rGU g soil. On the other hand,
this increase ranged from 11.5-14.5, at the beginning of the experiment, to 13.1-
137.4 mg/100 g soil in the treated calcarecus soil (Table 2). Again, more effect
was obeerved from the clover straw additicon than from either wheat straw or cotton

stalks.
Table 1 NUMBERS (F TOLUAL BACYERIA AND MOULDS IN THE WO
- SOILS IREAIED WITH DIFFERENT ORGANIC MATERIALS (1%)
Numbers/g dry soil after days
Treatment Type of organisms
0 T 14 28
Silty clay loam soil
Control Total bacteris x 106 29.4 7741 15.2 12.5
Moulds x 10 48,7 65.4 66,5 63.2
Clover straw Total bacteria x 10° 30.7 229.8 225.6 188.4
Wheat straw Total bacteria x 10° 274 134.6 94.3 84.3
Moulds x 10° 44.3 93.4 138.0 269.9
Cotton stalks Total bacteria x 10° 26.3 153.7 105.9 157.4
Moulds x 10 42.5 153.7 160,2 159.7
Calcareous sandy loam soil
Control Total bacteria x 106 10.2 17.2 16, 12.3
Moulds x 10 49.6 66,5 67 .
Clover straw Total bacteria x 10° 15.2 297.3 255. 1 108.3
Moulds x 10 50.1 88.9 T9.9 B6.4
Wheat straw Total bacteria x 106 11.5 3.3 29.6 21.1
Moulds x 10 514 TTe6 5.9 T9.5
Cotton stalks Total bacteria x 106 11.4 32.6 3141 22,8
Moulds x 103 53.5 78.1 T3.1 70.8

In conclusion, the increase in large aggregnte formation and stability follow-
ing the addition of organic materials could be attributed to physical binding by
microbial cells and/or gum formation during the microbial decomposition of added
organic materials. In addition, the mechanism of aggregate stability could involve
the formation of physico-chemical bonds between the active surfaces of clays by some
polar organic compounds.



Table 2 MICROBIAL GUMS EXTRACIED FROM THE WWO SOILS TREALED
WILH DIFFERENL ORGANIC MALERIALS

Yreatment Oum mg/100 g dry soil after days

o 7 14 28

8ilty clay loam soil

Control 175 29.0 26,0 28.2
Clover 19.4 247.4 350.8 2755
Wheat straw 18.5 146.8 159.6 163.3
Cotton stalkse 20.0 220.4 310.4 215.5
Calcarecus sandy loam soil
Control 12.8 15.6 13.1 14,2
Clover straw 11.5 137.4 135.3 1274
Wheat straw 13.3 58,3 46.4 50,2
Cotton stalks 14.5 78.4 T5+3 T0.5
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Paper 16 LOCAL CRGANIC MANURES AND THEIR EFFECT ON SOIL

MICROFLORA AND WHEAT YIELD

by

AJAM, Makawi
Faculty of Agriculture, Cairo University
Fayum, Egypt

INTRODUCTION

Lthe organic matter content of Egyptian soils varies from less than 1% in
sandy soils to 2% in cultivated alluvial soil. Frequent and high applications of
organic manures are necessary to maintain soil fertility. In Egypt, farmyard manure
is the basic organic fertilizer while sheep dung, horse manure, city waste compost,
dried sludge and pouliry and pigeon manure are used in small amounts. These organioc
fertilizers vary greatly in their composition (Riad and Anwar 1944; Hamissa 1959;
Makawi 1960, 1970; Saber 1966).

This work was carried out in pot experiments using a clay loam seoil to study
the effect of the different orgmnic fertilizers on soil mioro—organisms and activities
of certain soil enzymes, using the methods outlined by Allen (1959), Conrad (1940)
and Casida et al (1940). In addition, the effect of farmyard manure, with and with—
out mineral fertilizers, on wheat yield was studied under field conditions at the
farm of the Faculty of Agriculture, Minia University, Egypt.

2. CHEMICAL COMPOSITION OF THE CORCGANIC MANURES
The chemical composition of the six month old organic manures is shown in

Table 1. In general, total nitrogen varied from 1.03% to 1.65% and organic matter
from 24.78% to 30.2T% with C/N ratio from 9.8 to 14.6. Sheep and poultry manures
were the richest in inorganic nitrogen (NH4+NO3-N), while pigeon manure was the
highest in total nitrogen content and also in phosphorus.

Table 1 CHEMICAL COMPOSITION f THE DIFFERENL CROANIC MANURES
Organic WH 4 +H0 3N Total Organic c/n Humus P
manure of % N, % matter % ratio 4 4
Poul+ry 0.54 1.34 27.78 12,00 9.58 0.59
Pigeon 0.18 1.65 27.90 9.80 11.97 0.63
Horse 0.17 1.04 26,15 14. L0 6.65 0.39
Sheep 0.76 1.49 10.27 11.75 11.47 0.21
Cow 0.34 1.14 24.63 12457 T«19 0.27
Buffalo 0. 36 1.14 25.12 12436 7«36 0.57
Dried sludge 0,36 1.13 24.78 12.69 8.41 0.23




CHANGES IN ORCANIC MATTER CONLENY COF THE 1HEALED SOIL

In pot experiments, the clay loam soil was treated with the organic fertilizers
at the rate of 2% and kept at €0% WHC for three months. No marked changes were de—
tected in total nitrogen during the 50 day incubation period. The organic matter
content decreased gradually during the inoubation period (Table 2), The losses in
organic matter were about one third of initial values.

Table 2 CHANGES IN ORGANIC MATTER CONLENT OF THE SOIL UNIER

VARIOUS ORGANIC MANURE LREATMENIS (2%)

Incuba-— Orgenic matter % with manure treatment
tion
time, Control Dried Poultry Cow Horse Sheep
days sludge
1.72 2413 2.31 2.05 2.44 2,57
1.55 1.98 2.09 1.87 2.4 2.38
15 1.48 1.93 1.82 1.84 2.02 2.02
30 1.28 1.62 1.78 1.78 1.86 1.92
&0 1.91 1.57 1.T6 1.55 1.T0 1.83
90 1.02 1. 15 1.46 1.43 1.46 1.51

CHANGES IN MICROBIAL PCPULATION AND ENZYME ACTIVILIES

The obtained data indicate that the microbial content of the soil varied
according to the kind of organic fertilizer applied and incubation time. The highest
counts were recorded with poultry manure treatment followed by sheep, horse and cow
manure and dried sludge (Table 1), However, the miorobial counts showed fluctuations
during the inoubaticn pericd.

Ae shown in Table 4, maximum activity of dehydrogenase enzyme oocourred with
poultry manure followed by sheep and horse manures. Dried sludge showed the lowest
dehydrogenase activity. Dehydrogenase activity increased during the firset 15 days
then decreased gradually with time. Also, El-Shimi (1976) found that dehydrogenase
activity tended to decrease upon incubating the moist soil for two weeks.

Urease activity varied mccording to the type of organic fertilizer used.
Dried eludge showed the maximum activity of urease, while poultry manure showed the
loweet values (Table 4). The untreated soil had a higher initial urease activity
than the poultry and horse manure treatments. Oalstyan and Astvatsatryan (1958),
found that urease did not depend on humus content., OCenerally, the data obtained
showed that after fifteen days of treatment the urease activity tended to be oonetant.



Table 3 THE EFFECT OF VARIOUS ORGANIC FERIILIZERS ON
MICROBIAL CONLENYS OF THE SOIL

Orgnic Incuba- Hm‘n'harfg dry soil
manure tion
treatment time, Total Actino— Fungi Azoto= Callulose
days bacteria mycetes bacter decomposes
| Control 0 g1x10° 5x10° 322104 234x104 ix104
15 84 v 5 M 14 " 14 ©» 28 n
a0 15& L] 12 0 20 0n 39 " a1 n
90 209 v 14 " b4 ® 40 " —n
| Dried sludge 0 89x10° 11x10° 45x104 1322104 2x104
15 52 1] " 14 " 14 " 1 33 L]
30 129 " 10 " 1T " g7 » 62 w
90 206 ] 22 n 1 T " 1 T L 2 n
Poul try 0 110x10® 7x10°  a2x10d 290x104 4x104 |
1 5 293 g n a4 13 i 3 T ™ |
10 134 " IERL 39 " E B mn
90 gas om T m 34 0" 29 n g om
Cow 0 92x10% 11x10% 61x104 270x104 2x104
15 91 " B n 14 " 14 " 216 n
j'D oy ™ :.r " 11 n 1 B 1] 53 "
g{} 1{_9 L 5 L} 11 n 18 n 15 L}
Horse W) 90x10° 10x10° 43x104 250x104 Bx104
15 116 0 18 n 17 m 14 n 420 n»
30 b 2 o 18 n 26 n 63 n
gg Tt‘ n 13 m 1& " 1 3 1] 5 1]
Sheep 0 107x10° 9x10° 36x104 280x104 2x104
1 5 199 " 16 ™ 2T » 14 " 32 nw
30 143 " & n 37 om gz n 98 "
50 294 n - B ch 18 » 24 " i
S EFFECT OF FARMYARD MANURE ON WHEAY YIELD

The effect of two levels (2% and 4%) of farmyard manure with and without N
and P fertilizers is shown in Table 5. ‘he addition of organic fertilizers increased
the wheat yield. Application of mineral fertilizers (ammonium nitrate and Bupar—
phosphate) caused further increases in the crop yield,

s CONCLUDING REMARKS

i. The organic manures vary greatly in their organic matter, humuis and nitrogen
contenta,

ii. Generally, the organic manures used can be divided according to their quality
and fertilizing into:

A manures with fair quality and quick availability: poultry, pigeon, and
horse manures;



Table 4 WHE EFFECY CF VARIOUS CRCGANIC FERVILIZERS ON SOIL

DEHYDROGENASE AND UREASE ACLIVIVIES

Organic Incubation time, days
manure
treatment o T 15 0 90
Lehydrogenase activity, mg TPE/g soil/24 h
Control 57.6 103.7 T3.7 9.4 23.8
Dried sludge 110.7 46,4 29.8 4441 20.1
Poultry 760.9 31446 101.1 102.5 51.0
Cow 10.7 92.1 70.5 85,2 26,2
Horse 141.0 224.5 229.5 1502 4T3
Sheep 171.0 251.0 2TT«1 192.C 44.2
Urease activity, mg urea utilized/g soil/24 h
Control 81,1 Td.1 £T.7 T2.7 Ti.d
Dried sludge 93544 Tt 0.8 ti.4 5.6
Poultry 9.8 T6.1 72.8 9.9 6.5
Cow 6.7 79.0 66,4 72.8 12.6
Horse 19.9 84.9 T4.0 T1.6 70.7
Sheep 88.3 78.0 5645 T1.8 T0.0
Table 5 EFFECT OF FARMYARD MANURE O WHEAL YIELD

Treatment 1/

Average :raeld
me)

(kg/20

Control

H+ P
Farmyard manure, 2%
Farmyard manure, 4%

Farmyard manure, 2% + N+F
Farmyard manure, 4% + N+P

B.040
13.132
11.822
13,050
10,982

9.272

1/ N: ammonium nitrate, 500 kg/ha
P: wsuperphosphate, 250 kg/ha
LSD at 5% t 3.335
LSD at 1% ¢ 4.549




b. manures with moderate quality and aveilability: sheep and cow manures;
0. manuree of low quality and slow availability: dried sludgs.

iii. Poultry and pigeon manures are the richest organic manures. They contain
higher percentages of organic matter, total nitrogen, available nitrogen and
phosphorus. Their decomposition in the seoil ie very high.

These manures could be recommended for fertiliszing soils oultivated with
short quick growth peried plants such as vegetables, melon and water melon.

iv,. Horse manure is always richer than farmyard manure (cow and buffalo). Its
decomposition is quicker in the seoil. It can be used for gardens and vegetabls
farma.

Va Sheep dung manure also contains a high percentage of orgenic matter as well
as fair amounts of nitrogen. It decomposes quickly in the soil, while cow
and buffalo manures and dried sludge decompome at a slower rate,

vi. Generally, the addition of erganic manures to the soil encourages the growth
of soil micro-orgenisms.

vii. Field experiments showed that the addition of organic manures increased wheat
yield, The addition of organic manures together with mineral fertilizers
{ ammonium nitrate and superphosphate) had more effect in inoreasing wheat
ryield.
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Paper 17 SOIL LIFE WITH HYDROSORB: AN EFFICIENT, EFFECTIVE

1.

ORCANIC FERTILIZER AND SOIL BUILIER WITH
UNIQUE WATER HOLDING CAPACILY

by

B. Welborn
The Hydrosorb Corporation, Fort Worth, Texas

DIIRODUCYION

During man's time on earth he has made barren almost 5% billion acres (an ares
of 2 000 million hectares)., In other words, a territory the size of a continent has
disappeared on which all the ploughed fields of our time gould fit easily. This
cannot be blamed on our remote ancestors; the bulk of the losses were registered in
the past 100 years. Natural soils took thousands upon thousands of years to develop;
meanwhile, careless cultivation desiroys the scil in a matter of years.

"50il Life" was developed as a means of inoreasing soil fertility by acceler—
ating the growth of soil organisms and providing humus, which has the ability te
absorb the soluble plant minerals and to hold them in the surface layer of the soil
available for plant assimilation.

It should be pointed out that due to the complexity of the material we are
working with, it is very difficult to establish olinically some of the resulis that
have been obtained, However, as in the early days of vitamin nutrition study, the
beneficial results can be determined only by observing their results when fed to
animalse.

To date there have been outstanding results in teste throughout the world
where "Soil Life" has been used, and there are many farmers who greatly inoreased
the tilth and productivity on what was once submarginal land.

S0il Life marine organic fertilizer is composed principally of humus "Hydrosorb",
humates and fulvates, humic and fulvic acids, and life-giving trace minerals. Humates,
fulvates, humic and fulvic acids (hereinafter called Seoil Life) are probably the most
important natural constituents of fertile scils. They have been used with great suc-
ces in many agricultural applications, such as mixed fertilizers, various peat pro-
ducte, commercial nursery soils, and potting scils.

Soil Life helps growing plants to utilize better the available plant nutrients.
It increases the efficiency of fertilizer utilisation. It stimulates germination,
root formation, especially elongation, plant growth, and respiration. It stabilizes
Boil structure and improved tilth, workability, and water holding capability. 3Soils
are made more friable by the addition of Soil Life. Sandy soils are made more co—
hesive and water retaining. Soil Life increases the important ion-exchange capacity
of esoils.

Soil Life reduces the amount of water—soluble fertilizers that are leached
or washed out of smoils and into streams or other bodies of water, thus reducing
pollution as well as saving fertilizer. The agricultural methods advocated for
today's increased crop yields tend to deplete the soil life from soils and to build
up mineral fertilizer residues, which are counter—productive. GOood soil management
ocalls for replacing the humus that is so important to soil health and productivity.



Dr, Everette Burdick (1965) in his article titled "Commercial Humates for
Agriculture and Fertilizer Industry", asks this question "Why haven't the agricultural
and fertilizer industries developed the humates commercially?" The anaswer %o Dr.
Burdick's question is that (&) mineral fertilizer prices have been kept unreasonably
low for many years by U.S. Government regulation of oil and ges prices; (b) the
chemical companies have had a vested interest in promoting mineral fertilizers, and
(c) farmers have concentrated on short-—term goals of added yield and have ignored
the fact that they are depleting their scils and poisoning them with chemicals which
have long-term disastrous consequences.

Now that the prices of oil and gaus have escalated so much, prices of mineral
fertilizers have gone up tremendously, thus making organic fertilizers much more
attractive, price-wise, and much better for long-term soil health., Dr. Burdick's
predictions as to the wvalue of humates may now be realized.

Seoil Life is & marine organic fertilizer that is nature's own organic ferti-
lizer, millions of tons of which were deposited from marine life 50 million years
age in the Big Bend Couniry of Texas. Not only is the fertilizer high in organic
content, but it contains the trace elements which are net a part of the mineral
fertilizers that have been customarily used in agriculture.

ORCANIC MATIER

Organic matter ie derived from the waste materials of living organiems and
from the decomposition of dead bodies of plants and animals. The greater part of
the organic materials of soils originates from plante, and is primarily from dead
roots. Organic matter consiets of dead leaves, roots, stems, fruits or other plants,
bodies of worms, insects and animals, bacteria, fungi and protoszoa, and the various
chemical products of dead and living micre—organisms.

The chemical composition of organic compounds consists of cellulose, lignins,
proteins, and fats., These compounds are decomposed by various epecies of fungi,
bacteria, and other orgenisms, and are reduced to simple inorgesnic compounds in the
soil such as ammonia, phosphates, water, carbon dioxide, etc., The remaining, partially
decomposed, usually dark-coloured materials of the soil are known as humus and soil
proteins.

Part of the humus further oxidizes and forms humic acid. These humus compounds
are highly important to the soil fertility, and their supply in the soil must be
maintained. Humus acte similarly to clay in that it is colloidal. Humue, when added
to clay, changes the physical structure of the clay and makes it asct similarly 4o
crganic matter. The clay ewelle, becomes darker, more porous and pliable, enabling
the soil to retain more water, improves drainage, and increases the amount of air
in the soil. The same thing is true when humus is added 4o sand - the sand reacts
ag if it ie clay.

A good soil should have between 3% and 5% organic matter. The build-up of
higher levele of organic matier is not necessary for economic production. Therefore,
the quality of soil organic matter is more important than excessive quantities.

Organic matter is a major etorehouse of plant nutriente in seil and provides
the natural home for the millions of microbial creatures which are neceseary to plant
life.

While organic matter is being broken down by micro—organiams, the digestive
action produces humic acids which make mineral nutrients soluble. Without it, the
rate at which minerals will be made available to the plant's roote will be seriously
reduced.,
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Organic matter serves as a spongey mass to retain water and increases water
infiltration. When it rains, soils with humus socak up the water. According to the
USDA, humus is so porous, it can hold at least its own volume in water. A four-inch
rain on humus-=rich soil causea little or no runoff, whereas half an inch on humus-—
poor land will cause erosion and some floocding in lower areas.

Organic matter improves the physical condition of the soil by increasing its
permeability and permitting greater aeration, Organic matter also helps to stabilize
soil temperature and prevents rapid changes in soil acidity or alkalinity.

TYFES (F FERLVILIZER

True fertilization is the addition to the soil of that which is conductive
to inoreasing soil life. Fertilizers are generally recognized in two groups: orgenic
and inerganic., The organics are made up of organic matter and microbes. Incrganic
fertilizers are basically comprised of minerals and are available in two major types.
One type is made up simply of ground up minerals such as rock phoephate, rock potae-
sium, limestone, and rock salt as they are found in their natural state. This type
of fertilizer is not generally dissolved by water, but is gradually changed into
plant food by the action of microbes, earth worms, and organic acids that are formed
by the decomposition of organic matter. The other type of inorganic fertilizers con-
giste of mineral fertilizers sometimes called chemical fertilizers. These are
goluble in water and can cause corrosive action. Manufactured mineral fertilizers
commonly advertise their quick results without warning you that when used without
organic fertiliser, the soil medium may become rapidly depleted.

In nature there is no need for artificial fertilizers. Flants and animals
live together and their litter accumulates on the surface to decompose and decay,
thus making a health-sustaining, humus-rich soil. The whole life cycle in the soil
becomee & self regulating system as long as it is undisturbed by ocutside forces.

When man enters the picture, however, it becomes another story. He ploughs
up virgin land to grow crops. The increased oxygen made available by ploughing stimu-
lates the bacteria into breaking down the organic matter more rapidly. Then man re—
moves his crope from the soil, further taking from ite reserves. He has thus mined
the soil of its humus., The humus must be returned to the soil in order to continue
producing efficient, productive crops.

How Mineral Fertilizers became Popular

Baron von Liebig ie considered to be the father of chemical fertilizers. He
began his experiments with plants in the 1840's. About the same time an Englishman,
Lawes, was experimenting along similar lines. It was found that when nitrogen,
phoaphorus, and potassium were added to depleted soil in the form of water—soluble
chemicals, production was increased like magic. Soon, farmers the world over were
adopting this method as a shortcut to soil fertility - or so at least they thought.

There is no question that humus=rich soil can provide what is needed to main-
tain and build seil fertility. It should be noted that the early advocates of mineral
fertilizers only intended that these fertilizers supplement the use of organic matter.
Mineral fertilizers add only & part of the mineral portion of the critically important
soil mixture essential to good health. They might be compared to vitamin pills;
neither are intended to replace natural foods. But because of economic pressurea,
large scale specialized farming developed. Industry, through intensive advertising,
urged the farmer to believe that artificial fertilizers were his panacea.

Under these conditions, the use of chemical fertilizer increased, and many
farmers forgot about organic matter.



Je2

33

What Mineral Fertilizers Can and Cannot Do

Mineral fertilizers are like shots in the arm to the soil., Like an addictive
drug, nitrogen fertilizer {u.ml synthetic pesticides) literally create increased
demand as they are used; the buyer becomes hooked on the product. They stimulate a
much greater plant growth, but upset the vitally needed balance of minerals, organic
matter and soil life. For example, under the impact of heavy use of inorganic
nitrogen fertiliszer, the nitrogen fixing bacteria originally living in the soil may
not survive, or if they do, they may mutate into non-fixing forms.

There is some evidence that heavy use of NPK inhibits the uptake of certain
trace elements. Superphoshates, for example, impede the uptake of zine, copper,
and iren. It is not known with any certainty why they should, but one theory which
might account for the phenomenon suggests that the soil may be seriously unbalanced.
In the soil sclution, nutrients exist in anionic and cationic form, as small molecules
carrying a positive or negative electrical charge. The outer membrane of the cells
of the root hair is also charged and so it attracts molecules bearing the opposite
charge. Each time one passes through the membrane, its own charge is reduced until
it becomes neutral, when it will take up no more nutrients. HNow if concentrated
doses of particular nutrients are applied in the region of the root hair, the number
of trace ions and catione ae a proportion of the whole will be reduced. In effect
they are being diluted, and since the mechanism by which they enter the plant is
only partially selective, and since there ie an upward limit to the total amount
that can be taken up at one time, the root is likely 4o receive fewer trace minerals.

The use of mineral fertilizers means a speeded up consumption of organic matter.
Recently, at Wright, Kansas, a very perceptive farmer tock a soil audit before his
firet application of anhydrous ammonia. He took a second audit before the second
application. In one season, 0.7% or 14 000 pounds of the organic matter content had
been burned away. The crop was excellent, to be sure, but the capital reserve of
the soil system was moving downhill rapidly. In a strict sense of accounting, this
farmer burned up more value in humus than the entire worth of his crop.

Further, manufactured fertilizers alone cannot supply what the soil needs to
produce abundant, healthy crops. Plants need much more than NFK. As previously

pointed out, they need many other secondary and trace elements — &ll in the proper
balance.

Results of Mineral Fertilization without Organic Matter

Dr. Barry Commoner is an eminent scientist who brought us forcefully to an
awareness of certain chemical "kickbacks". He noted that more than 75 years ago,
research stations such as the Missouri Agricultural Experiment Station began long-
term experiments to study the effecte of different agricultural practices on orop
yield and on the nature of the soil. When this 50 year Sanborn Field Study was
published, it showed that nitrogen was an effective means of maintaining good crop
¥ields, but the report also showed that the soil suffered important changes. The
orgenic matter content and the physical conditions of the soil on the chemically
treated plots declined rapidly. These altered conditions prevented sufficient water
from percclating into the soil, where it could be stored for drought periods.

Another major problem in farming land depleted of ite organic matter was the
inability of the eoil to hold scluble fertilizer nutrients long enough for the plant
to make maximum use of these expensive materials. Most of the nitrogen not used by
the crop was removed from the soil by leaching.

As crops are grown in soil with the aid of increasing quantities of chemical
fertilizers, the crops become deficient in proteins, vitamins, and minerals. Accord-
ing to Kansas surveys by the USDA between 1940 and 1951, while total annual State
wheat yields inoreased during this period, protein content dropped from a high of
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nearly 19% in 1940 to a high of 14% by 1951. By 1949, the protein content of wheat
had dropped to an average of 10.5% in the U.S. Midwest.

Pollution

This Sanborn Field study also focused attention on pollution caused by excess
nitrates, the chemical salt of nitrogen. In humis—depleted soil, fertilizer nitrate
tends to break out of the natural containment system. Some T million tons of nitrogen
fertilizer are used annually in the U.S. alone. Roughly half of this fertilizer
leavee the so0il in some way. Much of what is leached out draine into water supplies.

In heavily farmed areas, the nitrate level of surface waters and wells often
exceeds the public health standard for acceptable potable water, resulting in a risk
to human health from nitrate poisoning. Also, when large amounts of nitrogen and
phosphorus drain into surface water, they create an algal build up that can and does
destroy entire bodies of water. The oxygen in the water is depleted; fish and other
animal life forme begin to die.

Excessive nitrates is plants cause similar problems. It is important to re-
cognize in this discussion of nitrogen that recent experimenis have indicated that
the presence of excess nitrates in foods might be detrimental to the health of man
and farm animals, This is based upon the fact that nitrates may be reduced by
intestinal bacteria to nitrites; and this form, in large quantities, will be poisonous
to the blood stream. The investigntion has covered many leafy vegetables and plants,
including maize. Some vegetable produsts in the U.S5. often exceed the recommended
nitrate levels for infant feeding., Other effects mentioned are abortion in cattle,
hay poisoning, grass tetany, and reduction of heamoglobin content in the blood.
This suggests a new sspect of the importance of controlling nitrates in soils,

THE ALTERNALIVES

The above discussion points out that two avenues are open to the farmer:
continued heavy use of artificial chemicals or the natural organic method of ferti-
lization. We believe that the latter represents a safer ecological and more economic
approach, while preserving the land's fertility. Cur conclusions have been verified
by scientific test results and the experience of farmers growing diversified crops
around the world.

Ecological Considerations

Some of today's problems are:
i. pollution caused by the drain-off of toxic residues into water systems;

ii. the presence of harmful chemicals in the organs of farm animals that
have eaten chemically fertilized grains and forage;

iii. ocontinued applicatione of mineral fertilizers without the addition of
organic matter will eventually leave a dead compacted soil vulnerable
to erosiong

iv. in the soil system, organic matter has been extracted from the cycle
at a rate that hes exceeded the natural rebuilding rate of humus.

The far-sighted farmer ies beginning to change his attitude toward the soil.
Inetead of only teking from it, he is giving to the soil by replacing and building
up its eupply of humus., As earth renews iteelf from top to bottom, and biological
activity takes place somewhat in layers, the renewal process must not be interrupted;
thus, natural humus must be added to the soil surface., The natural approach takes
time but represents the only solution to these problems.
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Economic Considerations

Even before the recent price jump of raw materials used in manufacturing
mineral fertilizers, many farmers could see that their dependence upon ever increasing
applications of NFK was leading beyond the point of diminishing returns., Because of
the world oil and gas situation, mineral fertilizers generally are in short supply
and what is available has been selling at a multiple of four to five times the price
of a few years ago. And given the shortage of hydrocarbons coupled with continuing
demand, there is little reason to expect reductions over the long term. Consequently,
farmers are now faced with negative returns where inoreased yield values cannot equal
the high cost of chemical inputs. Beyond this, higher prices are also being demanded
for farm fuels, lubricants, and pesticides.

Whereas increasing quantities of mineral fertilizers are required to maintain
yields, fortified humus with its high organic and mineral content brings yields up
within a reasonable period of time, and then ite application decreases. In other
words, the cost curves will cross, with chemical fertilizers still heading upwards
and humus continuing downward. Moreover, the price of a natural soil conditioner/
fertilizer is not subject to worldwide fluctuations of oil and gas prices. Due to
the vast extent of these natural organic and mineral deposits, they will remain
stable and predictable. Marine humue with "Hydrosorb" is the way today's farmer can
maximize his profit per acre.

HYDROSCREB

i. Hydrosorb ie a special blend of organic materiale which absorbs and retains
from 500 to 2 000 times its weight in water. The water is then held in place
until the plant takes the water into ite root system.

When in contact with water, Hydrosorb particles swell and absorb water until
they become saturated. Hydrosorb has the unique ability of holding water
while providing organic matter essential for efficient plant growth.

The absorption capacity of Hydrosorb varies according to water hardness,
ionic strength, and pH values. The water saturated particles can be broken
up into even smaller particles and still retain the water and have greater
dispersion ability. After the water is taken into the plant via the root

system, the particles dry and then are prepared to acocept new water to be
again held for the plant's benefit.

ii. Seil Life with Hydrosorb combines the required organic fertiliszer and the
ability to abeorb and retain extremely large quantities of water.

These combined attributes enhance all the soil medium and are ideally suited
for the sandy soils and extreme temperatures of the Near and Middle East. The
basic ingredients of Soil Life were formed under extreme pressure and temper—
atures, and therefore are not adversely affected by hot arid climates.

WATER FILTRATION TESY

The purpose of conducting a water filtration test was to determine the amount
of water savings that could be accomplished by adding Soil Life to sand.

The author recognizes that all sand does not have the same chemical analysis
or the same structure gonamana, compactness, weight density, eto.); however, most
sandy soils do have very similar water holding characteristios and hence a significant
water loss due to filtration. Water loes from evaporation is not dealt with in this

test (see FAO paper, "Evapotranspiration and Irrigation Requirements of Some Vegetable
Cropa in I{mit"g.
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Efficient use of available water is believed to be a significant agricultursl
problem in the Near and Middle East. A proposed solution to this problem is the
utilization of Soil Life With Hydrosorb as an organic fertilizer which has the ability
to eliminate water filtration.

Conditions

In order to accurately simulate the filtration loss for a particular soil,
the soil's chemical analysis, structure, granular size, weight density, temperature,
wind conditionse, evaporation rate, saturation value must be known. Since each country,
hectare, and even square metre is in fact different, one must make some basic assump-
tions of several of these conditions and properly analyse other conditions in order
to obtain results that are meaningful. The following are some of the assumptions
that were considered for the purpose of conducting the test:

. 8 Temperature range from 80-90° F or 27-32° C. The temperature was not allowed
to rise above this range in order to minimize evaporation and thus measure
the filtration rates unaffected by other conditions {i.a. evaporation, trans-
piration, etc.).

ii. Sand used in the experiment was washed, dried, and filtered through a 16 mesh
screen prior to mixing.

iii. A variety of water conditione were considered in the test due to the variation
of the saline ocontent of the water sources in each country. Well water and
distilled water were both utilized in the test. Laboratory grade sodium
chloride was then added to the water in varying quantities beginning with
1 000 ppm, 2 000 ppm and up to 10 000 ppm.

ive Sixz-inch elay pots were used to hold the sand while the water was applied
over a 4, 12 and 24 hour pericd simulating & 5 cm rain or a 500 ml water
irrigation in a 1 000 gram soil medium. The pots were painted with a clear
sealer to prevent water absorpiion from affecting the test resulis.

Resulte and Conclusions

The filtration readings were taken from five identical pots and then averaged
to establish a value that should be representative for a given Soil Life mixture
and water salinity factor. By the nature of sand and its variation in physical
structure, the water would seek "flow channels" as paths to flow through (paths of
least resistance and gravitational pull). Therefore, some data points were not in
the overall trend line statistically, and should not be considered as wvalid in
establishing a statistical forecasting equation. Further research will be conducted
to determine the least squares curve fit for each of the sand, Soil Life, and saline
water combination. However, the obtained trend lines will suffice for an estimate
of the Soil Life required to eliminate water filtration in sandy soil.

It is noted that as the amount of "Spil Life with Hydrosorb" increases, the
filtration decreases (Figs. 1 and 2). The amount of water saved with inoreased
application of "Soil Life with Hydrosorb" ies shown in Tables 1 and 2.

It was determined that "Soil Life with Hydrosorb" has the ability to hold all
the water in the soil medium that ie required for plant growth. Obviously, there
must be a proper design of an application rete consistent with soil conditions and
rainfall and/or irrigetion rates in order to preserve the water. At the same time,
the application rate must consider the particular crop to be planted and its water
intake rate, transpiration and evaporation rates, and the salinity in the scil and
water, Since all these factors are readily caloulable, a "Soil Life with Hydrosorb®
blend can be recommended for any particular application.
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Table 1 SAND, 30IL LIFE WILVH HYIECEOH'B%S?LPIL'I‘RAIIC'H LESL

(500 ml Hp0 APPLIED 10 MEDIUM)
Distilled Sand 90 % Sand 90 %
water + Spil Life 9,5% Soil Life 9.0%
HaCl in Hydrosorb 0.5% Hydrosorb 1.0%
ppm
Filtrate, Water Water Filtrate, Water Hater
ml held, saving ml held, saving
ml ! ml
1 000 o4 436 B7.2 5 495 99.0
2 000 o5 435 B7.0 23 477 95.4
3 000 70 430 B6.0 iz 468 93,6
4 000 g5 415 83.0 38 462 92.4
5 000 &4 416 8i.2 50 450 90.0
& 000 gz 418 B1.6 €5 435 B7.0
T 000 a7 4013 80.¢ T3 427 85.4
& ooo 95 405 81.0 65 4315 87.0
9 000 100 400 B0.0 B3 417 8i.4
10 000 104 196 79.2 90 410 8z.0
Table 2 SAND, SOIL LIFE WIWH HYDROSORB;00 FILYRAVION LESi
(500 ml Hz0 APPLIED xO SOIL MEDIUM)
Distilled Sand 90 % Sand 90 %
water + Soil Life 9.5% So0il Life 9.0%
Hall in Hydroserb 0.5% Hydrosorb 1.0%
ppm
Filtrate, Water Water Filtrate, Water Water
ml held Baving ml held, saving
ml ml
1 000 38 462 92.4 1.7 498.3 99.7
2 000 45 455 91.0 2.8 497.2 99.4
3 000 52 448 89.6 1.9 496,41 99,2
4 000 Bl ] 443.7 BB.7 det 495.4 99.1
5 000 L1.2 438.8 87.8 5.0 495.0 99.0
& 000 £4.0 4316,0 87.2 5.8 494.2 98,8
7 000 £541 434.9 86.9 6.3 493.7 98.7
8 000 T0.4 429.6 85.9 £.5 493.5 98.7
9 000 TEuS 423.5 84.7 Tt 492.4 98.5
10 000 2.6 417.4 83.5 8.t 491.4 98,2
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Paper 18 ORGANIC RECYCLING PRACTICES IN ASIA AND THE
FAO/URDP INTERCOUNTRY PROJECT RAS/75/004
by
F:Hs Hensa

Hegional Project Coordinator for Organic Recyocling
in Asia and the Pacific

INTRODUCTION

During the past twenty years the sesistance given to member countries by FAO
and UNDP in the field of moil fertility has besn largely on the use and effects of
mineral fertilizers. This was due partly to the fact that experiments using easily
handled inorganic compounds gave relatively quiok and positive results, but also in
order to keep abreast with the world tendency to increase crop yields by means of
mineral fertiliszers. It wam realized that optimum soil fertility could result only
from a balanced use of mineral and organic fertilizers together, but interest in
organic manures had waned, even in countries whers such fertilizers were traditional,
owing to the increased availability, convenience of use, and low cost of commercial
minaral fertilizers.

Howesver, these conditions did not sndure and, primarily due to the world
energy orieis, availability of mineral fertiliszers decreased and their coet increased.
In 1974 at the FAQO Committee on Agriculture, the Commission on Fertilizers, the FAOD
Council and the World Food Conference, better and increased use of organic materials
was urged in order to improve soil fertility and food production.

Among the follow-up activities of FAO was & regional workshop on the
agricultural use of organic materials in Asia and the Pacific which was held in
Bangkok in December 1576. This workshop was attended by thirteen countries from the
region and resulted in many specific proposals concerning the agricultural use of
rural wastes, blogas, peat soils, oity and industrial wastes and bioclogical nitrogen
fization. Oreat smphasis was laid upon the need to share and exchange knowledge and
axparisnce between countries.

Some of these recommendations have already been followsd up by FACQ and all
such activities, past, on-going and planned, have now culminmted in an intercountry
project "Improving Soil Fertility Through Organic Recyocling". The project will have
the overall purpose of coordinating all activities in the region related to the use
of organio materials to improve soil fertility. In addition, the project will
collect and disseminate information, and help with the transfer of technoligies by
means of consultants, seminars, workshops and study tours. It will aleo assist in

the training of individuale or groups by means of training courses, fellowships and
consultants.

A preparatory assistance phase of the proposed project was approved by UNDP
for a six momth period commenocing 1 February 1978. The preparatory sssistance was
primarily a fact-finding mission during which the Coordinator visited each potential
participeting country. In addition UNDF approved funds for a Study Tour in China
for about twenty participants from Aeim in order to study techniques of sszolla
propagation and use, and of small-scale biogms unit construction.



2.

2.1

FINDINGS

Research Programmes

Research programmes in organic recycling vary greatly in extent, subject and
efficiency from country to counmtry. In some countries, notably India and Vietnam,
there ie a considerable research programmes covering nearly all aspects of organic
recyoling, whersas in others = lao and Afghanistan for example — there im no relevant
research.

Interest in Aszolls and blue—green slgme had, in several ocuntries, been
stimulated by an FAQ training mission in late 1977 and investigations into ite
propagation have been commenced. Thus, generally speaking, research in thie subject
is not far adwvanced; the exception is at the International Rioce Ressarch Institute
in the Philippines where the recent findings on temperature tolerance of different
species are of great interest to all concerned, especially in Vietnam and China.
Three species of Asolla are under investigation, A. pinnata (the most commonly
oocurring species in Asis), A. filiculoides (from Californmia) which grows best at
temperatures below 25°C, and A. mexicans which can resist high temperatures. Ten
straing of these species are being examined for nitrogen fixation, temperature
effects and nutrient requirsments. An attempt is being made to establish a world
collection of Asolla.

One problem is that of the most suitable method of phosphorus application,
and trials are being done on this. BHesults to date indicate that from 5-7 kg P/ha
(1015 kg FED;EI in split application every 1=2 days is best; superphosphate is
being used. us the current advice is to add 2.5 kg P every two days, five times
in all. Eoconomioc factors show that 0.5 kg P represents a fixation of 2 kg F.
Experiments are also being mads to find the minimum P content permiseible in the
water for satisfactory growth of Asolla.

A second problem is that of transportation of Asclla to other distriots or
countries. This problem does not arise with blue—green algas for exmmple, which
can be dried; Asolla must be fresh, as drying kille it. Thus distribution of
promising strains is limited. Research is under way on the technology of spore
formation. If spores can be produced artificially, then not only can dormant
spores be transported but it would be possibls to experiment with hybridisation.
Neanwhile & successful method of transporting Asolla is to grow it in Agar jelly
in test tubes, where it will live for one week.

‘Repearch is alsc being done on algae at IRRI. The problem here is to know
if any of the fixed N becomes available to plants and if so, how much. It is
suspected that the good effects of blue-green algme may be dus to growth promoting
hormones rather than nitrogenm.

dlthough research on biogas is said to be mctive in many countries, only in
India is there a well-sstablished and planned programms involving sctual biogas
research stations. Work in other countries is largely confined to isolated
investigations into design or temperaturs or nature of inputs. MNogt designs are
variations of the floating metal gas holder type but imterest in the cheaper,
Chinese-type im increasing. The main problems to be overcome are how to ocontimue
use of biogas unite in cold weather and how to reduce cost. Some countries are
ressarching into problems already solved in other places and this emphasizes the
need for sharing information.



At the Indian Biogas Research Station at Ajitmal, many different forms of unit
are under investigation, including seven variations of the basic Chinese model. In
the laboratory, which is run entirely on biogss, the wvarious factors affecting gas
production and quality are being studied. (as analyses are made and also analyses
of the § P K balances involved. Many different organic wastes are being examined
and at present great expectations are held for using water hyacimth. Ratios of water
%0 solids, temperatures, organic additives and so on are all being studied. The
laboratory, which is simple, uses biogas directly when possible, i.e. for heating,
lighting, glassblowing etc. and eleciricity ie made from biogas-run generators.
Research into improved gees-using appliances is under way and sepecially its use for
running engines. A full scale workshop with drills and lathes is operated by biogas.

Laboratory results are tested in large units. Water hyacinth is proving a
£00d material to use, especially when mixed with cattle manure. A special method of
loading the unit is needed and this has been designed; for best remults roots must
be eliminated.

To be able to use plants in colder weather, temperature control experiments
are made. Ome successful model hae a steam-lagged outer chamber and a very
succespsful technique is to instal solar-heaters mand circulate hot water round the unit.

The Chinese type of unit is preferred as it is simple, easily constructed,
cheap (about Bps. 1 500 as compared to Rps. 7 000 for metal tank models) and more
easily run and maintained. The floating tank type needs emptying and re-paimting
every year (Rps. 500) and very soon corrodes. It is thought that by 1979, it will
be possible to recommend a apecific wvariation of the Chiness form.

In Korea, a joimt research project ie being conducted by the Korean Institute
of Agricultural Engineering and the United Kingdom Government. In an experiment on
the oold weather rumming of biogas units, PVC bags are used as digestion chambers
and gas holders. The bags are supported in stone-lagged trenches and have double
Plastic covers like small greenhocuses.

Fearly every coumiry experiences diffioulty in preparing good quality compost,
tut research on thie is limited to & few centres (e.g. Indian Agricultural Research
Institute; Institute of Agricultural Sciences Korea). A subject of common interest
is the use of bacterial concentrate to hasten composting proceseges. Other relevant
repearch is limited to epecific investigations in individual research stations. For
example at MARDI in Malaysia, and at ICRISAT in India, research is partiocularly
active on leguminous nitrogen fixation and cover crops, in Pakistan interest is high
in the green manuring of saline—alimli scile and in Korea, the Suweon Institute of
Agricultural Sciences has a well—sstablished programme of ressarch conocerming the
effects of organic recycling on the physical propertiess of moils.

Research on improved methods of composting ie going on at the Indian
Agricultural Research Institute. Some very basic research is on decomposmition of
organic materials in solls and in composts, including mutrient supply and micro-
organisms.

The use of fungi and bacteria to hasten the composting process of farm westes
is being examined, because if 3-4 crops are grown per ysar, little time is available
to decompose plant residuss. A special etudy is being made of cellulose—dscomposing
organiems, and studies on composting of city waste are being planned.

Another subject is enrichment of compost by adding asotobacter and phosphorus—
solublilising organisms together with rock phosphate. Other studies includs the
effect of organic materials on plant growth, the detoxication of pesticides and
herbicides, and also the oombined effect of organic/mineral fertilisers on nematodes.
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Field Practices

Although nearly every country in Asia practises some form of organic recycling,
many have no knowledge of what can be done in related fields. For example, in
Malaysia, although green manuring is well advanced, composting of the congiderable
quantities of rural and urban wastes ie neglected and biogas is unknown. Similarly,
although many countries practise green manuring in connection with rice production,
they are completely unaware of the value (or even the srxistence) of aszolla.

Few countries make, or attempt to make, agricultural use of human waste,
although in some cases this is dus to public unacceptance of the practice, rather
than lack of technology. In some countries (e.g. Afghanistan) use of night soil is
either inefficient or unhygienic. In most countries howsver sswage is disposed into
waterways and the sea. City garbage is sometimes composted El-g+ Thailand) and
sometimes used directly without any treatment (Indonesia) but in most countries it is
dumped as land-fill.

Animal wastes are recognized as being valuable manure, but the efficisncy of
their use is variable. In India, even though the tendency is toward use of cow
dung for biogas and manure production, the larger part of the material produced in
the couniry is etill burnt as fuel. Where pig dung is available, it is efficiently
used ap fertilizer for moils and fish ponds although, in places such as Singapore
and Hong Kong, scarcity of agricultural land necessitates wasting the dung by
dumping it as land-fill or intoc the sea; sverywhere chicken dung is valued as
fertilizer and used on vegetable plots.

Biogas plants suitable for emall farming communities are restricted to a few
countries such as China, India, Korea and the Philippines. Each country has its own
model, or models, of unit although all, with the exception of China, are variations
of the metal gas-holder type. Thus the common complaint and restraint is that of
high cost: the average cost ie about $500 and the unit needs expensive maintenance.
Even 8o, several hundred units are in successful operation, the initial cost being
subsidized by governments. As the average cost of the Chinese design is about $25,
considerable experimentation with this type of unit is expeoted.

The systematic use of azolla ims confined to China and Vietnam at present, but
now that its value is more widely recognized, its use is expected to spread to every
participating country providing climatic conditions are suitable.

Many countries have their own particular exammple of organic recycling practices.
Thus in the Philippinee, the Maya Farm is rapidly becoming a show piece; India has
several systems of integrated farming based upon biogas production and in Malayseia,
farmers are transforming unsightly and infertile tin "tailings" into highly
productive farms, almost entirely by use of organic manures.

CONCLUSION

Urganic recycling is fully recognised in Asia as an important, and even
eggential, practice for improving soil fertility and it is firmly established that
for optimum land use, a properly balanced use of organic and mineral fertilizers is
necessary.

However, knowledge and experience in this subject are confined to a few places
and the intercountry project will providea a coordinating body for dissemination and
sharing of this lmowledge and exparience.

The project will alsc provide for the training of individuals or groups in
the varicus aspects of organic recycling as found necessary by means of training
courses, fellowships and consultants,



Another important fumction will be to aesist in transfering technology by
means of comsultants, seminars, workshope and study tours. Assistance could alsc be
given to ongoing country programmes by provieion of limited gquantities of specialized
equipment and supplies.

The Study Tour in China on Azolls and biogas was very successful and
participants gained much valuable knowledge which they are anxious to use for the
benefit of their countries. In many casee assistance in the form of materials or,
more especially, practical technology, will be necessary if their new-found kmowledge
is to be translated into practical activities. During the study tour, it was
ascertained that the Chinese Goverrment would be willing to send technicians under
the auspices of the project to help in the construction of biogas units. In view of
the much lower costs of the Chinese design, this offer will be taken up — at least in
a few sxperimental countries.
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BIOFERTILIZERS - REQUIREMENTS AND APPLICATION

by

M.N. Alaa El-Din
Senior Researcher in Soil Microbiology
S0il and Water HResearch Institute
Agriculture Research Centre, Giza, Egypt

INTRODUCTIOR

"Biofertilizers" dencte preparations containing living micro-organisms euch
as bacteria (Rhigobia, Asotobacter, Spirillum and phosphate dissolvers), fungi
(mycorrhiza) and blue-green algae tm--living or in symbiosis with Aszolla), which
can improve the moil fertility by changing unavailable sources of nitrogen
(atmospheric ¥p) and phosphorus imto available forme for growing crops.
Biofertilisers are considered as a cheap way to recycle elements, to conserve
natural resources and toact as protection ageinst inoreasing pollution due to the
extensive use of mineral fertilisers. Extensive use of mineral nitrogen fertilizers,
e.g. ammonia, nitrate and urea, usually leads to an accumulation of nitrate which
is either lost by washing out to the groundwater, causing nitrate toxicity to man
and animals, or by dinitrification under anaerobic conditions to nitrogen gas (N5),
nitrous oxide (Fp0), nitric oxide (FO) and nitrogen dioxide (NOp). The nitrogen
dioxide (NO,) converts the ogone (03) to oxygen (02), thus causing a decrease in the
ogone concentration. Possible envirormental haszardsfor plants, animals and climate
are reported by the Council for Agricultural Sceinces and Technology (1976).

In developing countries, nitrogencus and phosphatic fertilizers are not only
in short supply but also expensive. Pierrcu (1976) caloulated the P-consumption for
one~=third of the world population to be 10 times more than that consumed by the
remainder.

The exploration of the possibilities of using inexpensive and easily available
biofertilizers should, therefore, be one of the immediate tasks to meet the
increasing needs for plant nutrients and for a less polluted globe.

One of the good possibilities im the effective use of biological nitrogen
fixation. Nitrogen fixation in agriculture is estimated by Burns and Hardy (1975)
to be 35, 9 and 45 million tons nitrogen/year for cultivated legumes, non-le 8
and grasslands, respectively. An sdditional 50 and 10 million tone nitrogen/year
are reported for forests and unused land, respectively. The total biclogical
nitrogen fixation (149 million tumf,}rmS represents about 63% of the total nitrogen
(237 million tons/year) reaching the soil through biological and nombiological
nitrogen fixation processes, e.g. lightning, combustion and fertilizer production.

Some of the well known biclogical systems capable of fixing atmospheric
nitrogen, their uwtilisation as biofertilizers and the feasibility of their
application are listed in Table {1 which shows that the biofertilizer preparations
with potential benefits are:

i. Freparations containing Hhizobium sp. to be applied to legumes, "legume
inooulante";
ii. Agolla plants to be used as green manure for rice as well as for other crops,

such as wheat and maize, or composted and used as faertilizer. It can also
be used as animal feed after drying;
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iii. water lentils, "Lemna gibba", to be applied to paddy, or to be used as feed;

iv. preparations containing nitrogen-fixing blue—green algae to be applied to
paddy, "algal incoulanta™;

Ve preparations containing free-living nitrogen-fixing bacteria e.g. Aszotobacter
and Spirillum.

LEFIME INOCULATION

There is no doubt about the beneficial effect of applying legume incoulants
containing effective rhizobial strains to the legume meeds before sowing. Successful
nodulation increases the legume yield without nitrogen fertilization. Moreover, the
residual effect on the following crop presents an additional comtribution to the
nitrogen rescurces in the ecosystem.

In thie connection, it is worth throwing light on the very efficient Sesbania-
Rhizobia asscciation. Sesbania plante are able to grow under extremely wvaried
agroclimatio conditions, e.g. tropical, subiropical and semi-arid, and are resistant
to drought, waterlogging and to soil acidity and alkalinity. The author found that
nodules formed naturally by Sesbania plants in China (Sesbania cannabina), Egypt
(5. sesban) and Afghanistan (Sesbania sp.) were highly efficient in F-fixatiom.
Flants of 4.5 m hight and 4-5 kg fresh weight could be reached within 75 to 115 daye
after sowing. Combined use of Sesbania as a source of shade, wind-break, gresn manure,
fodder and fuel could be achieved by ocultivating sesbania on borders or in rows.
About 15-22.5 tons/ha green material (green manure or fodder containing 82 kg of N,
11=-16 kg of PolOs and 23-34 kg of :20} could be obtained within & weeks. Keesping
sesbania growing for a longer time (up to 6 months), the stems would provide
26-39 tons/ha wood for fuel, 3.5 - 7.8 tons/ha dry pods and the young branches could
also be fed to farm animals. Values of 542 kg ll/{l._a’ytnr have been reported for the
nitrogen fixed by Sesbania cannabina (Nutman 1976).

AZOLLA

Azolla im & small water fern of the family Salvaniaceas and comtains in the
cavities of the dorsal lobes of ite leafleis a filamentous, heterocystous blue—green
algae called Ansbaena agzollas. Proliferation of Azolla in nature and in the
laboratory is an entirely vegetative reproduction. It contains 3~-4% dry matter,
4-5% nitrogen, 25-32% organic carbon and & crude protein comtent of 1.3% in the
green material (about 32.5 — 43.44 of the matter). Agolla can grow at a
temperature of 14 to 30°C (18 = 220C optimum) in 5 — 10 cm standing water and 85-91%
relative humidity. It grows well in soils of pH 5-8 but faile to grow in acidic
soils (pH 3+5). Due to its narrow C:F ratio (10:1), Azolla decompomes rapidly in
the soil releasing 56% and B0% of ite F as ammonia at 3 and 6 weeks respectively
(Singh 1978). Asolla has long been grown in lowland rice fielde in China. About
1+3 million heotares have recemtly been reported cultivated with Azolla in China
{Chung-Chu 1978). The use of Azclla as green manure and feed for domestic animals,
and composting of Asmolla were recorded in 540 BC in China (Chung-Chu 1978). Asollas
has also been cultivated in Vietnam and became an important practice in agriculture
(Dao and Thuyet 1978). The rice area grown with Aszolla in Vietnam has been
increaged from 5 000 ha in 1950 to more than 400 000 ha. India started in 1977,
after experimentation, to cultivete Azolla (Singh 1978). In September 1978, the
author carried ocut a feasibility astudy on Agolla propagetion in Afghanistan and
reported difficulties due to the very low relative humidity of air during the rice
cultivation period.



Table 1 BIOLOQICAL SYSTEMS FOR FITROGEN FIXATION, EFFICIENCY OF
BIOFERTILIZER PREPARATIONS AND FEASIBILITY OF APPLICATION

Biofertilizer Feapi-
L - Fian kg ¥ fh.dﬁ' preparation bility

A) Symbictic nitrogen fixation systems

1) Bacteria Forage legumes 34-897/year Legume -
(Rhizobia) Fulses 41-552 /erop inoculants High
Legume trees 14-542 [year
Zygophyllaceae and Trema cannabina Not available -

2) Actinomycetes Non-leguminous angiosperme
Hippophae, Elaesgnue, Casuarina, Myrica,

Alnus etc. 12-350/year Not available Probably
3) Blue-green Fungi : Lichens - Not available -
algae Water plants : Azolla 425/100days The plants - High
Lemna gibba (loose association) 60/100days containing algse  Fair
Gymnosperms : Cycas, Zamia - Not available -
Angiosperms : Gunnera - Not available -

B) Bon-Symbiotic nitrogen systems

1) Heterotrophic bacteria: Aszotobacter Available Debatable
Spirillum 20-50/year Under Experi-
mantation
Othere e.g. Mycobacterium, Methylobacter
Bacillue, Clostridium, Desulfovibrie - Fot available -
2) Photosynthetic bacteria e.g.
Rhodomicrobium, Rhodoepirillum - Not available -
3) Chemoautotrophic bacteria e.g.
Thiobacillus - Available as -
phosphate
dissolvers

4) Blue—green algae e.g.
Fostoc, Anabaena, Tolypothrix, 5.2=77.6/crop Algae inoc. Fair

Scytonema, Aulosira for paddy




Azolla can be applied in several ways, i.e. green manure in general and in
combination with rice cultivation, for feeding farm animale, for preparing composte,
and for making biogas together with crop and animal residues. Frobable benefits
realiged from Azolla propagation are summarized in Tables 2 and 3. More details are
presented in FAO Soils Bulletin 40 (1978) and by Singh (1978), Chung-Chu (1978), Dao
and Thuyet (1978), Becking (1978), Peters et sl (1978) and Rains and Talley (1378).
In the summer, shading the fields reduces light intensity and water temperature which
improve the growth of Azolla, therefore a combination of Sesbania (2-3 m wide rows)
and Azolla cultivation could be a possible way to overcome the probleme raised in

gummer. This technique should aleo be tried in semi-arid climates.
le 2 NITROGEN FIXATION RATE BY DIFFERENT AZOLLA SFECIES
AFD THEIR EFFECT COF YIELD OF PADDY
Alas El- Chung= Dac and Singh Rainas and
Din et al Chu Thuyet Talley
(1978b)  (1978)  (1978)  (1978)  (1978)

Locality: China China Vietnam Indim Usa
Azolla strain Finnatae Finnata  FPinnata - Filiculoides
Seeding rate, ton/ha 7.5 - 2.5=15.0 1-4 0.5
Fertilisers:

P,05 kg/ha 24-36 - 5-10/5days 4-8 15

o m 20 - 10/10days 4-10 -

Others " (ash) - - 100 50 -
Growing peried, days 100 - 60 T=20 35
YTield

Green mat., tons/ha 157.5 - 30 27.1 50

rate, ton/ha/year 574.9 150415 182.5  333.4 521

Nitrogen fixed, kg/ha 428.4 - 25.0  20=40 52

rate, /year 1563.7 300 152.1 840 542
Fitrogenase activity

pmole CoHy/g d.wt/h 66.8 - - - -

mg N/g d.wt. fday 9.8 7.5 - - -
Increase of rice yield, kg/ha - H00=T50 - - -
Increase of rice yield, % - 9.9-42.7 - 9-54 25-300




Table

HENEFITS REALIZED FR(M VARIOUS APPLICATION METHODS
OF Asclla Pinnate IN CHINA

Green matter F-fixed
Application method s ,""hi kg fh;
a) In rice fields
Floughing under 22.5 61.2
Ploughing and burying once 45.0 122.4
Ploughing and burying twice 67.5 183.6
Ploughing and burying thrice 90.0 244.8
b) As B-fixation factor
10 times harvest
within 100 daye 157.5 428.4
The potential uses of Agolla are numerous and FAQC is helping developing
countries to make use of this symbiotic aystem. Efforts in the immediate future are
likely to concentrate on the following:
i. Hesearch programmes on:
8. Azolla agronomic potential in supplying nitrogen to agquatic environments;
b. spore propagation of Azolla to help popularization and handling;
c. salection of straine for high temperatures and low relative humidity to
be applied in irrigated paddy fields in semi-arid regions, e.g. Egypt and
Afghanistan;
d. improved utilization methode to increase the fertilising and feeding
values of Azolla.
ii. Wide ume of Azolla in developing countries
Mineral fertilizers are becoming tco axpensive for the developing countries.
Even in the developed countries, the use of Azolla will becoms ecomomic as a
B-source for rice-growing aream, e.g. North America, in the near future.
4. LEMEA OIBEA

Lemna gibba called "water lentil" or "duck weed" is a emall floating, fresh
water plant asscoiated with blue—green mlgee and other free-living nitrogen-fixing
bacteria. Proliferation is through vegetative reproduction. However, sexual
reproduction which is essential to the survival of the population during temporarily
adverse conditions aleo coccura. Water is a fundamental requirement for the
ogourrence of Lemma.




On the comtrary to Azolla, Lemna can grow at low relative humidity (30-50%)
and during swmmer monthe at high temperatures (30-40°C). It oceurs in shallow and
deep waters and on the surface of permanent ponds, canals and drains. Lemna prefers
an environment with & certain degree of shading. As shown in Table 4, the plant
contains 3-5.5% dry matter, 1.7-2.0% N and a protein conmtent of 10.6-12.5%. It grows
rapidly, can fix atmospheric N and is easy to harvest (Alaa El-Din et al 1978a).
Lemns is generally used for feeding ducks in Egypt. However, this plant could present
a good substitute for Azolla in semi-arid irrigated regions, e.g. in many of the Near
East countries with hot, dry summers. During preliminary experiments Lemna showed
similar growth rates to Azolla. Starting with 7.5 ton/ha inoculum of Lemna, 6.6 tons
fresh Lemna and 3.9-4.6 kg N/ha/week were achieved and after 7 months, the yield was
200 tons green material and 119-140 kg N/ha.

Lemra grow sxtremely well in drain and sewage waters. They can also be used
to strip dissolved ionic pollutants as rutriente (nitrates, phosphates and other
nutriente) and to remove these ions from waste waters. It is much better than green
and blue—green algae used now for this purpose.

Lemna could be used, like Azolla, for feeding farm animals, making compost,
green manuring and also for biogas production. Further investigations are, however,
needed on the benefits realized by ite application.

Table 4 MOISTURE CONTENT, 10TAL ¥ AND NITROGENASE ACTIVITY (CpoH2) OF

Lemna gibba COLLECTED FROM DIFFERENT LOCAYIONS (WATER WAYS) IN EGYPT

Mois— Total-N Ky-ase

Location ture activity
% % % 1/
1s Drainage of Defrah (near Tanta) 97.42 117 77.3
2 m“iﬂgﬂ of Qoutohr 96.93 1.T0 T2.7
1. Rice field at Qoutohr 97.10 1.76 T4.3
4. Maryotia irrigation canal (near 96.61 1.76 69.8

Pyramids of Giza)

5. Sewage water at Oisa (El-Koum Akhdar) 94. 44 1.97 23.8
1/ »pg ¥ fixed/g dry weight /h, mean of 4 replicates and 3 successive injections each.

5

BLUE-JREEN ALCAE

The poepularization of blue—green algas incculation aam a very cheap source of
nitrogen and organic matter provides one of the toole to increase paddy production
and soil fertility. The inocculation is necessary becausse not every scil harbours
useful nitrogen-fixing blue-green algme. In India only cne third of the tested
rice field soils were found to have theses algae. However, their relative abundance
showed a wide variation.
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Results of the research work conducted in Egypt, India, Japan and the
Philippines are summarized in Table 5. These data show the following:

i. in areas where commercial N fertilizers are not used algeal application can
give the benefits of applying 24-48 kg N/ha;

ii. the nitrogen fertilizer used could be reduced by about 307 when combined with
algal inoculation;

iii. even at high ¥ level applicationm, algal inoculation increasese the yield per
unit input besides its ecological benefits, e.g. synthesis of growth promoting
substances much as amino acide which help the growth of the rice plants
(Table 6).

Usually the successive inoculation with algae for 3}-4 consecutive seascne
pustaine a high crop yield at a reduced level of nitrogen fertilization in the
subsequent cropping season, providing there are no adverse ecclogical conditions,
e.g. froet during winter time or accumulation of high salt concentrations.

The algae applied to the field are usually species of filamentous,
heterocystous algae, e.g. Tolypothrix, Nostoc, Anabaena, Plectonema, Scytonema and
Aulosira.

The starter inoculum containing the sultable algal etraine is propagated in
shallow trays of galvanized iron sheets (180 x 90 x 25 em) or of brick and mortar
structure when permanent unite are desired. The size can be increased to produce
more algal biomass. Kursery plots of 57 m long, 1 m wide and 20 cm deep could alsc
be used. Covering with plastic sheets could help accumulation of solar energy and
protection from cold.

The inoculum is applied to rice fields 1-2 weeks after transplanting at a
rate of 10 kg of the soil based inoculum/ha (Egyptian and Indian methods) or 750 kg
green algal material/ha (Chinese method).

In both India and Egypt, the preparation of the starter is carried out by the
Agriculture FResearch Centers of the Ministry of Agriculture.

FREE-LIVING NITROGEN-FIXING BACTERIA

Nitrogen fixation by certain free-living bacteria, e.g. Azotobacter,
Clostridium and Spirillum is well known. Inoculation of soil with preparatione
containing Azotobacter chroococcum (Azotobacterin) wae attempted in Russia in the
early part of this century. Since then, research has been carried out in many parte
of the world including Egypt and India. In general, the benefits realized from
applying Azotobacter preparations are debatable and depend on the presence of high
content of organic matter in the soil.

The role of Spirillum bacteria in the nitrogen supply of tropical and
pubtropical grasses and crops has been recently put under investigation since
Dr. Johanna Débereiner, in Brazil, identified these bacteria. ©She and co-workers

reported nitrogen gains of 30 kg/ha through fixation.
PHOSPHATE DISSOLVING NICRO-ORGANISNS

Much of the soil phosphorus is poorly available to plant roots because it
occurs in insoluble mineral or organic forme or is strongly adsorbed on the clay
fraction. Aleo, mach of the soluble phosphate added as fertilizer becomes adsorbed.
Certain bacteria, called phosphobacteria such as Bacillus herium var. phosphat—
icum are used as moil inoculants in Russia and other countries. Tield increments in



Table

HWIvH DIFFERENT BLUE-GREEN ALGAE

FITROGEN FIXATION AND INCREASE OF YIELD OF PADDY INOCULATED

Domenge soil

Iype of Al 7 increase F=fixed
experi- gae over control aquivalent Remarks Heferences
mant phuten to kg tha
Grain Straw
Different - - 77.6-352. 4 - Mandol (1956)
Field Tolypothrix 15.0 = - Wall-drained Watanabe, et al
tenuia 25.0 - - Badly-drained As above (1951)
Pot Tolypothrix 4.2 19.3 - =P fertilization
tenuis T-0 56.6 - +F fertilization Tbrahim et al
16.1 67.0 - +N+P fertilization (1971)
Field Tolypothrix 15.3 - 48 - Abou—el-Fadl
tenuis et a1 (1970)
Field Tolypothrix 14.1 - = 24 After horse bean Abou—el-Fadl
29.7 - < 24 After wheat et al (1967)
Fisld 0.85-21.1 = §5+2=15.2 Venkataraman
(1972)
Field 15 - - Venkataraman
and Goyal (1968)
Laboratory 600 - - Allen (1956)
Field  Aulosira 114 - - Singh (1961)
fertilissima
Pot Aulosira 168 - - Singh (1961)
fertilissima
Field  Nostoc+ 22.2 14.1 - 200g dry algae/ha Subrahmanyan
Ansbaena+  12.6 37.6 - 200g slgae+1000kg et al (1965)
Tolypothrix lime+20kg P20s5 +
+ Soytonema 0.28 kg Mo/ha
Field 6.T=21.4 = 20-130 Exp. 1965=1975 Venkataraman
(1977)
Field Anabaena 24 - =
azotica
Field Anabaena 17 - - Ley st al
azotica (1953
var.alpina
Pot Anabaena 18 - -
variabilis
Field  Tolypothrix 10.2-17.9 6.2 - Watanabe (1962)
tenuis
Field 13.8 - - Relwani (1965)
Field  Hatural - - 30.8-46.4/ IRRI. Ann.
crop season Report (1575)
algal - - 18.5-33.3
pure msoil
flora - - 2.3-5.7 Santa




Table 6

EFFECT OF INOCULATION WITH DIFFERENT BLUE-GREEN
ALGAE ON SOME FROFPERTIES OF RICE PLANTS

Algae % m::::::lm H;;E:d References
Telylpothrix tenuis 112 Watanabe et al
(1951
Calothrix brevissima 12.9 ) length of -
Anabaenopsis sp. 5.5 leaves om &
Anabsena gylindrica  1052.7 plant weight - Allen (1958)
Anabaena cylindrica 2000 N content in the plant -
Single culture 9.2=20.1 ¥ content in -
the plant
Mixture culture 24.8-64.9 ¥ content in - Khadr (1975)
the plant
Single + N 52.6=126.0 N content in -
the plant
Mixed + N 37.7-131.8 F content in -
the plant
the order of 5 to 18% have been reported by different investigators, The increased

availability of phosphates was reported to be due to decreasing seil pH.

Thise

effect could aleso be reached by sulpbur bacteria and other organisms decomposing

organic materials. Thiobaocillus thicoxidans, a sulphur bacterium, is used in
Australia to inoculate & mixture of rock phosphate and sulphur. The product is
called "Biosuper”, The bacteria oxidize the sulphur to salphuric acid which
dissolves the phosphate and enhances phosphorus mutrition of plants,

Among s0il micro-organisms that affect the uptake of P by plant roots, the
mycorrhizal fungi seem to have the largest and most direct effectr Flants benefit
most from mycorrhisa when phosphate is growth limiting, In some soils that are
very deficient in phosphate, the plants may not be able to survive without mycorrhiza,
Utilization of this benaficial fungal activity is still at research level, Hesults
of experiments at Rothamsted Experimental Statiom in the United Kingdom revealed
that growth of maize was improved ninefold and the utilization of added reck phos-
phate was increased tenfold through inoculation with the mycorrhisal fungus Stylo-
santhes guyanensis. According to Dr. M. Daft of Dundee, Scotland (personal contact),
the yield of groundmuts was increased by 100% when imoculated with Rhizobia and
mycorrhiza, while only 100% increase was reached through Rhirobia inoculation only,

More research ueing field experiments is needed on mycorrhizal inoculation
to realige its full benefite.



HEFEHE] =3

Abou-el-Fadl, M, Eid, M.T., Hamissa, M.R., El-Nawawy, A.S. and Shoukry, A.
1967 The effect of nitrogen fixing blue-green algae Tolypothrix tenuis on the
yield of Paddy in U.A.R. J. Microbiol. U.A.R. 2: 241-249.

Abou-el-Fadl, M., Hamissa, M.H., El Fawawy, A.5. and Abd-el-Aziz, M.5.

1970 Evaluation of the blue-green algas Tolypothrix tenuis. The First Conf. of
Rice, Cairo, Egypt.

Alaa El-Din, M.N., Hassan, M.E. and Hashim, F. Nitirogenase activity under some water plants
1978a in Egypt. 1 — Lemna gibba and Eichhornia crassipes. {In press).

Alaa El-Din, M.N., Fawaz, Kreaman, Abdel-Chaffar, A.S. and Abdel-Wahab, S.
1978b Fitrogenase activity of Asclla pinnata. MAlex. J. Agric. Res. (In Press).

Allen, M.B. Fhotosynthetic nitrogen fixation by blue-green algae. Sci. Monthly 83:
1956 100=106.

Allen, M.B. Photosynthetic nitrogen fixation by blue-green algae. Trans. Intern. Conf.
1958 Use Solar Energy Sci. Bases, 4 Tuceon, Arizona Univ., Arizona Press: 27.

Becking, J.H. Enviromnmental requirememts of Azolla for use in tropical rice production.
1978 Symposium on Fitrogen and Rice, 18-21 September 1978, IRRI, Los Eanos,
Laguna, PFhilippines.

Burns, H.C. and Hardy, W.F. Nitrogen fixation in baoteria and higher plants. Springer-
1975 Verlag, New York, Heidelberg, Berlin,

Chung-Chu, Liu. The use of Asolla in rice production in China. Symposium on Nitrogen and
1978 Rice, 18-21 September 1978, IRRI, Los Banos, Laguna, Philippines.

Council for Agricultural Science and Technology. Report N2.53. Effect of increased
1976 nitrogen fixation on stratospheric oscne.

Daoc, The Tuan and Thuyet, Tran Quang. Use of Aszclla in rice production in Vietnam.
191‘& Symposium on Fitrogen and Rice, 18-21 September 1978. IRRI, Los Banos,
Laguna, Philippines.

De, P.K. and Mandal, L.E. Pixation of nitrogen by blue—green algae in rice soils.
1956 Soil Sci. 813 453-458.

FAO Soile Bulletin 40. China: recycling of organic wastes in agriculture. FAQ, Rome.
1978

Ibrahim, A.N, Kamel, M., and El-Sherbeny, M. Bffect of inoculation with alga Tolypothrix
1971 termis on the yield of rice and scil nitrogen balance. Agrok. Talajtan

200 3): 389-400,

IRRI. Annual Report for 1974. Soil and crop management. Los Banos, Laguna, Fhilippines.
1975 p. 158-159

Khadr, M.S. Studies on nitrogen fixing blue—green algae in Egyptian soils. FPh. D. Thesie,
1975 Fac. of Agric., Al-Aghar Univ. Cairo.



Ley, S5.H., Veh, T., Liu, F., Wang, L. and T'Sui, 5. The effect of nitrogen fixing blue—green
1959 algae on the yield of rice plant. Acta Hydrobiol. Sin. 4: 440-444.

Futman, P.S. (Ed.) Symbiotic Nitrogen Fixation in Plants. IBP, 7. Cambridge University
1976 Press. London.

Peters, O.A., Mayne, BE.C., Eay, B. and Tola, J.R. Physiology and biochemistry of the
1978 Azolla~Anabaena symbiosis. OSymposium on Nitrogen and Rice, 18=21 September
1978. IRRI, Los Banos, Laguna, Philippines,

Picgrnu, U. The global phosphorus oycle. Ecological Bulletins (Stockholm) 22: T75-B8.
197

Raina, D.W. and Talley, S.N. Uses of Agolla in North America. Sympowmium on Nitrogen and
1978 Rice, 15—21 September 197B. IRRI, Los Banos, Laguna, Philippines.

Relwani, L.L. FKesponse of paddy varieties to blue—green algae and methodes of propagation.
1965 Curr. Sei. 34: 188-189.

Singh, R.N. Role of blue-green algae in nitrogen economy of Indian agriculture. Indian
1961 Council of Agricultural Research, New Delhi.

Singh, P.K. Use of Azclla in rice productiom in India. Symposium on Nitrogen and Rice,
1978 18-21 September 1978. IRRI, Los Banoe, Laguna, Philippines.

Subrahmanyan, H., Relwani, L.L., and Manna, G.B. Proc, Natl. Acad, Sci. India,
1965 35{A): 3B2-3B86, ;

Venkataraman, (.S. and Goyal, S.K. Influence of blue—green algal inoculation on crop
1968 yields of rice plants. Soil Sci. 0l. Futr. 14: 249=251.

Venkastaraman, G.S. Algal biofertilizers and rice cultivation. Today and Tomorrow's
1972 Printers and Publishers, New Delhi.

Venkataraman, (.5« DBlue-green algae, a biofertilizer for rice. Divieion of Microbiology,
1977 Indian Agriculture Research Institute, New Delhi 110012.

Watanabe, A., Nishigaki, 5., and Komishi, C.

1951 - Bffect of nitrogen-fixing blue-green algae on the growth of rice plante.
Fature. 168: T48-T749.

Watanabe, A. Effect of F-fixing blue—green algae, Tolypothrix tenuis on the nitrogenous
1962 fertility of paddy scils and on the crop yield of rice plante. J. Can.
App. Miorobiol. B: 8%.




Faper 20 BIOGAS TECHNOLOGY WITH RESPECT [0 CHINESE EXFERIENCE

by

M.N. Alaa El=-Din
Senior Researcher in Soil Microbiology
Soil and Water Research Institute
Agriculture Research Centre, Giza, Egypt

INTRODUCTION

'he svolution of combustible gms (methane) from marshes has besn known to man
for ages. However, proper understanding of this phenomencn and ite application for
anasrobic digestion of animal droppings, crop residues and human habitation wastes
(night soil, sewage sludge) was first recognized and reported during the later part
of the 19th century and has become poseible only during the current century.

During the past 50 yeare, many cities in Europe and north America have built
anasrobic digesters to produce bicgas and have used it as a mource of fuel for
operating mewage treatment plants. Recently, the conversion of biogas to electricity
has covered 60-80% of a plant's energy demand.

It ia of intersst to note that small and housshold hiogas plants have been
developed in the developing countries and that scientiets in the industrialized
gountries have only become aware of the potential for such systems during the past
decade = largely as a conseguence of the so—called environmental crieis (Feacham
et al 1977).

The construction of small biogas plants by individual families was initiated
in India in 1951 (Subramanian 1977). In 1976 there were over 36 000 biogas units
operating in India and the government has a construction target of an additicnal
100 000 by 1978.

In Korea the biogas development programme started in 1969 and by October 1975,
29 450 biogas units were operating there (ESCAP 1975), while 7 500 small biogas
digesters existed in Taiwan and considerably emaller numbers in Pakistan, Nepal,
Bangladesh, the Philippines, Thailand, Indonesia and Japan (Bene et al 1978).

In China, remarkable progress has been achieved in the field of biogas,
although their firet attempts date from 1958 and the massive campaign to popularize
the technology only started in 1972.

Since then, the largest mmber of biogas plants has been recorded in China
where there were more than 2 800 000 family-size biogas unite in one province
(Szechuan) at the beginning of August 1976 (Smdl 1977).

The anmsrobic digestion of crop residues, animal droppings, night soil and
gewage sludge is a complicated miocrobial process involving two main stages, namely,
Stage I: breakdown of complex organic material, e.g. carbohydrates, proteins and
fats by a group of acid-forming bacteria existing symbiotically with the methane
forming bacteria (Smith et al 1976). The products are organic acid e.g. acetic
acid, lactic, propanoic and butyric acids; alcohols e.g. methanol, ethanol and
butancl; gases e.g. C0s, Ho, bp5S and other nonorganic materials.

acid forming
Complex organic = = = = = = = = =3 (0; + H + organic acids.
bacteria
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Stage II: the simple organic material and CO, that have been produced are
aither oxidiged or reduced to methane by methane producing or methanogenic micro—
organisms. Thie stage may be represented by the following overall reaction
(Leo Pyle, 1976)

(Celyp Os), #0 HyO = = = = = = = = 3nCHy + 3nCO, + heat

While individual reactions include:

i. Acid breakdown into methane
2 Cyly COOH + Hy0 = = = = = = = 5 Ciy + 3 €0y

ii. Oxidation of ethancl by COp to produce methans and acetic acid
2 CHy Cy OH + COp = = = = = = = = 2 CHy COOH + C

iii. Reduction with hydrogen of carbon dioxide to produce methane
COp + 4 Hy = == === =CH +2 Ho0

This reaction must occour simultanecusly and if the reaction becomes
unbalanced the digestion process fails. A conmiderable amount of research on biogas
has been conducted to improve the yield of gas and to increase the production rate.
The optimum conditions vary from one system to another but for all systems they fall
within certain limite of the following factors.

HYDROGEN ION CONCENTRATION (pH)

Turing the first stage of anaerobic digestion, organic wastes, acetic and
other volatile fatty acids, hydrogen and carbon dioxide are produced at high rates
because of the relatively fast growth of the micro-organisms involved in this stage
(generation time 3-4 hours), whereas methanogenic bacteria responsible for the
second stage may take ten days or more to double in number. The two stages must be
monitored to prevent the build-up of excese acids from the first stage which
inhibits the methanogenic bacteria. It is therefors essential to comtreol the pH
within the range of 7 = 8.5 by not overloading the system with fresh digesting
materiale, allowing the temperature to drop several degrees or by the addition of
sodium bicarbonate solution or slaked lime (Lipineky 1978).

TEMPERATURE

In China, the addition of lime solution or grass ashes is recommended for
maintaining the pH between 7 and B. Methane can be produced within a fairly wide
range of temperaturss. Thres types of fermentation are possible, namely:
thermophilic, mesophilic, and ordinary. For thermophilic fermentation 50=55°C should
be maintained, while 30-359C are suitable for mesophilic fermentation and the
ordinary one ocouras between 10-30°C (Leo Pyle 1976). Japan is the only oocuntry
which has adopted the thermophilic digeetion technique. They claim that it is
poeaible to increass the rate of loading of their digesters by & factor of 2.5 and
at the same time to reduce the retention time to 5-7 days (Bene et al 1978). The
thermophilic technique, howsver, is & much more sophisticated operation which
requires heat exchanges, insulation and much better supervision. Therefore Bene
et al (1978) beliewve that this technique is not suiteable for any but the very large
units. The mesophilic process im considered as the most promiming one. Genmerally,
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biogas production decreases rather drastically as temperature drops below the optimum
level; 50% for avery 11°C decresse in temperature below the optimm level has been
reported (Stout et 2l 1977). The relationship between gas production from the
digestion of rice straw, pig manure and grasses and temperature obeerved in China is
indicated below:

Temparature °C 20-131 24-26 16=20 12=15 telow 8
Gae production (om’/day) 0.55  0.21  0.10  0.07 negligible

The Chiness make ups of the fact that soil temperatures at 2-3 m deep are
almost constant and higher than those of the atmosphere. They construct their biogas
units completely underground. When the ambient temperature in Sichuan province falls
below zero, the temperature inside many biogas units remains above 109C, mo that
production of methans ie gtill maintained. Methane micro-organisma are very sensitive
to temperature changes. A sudden change exceeding 1°C will affect production;
therefore one must ensure relative stabiliiy of temperatures (Leo Pyle 1976).

CONCENTRATIONS OF SOLIDS

Concentrations of solids should not excesd 10% because of the difficulty in
stirring, and the pH and ammonia toxicity become mors oritical with insufficient
dilution. The minimum concentration may be as low as 0.1-0.5%, but at these lsvels
micro-organisms will be washed out of the digesters with the sludge. The optimum
concentration is therefore between 7-9% solid matter (FAQ, 1977).

In China, common combinations of raw materiale are reported to be: a mixture
of urine (20%) and human excreta (30%) and water (50%); or 10% human excreta, 30%
animal dung, 10% straw end grass and 50% water; or 20% human excreta, 30% pig manure
and urine and 504 water; or 10% each of human and animal waste, 30% marsh grass and
50% water. Crop wastes, green grass and other wvegetable materials are decomposed
for more than 10 days prior to their being put into the digester.

RATE OF LOADING WITH THE DIGESTING NMATERIAL

Increasing the rate of loading usually increases the gas generation but the
yield of gas per unit weight of organic material decreases. Shelat et al (1977)
showed that increasing the loading rate from 1.17 to 5.29 kg dry solids/m> of
digester volume/day increased the total volume of biogas from 0.22 to 0.47 m3/kg/day,
but reduced the volume of gas per unit weight of organic matter from 0.22 to
0.09 m3/kg/day. The optimal loading rate as kg of dry solids/m3 of digester
volume/day is reported to be 0.8 kg/m3/day (Bene et sl 1978). Whereas Miner and
Smith (1975) indicated loading rates from 1.5 to 5.9 kg volatile solids/m”/day as
generally satisfactory for continuous [low digesters.

LEVELS OF CARBON, FITROOEN, PHOSPHORUS AND OTHER FUIRIENTS

Ihe bacteria sarrying out both etages of methane generation require carbon,
nitrogen, phoaphorus and other elements in order to live, but they use up carbon
about 30-35 times faster than nitrogen and the last sbout 5 times faster than
phosphorus. Thersfors, when the ratio of C:HiP in the raw material is about
150151, the digsetion procesds at an optimum rate when other conditions are
favourable. Small amounts of potassium are aleo needed but the ratio is not critical
and there is usually sufficient potmssium in the feeding material. Hesavy slemente
which might be present in the digesting materizl (especially in sewage sludge) are



very toxic to micro-organisms but they are often eliminated by precipitation with
ByS normally formed in the digester. From the point of view of c,p’H ratio night moil,
pig manure sewage sludge and cattle dung are almost perfect substrates (Table 1).
However, if too much straw or agricultural residues are used, supplemental additiom
of nitrogen and/or phosphorus in the form leguminous plants and/or human and animal
wastes may be necessary.

Table 1 APFROXIMAUE VALUES OF C/N RALIOS OF COMMON MAYTERIALS

USED FOR BIOGAS PRODUCYIION (LEO PYLE 1976)

Material c% ¥ % c/¥ ratio
Iry wheat straw 46 0.53 8711
Dry rice straw 42 0.63 67¢1
Maize stalks 40 0.75 5311
Fallen leaves 41 1.0 41:1
Soybean atraw 41 1.30 32:1
Wild grass 14 0.54 2Tz21
roundnut straw 1 0.59 19:1
Fresh sheep manuras 16 0.55 29:1
Fresh cow o0x manure Te3 0.29 25:1
Fregh horse manurs 10.0 0.42 2411
Fresh pig manure T3 0.60 13:1
Fresh human manure 2.5 0.85 2.9:1
Te STIRRING

Stirring of the slurry inside the digester is desirable to stimulate bacterial
action resulting in maximal gas production. Continuous feeding of fresh waste into
the digester always induces some movement in the mass of material in it, helping to
expose fresh undigested material to the bacteria. When digesters are not stirred
the fermentation material eettles into three layers: the top is scum with a high
oontent of fresh material and very {few microbes in both number and variety; much
wolid is produced here. The middle layer is a clear fermented material containing
very little solids and also few microbes. The bottom layer is sediment and residue
rich in many kinds of microbes, but low in fresh material because it is under a
high hydrostatic preseure, the gas produced is dissolwved in the fermenting ligquid
and is not easily released. This makes it impossible t¢ achieve a high production
of gas. The sediments can be brought up from the bottom by stirring; the
concentration and the temperature in the pit correspondingly becauss they becoms
more even, the methane—producing microbes reproduce more quickly, and greater contmot
between the microbes and the fermentation materials hastens their fermenmtation.
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Stirring can also break up or prevent the formation of any ecum on the surface. In
the fermentation of all orgenic materiale, the bubbles produced often contain minute
particles which rise to the surface of the ligquid and after a long time a thick layer
of scum forme and prevente the biogas from rising up into the gas compartment and
aleo reduces its production. Stirring will break up and make the small bubbles
ocombine and escape more quickly from the liquid into the gas compartment. Chinese
axperimente revealed that in digesters fed with night scil, stirring increased gas
production by 80% in comparison with nonestirring.

In China, small-scale biogas units (household) are stirred by poking a large
prod or other tool into the digester through either the inlet or outlet compartment
and moving it around. Other methods are aleo used, e.g. extraction of effluent from
the outlet and then pouring back through the inlet, or by & mechanical device in
large digesters.

DESION OF BIOGAS PLANTS

The basic design of bio plants consiste of an anasrchbic digester and a gas
chamber tc colleot the uthmu%:r‘bm dioxide mixture. The performance, however,
depends upon many factors.

Figures 1-9 present selected designs for small-scale units {housshold and
pigeries) constructed in different countries (India, Korea, Thailand, Papua New

Quinea and China). In China, the 10 m> capacity design is taken as the standard for
household. The unique featurs of the Chinese biogas plants is that the gas holder
and the digester are combined in one unit. The gas holder is the brick dome shaped
cover of the digester itmself. In the comstruction of thess plants local materials
are used; pecple along rivers use mainly pebbles, thopge in mountain areas use stones
and those in the plains use bricks. A mixture of lime and earth in the proportion
5% and 95% respectively is umed in the construction. The walls of the biogas unit
are thinly plastered with cement. For the standard capacity plant, the requirements
for these materials are: bricke 3 000, lime 1 000 kg, and cement 100 kg. The cost
of construction ie reported to be us $25 excluding labour charges.

When gas is formed, it ascende towards the top of the dome and pushes the
effluent down. The displaced level of the effluent provides the necessary pressurs
for the releass of the gas from the plant. The pressure of the gae is kept constant
through an avtomatic adjustment of water pressure. The pressure squalization is
based on the principle that increased gas pressure pushes slurry up the feed inlet
and the outlet chamber cpenings, and the decrease in pressure is balanced by return
of slurry into the digester. The siges of the inlet and the ocutlet chambers are
stated to be important features and their design has undergone some changes over the
years. The digester is below ground level. The removal of sludge and maintenance
are carried out twice a year. One<third of the eludge is left in the digeater to
act as "seeding” material.

The advantages of the Chinese type of biogas plant compared to the Indian
sywtem are

i Lower construction coste since no mild steel im used. Stesl is ecarce and
expsnsive, particularly in developing countries.

ii. The plants can be easily constructed by production team members who know how
to work with bricks and cement.

iii. Since there are no moving parts, wear and tear and maintenance costs are
almost negligible.
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iv. Maintenance of proper temperature is easier because the whole structure
is underground.

The gas from biogas plants is quite similar to natural gas. It usually
contains 54-70% methane, 27-45% carbon dioxide, 1.0-10% hydrogen, some nitrogen and
traces of hydrogen sulphide (Fry 1973). The gas is a very convenient fuel with a
high overall efficiency as shown in Table 2.

Table 2 REIATIVE FUEL VALUE OF BIOGAS AKD OTHER MAJOR FUELS
(SHEIAT and KARIA 1977)

Fuels Fuel (heating) wvalue
Coal (town) gas 4 000 = 4 445 koal/m’
Biogae 4 800 - 6 225 #
Methane gas T 965 —= 9 500 W
Acetylene gas 13 335 - 14 225 -
Propane gas 19 460 - 23 115 "
Butane gas 25 T80 - 30 225 "
Animal dung 2 1271 - keal /kg
Soft coke 6 200 = 6 600 N
Coal 7 550 -
Charcoal 6 950 - T 750 iz
Fire wood 3885 - 4700
Keromene 10 800 - "
Furnace oil 10 800 - "
Ethanol T 120 "
Methanol 5 340 "
Electricity 860 koal /kiwh

Bene et al (1978) compared the conventional practice of burning dried animal
dung (cowdung cakes) on an open fire, which has & very low heat effeciency (5=11%),
with the 50% of energy available in the original cowdung if it is converted into
biogas. A conversion efficiency of 60% can be obtained if this biogas is burmt in
specifically designed cookers (Fesham et al 1977). The overall recovery was
oaloulated therefore to be 30% lower. Conversion efficiency (35%) by conventional
cookers reduces the overall recovery to 21%. This still presents about twice the



amount of heat available from burning cowdung in an open fire (Parsad et al 1974).

In addition to the doubling of energy gaine, organic manures are saved for improvement
of soil fertility.

The gaa produced from a 10 m> capacity plant is about 5 m3/day when properly
managed. This is sufficient to supply a five head Chinese family with encugh fuel
for cooking and lighting (using any gas lamp with a mantle).

Any internal combustion engine can be adapted to use biogas by connecting
the gas to the air intake and closing the diesel oil feed. Omne cubic metre of gas
is enough to run an internmal combustion engine (ome hp) for 2 hours, a three ton
truck for 28 km, to light a lamp (60-100 watts) for 6 hours and to generate one
kilowatt of electricity (Leoc Pyle 1976 and FAO 1977).

9. BIOGAS MANURE

The manure obtained from biogas plants consistes of two parts, namely, the
effluent which is considered as ligquid fertilizers, and the sludge, rich in
nutrients and organic matter. The sludge output from a 10 m3 Chinese plant is about
10 m3. The sludge is used directly for basal or top dressing, and also for making
humic acid fertilizers. When not directly applied, it is heaped, plastered and ke
till needed. The annual output of effluent from euch a biogas unit is about 14 m-.
Thie im either applied to the land with irrigstion water or stored in a tank for
application as a top dressing. The composition of sludge and effluent from Chinese
biogas units has been reported to be as follows (FAO 1977):

N F K Organic matter
PPm Ppm Ppm
Effluent 500 15 2000 -
Sludge 650 40 9400 35

Bicgas manure hae been reported to increase yields by 17%. Application of
affluent to wheat increased tillering rates and the number of spikelets over those
obtained from ammonium chloride (PAO 1977). It has increased crops of maise, rice,
cotton and wheat by 28, 10, 24.7 and 12.5% respectively, when compared to the
application of the unfermented excreta (Leo Pyle 1976).

. Biogas technology improves health conditions, especially in those areas where
the direct application of fresh night soil, pig manure and other residues in
sgrioulture is a common practice. Chinese experience in this fleld indicates that
the biogas plant has relatively little impact on the viability of the roundworm ovum
which is considered as the most resistant of all parasite egge. The viability rates
of ascaris (roundworm) eggs rangsd from 63-93% after 10 to 90 days, decreasing to
204 after 180 days. Paratyphoid bacteria purvived for 44 daye and Schistosomes were
observed to live up to 37 days. Tha disappearance of parasites and pathogenes has
been mttributed to both the physical separation by settling to the bottom of the
digesters and to their mortality under adverse conditions.

10. ADVANTAGES OF BIOOGAS TECHROLOOY
Bene et al (1978) summarized the advantages of biogas technology as follows:

i. Biogas ie & wvery convenient fuel with a high overall efficiency as shown
in Table 2.



ii. The use of biogas provides a much cleansr and healthier environment in the
home and reduces the incidence of eye diseases caused by the smoke from the
traditional burning of solid wastes.

iii. The fertilizer wvalue of the wasts, which is lost if the fuel is burned, is
retained with the possible exception of a loss of about 10% of the nitrogen

if the residusl sludge is dried. This results in a substantial saving in
foreign exchange.

ive. Anaerobic fermentation is superior to composting because it permits the
recovery of 50% of the fuel value. This results in saving forest land through
less dependence on firewood; it is estimated at 0.3 acre for each 100 ft3/day
(2.83 m3/day) biogas plant.

Ve The process can be operated with almost any type of organic waste with solid
comtents up to 105, and even on soluble materials. Using direct combustion
techniques, it is not generally practicable to recover heat from wet fuels if
the moisture comtent cannot be reduced below 60-T0 (Makhijani 1975).

vi. The equipment required for anaerobic digestion is relatively simple and can
ba made from readily available meterials as the process im operated at ambient
temperature and pressure.

wvii. A medium or high Btu gas may be obtained depending on the transportation and
end use requirements.

wviii. The procese has a favourable envirommental impact because it reduces smoke
and improves sanitation in the villages.
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Summary

Inoculated and non—inoculated seedlings of maize wers grown in fertile clay-loam
goils of Egypt and Belgium under subtropical conditions provided in a greenhouse. Acetylene
reducing activity and microbisl counts were determined during & period ranging from
6-12 weeks after sowing. Irrespective of moil origin, N-fixing spirilla and Azotobacter
were common under maize cultivation. Inoculation resulted in a transitional increase in
their numbers at early stages of growth. Nitrogenase activity was not detected in the
rhizosphere of plants. Maximum activities (81-1436 n moles CoHy g~ 'h~') ocourred
close to 50-T70% milking stage. Inoculation with No—fixing apirilla, particularly in Nile
Delta soil, doubled the amount of N-fixed at s late period of growth (12 weeks), while
inoculation with Azotobacter had no remarkable effect.

1 INTRODUCTION

Recent recognition of the associative growth of particular asymbiotic
Ho-fixing bacteria in the rhizosphere of certain Cg-plants, mainly in the tropics,
has received the attention of many investigatore all over the world (Feyra and
Dobereiner 1977). Spirillum lipoferum Beijerinck (recently replaced in the separate
genus Agospirillum) in particular was found responsible for nitrogenase activity in
roots of field grown tropical grain and forage grasses (von Bulow and Dobereiner
1975). The present study is one of a number of investigetions carried out on the
ogourrence of such bacteria in seils and the rhigosphere of various plante in Egypt,
characterization of local isolates, methods of enumeration, and their possible
gontribution to nitrogenase activity in roots of major crops (Hegazi and Valssak
1977a, b; Amer et al 1977; Amer 1978; Eid 1978; Hegazi et al 1978).

24 EXPERIMENTAL METHODS

Roots of germinated maize meedlings (open pollinated cultivar Shandwill) were
dipped in Ashby's N-deficient medium minus carbon source and in a liguid mixed
culture of Agzotobacter chroococcum and A.vinelandii or Spirillum lipoferum (ATCC 2945).
The seedlings were tranaferred to pots containing 1 kg fertile clay-loam soil from
Egypt (pH 7.9; total ¥ 0.13%) and from Belgium (pH 7.2; total ¥ 0.25%). The plants
were grown in the greenhouse with supplementary lighting and heating to give 14 h/day
ﬂ:h}light at minimum 10 000 lux and temperature at 268-30°C, night temperature at
289C).

241 Nitrogenase Activity

Witrogenase activity of roots, rhizosphere soil and soil away from the roois
as wall as from bare pots was studied using the acetylene reduction technigque during
a growth period of £~12 weeks. Checks for CyHy - independent CpH, production were
made and results were always negative after 48 h incubation.



2.2 Microbial Counta and Enrichments

After assay, roots of the comtrol and Azotobacter inoculated plants were
shaken in Ashby's liguid medium minues carbon socurce and puitable dilutiones were
plated on F-deficient medium for counting Azotobacter (Hegazi and Niemela 1976).
Waghed roote were dried, weighed and the soll suapension evaporated to dryness.
Fumbers of Azotobacter were related to dry weight of roots or moil. In addition,
root segmentes of plants of all treatments were surface-sterilized in ethanol for
2 minutes and washed twice in sterilized digtilled water, then transferred to 10-ml
semi-g0lid malate medium (Dobersiner et al 19756). These enrichment cultures were
examined for nitrogenase activity and for the presence of characteristic pellicle
and active motile celle of spirilla.

3. HESULTS AND DISCUSSION

3.1 Changes in Microbial Countas

Examination of non-inoculated pote, irrespective of soil origin, revealed that
Azotobacter and Ny-fixing spirilla commonly occurred under maigze cultivation, in
appreciable densities, in soil, rhizosphere and roots throughout the growing period
(Table 1).

Loweat counts of Asotobacter were found at the first period of analysis
(6 week old plants). They were particularly enriched in rhizosphere soil and roots
of 9 week old plants as their densities in the roots of such plants were 200-900 and
6=20 fold those reported at 6 and 12 weeks respectively. Similar development of No-
fixing spirilla was found. Enrichment cultures prepared for roots of 9 weak old
planta, in particular, exhibited rather high acetylene-reducing activity.

Table 1 COLONY COUNTS OF AZOTOBACTER UNDER MAIZE CULTIVATION
Stage of plant Egyptian soil Balgian soil
growth Inogulated Noneinoocul. Inoculated Non-inocul.

6 weeks

Soil 26.4 0.4 24.7 0.2

Hhizosphere 58.5 0.2 13.0 0.4

Hootm 262.2 1.0 602.6 1.9
waeka

Seil 10.3 8.3 9.7 5.9

Rhizosphere 19.7 46.8 33.0 15.7

Roots 348.6 842.2 109.1 371.2

12 weeks

Soil 1.2 0.1 1.9 0.1

Fhizosphere 133 1.2 28.4 T-1

Roote 52.5 41.1 65.3 60.5
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Inoculation was carried cut with heavy bacterial suspensions containing
109 cells/ml. Counta recovered from Azotobacter—inoculated seedlings were in the
range of 1-108 colonies/root. Such inoculation led to a rather pronounced increase
in counts reported for 6 week old plants. Such effect wes diminished with
prolongation of growth peried particularly for 5 weeks where the roots of the non-
inoculated plants harboured double the densities reported for those of inoculated
ones. The peraistence of bacterial inoculum was traced by following the development
of A. vinelandii which were absent in scil and roote of non—inoculated pota. Their
numbers constituted 18-39% of total Asotobacter ccourring in the rhizosphere and
roote of inoculated plants. Their appearance in free s0il was delayed to the 9th
week of growth where they represent 3-16% of total Asotobacter.

Fattern of Nitrogenase Activity

With both inoculated and non-inoculsted pots, the amount of acetylene reduced
by rhisosphere soil freed of roots as well as by free soil was relatively low and
irregular ;'I'nhlu 2 and 3). FRates obtained were in the range of 0.05 — 0.61 n moles

CoHy & 1™

High rates of acetylene reduction obtained for detached roots indicated that
nitrogenase activity is mainly associated with root systems and the very close
spurrounding, Washing of roots in distilled water remarkably eanhanced acetylene—
reduscing activity which was further increased by prolongation of incubation peried.

Roota of & week old ¥1m. exhibited rather low acetylene-reducing activity
(0.01 = 0.4 n moles C,Hy g~1b~") in both types of soil; inoculation slightly
inoreased such activify. Further growth of maize plants encouraged asymbiotic
Ho-fixation as appreciable rates of acetylene reduction were obtained for plante
during the flowering stage (50-75% silking), i.e. 9 and 12 week old plants. Kon-
inoculated plante yielded h gt activities at the age of 9 weeks. Egyptian soil
supported nll.ti-;uly higher (62 = 1440) activities than Belgian soil (43 - 240 n
moles CpHy g 'h='). At this stage, inoculation exerted no remarkable effect, in
general, except for washed roots of spirilla-incculated plants grown in Egyptian
soil. Later on, a decrease in acetylene-reducing activity was detacted for the
roote of 12 week old non~inoculated plants. During this particular stage of plant
growth, etimulated effects of inoculation with spirilla in Egyptian soil and to a
less extent with Agotobacter in Belgian scil was demonstrated.

Discussion

Fitrogenase activity reported for non-inoculated plante ias agpocciated with
the presence of appreciable densitiss of Asotobacter and with the consistent
imolation of Ny-fixing spirilla. Other organisms, e.g. Entercbacter cloacae,
Klebsiella and Bacillus are possibly imvolved (Reju et al 13972; Amer 1978).

Acetylene-reducing activity in roots results from a complementary interaction
between plant and bacteria, and many factors are involved, such as photosynthetic
efficiency, translocation, root anatomy and physiclogy, and bacterial characteristics
(von Bulow and Dobereiner 1975; Erowm 1976). Similar to the legume-bacterial
symbiosim, the growth stage of maize plants under investigation played an important
role in this respect. In agresment with the results of von Bulow and Dobereiner
(1975), maximal mcetylene-reducing sctivity was reported during the flowering stage
of maize plants. The rather low activity found around thes roote of 6 week o0ld plante,
including inoculated ones and which contained densities of Azotobacter comparable to
those reported at other stages of growth, might be attributed to inpufficienmt
photosynthates available for bacterial growth. In addition, such activity might be
inhibited by the amount of nitrogen available in soil, and only developed when plant
growth had removed thie nitrogen and conditions of nitrogen stress prevail (Day et al
1975; Brown 1976).



Table 2

ACETYLENE-REDUCING ACTIVITY ON ROOTS OF MAIZE

PLARTED IN ECYPTIAW SOIL i/

Fon—-inoculated Azotobacter— Spirilla-
Inm.:'hl,t-iﬂn inoculated inoculated
period (h) Non-Wash. Wash. Fon-Wash. Wagh. Non-Wash. Wash.
& weak old plante
24 0.05 0.02 0.3 3.2 0.8 0.5
48 0.04 0.02 0.3 3.3 0.8 3.2
9 week old plantm
24 £2.7 229.9 50.4 167.3 49.9 797-3
48 81.3 B26.6 98.4 320.6 82.9 2027.1
12 - 1436.6 - 146.6 - 2380.9
12 week old plants
24 6.1 28.4 27.7 210.9 109.9 2109.6
48 TaT 45.5 26.6 213.0 134.0 2191.5
T2 9.8 - 30.0 - 141.0 =
Table 3 ACETYLENE-HREDUCING ACTIVITY OF ROOTS OF MAIZE
PLANTED IN BELOIAN SOIL 1/
Fon—inoculated Azctobacter— Spirilla-
Incubation : . inoculated inoculated
“ri'ﬁ (h} Hﬂb“-.hl “.hi Hm:l—’ﬂ‘l.lh- M! Hﬂhﬂl.hl H“h-
6 week old plants
24 0.1 0.05 0.8 3.4 0.4 0.03
48 Os1 0.4 0.9 £.8 0.4 0.02
9 week old plants
24 43.3 62.7 11.9 48.3 8.2 106.9
48 145.3 61.7 20.0 80.4 53.2 166.7
72 - 238.9 alt = - 294.5
12 week old plants
24 33.3 53.0 67.8 353.4 38.5 93.5
48 34.3 53.0 50.9 366.5 37.3 123.1
T2 64.9 - 68.4 - 58.7 -

1/ Accumulated n moles CoHy g~1h~1
Values are mean of 3-8 plants.
= Not determined.




Valuea of nitrogenase activity in non-washed roots of 9-12 week old plante
described in this paper were much lower (max. 145 n n-:al?u CoHy 5'111'1} than those
reported for washed roots (max. 2380 n moles CpHy g~ 'h™'), particularly with
prolongation of incubation pericd. An explanation recently presented by Ckon et al
(1977) is that an anaerobic metabolism is established in the wet maize roots during
the extended pre—incubation period which probably produces organic acids (lactic
acid, etc.) that support vigorous growth of asymbiotic No-fixers, mainly spirilla.
Therefore, to avoid overestimation of No—fixation based on measurements of C,Hp
produced, values obtained at total 24 b incubation of non-washed roote are used for
further discussion. Converting C5Hs reduction into kg of Np fixed is subject to
criticism, and the amsay used witﬁ detached roots puts further limitations. Howewvar,
it 1s helpful in understanding the potential of Fo—fixation in maize as well as other
plants. GCenerally, an amount of 8.05 - 3.02 g Noha=1 day™? was calculated under the
subtropical conditions provided in the greenhouse and irrespective of moil erigin.
At a late phase of growth, incculation with epirilla doubled the amount of No fixed
when practised in the Nile Delta scil. This encourages further studies, including
15N> analysis, under natural conditions where higher estimates of fixation are
sxpected as the light intensity, as well as other pomsible factors, are important
for No-fixation in rhizosphere of plants (Dobereiner and Campelc 1971). Delayed
pu:it%vu effects of inoculation with members of asymbiotic NE-fixing bacteria were
reported in literature, e.g. Azotobacter paspali and Paspalum notatum (Brown 1976).
However, such effect was attributed to stimulatory factors, without No—~fixation

necessarily ococurring, produced in the rhizosphere of young plants and ite effect
manifested later.
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Paper 22 LEMME INOCULANTS, LEGUME INOCULATION AND
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Summary

Legume inoculants are widely practised in different parte of the world. Hesponse to
inooulation has been confirmed in may areas but failure has been occasional.

The amounts of nitrogen fixed by different legumes varies from one host to ancther.
Forage legumes fix more nitrogen than pulse legumes. Under Egyptian conditions, clover
fixes about 100 kg N/feddan/5 cuts (238 kg N/ha). Other legumes, e.g. termis, broad bean,
fenugreek, chick pea, lentils, groundnut and soybean fix between 17 to 58 kg K/faddan
(40-138 kg N/ha). The residual nitrogen in soil after legumes is higher than non-legumes.

1 LEGIME INOCULATION

Inoculation is defined ms the addition of effectiwve rhizobia to legume seeds
prior to planting for the purpose of promoting symbiotic nitrogen fixation. Varicus
historical aspects of the rise and familiarity of the practice in progressive
agriculture are described by different suthors (Fred et al 1532; Allen and Allen
1952; Strijdom and Deschodt 1576).

Little argument exists that inoculation is necessary in the majority of
agricultural soils throughout the world. Four conditions warrant the inoculation of
leguminous seed with rhizobial preparations: i) when a leguminous plant has not
been grown previocusly on the land, or is widely different from the one previously
cultivated; ii) if the leguminous crop that was grown previocusly on the land
lacked good nodulation; iii) in a rotation cycle accompanying, or following, a
non-leguminous plant, and lastly, iv) when the land has been abused by lack of care
or reclaimed from disastrous conditions (Allen and Allen 1952).

1.1 Legume Inoculants

Table 1 shows examples of legume inoculants applied in different parts of the
world. All inoculante have the same objective, i.s. to carry the rhizobia from the
laboratory where it is produced to the seeds when planted in soils. Carriers are
mainly peat, specially in countries where available, but others are now used such
as soil, earth, begasse, lignite, coal, composted date leaves, etc.

The efficiency of a commercially prepared inoculum depends om: 1) the use
of properly selected host specific rhizobial strains having high nitrogen—fixing
efficiency under field conditions including competition for nodules asites,
persistance and colonizing ability; ii) the availability within the inoculum of
excessively large numbers of rhigobia per seed; 1iii) freshness in culture
preparation; and iv) proper trsatment of the seed with the inoculum at the time
of planting.



Table 1 COMMOK LEGIME INOCULANTS

Country Inooculants

Argentina Radibak

Australia Fodule aid, Adlife

Bulgaria Hadiksoya, Nitrogin

Czechoslovakia Nitrogen

Egypt Okadin (Seil)

German Democratic Republic Peat oculture

India Jeevankhad, Bactogin, Calcutta and TDC

(Lignite), Rhizogen, Kampur (Peat),
Hissar (Soil compost)

Japan Agar cultures, soil-sand cultures
Netherlande Peat cultures, soil-alfalfa meal
Few Zealand Legulin, Inooulaid

Poland Soil-Peat Inoculant

Spain Leguminal, Nodosit, FNitrogen
Uruguay Peat culture

Usd Fodogen, Nitragin, Legume Aid, RP

Rasponee to Inooculation

The success of inocculation as measured by the reaponse of legume plants to
inooculated rhizobia is affeoted by many factors: i) those related to the host and
bacteria, e.g. cross-inoculation groups, host specificity, strain variation and
genetics of both; 1ii) thome related to the envirornment: pH, trace elements,
nitrogen in soil, temperature, moisture, pesticides, rotation; and iii) biotic
factors: rhizosphere organiems and bacteriophage. These factors may interfere in
symbiosis through (a) inhibition or enhancement of infection and establishment of
symbiogis, (b) reduction or stimulation of the efficiency of rhizobia in nitrogen
fixation.

The beneficial effects from inoculation are: (1) prevention of early
gtarvation for nitrogen, (2) the demand of leguminous crops upon soil nitrogen is
lessened, (3) crop yield, as measured in foliage or fruit im increased, (4) the
quality of the crop is improved, and (5) nitrogen rich, succulent readily
decomposable green manure is made available for soll improvement.




1+3 Examples of Response of Different Crop legumes to Incculatiom

i. Eﬂx'blln

Inogulation of soybeans with effective strains of Rhizobium japonicum may
increase yields and seed protein percentage when rhizobia are not already
present (Abel and Erdman 1964; Caldwell and Vest 1970).

Whether inoculation ie beneficial when geeds are planted in soils where
effectively nodulated plants have been produced previously is sometimes in
doubt. Ham et al (1976) reported that, in a series of studies, no significant
regponge to inoculation was obtained when socybean was incculated and planted
in soils containing neturaliged R. japonicum. Comparison of seed yields of
the non-nodulating isolines indicated that 20=40% of the seed yield of the
nodulating isoline was attributed to nodulation.

Un the other hand, response of soybean to inoculation has been significant in
other parts of the world, Subba Rao and Balasundaram (1971) showed a
significant increase in yield between 14.3 to 235.7% according to locatiom
(Table 2). Differences in response were atiributed to agroclimatic conditions
characteristic of each location. Hera (1976) obtained 16 to 78% gains through
inoculation of soybean in different soil types in Romania (Table 3). Similarly,
Sistache (1976) in Cuba, reported a significant reasponse to inoculation of
soybeans. Raicheva (1976) indicated that inoculation of soybeans increased
yield much more than the application of 80 kg/ha of mineral nitrogen in
Bulgeria. In Iraq, & significant response to incculation of soybean was
obtained (Ajam 1977).

In Egypt, the response of soybean varieties Hampton, Hill and Lee, cultivated
in pots with single and composite strains of R. japonicum showed a different
response, and some strains had a significant effect on yield (Hamdi et al
1968). Ashour et al (1969) studied the effect of inoculation and fertilizers
on the soybean variety Hampton cultivated in pots containing 40 kg of Nile
gilt and fertilized with & and 12 Efpﬂ't of calcium nitrate. Inoculation alone
or fertilization alone increased the dry weight and nitrogen content of
soybean plante. The addition of nitrogen in combination with inoculation
markedly increased several other yield components.

Table 2 YIELD OF SOYBEAN AS INFLUENCED BY R. japonicum (SB 16)
INOCULATION AT DIFFERENT LOCATIONS IN IRDIA IN 1970
(After Subba Rao and Balasundaram, 1971)

Orain yield (kg/ha) Diffarence
Location from control
Un—-inoculated Inoculated
Delhi 936 1583 69.1
Fantnagar 2307 2637 14.13
Jabalpur 1639 2920 T8.1
Kalyani 1997 2561 28.2
Junagadh 573 1924 235.7




Table 3 SOYEEAN YIELD (kg/ha) AFTER INOCULATING WITH DIFFERENT STRAINS OF R. japonicum
AND A BASAL DRESSING OF 64 kg N/ha + 64 kg Pp05/ha (after Hera, 1976)

Type of soil Location  Upoinocte B pobiim sEreing 3:?;::::2:
S0-69 80-T5 S0-T8 50-85 at 5%

Irrigated
Carbonated chernozem Eraila 1710 2110 2322 2344 2190 307
Chegtnut-colourad

chernozem Marculesti 1460 231 2011 2190 2077 395
Leached chernozem Caracal 2144 2522 2480 2566 2470 209
Forest reddish brown

soil Simnic 23155 2910 2770 2770 2706 241
Exogleic podzol Albota 2380 2560 2780 2322 2510 145
Mean 2011 2480 2480 2444 2390 141
Fon-irrigated
Forest brown Tg. Mures 1677 1940 1810 1810 1880 146
Podgol and brown Livada 2180 2511 2390 2333 2280 110

madium foreast
Mean 1913 2213 2110 2080 2080 83




2.

ii. Cicer arietinum

Subba Rao (1976) reported a significent response to inoculation of Ci
arietinum; increase in yield of up to 31% under rainfed conditions (Table 4).
In certain locations no significant response was observed.

dii. Lantilas

Subba Fao (1976) indicated that inoculation of Lens culinaris increased yield
at Ludhians and Jabalpur (70.9%) but not at Rajendranagar and yield was
significantly reduced at Hissar. Application of P05 with or without
inoculation significantly increased yield at Sehore and Sheikpura (Table 5).

Taha et al (1967) reported a eignificant response of lentils to inoculation
as the yield and total contents of nitrogen in the seeds increased (Table 6)
in Egypt.

iv. Eroad bean

As shown in Table 7, under Egyptian conditions, broad bean responded to
inoculation (Loutfi et al 1966; Taha et al 1967).

NITROGEN FIXED BY DIFFERERT LEMMES

Various reports deal with the amounts of nitrogen fixed by legumes and Nutman
(1976) has sumsarized them. In general, pulsee fix nitrogen less than forage legumes.
Howsver, this depends largely on the crop itself and the factors interfering with
growth of the crop.

Rizk (1968) studied the amounts of nitrogen fixed by legumes under Egyptian
conditions (Table 8). It is clear that clover, with its 4 cute, fixes about 100 kg
¥/feddan (238 kg N/ha) followed by termis (pulse crop), broad bean, ferugresk, chick
pea, lentils, groundmut and soybean.

EFFECT OF LEGUMES ON SOIL FERTILITY

Fussell (1961), presented the results of a two-year rotation of legume—cereal,
the cereal being sither rye or barley. Table 9 shows that the yleld of the following
cersal crop largely depended on the amount of nitrogen added by the legume to the
soil. The amount of nitrogen fixed varies from 70 to 450 1b (32 to 204.5 kg) of
nitrogen. Leguminous crops grown for seed (peas, field beans, soybeans and
groundnuts) tended to reduce the nitrogen content of the soil. Legumes grown for
their leaf (clover, sweet olover and lucerne) increased the nitrogen comtent of the
soil.

Rizk (1968) reported that nitrogen comtent of the soil varies with the crop
cultivated (Table 10). The incresse in nitrogen of the soil varies betwsen 33 and
257 kg N/ha with legumes and between 7 and 38 kg/ha when cultivated with non-legumes
(barley, sesame and chicorys

It is recommended that legumes should be inoculated with efficient rhisobia.
Nitrogen fixation in different habitate and its role in the nitrogen cycle must be
asseased.



Table 4 WIKTER 1971/72 FIELD EXFERIMENTS WITH Cicer arietinum
(after Subba Hao 1976)

Grain Difference
Place Treatment yield from
(kg/ha) control (%)
Uninoculated 1776 -
Hiasar Rhizobium 1911 T.6
25 kg N/ha 1655 -6.9
Uninoculated 1240 -
Badnapur Fhizobium 1303 561
25 kg N/ha 1330 T-2
Uninoculated 186 -
Akola Rhigzobium 191 2.7
25 kg N/ha 144 -22.6
Uninogulated 2081 -
Sehore Rhizobium 2025 -2.7
25 kg X 2113 1.5
Unincculated 1708
Rajendranager Rhizebium 1986 16.2
Experiment 1 25 kg N 1876 9.8
Uninooulated 1714
Rajendranager Rhizobium S, 1966 = 14.7
Experiment 2 Rhizobium Sy 2047 = 19.4
Hhigzobium Ay 1971 15.0
Mixture of 5y, S3, A4 1817 6.0
Uninoculated 1000 -
Rhizobium 1260 = 26.0
Nagpur 25 kg H?EI. 1243 = 24.3
Unincculated 1041 -
Sheikpura Rhigobium 1252 = 20.3
25 kg N 1054 1.3
25 kg + Rhizobium 1650 = 58.5
Uninoculated 150 -
Jabal pur Rhigobium 54 1732 = 15.5
Ehizobium § 1576 # 51
Rhizobium A4 1621 = 8.1
Mixture of 5y, Sy, A4 1670 = 1143
Uninoculated 955 -
Dahod Rhigobium 54 1146 = 20.0
Rhizobium 53 1257 311.6
Rhigobium Aq 1145 19.9
Uninoculated 2419 -
Raichur, Var. Chaffa Rhizobium S, 2957 22.7
Unincculated 1841 -
Rhizobium Aq 2108 = 8.6

# Significant difference from control at 5% lewel.




Table 5 WIKTER 19?1;"72 FIELD EXPERIMENTS WITH Lene culinaris
(Subba Rao 1976)
Grain Difference
Place Treatmant yield from
(kg/ha) control (%) ]I
Uninoculated 513 -
Hajendranager Ehigobium Ly 552 T.6
fhizobium Ly 587 14. 4
Rhigobium Ly 515 4.1
Mixture of Ly, Ly, Ly 528 3.0
Unincculated 354 -
Jabalpur Bhizobium L, 606 = T0.9
fhizobium Ly 568 = 60.4
Ehigobium Ly ; 552 « 55.7
Mixture of Ly, Ly, Iy 560 # 57.9
Uninoculated 1380 -
Ludhiana Rhigzobium Ly 1679 = 21.7
Uninoculated 1675 = -
Hissar Rhizobium 1256 # =-25.0
25 kg/n/ha 1578 -
S0 kg P20g/ha 2121 = 26.6
Uninoculated 808 -
Sehore Rhizobium 957 18.4
50 kg P20 /ha 843 4-3
50 kg Pznﬁ,!m +
Hhigobium 1137 = 43.7
50 kg P20:/ha +
25 kg N/ha 953 17.9
Uninoculated 1095 -
Sheikpura 50 kg P505/ha 1287 » 17.3
50 kg Pp0s/ha +
Hhizobium 1550 = 41.5
25 kg %/ha +
50 kg Pga5fhu. 1407 = 28.5
25 kg N/ha +
50 kg Pp0q/ha +
Rhigobium 1600 = 46.1
1

# Significant difference from control at 5% lewvel.



Table 6 EFFECT OF INOCULATION IN THE PRESENCE OF SUPERPHOSPHATE
TOTAL NITROQGEN CONTENT (F THE SEEDS (Tahs et al 1967)

Super— Mean, yield (kg/ha) Inorease Seeds, Total nitrogen, mg/g Increase in
phosphate in yield nitrogen
(kg/ha) Uninoculated Inoculated  (kg/ha) Uninoculated Inoculated (mg/g)

0 1376 1638 262 40.2 50.2 9.72

17 1638 1733 95 40.6 51.2 10.60

233 1615 1873 258 41.4 52.2 10.85

350 1638 1873 136 42.5 57.0 14.46

466 1756 1872 217 44.8 58.3 13.52
Table T EFFECT OF CALCIUM FITHATE AND INOCULATION IN THE PRESENCE

OF SUPERPHOSPHATE ON BROAD EEAN YIELD (Taba et al 1967)

Caloium nitrate Yield of geeds
kg/plot kg/ha
"t 26.0 3096
175 24.0 2856
233 23.4 2786
291 24.0 2856
Table 8 NITROGEN FIXED BY DIFFERENT LEGUMES UNDER

EGYPTIAN CONDITIONS (after Rizk 1968)

Hitrogen fixed

Crope ¥e/Teddan 1/ &/kg dry weight
Berseem Miskawy (4 cuts + seeds) 100 18
Termis 58 20
Broadbean 57 17
Femugreek 44 23
Chickpea 41 23
Lentile 35 22
Groundmut 33 16

Soybean 17 14




Table 9 AMOUNT OF NITROGEN FIXED BY LECUMINOUS CROFS, AND THEIR
INFLUENCE ON THE FOLLOWING CEREAL CROP (Russall 1961)

Nitrogen harvested in COrain or loas Total N Yield of
of N in the fixed by careal
Crop laguminous, Cereal scil per lagume , grain,

CTop, crop, rotation

1b/acre gf 1b/acre 1b/acre 1b/acre owt/acre
Lucerne 299 66 122 450 23.2
Clover 125 51 115 260 19.4
Sweet clover 170 51 84 270 18.9
Soybean 176 29 -8 160 11.8
Field beans 103 25 =20 T0 10.6
Cereal every year - 22 =10 - 2.7

Table 10 CHANGES IN SOIL NITROGEN CULTIVATED WITH LEGUMES

AND NON-LEGUMES (Rizk 1968)

Change, 1
Grop kg N[fuad:i
(4) Legumes
Broad bean 14
Lentil 36
Fenugreelk 69
Termis 51
Chickpea 38
Groundmt 34
Soybean 24
Berseem fahl (1 cut) 42
Bersesm Miskawy (4 cuts) 108
(B) Non-legumes
Barley 3
Sesame 16
Chicory (4 cuts + seeda) g

One feddan = 0.42 ha = 1.038 acre
One 1b/acre = 1.12 kg/ha; 112 1b/acre = 125.4 kg/ha = 1 owt.

Rl
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VII. ORGANIC MATTER AND CROP PRODUCTION

r 2 UTILIZATION OF RURAL AND URBAN WASTES

TO IMFROVE SOIL FERTILITY

by

Myint Maung
United Nations Industrial Development Organization
Vienna, Aunstria

Summary

The paper describes UNIDO's experience in assisting developing countries in the

production of compost from municipal solid wastes and of biogas from rural wastes. It
discusses the problems and suggests the approach that developing countries may take in
planning to utilize organic waste materials for scil improvement.

1.

INTROTAICTION

UNIDO has been giving increasing attention to the utilization of rural and
urban wastes, including agricultural residues and industrial by-producte. However,
this paper will be confined to their utilization to improve soil fertility in
developing countries, i.e., the processing of rural and urban wastes for return to
the soil.

The problems associated with the dispoeal of wastes from rural and urban
comminities have reached crisis level not only in developed countries but in many
developing countries as well, partly through population growth and partly through
increase in per capita waste production. Though the problem does not appear ito be
as critical in developing countries a8 in developed, it deserves seriocus and
immediate attention owing to the genmerally lower standards of public sanitation found
in developing countries and the imminent need to combat disease.

In this comnexion, it may be worth quoting a WHO report on the incidence of
faecal-borne diseases (Gotaas 1956):

"The diseases commonly transmitted by human excrement, particularly the
parasitic diseases, are widespread and exact a seriocus toll of human lives and health.
In areas where night soil is commonly used for fertilizer it is not unuesual to find
ninety per cent of the population infested with a Bingle type of parasite, and the
entire population affected by one or more of the several common intestinal
infestations. WHO is concerned with the number of deaths arising from such diseases,
which strike mainiy at infants and small children, and with the general ill-health
in all age—groupe, which may not result in death but which does reduce vigour and
working capacity.

"Much has been written about the use of commnity and human wastes as
fertilizers. There is little doubt that they are of value, and as processes are
developed to improve their competitive position, their use will be extended more and
more. While recognizing the necessity of maintaining soil fertility, WHO is
interested that widespresd agricultural practices should be consistent with
acceptable principles of public health. There is an apparent conflict between the
hazards of using community wastes and night soil in agriculture on the one hand,
and the need for organic fertilizers to improve crop production on the other. One
possibility for a solution lies in making infectious material relatively inmocuous
by properly controlled composting".
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It seems that in many developing countries, while the need ie recognized to
combine sanitary dieposal with reclamation of the wastes for use in agriculture, the
problem remains untackled, or only partially tackled, probably because it lies across
the jurisdictione of several anthorities, namely, the municipal, public health, and
agricultural.

The purpose of this paper ie to present the experience gained by UNIDU in
assisting a mumber of developing countriese in the production of compost from
minicipal solid wastes (MSW) and of biogas from rural wastes. It is hoped that this
paper will provoke some thought and provide useful guidance on the planning and
implementation of similar projects concerning the utilizatiom of wastes for
improvement of the soil.

COMFOSTING OF MUNICIPAL SOLID WASTES

Why Composting for Developing Countries?

Even while recognizing the problem of municipal solid waste (MSW) disposal,
people often ask why composting should be resorted to a8 a method of dieposal in
developing countries, where cheaper alternatives exist.

There are four common methods of MSW disposal and treatment: open dumping,
controlled dumping or sanitary landfill, incineration and composting. Of these,
open dumping, where the wastes are merely thrown into a large heap scmewhere on the
outskirte of the city, is the least satisfactory and the cheapest, if the cost of
damage done tc the environment and the eurrounding population ie not taken into
account .

Controlled dumping (where the wastes are deposited in layers, compressed daily
by means of tractors, and then covered with a thin layer of soil or other sultable
material) is a necessary method of disposal in the sense that it is applicable for
those waste materials rejected by incineration, composting or recycling processes.
Its apparent cheapness is offset by the need for a large land area and for certain
anti-pollution measures: surface-water pollutiom ie prevented by digging a circular
ditch around the site of the controlled dump. Various measures may be introduced to
restrict groundwater pollution, e.g. providing an impermeable floor and/or a final
covering which prevents the penetration of rain water.

Incineration is the method of disposal whereby the organic components of MSW
are destroyed in special furnaces at very high temperatures. In large insetallations
it is possible to utilize the released heat for generating electricity, but in emall
installations thie heat is released into the atmosphere. Besides many drawbacks
such as operating problems owing to wariability in waste composition and the risk of
severs air pollution due to the release of toxic and noxicue fumes, incineration
often turne out to be a costly waste processing method. It ie estimated that a
& 350 ton-per-week—plant in Baltimore would cost arcund $ 22 million to install and
$ 4.6 million a year to operate (Niessen 1978). The unit capital cost works out to
be $ 24 T00/ton daily capacity, and the unit processing cost $ 14 510ftnn.

The fourth alternative is composting, which if planned and carried cut in the
right way, should be a particularly attractive eclution to the MSW disposal problem
in developing countries. First, it combines sanitary disposal with reclamation of
the wastes for return to the moil. Although composting ie not a cure-all for
fertiligzer needs and compost ie generally not competitive with inorganic fertilizers,
there ie no doubt dhat urban refuse composting can play an important role in the
maintenance and improvement of soil fertility. The place of urban refuse composting
in order of priorities set by an Buropean agricultural experimental etation is shown
below (Stickelberger 1975):
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Priority

Kutrients from

Livestock raising on farm
Barnyard mamire
Liguid mamuire

Comnent

Can be used
without reservation

2 Mase livestock breeding Can be used
Liguid manure without reservation
Dried mamuire
Manure combined with 3.

3 Urban refuse and other If suited, tc be used
organic wastes as far as possible

4 Commercial fertiligzer A substitute or

complement for 1, 2 and
and 3.

Secondly, the generally high organic matter content and low heavy metal content
of MSW found in developing countries mean that a high quality compost which im safe
for application to the moil can be obtained. Thirdly, wastes from agro—indusiries
(e.g. meat processing, paper, saw mill, tanneries, etc.) on which many developing
countries are concentrating can be incorporated in the composting process; Bo can
digested sewage sludge. In fact, composting should be a segment of the process of
wastes recycling. Finally, urban refuse compost can play an important role in land
reclamation projects. An example is the project in Mexico (Golueke 1975) where the
soil that constitutes the floor of a lake near Mexice City had dried up in the
distant past, leaving a highly saline silt on the lake bed. When the wind blows in
the direction of Mexico City, the city is subjected to a very irritating type of air
pollution in the form of the suspended dust. To put an end to the air pollution and
pimltanecusly up-grade the scil in the lake bed and thereby render it useful to
agriculture, the Government plans to use the compost produced in the Mexico City
recycling plant to fix and to improve the soil. Treated sewage from Mexico City's
sewage treatment plant will be used to leach the salts from the scil. Because of the
large land area involved, the output of compost from the Mexico City plant will be
required for many years.

The Economics of Composting MSW

2.2.1 Raw material costa

Since municipal waste collection ie a necessity irrespective of whether
or not composting is used ae a method of disposal, the refuse should be
delivered free of charge at the compost plant. It ie usually possible to
arrange this by suitable siting of the compost plant in order to avoid
unnecessary transportation cocsts.

Most municipalities are prepared to pay a suitable price tc the compost
plant for accepting the refuse which they would otherwise have to dispose of
at a cost by sanitary landfill or incineration. This price is an important
factor in determining the viability of the compoeting operation. The plants
in Morocco receive the equivalent of § 2/ton of refuse delivered at the plant
site, whilet the one in Vienna receives the equivalent of about § 12/ton.

2.2.2 Capital cosis

The capital coste can vary over a very wide range depending on the
degree of mechanization and the level of sophistication of the machinery used.
The capital costs of a composting facility employing the Bangalore or Indore



methods, which are widely practised in India, are confined to that of
constructing earth trenches or pits lined with concrete, brick or masonry, and
perhaps the costs of a few earth moving vehicles. At the other extreme, a
really sophisticated plant with a capacity of 500 tons of garbage a day can
cost arcund $ 10 million. On the other hand, it is poesible to build a simple
tut perfectly adequate plant for about § 3-4 million or even lese, depending
on the possibilitiee for local fabrication of parts for the plant. For
example, the plant at Mexico City with a capacity of 500 tons/day was reported
by Golueke (1975) to cost between $ 3.5 to 4 million in 1974. 4 plant of the
sameé capacity designed for Fesz, Morocco ie estimated to cost around $ 2 millionm.
The estimated capital costs of fairly basic mechanical composting plante
planned for sixteen Indian cities are given in Table 1.

Table 1 PROJECT ON MECHANICAL COMFOST PLANTS
- UNDER IMPLEMENTATION IN INDIA 1/

Refuse Capacity Estimated Estimated

e R il e

thousands) (tons/day) (tons/day) Re) (Rs/ton)
1. Allahabad 564 282 100 4 970 59
2. Ahmedabad 1 588 600 125-150 6 000 60
3. Bangalore 1 668 T12 200 8 885 49
4. Baroda 467 160 125 7 000 80
5. Bombay 5 968 2 500 200 10 000 55
6. Calocutta 3148 2/ 2 600 125 6 000 89
7. Lucknow 880 440 100-125 4 970 58
8. Kanpur 1 450 125 200 9 350 60
9. Madras 2 470 1 200 435 7 064 50
10. Jaipur 680 200 100 4 500 46
11. Varanasi 700 350 100 4 970 59
12. Ludhiana 401 250 150 6 666 57
13. Amritsar 405 280 150 6 666 63
14. Jullundur 300 150 150 6 000 65
15. Jodhpur 400 120 125 2 921 50
16. Delhi 3 279 1 400 150 7 958 11

1/ Reported by G.S. Vidyarthy and R.V. Misra at the FAO/SIDA Workshop on
Organic Fertilizers, held at Bangkok, 26 October—S November 1976.

P

Note:

——

Municipal area only.

1 US% equals approxdmately 8 Rupees.

A pilot plant with a capacity of 10 tons/hour or a maximum capacity

of about 160 tons/day, would cost approximately $ 1 million, the cost of machinery
being of the order of § 600 000.



2-2-3 Production coste

The production costs for the labour—intensive Bangalore and Indore
methods of composting are best expressed in terme of man-hours required to
produce one ton of finished product. This quantity will of course depend
upon the different composting operations and on whether night soil is
incorporated or not. The average figure is reported to be betlween 14 - 1Yz
man—lays per ton of compost (Gotaas 1956).

At the Rabat plant in Morocco the production costs (without capital
debt service) are found to be 13.50 Dirhams ($ 3.38) per ton of refuse treated,
or 24.54 Dirhams (§ 6.14) per ton of compost produced.

2.2.4 Assessment of value

While the science of compost production is well advanced, the nature
and magnitude of benefits to agricultural production are not understood so
completely as to be quantifiable. Moreover, the benefits vary according to
soil, climate and other conditions, although it is generally accepted that
regions with sandy soils and an arid climate benefit most from the application
of compost. Therefore, even in countries where compost application has been
practised for many years and where extensive research data is available, no
uniform method for economic evaluation of compost has been developed. Une
method of evaluation is solely on the basis of its matrient comtent, and on
this basis the value of compost has been estimated to be in the range of
$ 15-22/ton (Rabat, Aden, Conakry).

2.3 Guidelines on Flanning ¥M5W Composting in Developing Countries

It should be recalled that the mach publicized failure of compost plants in
the USA and Japan was due mainly to two reasons: the use of sophisticated machinery
and processes, and the insufficient market for the compost produced.

The problems encountered by developing countries, e.g. Morocco, which have
ventured into MSW composting are somewhat different: these concern not only technical
problems such as process adaptation, repair and maintenance of equipment, etc., but
the more difficult matters related to provision of capital and worldng budget,
selection of plant site, organization of refuse collection to serve the plant and
market development. These problems are made worse by the distribution of
responsibility between the municipal and agricultural authorities in these matters.

In view of these problems, it is best for developing countries to approach

MSW composting in several phases. For places where there is a sufficiently organized
garbage collection service and related infrastructure, the beginning ghould be made
with the establishment of a pilot plant or a plant of low initial capacity which could
be expanded later or duplicated at other suitable sites around the city or at other
cities in the country. Thie approach would enable developing countries to find their
own way to meeting the most important consideratioms for successful composting which
are:

i. simplicity of plant design and composting process to reduce capital and
production coste, increase labour—intensiveness and enhanoce peesibility of
local fabrication, repair and maintenance of equipment;

ii. good adaptation of the composting process to cope with the high organic matter
content and humidity;

jii. establishment of adequate organizational and financial arrangements for the
garbage collection system, compost plant operation, cecmpost marketing and
distribution;
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iv, judicious selection of plant site or sites around a cityj and

Va development of technical manpower for a waste management programme on a
national secale.

In those places where the garbage collection service is totally inadequate,
efforte should be directed to its improvement, but simultanecusly, an experimental
composting programme may be started using the Bangalore or Indore methods, perhaps
assisted by the use of simple earth moving machinery. Thie will provide an oppor—
tunity to gain information on the nature of the materials, the possibilities for
marketing and distribution, and the operational problems before undertaking the
construction of a plant at substantial capital cost. The experience gained should
ensure the most efficient final installation.

In all cases, a Banitary landfill facility should be established to abeorb
the surplus material from the wastes which are not suitable for composting.

The incorporation of night soil or sewage sludge in composting should be left
to the second phase, as it requires an efficient process control to avoid health
hazards.

Finally, it ie suggested that developing countries should, as far as possible,
use locally fabricated parts for the compost plant and build model designe so that
the plante can be duplicated at reasonable cost throughout the country. For example,
in Merocco, all the parts, except the grinder, are locally fabricated.

PRODUCTION OF BIOGAS FROM RUHAL WASTES

Why Biogas Technology?

Energy, fertilizer and rural development are priority development cbjectives.
Biogas technology not only supplies energy (biogas) and organic fertilizer from
renewable waste materials, but also alleviates the problem of waste dieposal and
pollution control. Furthermore, owing to its eimplicity and the possibility for
local fabrication of the equipment, biogas technology ie particularly suitable for
rural areas.

It is hoped that the propagation of biogas technology inm rural areas will
have a favourable impact on their industrialization. Among the activities related
to the construction of biogas plants ie the mamufacture of such items as gas holders,
gas stoves, gas lamps, pipes, valves, welding conversion kit, engine conversion kdit,
etc. The availability of the gas could alsoc increase the Bcope for the development
of other small-ecale village industries and generally encourage the development of
rural entreprensurship.

UNIDO's Demonstration Projects

Many developing countries, e.g. China, India and Korea, have long—established
biogas development programmes, and complete designs of biogae plants of different
capacities and typee are available. However, the choice of a particular design has
to be made affer careful assessment of the local conditions, and the design chosen
has to be demonstrated to work, and to work competitiwvely in the poor rural areas
of the country.

CUther reasons why a demonstration project is essential for biogas development
are:



i. the cost/benefit ratio depends largely on local conditions;

ii. the biogas plant should be managed as the core of an integrated system with
many poseible variations in input material and slurry utilization, and these
should be incorporated in measures to promote ite use, as well as in deeign
and operationj;

iii, it is not possible to force biogas development ahead of the gemuine interest
of the people concernmed, and of their commitment to proper operation and
maintenance — hence the need for demomstration projects to arcuse public
interest;

iv. considerable plamning of infrastructure and mobilising of financial
resources (Government loans, subsidies, etc.) are needed;

Ve the need to establish a sound technical advisory service to improve cost
effectiveness and to promote reliability of plant design through stardar—
digation.

Therefore, UNIDO's approach has been to assist in the transfer of biogas
technology from countries, such as China. India and Korea, where it has been firmly
established, to countries mostly cutside the Asian region which are interested to
benefit from the Asian experience. This is being done initially through demonsiration
projects carried out at the request of the government of the recipient country.

Demonstration projecte are being etarted in Tanzania and Upper Velta, and
request have been received for similar assistance to Afghanistan and Turkey. The
Tanzanian project includes a workshop for the purpose of sharing the experience with
other interested countries in English-speaking Africa. It ie hoped that the Upper
Volta project will also culminate in a similar workshop for French—speaking African
countries. The technology being transferred in the above cases is the Indian biogas
technology. It is hoped that at some future date, UNIDO will have a favourable
opportunity to assist in transferring the Chinese technology to interested developing
countries.

It is also envisaged that UNIDO may assiet in the development of biogas
technology at a somewhat larger, industrial scale, e.g. establishment of a sizable
biogas plant fed by the wastes from a livestock farm and meat processing plant where
the gas can be used as fuel for rumning the plant machinery and the slurry for
growing algese to feed the fish in an integrated farming system.

COMCLUDING REMARKS

It should be recalled that only in recent years has emphasis been placed on
the use of mineral fertilizers because they produce quick and positive results and
because of their relative ease of handling and application. Yet, organic fertilizers
have traditionally played, and contimue to play, a vital role in the maintenance and
improvement of soil fertility. The renewed interest in organic fertilizers has led
to an appreciation of the fact that they possess, if properly used, a potential for
increasing soil fertility which is at present very inadequately exploited. This is
true of MSW composting and biogas production from rural wastes, to mention just two
areas.

Although urban refuse compost and the slurry from biogas production can meet
only a small portion of a country's fertilizer needs, in many cases they may provide
the only fertiligzer readily available. Since their utilization does not involve the
large, concentrated capital investment needed for mineral fertilizers, developing
countries should lose no time in taking full advantage of these organic materialse to
improve soil fertility. This can be achieved through careful planning and persistent
effort on a national scale. UNIDO will be willing to assist developing countries in
all the phases.
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SOILS OF EGYPT AND ON CROP YIELD

by

E.M. Abd-Elnaim
Institute of Soil and Water Research,
Agricultural Research Centre, Egypt

INTRODUCTION

The future expansion of agriculture in Egypt depends on the reclamation of the
calcarecus and sandy soils west and east of the alluvial eoils of the Nile valley.

The main characteristic of the calcareous soils, in arid and semi-arid regions
is the high content of CaC0j (10-60%). The pH is usually on the alkaline side.
These soils are low in cation exchange capacity and lack plant nutrients and organic
matter, a condition which promotes crust formation. These soile are also
characterized by unfavourable structure for proper aeration and root development
(Abd-El-Malek et al 1961).

Sandy soils are characterized by their poor physical and chemical properties
an well as their low capacity to retain water and applied mutrients. Improvement of
guch conditions in these sandy soils could be accomplished by the additiom of organic
materiale. Under arid conditions rapid decomposition would take place and frequent
application seem necessary (Abd-El-Malek et al 1961). The rate of decompositiom,
however, depends on the nature of the organic material especially the C/N ratio
(Mahmoud et al 1969).

Green mamuring is also among the methode used for soil improvement because it
increases the humus content as well as plant nutrients, especially nitrogen (Pinck
et al 1945). The method of turning under the organic manures, implying tillage by
different types of ploughs, plays a role in the effect on soil properties (Bishai
1961; Zein El-Abedine et al 1970).

sddition of aggregate stabilizers was attempted. Fuller et al (1953) reported
incroases in yields of many crops on calcareous scils of Southern Arizona by the
addition of aggregate stabilizers. Also, many investigators recommended, especially
for sandy soils, asphalt emulsion resulting from petroleum refining operations
(Chepil 1955; Mildner 1963; El-Shabassy et al 1971a). Application of asphalt emlsion
was found to promote soil aggregation, to reduce evaporation and excessive permesbility,
to protect soil against erosion and leaching, to raise soil temperature in the seed
gone, to establish a good stand of certain crops and, in general, produce better
conditions for plant growth and higher yields.

The following is a summary of the work published by the Sand and Calcarecus
Soils Research Section, Scil and Water Research Institute, Agriculture Research
Centre, Giza, Egypt.

CALCAREOUS SOILS

A Comparative Study on Canal Spoil and Farmyard Manure as Soil Conditiomer

A field experiment, at Nobaria Experimental Station near Alexandria,
comprising 6 treatments in eight replicates was conducted for this purpose
(Abd-Elnaim et al 1973a). The experimental soil (0-50 rm) was characterized by:
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CaCOy from 26~31%, clay from 25-29%,silt 16-22%, sand from 51-53%, organic matter
from 0.65-0.79%, pH from 7.7-8.1, cation exchange capacity from 8-11 meq/100 g soil
and total soluble salts from 0.1-0.2%. The canal spoil contained 11.5% CaCO3,

17% clay, 44% silt and 26% sand. Ite organic matter content was 1.3%, pH 7.5%,

CEC 34 meq/100 g and total salinity 27 mmhos/cm. The farmyard mamire contained 12%
moisture, 24% OM, and 0.47% total nitrogen.

Maize (hybrid 67) was planted in summer followed by wheat (Giza 155) in winter.
The treatment®s were repeated in four replicates before wheat cultivation, the other
replicates were left without addition to examine the residual effect of the first
addition.

The results cobtained are shown in Table 1. Maize yield increased significantly
only by the mixture of canal spoil and farmyard manure. Farmyard manure or canal
speil alone at any rate did not affect the yield of maize. Wheat yield was increased
significantly by most of the treatments. The residual effect of the added materiale
on the following crop (wheat) was clear but renewing the addition before that crop
gave more pronounced effect.

Table 1 EFFECT OF FARMYARD MANURE (FYM) AND CANAL SPOIL
ON MAIZE AND WHEAT YIELDS
Treatment, ton/ha Yield, ton/ha 1/
Wheat grain
FYM Canal spoil Maize ears
Hesidual He—addition

0 0 2.93 1.33 1.33
12 0 3.27 v 1.54 2.78
24 v} 3.56 1.74 2.25
[ 76 5.12 1.85 2.75
12 166 3.71 1.51 2.27
0 166 2.98 1.39 1.91

1/ LSD at 5% for maize ears 0.73
for wheat grain Ennidua.l effect) 0.36
for wheat grain (re-addition urfaat} : 0.56

Effect of Mamuring and Different Ploughs on Wheat Yield

For thie purpose, a field experiment including 4 types of ploughs (mould
board, disc mounted, disc trailed and chisel mounted) and 4 levels of farmyard manure
(0,24, 48 and 72 tons/ha) was carried at Nobaria farm (Abd-Elnaim et al 1973b).
Wheat (Giza 155) was planted as an indicator CToPs

The resulte show that organic carbon and total nitrogen increased very
slightly by the application of FYM but were not affected by the types of plough.
Six monthe from application, the organic carbon and total nitrogen had not
materially changed and the C/N ratio was almost constant. With respect to the grain
yield of wheat, there was a significant increase with increasing amounte of applied



organic mamire (Table 2). The disc trailed plough was inferior and the mould board
was the best. Taking the interaction into consideration, the best treatment was the
48 tons/ha of FYM using the diec mounted plough.

Table 2 EFFECT OF DIRHERENT RATES OF PARMYARD MANURE AND

—_—

DIFFERENT FLOUGHS ON GRAIN YIELD OF WHEAT

Yield, ton/ha with plough
FYM Aver.
ton/ha Mould Dise Disec Chisel
board mounted trailed trailed
(4} 1.36 0.88 0.83 0.78 0.96
24 1.57 0.93 0.91 0.98 1.10
48 1.55 1.99 0.90 1.25 1.33
T2 1.75 1.70 1,03 1.40 1.47
Aver. 1.56 1.37 0.92 1,11 =

2.3

LSD at 5% for manure and plough type: 0.15

Influence of Different Sources of Urganic Matter on Soil Conditions and Crop Yield

A field experiment ueimg the calcarecus scil at the Nobaria farm was carried
out to study the effect of different organic mamures on soil and crop yield (Abd-
Elnaim et al 1975a). The organic materials used in this investigation were:

i) farmyard manure (24.2% OM); ii) garbage mamure (13.5% OM); iii) sewage mamire
known as poudrette (45.2% OM); iv) maize stalks in whole form 267,# OM), and

v) maize stalke cut into small pieces, all applied at a rate of 25 ton/ha. Indicator
crop were barley followed by maize. Barley wae fertilized with ammonium sulphate
and superphosphate at the rate of 500 kg and 250 kg/ha respectively. For maize, the
same fertilizers at the sames rate + 125 kg.i’ha potassium sulphate were used. Results
are shown in Tables 3 and 4. Residual organic matter after 6 monthe of applicatiom
was higher with all sources of manure then in the control, especially with FYM and
sewage, Four months later, the organic matter content declined in all treated plote
but was 8till higher than that of the control. Barley grain yield obtained from
the FIM treated plote was higher than that from any other treatment. Next to it was
that from sewage plote. Maize grain yleld wae higher on the plote treated with
garbage than with any other treatment. The straw of barley and stalks of maizge did
not show any definite trend.



Table 3 ORGANIC MATTER CONTENT OF THE SOIL (0-30 om) AS APFECTED
BY DIFFERENT SOURCES OF ORGANIC MANURING

E;:;lfig % organic matter with treatment
after Whole Cut
B Loy M el - el ) Tes
6 0.50 1,35 1,00 1.40 0.95 0.90
10 0.40 0.80 0.75 0.50 0.70 0.50
Table 4 EFFECT OF DIFFERENT ORGANIC MANURES ON YIELDS COF BARLEY AND MAIZE
{mine planted following the harvest of barlu;,r]
it Barley Mai za
(25 ton/ha)
Grain Straw Grain Stalk
s e s vwnn-ase HeldtonMk 46 o0 s s 00 as0
Control 1.77 1.94 4.74 3.89
Farmyard 3.78 2.23 4.87 4.18
Garbage 2.02 1.36 5.44 3.43
Sewage 2.86 2.03 2.82 3.01
Maize stalks, whole 2.30 1.78 5.16 3.92
Maize stalks, chopped 2.18 2.46 4.74 3.92

2.4  Effect of Different Ploughe and Organic Manuring on Properties and
Productivity of Calcarecus Soils

A eplit split plot field experiment was carried out at Nobaria Farm
(Abd~Elnaim et al 1975, 1976).

The experiment included two green mamuring treatments and 5 types of ploughs
(miw baladi plough, subsciler + native, chisel plough, mould board plough and
diec plough] as different methods for turning under the mamire. The green mamiring
consisted of cowpea in the summer season Etumad under at the age of 50 dmg and
fenugreek in the following winter season (turned under at the of 75 days). At
the time of turning under, the cowpea contained 24.76% OM, z.z;g’m and 2.39% ash,
while the femugreek contained 26.01% OM, 2.63% T and 3.16% ash. The submain




factor was introduced in the second season and comprised the application of different
amounts of FYM (18.5 OM and 0.45% TN) to each treatment. The indicator crop was
maize in both seasons. The results of the first and second eeasone are shown in
Table 5 and 6 respectively. Grain yield increased significantly and appreciably
with green manmuring {one third more than obtained with no manurirg). If the green
mamire was turned under by the disc plough, its effect on maize yield became higher
(Table 5). Results of the second season (Table 6) confirmed the previous resulte
with respect to green mamuring. The effect of disc plough did not differ eignifi-
cantly from the subsciler + Baladi plough or the chisel plough, but it was superior
to both the Baladi and the mould board ploughas. Also, the FYM was very effective
in increasing grain yield of maize (Table &).

Table 5 EFFECT OF GREEN MANURING (COWPEA) AND PLOUGH TYFE
ON GRAIN YIELD OF MAIZE

Maize yield, ton/ha with plough
Treatmant Aver.
Native  oubsciler o, .1 Neuld Disc
+ native bourd
Control 0.76 0.76 0.82 0.95 0.93 0.84
Green—-manure 0.97 0.87 1.13 1,30 1.40 1.13

1SD at 5% for mamring : 0.26
for plough type: 0.21

Table & EFFECT OF GREEN MANURING (FENUGREEK), FYM AND FLOUGH TYFE
ON GRAIN YIELD OF MAIZE

Treatment Maize yield, ton/ha with plough
Aver.
FIM Grean Native Subsoiler Mould
tan,fl;a manure (Baladi) + native Chiesel board Ty
0 - 0.70 1.05 0.76 0.81 1.10 0.588
+ 1.19 1.24 1.14 1.14 1.14 1. 17
24 - 1.00 1.38 1.05 1.14 1.67 1.25
+ 1.38 1.48 1.T1 1.33 1.76 1.53
48 - 1.14 1.67 1.38 1.19 1.67 1.41
+ 1.86 1.74 1.T1 1.57 2.24 1.82
TE o 1-_35‘ 1;81 1.62 1-29 2!33 1!'5‘3
+ E-Dﬂ' 2038 2!43 2-!9 2-5? 2 33
Aver. - 1.05 1.48 1.20 1.1 1.69 -
+ 1.61 1.71 1.75% 1.56 1.95 -
LSD at 5% for farmyard mamure : 0.27
for plough type : 0.29



3. SANDY SOILS
3.1 Effect of Applying Asphalt Emulsion to Sandy Scils on Crop Yield

Two field experiments were conducted in sandy soil under irrigation in the
Southern Sector of Tahreer Province (Empt) to study the effect of spraying asphalt
emilsion additions over the soil surface on the growth of clover (Trifolium
alexandrinum and flax (Linum usitatissimum) (Abd-Elnaim et al 1972).

The results obtained indicate that the asphalt emulsion had a good effect on
eoil moisture in sandy scile (Table 7). The moisture content of the soil increased
significantly, especially in the deeper layers, as the rate of asphalt application
increased up to 2 380 litre/ha. :

Table EFFECT OF ASPHALT AFPLICATION ON MOISTURE CONTENT
OF THE SANDY SOIL (% oven dry basis)
Soil depth Amount of asphalt added litre/ha
om
o 1190 2380 2370 4760
Flax
0=10 1.3 1.30 1.70 1.68 1.23
20=-30 2.57 4.08 5.90 T«25 4.3
Average 2.43 2.42 4.04 3.19 2.7
Clover
0-10 2.05 2.52 1.93 2.32 1.86
10=20 3.16 3.29 2.93 3.43 2.48
20-30 3.91 4.91 6.52 5.64 3.48
Average 3.04 1.57 3.79 3.79 2.61

LSD at 5% for flax : 0.38

for clover: 0.56

The asphalt emalsion applications were found to have no significant effect
on the dry weight of flax straw or its stalk length tut flax seed yield increased
rogreseively and significantly with the increase in rate of asphalt application

f'rahle 8). The application of 2 380 litre/ha increased the flax seed yield by
143 kg/ha. This increase was a result of inoreasing the capacity of the moil to
retain water.

In the clover experiment, the fresh weight of clover, 80 days from sowing,
was significantly increased only by the application of 3 570 and 4 T60 litres of
asphalt emulsion per hectare (Table 8). The application of 3 570 litre/ha increased
clover yield by about 2.4 ton/ha. In addition, El-Shabasey et al (1971a) found that
asphalt application, at a rate of 1 000 kg/ha increased the moisture content of

sandy soils by 16-24% and the yield of groundmit yield by 538 kg/ha.



Table 8

EFFECT OF ASPHALT APPLICATION CW YIELDS
OF FLAX AND CLOVER

Amount of asphalt added, litre/ha

Crop

0 1190 2380 3570 4760
Flax
Dry straw, kg/plot 4.68 5.08 5.20 4.92 4.68
Stalks length/cm 55.50 59.90 53.40 55.70 59.10
Seeds, kg/plot 1.30 1.51 1.72 1.74 1.82
Clover
Fresh wt, kg/plot 12.70 14.15 15.05 15.88 16.65

L3D

at 5% for flax seeds: 0.12
2.32

for clover 3

3.2 Effect of Sewage Water on Properties of Sandy Soile
A farm know as El-Gabal El-Asfar, about 25 km north east of Cairc has been
continuously irrigated with sewage water since 1911. The soil is sandy desert and
it contained T.7% clay, 2.2% eilt and 82% sand. The sewage water contained 400 ppm
of suspended material and 250 ppm chlorides. Since then, periodical soil analyses
nave been carried out to follow the changes taking place (El-Shabassy et al 1971b).
Some of these data are reported in this paper, i.e. the analyses after 8, 23, 33,
50 and 55 years (Table 9). As may be noticed from the table, the pH declined and
the organic matter increased to a stable percentage, arcund 2%. Calcium carbonate
dropped remarkably perhaps due to the solution effect from organic acids in the
sewage water. Cation exchange capacity dropped at first, probably due to washing
out the amorphous materials contained in the sand, but tended to rise again due to
the increase of organic matter content.
Table 9 EFFECT OF IRRIGATING WITH SEWACE WATER ON CERTAIN PROFERTIES
OF SANDY SOIL (0-30 cm) AT EL-GABAL EL-ASFAR FARM
Date of Organic CaC03y TSS “:‘;?G
100
sampling pH matter % % % g soil
1911 (Initial) 7.6 0.30 5.06 0.129 8.93
1919 6.8 0.83 3.79 0.087 5.83
1934 6.7 1.38 3.87 0.076 -
1944 6.3 1.45 2.21 0.125 -
1961 5.9 2.03 1.30 0.066 11,31
1966 6.4 1.93 .29 0.057 -




4.

EFFECT OF ORGANIC MANURING ON NUTRIENT UFTAKE AND CROP YIELD

Bayoumi et al (1978) carried out a pot experiment using two types of soils
(sandy loam and clay loam) adjusted at different levels of ESP (6-30) and treated

with organiec mamires (Poudrette and FYM). The results are summarized in Tables 10
and 11.

Loss of organic matter in 6 months was greater in the sandy loam than in the
clay loam soil, probably due to excess aeration (Table 10). Although the lose of
organic matter was treater with lower ESP, it did not vary with kKind or rate of
applied mamire.

The grain yield of wheat was better on the sandy loam moil, and increased with
the increase in rate of application of either poudrette or FIM but decreased as the
ESP increased (Table 11). Total uptake of NFK was a little bigger in the clay loam
scil and increased as the rate of manure application increased but declined steadily
with increasing ESP. Sodium uptake only increased with increasing ESP.

Table 10 EFFECT OF ORGANIC MANURING AND LEVEL OF ESF ON ORCANIC MATTER

CONTENT OF THE SOIL UNDER WHEAT (pot experiment)

Organic matter, %
Veclabls Losa
Initial After & monthe 4
Soil
Sandy loam 1.79 1.00 44
Clay loam 2.03 1.3 16
EP
6.3 1.99 1.12 44
14.4 1.95 1.24 36
19.2 1.91 1,28 33
24.9 1.89 1.33 30
29.9 1.85 1.37 26
Poudrette
ha
o 1.20 0.79 34
20 2.10 1.36 35
&0 2.36 1.57 34
F ard manmire
Itﬁh&l
0 1.20 0.79 3
35 2.22 1.56 14
o5 2.40 1.59 34




Table 11 EFFECT OF ORGANIC MANURING AND LEVEL OF ESP ON GRAIN YIELD OF
. WHEAT AND UPTAKE OF NUTRIENTS BY WHEAT FLANTS (pot experiment)

Grain Nutrient uptake, 1
Variable yield " i ne/pot 1/
&/pot 1/ N P K Na
Soil
Sandy loam 6.98 518 131 134 8.6
Clay loam 5.62 533 158 157 8.6
ESP
6.3 6.93 661 187 182 3.9
14.4 6.45 625 158 159 6.6
19.2 6.20 539 153 147 9.1
24.9 5.99 i85 139 134 11.1
29.9 5.79 451 126 115 12.9
Poudrette
t ha
0 5.16 310 a5 103 8.7
20 5.90 557 167 149 8.2
60 7459 757 170 191 10.1
Farmyard M
ton/ha
0 5.16 310 85 103 B.7
35 6.39 680 188 164 8.3
105 T.60 156 198 161 8.0

1/ Each figure is the average of all other variables.
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Paper 25 RESPONSE OF MAIZE TO FARMYARD MANURE AND ZINC
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Summary

The addition of 10 tons/acre of farmyard manure increased the maize yield by 13% in
the clay loam 80il of Abis and by 19% in the calcareous sandy clay loam of Nubaria over the
control. In addition the farmyard mamure improved the response of maize to En0 and ZnS0,.
Zinc application increased the leaf content of zinc but reduced both copper and manganese
with uncertain effect on iron. Larger response to organic matter and zinc was found in
Abis than in Nubaria showing the effect of carbonates on micromutrient availability and
uptake.

1. INTRODUCTION

The production of acide and chelating compounds as a result of soil organic
matter decomposition, plays a vital role in the availability of essential plant
nutrient elements (Grunes et al 1961 and Wallingford et al 1975).

On neutral to alkaline and especially on calcareous soils, the zinc availability
is generally low. Zinc defficiency of maize is world wide. Zinc oxide ie sugpested
as a cheap material that can slowly release zinc and is not easily converted to
an:s_ a8 in the case of 31:504.

24 EXPERIMENTAL METHODS

Effects of zinc sources and farmyard manure on maize grain yield and the
contents of maize leaves from Zn, Cu, Fe, and Mn elements were determined.

Maize was cultivated on a highly calcareous soil of marine origin at Nubaria
and on a 8oil of lacustrine deposits at Abis. The chemical and textural analyseis
of the two scils are presented in Table 1.

Table 1 SOME PROPERIIES v THE ABIS AND NUBARIA SOILS

Abie Kubaria
EC mmhos/cm 1.90 4.30
pH (paste extract) 8.10 B.30
Cal03y % 5.10 33.20
Organic carbon % 0.98 0.49
Organic nitrogen % 0.25 0.13
DIPA-extractable Zn (ppm) 3.49 1.09
EDTA-(NHg)2C03 extractable 2n(ppm) 0.062 0.022
Texture clay loam Sandy clay loam




The farmyard manure contained 1.2% total nitrogen, 19% organic carbon and
the C/N ratio was about 31. It was added before sowing at the rate of 0 and 10 ton
10 ton/acre.

The two zinc sources, Zn0 and ZnS04, were used at the rate of 0, 5 and

10 kg/acre.

3. RESULTS AND DISCUSSION

Organic matter addition increased the grain yield (Table 2). The corresponding
increases were 13% and 19% over the control at Abis and Nubaria, respectively. This
increase is attributed to improvement of soil fertility (Herron and Erhat 1965;
Garner 1966; Abdou et al 1969; and Hensler et al 1970). Also FYN may improve soil
structure (Williams and Cooke 1961) and subsequently have a positive effect on soil
permeability and water holding capacity. Maize grain yield responded to the addition
of Z2n0 as well as ZnS0y specially in the presence of FYM.

This result means that the addition of organic matter improved the efficiency
of the added zinc and rendered it more available to maize plante. This could be
attributed to the chelation which takes place between the organic molecules and zinc
ions. The activity of soil micro-organisms was probably increased following the
application of FYM resulting in several favourable reactions.

The analysis of variance of the obtained data (El-Haddad 1978) showed that
the yield of grain/acre was not significantly increased by the addition of zinc at
Nubaria, while a significant increase in grain yield was found only in the presence
of FYM at Abis.

Table 2 MAIZE GRAIN YIELD (kg/acre) IN RESFONSE TO THE ADDITION
OF FARMYARD MANURE AND Zn0 or ZnSG4
Treatments Zn Zn Grain yield (kg/acre) at
source rate
Farmyard mamure kg/acre Abis Nubaria
Hithout FM Zn0 0 1943 1318
(1] [ (1] 5 20".!'4 1492
" " " 10 1745 1281
" " ZnS0, 0 1943 1318
L] " L] 5 19.30 1619
" " " 10 1955 1496
With FM Zn0 0 2029 1590
"o " 5 2157 1685
nwoow L] 10 234? 15?'6
non ZnS0y 0 2029 1550
wnon " 5 2152 1535
won " 10 2151 1845




The data presented in Table 3 shows that the increase in added zinc from
0 to 10 kg Zn;"a,cm, on average organic matter and zinc source treatments, generally
increased the Zn and decreased both Cu and Mn concentrations in leaves while iron
behaviour was not clear. This imbalance in the mineral content of the leaves might
be due to an interaction between zinc and the other elements (Fuehring and Scofi
1964; and Ohki et al 1967).

It may also be noted that the response to organic matter and zinc additions
was more clear on ear leaf than on the recently matured leaf mineral content at both
sites. A larger response to these treatments was noticed at Abis. This result might
reflect the effect of the high carbonates at Nubaria. The carbonates immobilize the
studied elements through chemical precipitation, antagonism and reduction of the
acidifying and chelating effects of organic matter.

Table 3 EFFECT OF ZINC APPLICATION ON MICRONUTRIENT CONTENT
OF EAR LEAVES AND RECENTLY MATURED LEAVES

Zn added Abis Nubaria

Zn Cu Fe Mn Zn Cu Fe Mn

® % & 8 # 8 8 & 8 8 & § 8 B ®B ® @ PPN &« & « & & & & # ® & & = = & * = @»

Recently matured leaves

(v] 44 .6 22.8 163.4 57.3 381 26.9 184.6 86.5
5 46.9 24.9 162.7 575 44.7 25.1 212.9 86.8
10 48.1 25.9 15543 56.7 44.9 22.1 212.3 88.6
Ear leaves
4.4 20.4 200.8 61.1 30.2 19.0 198.9 109.8
5 38.1 18.5 207.6 63.8 35.4 19.1 194.1 105.8

10 38.6 16.6 208.1 65.9 36.8 15.8 192.6 93.4
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Summary

Cropping systems differ according to climatic conditions, soil characteristics, needs
and habit of the population and the economic and social level of the region.

The effect of the cropping systems on soil productivity is the result of the
cropping operations and plant growth: i) tilling operations activate the decomposition of
organic residues; heavy machinery increases soil compactness; ii) plants deplete soil
content of mutrients; legumes enrich the soil with N; lose of N in gasecus forms takes
place a8 a result of cropping; plant growth and the roots remaining in the soil change the
soil fertility pattern; iii) irrigation might cause scil salinization if not accompanied
by an efficient drainage system; soluble nutriento might be lost by leaching with
irrigation water in coarse textured scils; and iv) application of fertilizer N increases
the absorption of soil N and other mutrient elements.

In rainfed areas, clean tilled fallow land after wheat exposes the land to wind
erosion. Wheat followed by fallow in summer and the following year is practised in the

middle east region. Attempts to improve soil productivity are made by growing lenmtils in
the fallow year.

In irrigation regions oropping systems are intensive and the effect of the above-
mentioned operations is intensified because of the number of crops planted each year.
Cropping systems to suit newly reclaimed salt-affected soils and CalO3-rich and sandy woils
are discussed. Crop associations are also presented. The cropping system which suits a
specific region can be selected by field experiments in the region.

1. INTRODUCTION

Cropping systems differ from one region to anocther. Several factors cause
these differences, among which are climatic conditions, eoil characteristice and
population needs and habits as well as the social and econocmic status of the
region. Other systems prevail under irrigation. Several crops are grown in
variable successions. The soil productivity under each system might differ. Also,
the soil productivity after each system differs from ite original productivity due
to the effeoct of plant growth and cropping operaticns.

Cropping is a complex operation. It sharts with clearing the land if it is
coversd by woods or other naturally growing plants. It might be preceded by other
preparatory operations such as drying of swampe or water bodies, desalination,
introducing irrigation and drainage in the area etc. Cropping procedures, like
tilling, levelling, seeding, fertilizing, cultivating, irrigating, and harvesting
effect changes in the condition of the soil. Also biological activities which
oocur in the soil during the plant growth, or as a result of it, induce changes in
the soil condition as a medium for plant growth. All these activities are reflected
in the soil productivity.



2.2

EFFECTS OF THE MAIN OPERATIONS PRACTISED IN CROFPING

Before discussing the effect of cropping systems on the soil productivity,
the effects of the main operations practised in cropping on the soil must be
mentioned. These operations affect the soil physical, chemical, and biological
conditions which reflect on the soil productivity.

Effect of Land Preparation Operations

In places where the land has to be cleared from ite natural vegetative cover
of trees, grasses, or cther plants, the soil surface is subjected to the atmospheric
elements. As the soil dries, the proportiom of air increases in the soil system and
oxidation is activated. The decomposition of organic matter is thus hastened. This
dryness and oxidation are enhanced when ploughing is carried out at a suitable time.
The soil structure should be improved for the soil to becomes more suitable as a saed
bed. However, use of heavy machinery may cause soil surface compaction. A ploughing
depth of 20-25 cm using a mould board plough followed by a chisel plough in a
perpendicular direction has been recommended for mamdplating the calcarecus soils
west of Alexandria. On the contrary, under certain conditions, ploughing may
enhance wind ercsion. This is especially true in rainfed agriculture.

Effect of Plants on Soil Nutrients Content

Flante absorb the necessary nutrient elements from the scil. For example,
the amounts of elements absorbed by maize in one acre in kilograms are: N:60, P:50,
Ga:17, Mg:15, P:10, 5:10, Mn:0.15, Fe:1 in addition to small amounts of B, Cl, Zn,
Cu and Mo. Thue nutrient elements are usually depleted from the soil by successive
cropping, especially if the so0il does not contain reserve amounts of these elements.
The unavailable soil reserve forms of nutrient elements usually need a long time to
be transformed to forms available to plants (Bray 1944).

As legumes have the ability to fix atmospheric nitrogen, growing these plants
eventually enriches the soil with N instead of depleting it as ocours with other
crops unable to fix atmospheric nitrogen. Over the years, several workers have
tackled this point, and their estimates of the N gained by using leguminoue plants
differ from one plant to another and according +to other conditionas. However, most
figures reported. show that the gained N is about 100=150 kg Hfa.m:-a. Leguminous
crops such as soybean, field beans (Vicia faba) and peas harvested for grains,
according to Russell (1962), fix about 5'0-1043 ke Hfaure but all N appeared in the
harvested material.

Cropping was found to be a factor increasing loss of N from the scil in
gaseous forms. Allison (1955) has shown, from studies in lysimeters, that the loss
of N in gaseous forms was about 124 without cropping and it 1nnrumed. to 20% when
the lysimeters were cropped. Dilz and Woldendrop (1960) used 15N and showed that the
denitrification was enhanced in the vicinity of the plant roots. He stated that the
rocts excrete H-donors in addition to the anaerobic conditions. Stefanson and
Greenland (1970) used tight growth chambers to determine the evolved gases and showed
that No0 was greater than N;. The gas evolved from cropped pots was always greater
than that from uncropped ones. They applied water equal to 50-80% of the maximum
water—holding capacity to eliminate the effect of anaesrobic conditions due to excess
water. Balba and Ata (1974) showed that 1.254 g of gaseocus forms of N per pot were
lost from cropped pota.

According to Barber [19?1}, several changes ocour in the amount of soil
directly contacting the root hairs. An increase in plant transpiration brings to
the rhize—cylinders, through mase flow, An excess of several elements, such as Ca,
which might react with P decreasing ite availability and might affect the absorption
of K and Mn due to competition or other mechanisms.



Cropping aleo affects the scil nutrient contents and distritution as a result
of the growth of the root system and its subsequent decomposition. Taldng the maize
plant as an example, a succeseful maize crop yield from ome acre produces about 3 tons
of maize seeds, and 2.5 tons of roots. If all the above—ground parts are removed
from the soil, the roots at least remain in it. This coneiderable amount of organic
material effects extensive biclogical activity in the soil. From the mutritional
point of view, the contente of nutrient elements in the roote are liberated and the
80il depth containing the major part of the roots is enriched with mutrienta.

Actually the roots are a factor in changing the fertility pattern of the soil.

Effect of Irrigation

Irrigation of arid regions is a necessity for cropping. However, salinity
hazards are closely associated with irrigation in these regions. Salinity results
from waterlogging which can be caused by applying water without an efficient
drainage system. The ground water table approaches the scil surface and the soil
water reaches the surface by capillarity and consequently evaporates leaving its
salt content on the soil surface. Also, because plants absorb water, leaving cations
and anions in the root zone, an acoumulation of salts takes place in time. This is
especially clear when sub-irrigation is utilized. In this case, movement of water
upwarde is not interrupted by the surface application of water or rain which moves
downwarde dissolving the salte and pushing them further down. Balba and Soliman
(1978) showed that the salts accwmlated where the density of the roots increased
under sub-irrigation.

In practice, an amount of water over and above that needed by the growing crop
is usually applied in order to ensure leaching the salts from the root zone.
Irrigation might cause leaching of mutrients from coarse-textured scils. Bizzell
(1926), Benson and Barnette (1939) and Balba and Sayed (1969) reported that NOy is
the form which moves moet readily with water. In the latter work, the leached N
from the soil columns fertilized with NHj or urea was in the form of NO3j. Broadbent
el al 219533 showed that urea moved less rapidly than NO3. The results of Balba and

1969) showed that 14, 8.5 and 67% of applied N as (NH)-SO4, urea and Ca(NO3)2,
respectively, were accounted for in the filtrates. Coocke and Cunningham (1957) a.ng
Balba and Sayed (1969) reported that migration of soluble substances with water
depends also on the water-holding capacity of the soil.

The loes of fertilizer P by leaching is not a problem in most soils,
Phosphorus ie usually immobilized upon incorporation in the soil, bat because of the
low content of clay and organic matter fractions in the sandy soils, a limited
movement takes place of applied phosphatic fertilizers by convection with irrigation
water. The writer has shown that 12.4% of P added on sandy columms 15 cm long was
in the filtrate. The situation of potassium in coarse—textured socils ie similar to
that of phosphorus. The problem of losing applied K fertilizers by leaching with
irrigation water ie not seriocus in sandy eoils.

Effect of Fertilization

Fertilization is an important practice in crop production. About half of the
wheat, maize and rice produced in Egypt is a result of this practice.

Application of fsrtilia?r N was shown to increase the uptake of N from soil
sources; this was shown using '-N-gnriched fertilizer. Balba and Shabana (1971)
showed that the uptake of fixed NH; by barley seedlinge increased when the plants
were supplied with NO3. An increase in soil N uptake upon the application of
fertilizer N was explained by Broadbent as being due to enhancing the nitrification
of scil N a8 a result of excess energy sourcee from the root hairs. In the opinion
of the writer, the root system is extended due toc N application in the scil. Thuse
immobile soil N forms are reached and orbed as has been demonstrated by the
increase in the absorption of fixed NHy which is easily nitrified (Balba and
Nasseem 1967).
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Fertilization affects the abeorption of mutriente other than the ona applied
as fertilizer.

Intensification of plant growth, because of applying fertilizer, results in
an increase in the root system and, consecquently, greater absorption of the other
nutrients. Balba and Bassiuni (1968), using 2P, showed that the application of
fertilizer N increased the uptake of soil and fertiliszer P by tomato plante. The
inorease in soil P absorption, however, was greater becanse of N fertilization than
the increase in the absorption of fertilizer P. They showed that the correlation
coefficient between the weight of the root system and the abesorbed socil P was
+ 0.897, while the same correlation with fertilizer P was + 0.341. Again, Balba and
Sayed (1969), ueing a mathematical method, showed that the application of 30 mg N/kg
soil in a pot experiment increased the P absorbed from the scil 9 times more than
without ¥ application. The increase in the abeorption of fertilizer P due to the
sams N application was only 3.0 times.

CROPPING SYSTEMS

Bainfed Regions

In rainfed areas, wheat yields are controlled by the amount of precipitation.
In these areas, summer fallow i@ generally practised on the basis that the fallow
land conserves moisture, thus better crops are obtained. This practice was once
widespread in US Prairies where in order to conserve soil moisture in the summer,
the land was kept free of weeds. This system proved to be a failure because wind
blew the dry, bare soil causing enormous damage to vast areas in the Midwest of USA.
Soil conservation measures such as leaving stubble on the land, or covering it with
growing vegetation, and ploughing and seeding along the contours should be applied.

In the semi-arid region of the Middle East, fallowing is also adopted. It
raises contradictions. In Syria, as in other countries of the region, the land is
left fallow the summer after the wheat is harvested and the whole following year
after which wheat is again grown on the same land. Loisidie (1968) compared the
following rotatione in Syria: i) wheat contimiously every year without fallowing;
ii) wheat after fallow; iii) wheat followed by lentil, and iv) wheat followed by
Vicia.

His studies showed that differences in wheat yields could be related to the
soll moisture content, and the yield of wheat after fallow was better than
contimuous wheat without fallow. He concluded that the net return of wheat,
followed by lentil, was greater than wheat after fallow.

Rainfed agriculture ie an extensive system of cropping but when supplementary
irrigation is possible, cropping becomes more intemsive. A rotation including
legumes accompanied by appropriate fortilizers is required to com@erve the soil
fertility and ite productivity.

Irrigated Regions

Intensive cropping in irrigated regions requires balanced rotatiome. The
effect of cropping operations, mummarized above,is intensified because of the mumber
of crops usually planted each year in a specified piece of land. Attention should
be given to several pointe in order to maintain soil productivity:

i. the mutrient requiremente for the crops in the rotation: a fertilizer
programme should be applied to coneerve the soil fertility;

ii. the amount of water applied: the method and rrequency of its application
should be suited to each crop in the rotation;
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iii. the quality of the applied water should not increase the @oil salinity or
scdicity or adversaly affect plant growth;

iv. efficient drainage is neceseary to avoid waterlogging and subsequent soil
dateriorations

V. crops should differ in their rooting pattern: some (such as varicus grass
types) can bind soil particles together into crumbs, and some roots are such
strong growers that they can penetrate even compact subsoils, e.g. some
legumag. A succession of such crops can improve the drainage and aeration of
the submoil;

vi. the length of the crop growth period: shorter pericde from seeding to
harvesting permit the succession of more crops in a year; for instance, a
vegetable rotation could permit 3 crops to follow each other;

vii. the needs of the population might indicate rotations of subsistence crops
rather than fibre or cash crops.

Cropping systems to muit soile with epecial conditions are necesgary in newly
reclaimed salt-affected soile, sandy or calecareous Boils.

Newly Reclaimed Salt—affected Scils

The crope Belected should require ample amounte of water at short periode and,
at the same time, be salt tolerant. Crowing plants which do not fulfil these
requirements would only increase soil salinity. Attention should be paid to the
water quality and efficiency of the drainage system. A popular rotation of crops in
areas with these soils is clover followed by rice and temporary clover followed by
cotton. Suitable fertilizers should be applied.

CalOy-rich Soils

Cropa that tolerate excess Ca, like legumes, are usually preferred for these
soils, Some vegetables, especially Cucurbitaceae and Solanaceas, and fruita such as
olives, vines, and figs have proved succesaful in calcareous conditions. Care should
be taken to minimize the loss in gaseous Tforms of applied N fertilizers. A fertilizer
programme including ample applications of P and micromutrients is necessary. Oreen
manure, and organic fertilizers, if economical, are recommended. Irrigation should be
at short periods and drainage should be kept efficient.

Seady Soils

These soile should be cropped to minimize the loes of water and nmutrients by
leaching. Crops yielding highly priced products should be selected in order to
compensate the relatively high costs of production. A technological package
including the moet suitable crops, the method of irrigation and the kKkdnd and method
of application of the fertilizers and other mutrients i® necessary to maintain the
productivity of eandy soil. The most popular crops ¢n these soile are groundnut,
sepama, barley, citrus, mango, tomato and strawberry.

Cther Cropping Systems

i. Continuous cropping with one crop [or several years used to be considered
harmful to the scil and to decrease ito productivity, btut now, with vigorous
fertilization and peet comtrol it has become possible to grow contimious
maize for several years. However, Hussell (1962) stated that land continuously
cropped with clover becomes 'clover-sick', and the lowsr the scil in organic
matter the socner clover—siclkmess asete in.



iia Two Crope are grown in association in several regiong in the werld, In
general, no annual crop hae its yield pear acre increased by being grown with
ancther, although the land productivity, the total yield per acre, may be
increased.

iii. Growing two-non legumes simultanecusly on the same piece of land has been
practised in many regions. Wheat and barley or oats and barley associations
are ancient practices. The mixed crop usually gives a higher yield of grain
per acre than that of either of the two components.

iv, A non-legume and a legume are grown in asscciation on the premise that the
non-legume can utilize nitrogencus components synthesized by the legume.
Howevar, it could be interpreted that the legume makes no demande on the soil
nitrogen and hence that the reduced mumber of non-legume plants present in
the association, as compared with a pure crop, has a larger N supply to draw
on (Russell 1562).

SELECTION CF A CROPFING SYSTEM

Field experiments with several crops in varying succeseions should be carried
out. The results of these experiments will show the most suitable cropping system
for the soil under the climatic conditions of the area. It might be poseible to usa
mathematical equations to select the most profitable system for the area.
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VIII ENVIROEMENTAL AND HEALTH ASPECTS

Paper 27 ENVIROMMENTAL HEALTH ASPECTS OF WASTEWATER
AND REFUSE APPLICATION TO LAND
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Summary

Land application of wastewater, liguid sludges and refuse is considered as the best
solution to disposal problems. For health reasons however, it is recommended not to use
raw sewage, A8 a rule, field crops that are normally consumed in a raw state, should not
be irrigated with sewage of any kind. Preliminary treated or undisinfected sewage =ffluent
is usually allowed for field crops, such as cotton, sugar beets, and vegetables for seed
production. To minimize health risks, refuse has to be composted and sludge should be
digested before application. Also it is recommended that the people applying wastewater,
compost, or refuse to land should attend health education programmes.

1. LAND APPLICATION (F WASTEWATER

The advantages of applying wastewater to land are summarirzed, in Agrioultural
Remearch Service (1974) and Thomas and Harlim (1975), as recycling of some mutrients
back to the land.

The three main types of application, namely "irrigation, infiltration-
percolation, and overland flow" are used successafully under different conditions of
climate and soil characteristice in Canada, USA, Europe and Australia (EPA reports
1973, 1975). In wastewater irrigation, the traditional methods of application are
spraying, ridge and furrow, and flooding, Other application methods may be
introduced depending upon local circumstances.

In developing countries, wastewater is often disposed of either raw or
partially treated by primitive methods such as by dilution into usable water bodies,
with its consequences on public health and associated economic lomses. This
problem is more obvicus in urban communities where considerable muantities of
domestic and industrial wastewater are encountered (Farag 1973), Oxidation ponds
and trench tile fields are two pomsitle alternatives for treatment and final
disposal which have been tried successfully in rural areas and isclated communities
in the Middle Eastern countries (UNRWA Report 1968). As regards land application
of wastewater with its established technique in this part of the world, it is
considered non-familiar and has not been practised before, New elaborate
$reatment methods are not advisable, not only because of shortage of funde, tut
also because of the lack of technical personnel who can take care of operation
and maintenance problema,

Land application of domestic and industrial wastewater could be resorted to
in desert as well as cultivated areas in Egypt. A considerable part of the desert
area could be cultivated if water and nutrients were available, On the other hand,
the already cultivated areas could be irrigated with wastewater wherever possible
(Mitwally 1959).
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Although land application of wastewater and sludge as fertilizer has been
practised locally in many areas, little research was conducted by its handlere om
ite effects on soils, crops and groundwater. Some work aimed at improving the
quality of wastewater before final disposal through coagulation was reported by
El-Sebaie and El-Sharkawi (1976). Disposal of raw wastewater directly into the River
Nile or its tributaries ie prohibited by law. However, dieposal by dilution ims
practised indirectly in inland cities. In commnities where no water bodies are
available, land application ie resorted to in & primitive manner. This technique is
hagzardous and the need for an elaborate study is becoming a mandatory assignment.

In Egypt, exploration of the effects from land application of wastewater on
environmental health is required. The most important effects are listed in the next
subsections.

Environmental Effects

a. On soil: physical and chemical characteristice, soil flora and fauna.

b. Un crops and vegetations: growth and production characteristics.

O On water: quality and depth of water table, and on murface water
ity.

d. On animal and insect life: propagation and vitality.

0, On air quality: bacteriological and chemical composition.

Public Health Effects

a. On workers: those participating in activities on the land. Special emphasie
would be on the parasitic, bacterial, and skin diseases.

b On water quality: oontimious monitoring for nitrates, other dissolved
te, heavy metals, trace elements and pathogens.

Cs On crops and vepgetation: biological contaminants and chemical pollutants as
trace elements in different crops.

d. On propagation of insects and rodente: comirols especially for flies and
mosquitoes.

Economic Effects

B On the value of land: change in value of the land used and adjacent lands
as a result of introduction of this mystem.

b. On income: lose of tax revemmes as a result of governmental use, and gain of
additional income as a result of more Crops.

Cs On sources of watert an available inexpensive source of water for irrigation.

d. On cost of water treatment: change in coet of wastewater treatment compared

With traditional treatment systems giving the same efficiency.

Social Effects

B On green areas: increase of greenbelts, parks, open space and recreatiomal
areas.
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|- On_community growth: Stimulation or encouragement of growth of a commmundty,
both in terms of economy and population.

Cs On residence: relation of residence and allotment of land for different
purposes.,

In conclusion, land application of wastewater could be a reliable approach

to meet the following requirements, providing that the envirommental health effects
were controlled:

= treatment and final dieposal of wastewater applied,
- increasing the productivity of already cultivated land,

= gaining more cultivatable land from desert areas,

control of sandy storms and etabilization of sandy soils,

- groundwater recharge.

LAND APPLICATION OF SLUDGE

Application of liquid sludges to land provides a useful way of disposing
of them, it enriches the soil with plant mutriente in addition to the conditioning
and stabilizing effectes on the scil. Canadian workers have reported that the appli-
cation of ligquid eludges improved harvest quality and quantity, redoced the consump—

tion of expensive commercial fertilizers and helped soclve the problem of sludge
disposal .

In Egypt, there are a few wastewater treatment plante in big cities which
produce sludge in ever increasing guantities and mumerous water treatment plante
that produce large quantities of sludge. The sludge from the latter ia usually
regarded as poor in mutrienis, compared to wastewater sludge. However, the
sludge from water treatment plants throughout Egypt containe Nile river silt which
renovates soil fertility. Thus, by combining sludge from water and wastewater
treatment plants for land application, the unique characteristics of each type
of sludge can be used to imrr““ soil fertility and to improve the soil condition.

The effectes on environmental health from applying sludge to land are similiar
to those mentioned for wastewater. Therefore, it is advisable to consider these
effects when using sludge as soil fertilizer or conditioner.

Land Disposal

The most common methode of land dispeosal include:

i. Spreading on soil: wet digested sewage sludge is spread over fare lands

and pleughed under when drr. The humas in the sludee conditions the moil
and improves ite moisture characteristics.

The digested sludge may either be heat dried, ground in a mill and forti-

fied with nitrogen, or air dried. Air dried sludge may also be used as
& soil conditioner.

ii. Lagooning: lagooning is anotiher popular disposal method because it is
simple and economic if the treatmemt plant is in a remote location, If

the lagoon is used only for the digested sludge, the muisances produced,
such as odour or flies, would not be a problem,
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Sludge may be stored indefinitely in a lagoon, or removed periocdically after
draining or drying.

iii. Dmmpingt dumping is suitable for sludges that have been stabllized ro
that no decomposmition or nuimance will result. Digested sludge, claan
grit, and incinerator residues can be dieposed of safely by this method.

iv. Landfill: a sanitary landfill can be used for dispomal of sludge, grease
and grit whether or not stabilized if a suitable site is awvailable. Thie
method is alec suitabls for the disposal of refuse and cther solid community
wastes. In a true sanitary landfill, the wastes are deposited in a desipg-
nated area, compacted in place with a tractor or roller, and covared with
a 30 ca layer of seil. With daily ocoverage of the newly deposited wastes,
nuisance conditions are minimized. After several years during which the
wastes are degcomposed and compacted, the land can be used for recreational
or other purposes whers gradusl subsidence would not be objectional. 1In
gelecting a site for a dump or landfill, consideration must be given to the
nuisancs and health hasards that they may cause.

Trucks carrying wet sludge and grit should be able to reach the mite with-
out passing through populated areas. The eite should have good drainage
go that runoff would not oreate boggy conditione that would imterfere with
vahionlar movement. Drainage from the site would cause pollution of the
groundwater supplies or surface streams and must be guarded agninet.

LAND APPLICATION OF REFUSE

3olid wastes vary throughout the world in quantity and cometituents and these
are detarmined by social customs and living standards. They are heterogensous and
oonesist of fermentable organic wartes which decompose rapidly, and non-fermentable
warstes which resist decomponition or decompose very slowly.

Harm from wastes and their products can arise from inflammation, disgusting
or museating smells during fermemtation in the open, the scattering of paper,
plastic and dust by the wind and the breeding of flies and rodemts, which are of
great importance in the spread of disease. Therefore proper refuse disposal is
sesentinl, Many methods of refuse disposal are used in wvarious localities, but
selection of the best method should alwayes be based on publioc health recuirements,

Bapitary Landfill

Sanitary landfill is the best disposal method and it is tasic to any other
solid waste programme. Incineration is a volume reduction process and produces
residues which should be sanitary landfilled. Open burning and open dumping are
not solutioms to the disposal problem. Feeding hoge on garbage ieg a form of reuss,
Composting is a form of proceesing organic wastes, such am garbage, t¢ form a humus—
like material and a s0il oconditioner. Such a recyoling process may be incorporated
in the system to handle a emall percemtage of solid warstes, but looal
governmarts should not base any solid waste management system predominamtly on
salvags Or oompost programmes.

Sanitary landfill ies frequently a versatile and sconomical disposal methed.
Almost any solid waste can be disposed of in a sanitary landfill, and the unusable
land can often be reclaimed for community use. Major elements in the sanitary

landfill process are proper placing of refuse, effective compaction and adecuate
COVer.

A properly operated sanitary landfill produces no objesctionable odeurs,
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vector problems, or blight and is especially suited t¢ the reclamation of marginal
land.

Composting

Composting, acoording to a WHD technical report, is a method of handling and
proceseing sclid wastes to produce a humus-1like material which may be used as a moil
conditioner. The process requires separation of non-compostable materials. Techni-
eally, composting ie biclogioml degradation of organic matter under comtrolled
conditions of aeration, temperaturs, and moisture.

Comporting of molid wastes may taks place in the presence or abesnce of
oxygen. Odours produced under merobic decomposition are less objectionable. The
aerocbic process im guicker and achieves higher temperstures, thus guarantesing a
relatively germ—{ree product, free of live weed seeds and insect larvas. The
amaercbic process is slow, emelly and does not achieve temperatures high enough to
destroy all pathogense. Anaercbic decouposition aleo produces noxious gms by-
preducts such as hydrogen sulphide.

In most ompes, it 1ls difficult to ocomtrol the oxygen balance throughout the
wagtep. Thus, it ls poseible to have aercbic and anacrobic decomposition taking
plece pimultanecusly in different parts of the wastes,

Problems of marketing ccapost restrioct the use of this method, particularly
in Burope and in USA, although it is practised on a wide scale in some of the
developing countries. It is worth memtioning here, that application of immaturs
compost to scll resulte in adverse effecte on crops because micro—organisme oy
rob the minernl nitrogen from the moil., So, it ip advieable not to use the mate—
rial befors it is matures.

Finally, a health education programme on the aspects of applying waste—
water, sludgs, and rafuse to land would be of great benefit. Peopls who are
going to handle or apply these wastes oust be aware of the health aspacts in
order to aveld the hazards, especially in developing countries.

Solid Wastes of Alexandria City

Table 1 presents the relative compomition of the different types of molid
wagtes in Alerandria City. Thess resulis were obtained in a study carried out in
1978, by the Department of Environmemtal Health, Sanitary landfill is recommended
ag the beet method to dispose of the solid waste in the city. Becauss of the low

comtent of organic metter in Alexandria's wastes, composting becomes mors expansive
than landfilling.



Table 1 RELATIVE COMPOSITION OF DIFFERENT TYPES OF SOLID WASTES
Lo g IN ALEXANDRIA CITY, 1978

Type Combined Domestic Pure street

s0lid vastes golid wastes golid wastes

Food wastes 41.8 78.1 -
Paper 3.5 12.6 .6
Rage 1.5 2.0 0.1
Wood 4.8 - -
Plastios 143 0.4 0.2
Wesds 8.8 - 331
Bonea 0.8 1.8 -
Glase 0.4 0.7 -
Stones 6.4 - -
Netals 0.5 0.7 o
Dust 0.2 T 61,0
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Paper 28 ORGANIC MATERIALS IN RELATION TO
ENVIRONMENTAL PLANNING

by

L.T. Kadry
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Summary

Organic materials are the products of human activities and result in the generation
of residues (waete) which are discharged to the natural environment. These discharges
result in changes in snvirommental quality and have adverse effects on people. A common
example is found in the rural areae of the developing countries where people obtain their
drinking water from irrigation canals, thus accemtvating the already prevailing problems of
human hygiene, eanitation and spread of diseass., Accordingly, envirommental assessment
and mapagement in relation to envirommental planning for the contrel of organic material
residues is an activity of vitel importance to the sradication of disease in developing
oountries.

Thie paper covers a listing of the sequence of operations for emvironmental planning
for comtrol of organic material residues. These cover twelve functions, namelyt establish-—
ment of goals; establishment of policy, programme and actions; preliminary assessment;
decision to delay or proceed with the study of selected alternatives, detailed enmviron-
mental impact assesmment, recommendations for action, decision making, implementation and
post audit or evalumtion.

The paper ooncludes by proposing main action pointe for emvirommental assessment
and management of organic material residues whioch can serve as a supplement to a regiomal
programme on the use of organic materials for improving =oil productivity.

1. INTRODOCTION

Organic materials, whether their source is rural or wban city areas, are
the products of human activities resulting in the generation of residues (wastes)
which are eventually discharged to the mtural enviromment. These dischargea of'ten
result in changes in envirommental quality, which in turn have adverse impacts on
people particularly if theee discharges contain deleterious materials in the form
of pollutants. Residue mamagement must therefors maintain the levels of emviron-
mental quality that are desired by society.

On the other hand, the commonly mcoepted practice of the rural populations,
in those areas of the developing countries that lack the availability of potable
water supplies, is to obtain their drinking water from irrigation camals thus
accertuating the already prevailing problems of human hygiene, sanitation and the
spread of disease. This will in turn reduce the capacity of farm labourers to
perform efficiently and do productive work in agriemlture. It is thersfore neces-
sary thaat all processing and handling of organic materials and of the dispoaal
of their residues be subject to regnlar and systemtic comtrols through Emviron—
mental Impact Assessment (EIA). The lines of action of thie system will have to be
modified to suit the partiocular conditions in the developlng countires.

The present tremd in high fertilizer and energy coste pointe to an expanded
use of organic materials ap mineral fertilizer supplements and sources of fual
energy.

This paper covers oartain principles of environmental assessment and manage—
ment in relation to emvirommental planning for the comtrol of organic material
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residues. Thers follow the Focal Points on the Envirommental Assessment and Marage—
mant of Organic Hesidues Comtrol which can be adapted am a Supplemsnt to the proposed
Regional Programme on the Use of Organic Materials for Improving Soil Productivity.

ENVIRORMENTAL FLANNING FOR THE CONTROL OF OROANIC MATERTAL RESIDUES

Enviromnmental planning can be considered as part of comprehensive planning
on all activities involved in regiomal and natiomal planning for the future. Speci-
fically, emvirommental planning is defined as planning for thoms activities concer—
ned with assessing the quality of the envirommenmt in both the patural and a distur—
bed state (examples would include water pollution in a river or lake; pollutant
effect of livestock manure om an irrigation camal, etec.). Envirormental Impact
Aspepsment ip the identifying and predicting of the impeact on man'e health and well-
being, of legislative proposals, policies, programmes, projects and operational
procedures and the interpreting and comsmmication of information about the impmcts
which serve as guiding elememts for improving the anvirommental mansgement e8s.
Thus, an Environmental Impact can be defined as the net changs (good or bad) in
man's health and wellbeing (including the wellbeing of the agro—ecosystem on which
man's survival depends) that results from an envirommental effect of organic
material residues as pollutants and is related to the difference between the quality
of the environment as it would exist "with" and "without™ the same action, i.e.
organic material residues as pollutants and/or productive waste.

in emvirommentally positive effect of the use of organic materials, provided
they are adequately processed, is their application in the form of organic mamre
to improve the physical condition and fertility of esoil. On the other hand, the
utilization of organic materials can have a major negative pollutory effect on the
human envirommemt, both in rural and urban areas, when improperly processed and/or
handled, in the form of epreading pathogenioc organisms and toxins in the water
courses and the potable water supply and storage installations. Pig. 1 depicts the
sources and evemtual destination of organic materials. It can be ssen that accomnt
must be taken to ldentify and enlist the specialised govermment and public services
dealing with land and water development and conservation, in order to prevemt
disease and improve sanitation comtrol.

SEQUENCE OF ENVIRONNESTAL PLANNING FOR THE CONTROL OF ORGANIC MATERTAL RESIDUES

. In Fig. 2 individual functions in the decision-making process of environ—
mental planning for ocomtrolling organic material residues are numbered 1 to 12,
These are not necessarily separate operations in time or place, nor ars they
necedsarily performed by separate individuals or institutions. It is emphaeized
that the detailed way in which the envircmmenmtal planning system cperates depends
upon the approach taken by the regular govermmental planning procedures in the
couniry concerned. The diagram is presented mainly to show the relatiomship of
one function to the next, particularly the relationship of the assessment procedure
0 the overall decision-making process. The focus of this paper is on functions 5
to 9, but it is necessary to oconsider the enmtire sequence in order to appreciate
fully the link and relationships between the functiona.
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Function 1 — Establishment of Goals

The government cete goals for ite comprehenmive national plan, a major item
of which is the attainment of human welfare through the control of pathogens and
toxins derived from using organic materiala- These goals as a rule establish the
framework within which policies, programmes and actions are implemented. Ef

If one goal is to ensure that the envirommental considerations of orgmnic
materials receive adequate attention in the planning and implemerntation of actionms,
an envirommental assessment procedure is a way in which this can be achieved.

Punctions 2, 3 and 4 — Establishment of Policy, Programme and Actions

It can be noted from Fig. 2 that the goal-setting process must be translated
into action through the policy and programme activities. It is important to provide
for a feedback system within Functions 1 to 4 to ensure that envirommental conside—
rations are raised and taken into account by the decision—maker as early as possible
in the planning and not almost as an afterthought, just bafore a final decision im
taken (in Function 10).

After an action has been implemented (Punctiom 11), it ie equally important
that the results of post audit (evalumtion)be fed back to the decision-maker, indi-
cating how the action has contributed to the origimal goal. In Pig. 2, note the
fesdback arrow from Punction 12 to Funotions 1 40 4. Thie prooedure aseiete in the
developmernt of subsequent goals and in the refinemenmt of actions to achieve them.
Additionally, = eatalogued archive system provides a sound reference system available
to future assessors and all other participants.

Function 5 — Preliminary Assessmert

The preliminary assesement is, in effect, a first soreening of the proposal to
detearmine whether or not a detailed envirommerntal impact assessment of the use of
organic materials and their handling will be required, and to ensure that the entire
gpectrum of altermatives is eramined. This function may be a simple determination by
the responsible official, or it may be a formal document, trief but relevant, prepared
by a small group of specialists.

Should the magnitude of the potential impaot of organic material residues
upon the public health be such that the initiation of a detailed envirommental
impact assesmment is warranted, a preliminary study should be made on the alternative
proposals of the control measures to give guidancs to the assessor on the depth of
the analysis that will be required in Function 8.

Functions & and E — The Decision to Refer Back or to Proceed with the Study of
Seleoted Alternatives

Once the preliminary envirommerntal assessment has been used to soreen the
proposal and all possible altermatives, it is necessary to determine whether those
that are envircormentally acceptable should be carried forward or should be referred

Y Organic materials as referred to above covers the whole spectrum of countryside
(rural) and oity (urban) fluid and residue uses.

E/ An action may be the authorisation for a very preliminary feasibility study for
g project.
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back to Punction 4 in the light of non-emvirommemtal factors such as sconomics or
engineering feasibility.

Function 8 — Detailed Emvirormental Impact Assesmment

Whera the naed has been established, a detailed envirormental impact aspess—
ment is undertaken. Administrative and technical organizational procedurss are
available in the literature to guide this detailed activity.

Function 9 — Recommendations for Action

The preliminary or detailed environmental impact assesmment containe
recommendatione which will, after review, be forwarded to the decision-maker. Usual-
ly, the substance of the recommendatioms is to:

G0: 1. Proceed with the original action, sometimes with minor amendments to the
proposal.

or

2+ Proceed with an alternative, which the assecmmeant has shown to be environ-
mentally more desirable aes well as being acceptable on politieal and socio-
sconomic grounds.

5TOFt 3. Do not proceed with the project.

The recommendations may also inoclude measures to be taken to mitigate anti-
cipated environmental problems.

Fungtion 10 - Decipiop-making

The decisiom-maker may range from a President or Prime Minister down to a
desigmated official in a particular departmenmt or agency. Whoever he may be, he will
wish to make a wime decision, although his task is not easy because of the large
number of sconomic, sooiological, political and enmvirommental factors which often are
in conflict with one ancther. If the pemalty to be paid for preservation of emviron-
mental quality ie not too great, the decision-maker will probably mccept the recom—
mendations of the assessor. If the pemalty is large, he may have considerabls diffi-

culty in reaching a decision. This im why an independent review of the assessment im
g0 halpful.

The study of the assessor is not to persuade the decision—maker to cast his
vote always on the side of the smviromment. However, the assessor has & responsibi-
lity to bring the envirommental issues into focus, providing a significant input inte
the development of later mative management strategiem, and thue into the decimion-
making process.

Sometimea the envirommental impact assessment itself will contain conflie-
ting objectives, e.g., the maintemance of water quality at the expense of air quality.
The assessor will usually aseign a system of weights when he makes his recommendation.
However, the varicus components should be clearly separated in order that the reviewer
and the decisicr—mker may change these weights to accommodate other conmiderations

such ae the relative politieal sensitivities of neighbouring countries to releases of
air and various water pollutants.

ion 11 = Impl tion

Implementation imvolves several functions: design, construction and
cperation. Implementation may be carried out by a desigrated govermment agency or by
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others. In the case of non—govermmental implememtation, there is still a responsibi-=
lity by the govermment to ensure compliance with regulations and standards.

Function 12 — Post Audit

The whole implementation process - planning, initiation and operation -
should remain under review to ensure that the déesignated envirommental aualitw
atandards are achleved, for smample, by continued monitoring of certain features of
the environment. Not only may such data be used to verify the predictions made for
the melected alternative, but aleo they may contritute to the improvement of future
assigmments. The contimuing review may improve the goml-setting and decision-making
processes by providing information on the snvirommental effectiveness of each action.

ACTION FOCAL POINTS FOR THE ENVIRONMENTAL ASSESSMENT AND MANAGEMENT OF CONTROL OF
ORGANIC MATERIAL RESIDUES - SUFFLEMENT TO A RECIONAL PROGRAMME ON THE USE OF ORGANTC
MATERIALS FOR IMPROVING SOIL PROTUCTIVITY

Environmental Assessment

Ermvironmental assessment is one of the basic activities whiech will underlie
and facilitate the implementation of a regional programme on organic materials for
Improving Soil Productivity.

The idemtification of the present quality of the human ermvirommert, the
factors currently affecting its quality and having an impact on human health, and
the assessment of future trends will be given priority.

Due to lack or inadequacy of available data on the human emvironment, a coor—
dinated basic and applied regiomal organic material residues and pollution control
programme will be formulated ae a firet etep towards the protection of the humn
snviromment of the region. In formulating the operational detail of these programmes,
the recommendations of the national and regiomal programmes, whether in progress or
planned, will be taken into account.

The following componemts are recommended for inclusion in the coordinated
environmental aspessmant programmed

i. Survey of national capabilities of the regioninthe following areas as they
relate to organic material residues and pollution control:
a. e8cientific and adminietrative institutions,
b. information centres and data sources,
c. research facilities and equipment,
d. manpower,
e, gactivities in progress or planned,
f. publications.
11, Asmessment of the origin and magnitude of organic material residues and
pollution in the region, including:

a. development of applicable methods providing comparable data on the extent
of pollution of irrigation camale and river waters by pathogenic or=anism=
and toxins,

b. eurvey of sources discharging organic material residues and pollution
imto irrigation canale and river waters,

c. egtablishment of a coordinated network of ohmervation stations along
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selected irrigation canmals and rivera to provide data on pollutieon
trends by organic material residues and pollutants,

d. conduct of regular surveys of organic material residues and pollution.

i4i.  Assesement of the origin an' magnitude of organic material residues and/or
pellution from industrial production and agricultural application, inecluding:

a. preparation of a detalled survey of land-based pollution sources of
industrial effluents and agricultural run—off discharged directly or
indirectly into irrigation camals, river courses and the mea,

b. initiation of baseline studies on the levels and effects of selected
industrial and agricultural organic material residues and/or pollutants
in the potable water supply installationms.

iv. Assessment of the origin and magnitude of organic material residues and/or
pollution from domestic wamtes, including:

a. praparation of a survey of present sewage treatment and disposal
practices in the region,

b. monitoring of biological and micrcbiological (sanitary) quality of
recreational waters, shellfish—growing waters and seafood,

c. initiation of epidemiological studies on the relationship between the
sanitary quality of water courses (including edible organiems) and the
incidence of water—borne dissames.

V. Training of local scientiots and techniclans int

a. amalytiocal techniques for meamumring organic material residues and/or
pollutant conoentrationa,

b. techniques used to measure effects of organic material residue
pollutamts on human health, fishery resources and marine and coastal
scomywtema,

¢. methods for establishing envirommental quality criteria and waste
discharge.

The programmes listed in poimte i - iv are interdisciplinary and interre-
lated in mature. Therefore, while preparing the oparatiomal details of each program—
ma, due attenmtion should be paid to their oclose coordination in order to avoid dupli-
cation.

The priorities to be assigned to the listed activities will be datermined
by the governments concerned, taking into account the present level of development
in the region and the pressing need to provide reliable and comparable data on
which sound mamgement decisions can rest.

The agreed programme will be exsouted primarily through existing national
institutions within the framework of regional cooperation, keeping in mind that for
some projects a training programme should be formulated and that the assistance of
axperte from outeide the region might be required in the initial phamse of =some
projects.

Exvirommental Manmagement

Comtimious sooio—sconomio development can best be achieved on a smustaimable
basis if envircommental considerations are taken into account. To achieve the
objectives of the Reglomal Programme on Envirommental Assesement and Managemenmt for
the comtrol of organic material residues, the following preparatory activities



should be undertaken:

i. preparation of a directory of imstitutions available in the region and
active in fields related to the environmental management of organic material
residuesnj

ii. assessment of present and future development activities and their environ—

mental impact in order to evaluate the degree of their impact on the human
enviromment and to find appropriate means to either eliminate or reduce any
poeeible damaging effects;

iii. identification of relevant national, regional or internaticnally supported
development projects in progress which demonstrate sound envirommental
management practices, the eovirommental sanitation activities of the World
Heath Organisation, the United Natione Enviromment Programme and the assie-
tance in industrial waste handling provided through the United National
Industrial Development Organization and the Arab League's Industrial Develop—
ment Organization. Some of these projects may be appropriately streangthened
or expanded to serve as demonstration and training modele on a regional basise.

In view of the priorities and needs of the region, the following cooperative
programmes may be undertaken:

a. assistance to governments for the establishment of naticnal coordinating
mechaniemes to deal with envirommental affairs;

b. formulation of regionally and locally applicable guidelines and standards
for management and ocontrol of industrial, agricultural and domestic
wmstes;

c. development of principles and guidelines for sewage disposal practices,
including locally applicable effluent standards based on the evaluation
of the waste—receiving capacity of the receiving waters.

The control of organic material residues through protection and enhancement
cannct be achieved without the full support and cooperation of all those concerned.
Therefore, adequate resources should be devoted to systematic and regular campaigne
for public awareness of envirommental issues in the region.



1X. COUNTRY REPORTS

l. COUNTRY REPORT — AFGHANISTAN
by
M.H. Faiman and Lal M. Zurmati

1.1 Introduction

The Demccratic Republic of Afghanistan covers an area of 647 497 }mz. Its
sstimated population ig over 15 millione inecluding more than 2 million nomads.

Afghanistan is predeminantly an agriocultural country and the majority of its
people are either peasants or pastoralists. Agriculture, therefore, ie the main
sector of the nations's economy and social development. More than 80% of the
country's manpower resourcee are in agriculture. The major export commodities
are fresh and dried fruite, Karakul pelts, cotton, wool and ruge. The principal
agricultural producte are wheat, maize, fruits and barley, rice, cotton, karakul
pelts and wool. Afghanistan is a land-locked country in Cemtral Aeia lying mpproxi-
mately between 30 and 37° N latitude and 61 to 72° E longitude. The country has
high mountain ranges extending from north—east to south-west. Thers are desart
plaine on the south-west and in the north. The country, in general, is character-
ireéd by arid and semi-arid climatioc conditions. Out of the total geographical
area of 62.23 million hectares, more than 70% are mountains, desert, and pastures.
The cultivable land is limited to 8 million ha but the cultivated area is only
4.9 million ha of which about 2.586 are irrigated and the rest ie rainfed. Neither
all the rainfed nor all the irrigated land is seeded every year to crops. Some
areas are invariably left fallow. On the average, an area of 31.88 million ha is
affectively cropped every year.

Lower Productivity of Soils and Affecting Pactors

Afghanistan is an agricultural country with more than 80f of the total
national revenue derived from agriculture. Wheat is the most important orop and is
responsible for about one—third of the agriocultural economy. Maize, cotton, rice,
sugarbeet, fruite and livestock are other sources of agricultural income. However,
the average yields of the principal crops (Table 1) are one of the lowest in the
world. A number of matural and human factors have exhausted most of the farm land
down to a low level of productivity.




Table

1 YIELDS OF PRINCIFAL CROPS IN AFGHANIST
(AVERAGE OF FIVE YEARS ENDING 1976)

Crop Production Yield
(1 000 tons) (kg/ha)

Wheat 2 739 1185
Maize 765 1 606
Rice 425 20n
Cotton 130 1 394
Barley a4 1177
Sugarbeet 80 16 020
Sugarcane 59 15 050
0il seeds 9 B30
Vegetables (in terms of potato) 697 7 643
Fruite 861 & 155
Y Yields of crops, except wheat, pertain to irrigated crops.
i.  Soils

Soile of Afghanistan have developed under arid and semi-arid conditions.

The majority of the soile are derived from wind-borne material (loess) or
from alluvium (alluvial or calluvial deposits). From the published reports
and the meagre observations on soil studies made so far, it appears that many
of the soils are relatively young from the geological point of view and have
not been weathered extenaively as in other tropical countries. Imta on

some phyeical and chemical properties of the scile representative of diffe—
rent climatic zonea of Afghanistan are presented in Table 2, These and other
published reports (Survey of Land & Water Hssources — Afghanistan, Vol. IV.
FAD: 1965. Some physical properties of certain scils of Afghanistan -

Salem and Hole, Soil Sci. 1161 179-190) show that the moils of Afghanistan
are elialine in reaction and contain an excess of free calcium carbonate.

In fact, moat of the scils have a pH above 7.5 and contain more than 10%
free calcium caxbonate. Soils of Darulaman (Kabul Province), Darweshan
(Helmand Province), and Sher Abad (Masar—i-Shariff) contain as high as 20.24
and 25.6% calcium carbonate (Table 2).



Table 2

SOME PHYSICAL AND CHEMICAL PROPERTIES OF REPRESENTIVE SNILS IN AFGHANISTAN

Particle size analysis

Depth pH COrganic Total Availa- Bulk Calcium
Name and place carbon N ble N density carbonate Sand silt Clay
(cm) 2 (ka/ha)  (kg/ha)  (g/ec) Siyalent 5 .
1. Shisham h sand 0-33 T.5 0.75 1774 .4 28.8 1.6 T1.23 56.50 32,56 10,21
2. Darulaman sandy clay 0-15 8.5 0.66 347.2 22.4 - la.78 52.40 24.00 23.60
loam (Kabul) 15-30 8.7 0.51 271.6 13.2 - 20.24 54.00 24.00 21.60
3. Charka sandy clay 0-30 8.4 1.40 - 18.8 - 6.20 47.20 20,00 32,80
loam (Wardak)
Maknam clay (Paktia) 0=30 7.9 0.18 274.0 8.0 - 17.10 28,92 23.64 4T7.44
Rochani sandy 0-30 8.5 0.04 T0.0 8.0 - 10.10 72.92 3.64 23.44
clay loam ‘(Paktia)
6. Turnak sandy 0-15 7.7 1.03 115.0 5.2 - 12.15 65,12 T.28 27.60
clay loam (Kandahar)
7. Nadi Ali sandy loam 0-20 7.8 0.74 1552.6 19.96 1.9 16.47 57.80 28.45 13.82
(Helmand) 20-75 8.1 0.20 221.8 11.09 - 15.88 57.60 21.20 21.29
B. Best gravelly loam 0=3 = Desert pavement
Welusnd, desext.) 3-8 8.3 0.25 665 .4 4.44 - 18.69 49.40  35.40 15.00
8.13 8.2 0.43 B887.2 4.44 1.8 24.01 47.95 32.09 19.85
g, IEH\EM 11t l 0.1& B-E‘ ﬂ-ﬁa - ‘04‘ 1-? 26 vB‘G 56 -TG 1‘ -ﬁﬂ 15&?7
(elmand) 10-30 8.6  0.35 - c.22 1.4 11.40 69.30 16.70 17.51
10: CPdaahar 1 0=6 8.2  0.59 243.6 trace - T.20 39.60  35.00 25.35
(Herat) o 6-21 8.2 0.57 260.4 trace - 11.60 44.95 30.00 25.05
11. Ghorbandi sandy 0-30 8.3 0.59 302.4 6.00 - 16.20 52.00 29.20 18.00
clay loam (Baghlan)
12. Angoor Bagh clay 0-30 8.3 0.84 370.05 24.80 - 19.40 28.00 29.20 44.80
{Kunduz) o = ; -
13. sher Abad sandy 0-30 8.5 0.78 294.78  24.80 25.60 73.20  10.00 16.80

clay loam (Mazari-Shariff)




As might be axpactesd from the age of the soils and the climatic conditions,
most of the soils are low in organic matter content. Data in Table 2 show
that most contain less than0,70% organic carbon and only & few contain more
than 0,75%. With the high pH and low organic matter content deficiency of

a number of essential nutrients is widespread in thase soils, In most of them,
the total or available nitrogen content is low; similar is the case of
phosphorus. The free calcium carbonate present in the smoil gquickly converts
the phosphorus that is present, or added,into insoluble pheosphate compounds

of tricalcium phosphate, octocalcium phosphate etc, making it unavailable *o
cropss In calcarecus soils, with high pM, the availability of other nutrients
that are essential for plant growth is also greatly affected. Daficiencies
of micro=elements such as iron, zinc and manganese, become evident in fruit
and ornamental trees, grapevines and in forest plantations,

iia Farming practices

The problems of natural soil deficiencies have been aggravated by the centu—
ries cld farming practices, Beacause of the faudal conditions and in the absen-
ce of proper land reforms until recent times, the exploited small farmer had
to follow a s0il management system that exhausted the soil's preductivity,
Continuous coropping with soil depleting crops such as wheat, rice, barley,
etcsy, little rotation of crops and little or no production of legumes and
application of manures were the vanguards of most of the farming practices,
S0il improving practices were limited by the economic conditions of the
farmers. A farmer having small holdings of one or two jeribs of land could
not afferd green manuring of crops and the application of mineral fertilizers,
apart from the lack of crop residue left on the land and the use of animal
manure as fusl, Due to economic constraints, the poor farmer had to collect
avery bit of straw and stalk from the field to use as Teed for his livestock
or as fuel. Such farming practices, instead of enriching the soil, have
resulted in the tremendous reduction of its already scanty organic matter
status, The inevitable result has been lower production from mest of the farm
lands,

Continuous use of the country plough combined with the low soil organic matter
content has made the plough=scle compact with an increase in soil bulk density
(Table 2). Crusts are often formed on the soil surface restricting the amer=

gence of seedlings and their proper growth. In several parts of the country,

the poorly structured sandy loam soils, deficient in organic matter, have been
subjected to severe wind erosion and alasoc water erosion following floods,

Thus, it can be said that farming in Afghanistan is still very traditional.
For instance, organic manuras is made from animal wastes, dry earth and ashes
which are brought to the animal shed to absorb the urine, then mixed and
heapad cutside the house under sunshine, in this case the nitrogen is lost
and the value of the organic manure is lessened. Preparation of organic
manure from human wastes is common. In this case, the farmer utilizes his
own night soil which is usually in a thick slurry form, and in moat cases
the night soil is not sufficient to meet his demands for fertilization.
However, farmers near cities collect night soil from the storage chambers.
This practice invelves very substantial health hazards to the people at the
collection sites, to the agricultural workers and to the consumers of the
Crops grown,

Improvements in Soil Productivity

Not much research work has been carried out in Afghanistan for improving soil
productivity. The meagre information available from existing literaturas, the attem=—
pts taken recently in this direction and the possibilities of future lines of work
are briefly discussed below,



1.3.1

So0il management practices

Experiments have shown that the soils of Afghanistan are very respon-
aive to better management practices., Adoptlon of such practices as green
marmiring, deep ploughing, addition of farmyard mamre etc., result in coick
improvement in the crop production potential.

i. Utilization of green manure

Experiments conducted at Aliabad Farm in Kabul showed that a crop
of alfalfa added enough nitrogen to soil to improve eignificantly
the following cereal crop. The soil being low in available and
total nitrogen, the process of symbiotic fizmtion of nitrogen is
accelerated by growing legumes. Turning under a green manure crop
of clover was aleo found to meet the phosphorus requiremsnt of the
succesding maize crop. Thie was possible because phosphorus, accu—
milated by the leguminous crop after green manuring, was returned
to the soil in readily available forme for the following cropa.
Moreover, the organic acide liberated by decaying plant material
might have changed some of the unavailable soil phosphorus to
available forms.

ii. Improved tillage

Other experiments at Aliabad showed that desp ploughing with a
mould board plough relieved t0 a considerable sxtent the phosphorus
deficiency in following maize as ocompared to the previous year.
Deep ploughing broke up the shallow plough scale allowing the crop
roote to grow desper and into a larger volume of scil, and thersby
extracting a larger amcunt of phosphorus. Recent work at Darulaman
Experimental Station by the Department of 3oil Science, Ministry of
Agriculture and Land Reform, showed that this practice of deep
ploughing conmerved & large amount of snow water in the desper layers
of the soil profile which would bs very ussful for the growth of
winter and epring wheat.

iii,. Addition of mamires, compost and night seil

Experiments conducted on yellow Spanish onion in the experimental
farm of the Faculty of Agriculture during 1973-1975 showed that the
combined application of 7 tons of farmyard marmre (FYM) + 100 kg ¥
and P_0_/ha did not significantly increase the yield over the use
of o 35T tons FM/ha. TYields were significantly increased in
plots receiving 14 tone FTHfha as compared io plots receiving 7 tons
FM/ha in 1974 and 1975, Thus FTM has great influence on the
¥ields of onion. Experiments are conducted by the Department of
S0il Science, Minietry of Agriculture and Land Reform, on the effect
of FIN on availability of phosphorus, Preliminary results showed
better growth of wheat plants where FIM was added in combinaticon
with phosphate fertilizer. While such studies are in progress, it
may be stated that the Afghan farmer, in spite of his constraints
as mentioned earlier, is aware of the beneficial effects from the
addition of mamres to his crop. Composting of waste materials, a
well known practice in other countries, has been initiated.

Hear large citles farmers regularly collect and use nizght =oil as
a fertilizer, particularly for vegetable crops, The main problem
lies in the fact that the supply of =uch materials is amall in

comparision with the needs of the total farm land and that for se



long there has been no organized agency to help the farmers in proper
utilization of these materials. Projeots on recycling of organic
wastes and biogas will be launched during the Five Year FPlan. It
would be doubly advantageous to supply a good quality organic manure
on one band, and on the other to supply fuel thereby reducing the
pressurs on meagre organic materiale available to the local people.

iv. Uses of industrial wastes

Recently, limited attempts were made to recycle industrial wastes
such as beet pulp from sugar factories and cotton seed cake and
cotton seed hulle from cotton mille. There is good potential for
the use of dried blood, slaughter house wastes and anima! bones
(bone-meal) to improve the so0il nutrient status and other soil
propertiss. Efforts will be made during the Five Year Flan to make
full use of all industrial wastes to augment soil fertility.

1.3.2 Crop rotation

The importance of suitable crop rotations to improve soil producti-
vity ie being increasingly realised in Afghanistan. In advanced agricul-
tural areas, such as in the Logar and Helmand Valleys, Baghland and Kundus,

a fairly stisfactory system of crop rotations is practised in which legu-
minous crops are included. Winter wheat-clover-maize_winter wheat is an
example. Peas or vetch may be substituted for clover and rice may be substi-
tuted for maize im this rotation. Inolusion of deep rooted crope in the
rotation should receive due consideration. Comprehensive studies have bean
or are being initiated on seientific cropping patternms and rotational treat-
mente and rotations invelving legumes. A series of studies will be commen—
ced on intercropping of widely epaced row orops, like maisze with legumes.

1.3.3 Increasing the level of soil organic matter

In addition to those mentioned earlier, there are other means of
increasing the organic content. Straw from wheat, tarley and other small
grains, stalks of maize and beans and roots of different kinds of crops and
leaves of sugarbeet etc. are some sources of organic matter. With the
availability of alternative sources of energy for fusl, these orop residues
may be left in the field and incorporated into the soil.

1.3.4 Integrated approach

While no acocurate figure ie available, it is beyond doubt that the
use of nutrients per hectare of cropped area in Afghanistan is very low and
thie must be stepped up to inorease crop production., While our presenmt
efforte to increase the consumption of mineral Tertilizers should contimue,
improving soil and crop productivity calls for greater emphasis on the use
of organic materials. We feel that a system of integrated supply of plant
nutrients by judicicus and proper balancing of mineral fertilizers and
organic manures would be a real asset for Afghanistan. We are making effor—
ts to undertake an integrated programme to exploit the potenmtial of our
local manurial rescurces including rural compost, urban compost, sewage and
sullage. Exploitation of organic wastes resources would also result in
economizing on the use of expensive mineral fertilizers in our country.
Efforts for pilet studies for biogas plants, which make use of agricultural
and organic wastes and serve as sources of both fuel and fertiliszers, in
several parts of ocur country, would be & worth while proposition.
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Concluasions

Soil is an important natural resource of the country. In Afghanstan, impro-
vement of so0il productivity is the basic remirement for increasing agricultural
production, Unfortunately due consideration wae not given earlier to the necessary
steps for soil improvement and maintenance of moil fertility., The oresent Democra—
tic Qovernment is aware of this situation. Recently, necessary land reforms were
introduced as a first step so that effective management practices can be adopted by
the real tillers to improve the productivity of their lands, Efferts are in progress
for research and atudy of the mamurial renources of our country, the potential avail-
ability of mutrients from these resources and their judicious and zscientific utili-
zation for improvement of soil and ecrop productivity.



2. COUNTRY REPORT - CYPRUS

C. Koundounas and I.N. Papadoupoulos

2¢1 Imtroduction

Cyprus is an island situated at latitude 35° North and it has an intense
Mediterranean climate with the typical seasonal rhythm strongly marked in respect
of temperature, rainfall and weather. Hot dry summers from June to September and
rainy, rathar changeable, winters from Hovember to March are separated by short
autumn and spring seasons of rapid change in October, April and May. The average
annual rainfall for the country as a whole is nearly 500 mm, but it was as low am
182 mm in 1972-T3 and as high as 750 mm in 1968-69. In the plain areas, however,
which constitute the bulk of the agricultural land, average annual rainfall is only
150 =, Under such climatic conditions, plant residues decompose fast. In the
plain irrigated soils, organic matter is between 1-2% in the plough layer (Ap)
and much lower further down. In the same areas under dry famming conditions,
organic matter content in the top moil is around 1%. In mountain areas under vines
and deciduous fruit trees, organic matter contemt in the plough layer 1lly lien
within 2-3%, significantly declining with depth. Thin organic layers EAon, Ao) and
A horizon with much higher amounts of organic matter do ocour in the highest areas
of the Troodos mountains (1000 - 1800 m altitude) under forest, especially pines.

In Cyprus, the crganic matter comtent of the cultivated soils is very low,
norsally below 2%. Thie is mainly due to the hot and dry climate and alsc to the
intensive cultivation of the soil.

The low soil organic matter comtent leads farmers into purchasing farm
manures (sheep, goat, pig, chicken) for use as a soil amendment, particularly for
irrigated land. However, this trend is decreasing due to the high cost of such
manures. Experiments carried out at Passouri on the south coast indicated that the
application of manure was not effective as nitrogen fertilizer for oranges. By
contrast, preliminary resulte at the Morphou Station of Agricultural Research Ineti-
tute, before 1962, indicated some response to manure. However, the value of marure
is based not only on the supply of mutrients but alsc on the improvement of moil
physical, chemical and biological conditions, which may be of great importance
particularly for light or heavy soils.

22 Experiments with Orance

In 1962, the Agriculturanl Research Institute established an experiment
aimed at comparing mineral fertilizers with sheep manure. A Valencia orange orchard,
planted in 1956 at Morphou near the north west coast, was used. A randomized
complete block design consisting of & treatmemtn wams established in the spring of 1962,
Eanch plot consisted of 3 trees with a guard row between experimental rows. The
fartilizers and marmure ware distributed in the area contained by the drip-line of
the tress and worked intc the moil.

The NPK content of the sheep manure used throughout the experiment waried
widely as follows:



N P
% (dry weight basis)

1964 2.57 0.68 3.18
1965 1.20 0.56 1.62
1966 1.22 0.39 2. 30
1967 1.74 0. 34 1.4
1968 1.34 0.24 1.28
1969 1.52 0.18 2.05
1970 1.49 0.55 1.59

This shows how difficult it is to interpret the resulte of the experiments
and to compare organic manures with mineral fertilizers.

The yislds over the period 1964~1972 are given in Table 1. The yields up
to and including the 1972 harvest varied widely from year to year. However, the
combined statistical analysis indicates that lower levels of application of mineral
fartilizers appeared to have a slightly greater effect than organic manure. The
higher rate of sheep manure, in combination with both nitrogen levels, was clearly
superior to the other levels. These results suggest that the beneficial affect of
manure ie mainly due to supplying more nutrients. However, this increase in yield
would hardly pay for the sxtra cost to buy and apply sheep manure.

Table 1 EFFECT OF NINERAL PERTILIZERS AND SHEEF MANURE ON YIELD OF
VALENCIA ORANGES OVER THE PERIOD 1904~72, WMOHRPHOU

Amount of Fertilizer, kg/tree

Mezan number * Mean welieht *

sl A i ) G Lt i
4,8, 0.4 0.30 3 681 a 17.3 a
Na%, 0.2 0.15 30 668 a 114.0 a
MG, 0.4 0. 30 15 59 b 99.7 b
M,c, 0.2 0.15 15 608 b 102.4 b
c, 0.4 0.30 0 589 b 99.1 b
c 0.2 0.15 0 567 b 99.6 b
M, 0 0 0 498 o 90.1 ¢
" 0 0 15 420 4 75.2 d

® Figures accompanied by a common letter are not statistically different at the 5%
level of probability.

Quality charmcteristice, like juice content of the fruit, the sugar/acid ratic
and the peel thickness were not affected by the different treatmenta.

The NPK contents in leaf dry matter fluctuated widely from year to year. The
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nitrogen content ranged from 2.15 to 2.69%. The phosphorus content was about O. 12%
all through the experimental pericd. In contrast, leaf potassium declined considerab—
ly from 1.04 in 1962 to 0.49% in 1970, which is considered low by California etandards.

Micronutrients were not affected by the fertiliser treatments, but it was found
that manganese and ginc remained within the low-deficient range. Thie fact was confir-
med later to be genmerally the case in orchards of the Morphou area.

From the above data it is possible to conclude that 30 kg manure per tree per
¥ear has a positive effect on yield, but such application is hardly economical.

Experiments with Tomatoes

Another experiment including manure was carried out in 1975-76 with tomatces. In
it, the plants (hybrid P _-Multicross 12 A) were grown in individual 10 litre plastic
pots filled with either dforest soil" (2.47% organic matter, medium texture) or a
2:1 mixture of thie scil and farmyard manure.

Three irrigation regimes were tested, namely three fractions of the amount of
water required to bring the potting medium to fiesld capacity. These fractions were:
1.0, 0.87 and 0.75. Irrigation was applied daily through drippers, one for each pot.
In addition, nine fertilizer treaiments were tested comsisting of the combinations of
three rates of nitrogen and three of potassium. The nitrogen rates were: 42, 84 and
126 g suiphate of ammonia per pot, while the potassium rates were O, 53 and 106 g
sulphate of potash per pot. A tasal dressing of 30 g/pot triple superphosphate was
mixed with the moil prior to planting, while the nitrogen and potassium fertilizers
were applied in solution during the growing season,

Only irrigation affected yields significantly (Table 2), fertilisation did not
affect (Table 3), however, at the highest amount of water, the soil plus manure
indicated a tendency towards increasing yields (Table 4). Fruit quality was better
at high levels of fertilization, presumably as a result of higher salt concentration
in the soil.

Concluding Remark

In line with the above resulte it ie felt that for Cyprus soile manures can do
little or nothing more than mineral fertilisers.

Table 2 TIELDS OF CLASSHOUSE TOMATOES GROWN IN POTS IRRIGATED DAILY
WITH THREE AMOUNTS OF WATER, ATHALASSA, 1975-76

Irrigation regime:

fraction of amount Tield

required to bring ”

the pot to field kg/plant tons/ha

capacity

0.75 3.56 111.5
% 3.91 122.5
1.(!) 4'62 144._?

SE = + 0.48

¥ Caloulated on the basis of the spacing of the pota.



ble YIELD (kg/plant) OF GLASSHOUSE TOMATOES GROWN IN POTS
UNDER THREE LEVELS OF N AND THREE LEVELS OF K
FERTILIZER, ATHALASSA, 1975-1976
(¥H }25:'44'"?“ 12304}"1?'-“ (&) Means for ¥
4{ ) treatments
¥ m 53 106 (SE = + 0.12)
42 4.19 4.25 3.82 4.09
84 4.10 4.16 4.00 4.08
126 3.79 .77 4.21 .91
Means for K
treatments
(SE = + 0.12) 4.03 4.06 4.01 4.03

Table 4 TIELD {kg/plant) OF GLASSHOUSE TOMATOES CROWN IN POTS
UXDER THREE LEVELS OF N, THREE LEVELS OF K, AND WITH
OR WITHOUT MANURE, ATHALASSA 19751976
Amounts of fertiliger Potting medium
(&/plot)
Code N K Soil S0il + measurse

N 42 nil 4.08 4.91
LAY 42 nil 4.21 5.18
Nk, 42 nil 4.26 4.66
N, 84 53 4.39 5.76
LA S B4 53 4.60 4.84
X, 84 53 4.88 4.98
N, 126 106 3.70 4e13
N,K, 126 106 4.16 4.48
]312 126 106 3.90 6.08
Mean 4.24 5.00
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3, COUNTRY REPORT - ECGIPT

by
YA, Hamdi and M.N. Alaa El-Din

Organic Matter Level of Egyptian Soils

It is generally accepted that Egyptian soils are poor in contents of organie
matter; it meldom exceeds . Table 1 illustrates this point in more than 5 000
soil profiles collected from different parts of the country.

Sources and Potential Resources of anic Matter in t

3e2.1 Agricultural residues

Based on the 1968 statistics, about 11.5 tons/year are produced by
different crops {Table 2}, MWost of these residues are rice and wheat straw
and cotton, maize and sorghum stalks. At the moment they are used largely
for burning, industry or animal feed, Little is composted as artificial
organic mamre., It is estimated that if these residues were composted they
would give ahbout 5 million cubic meters of compost.

3e2.2 Animal mamre

Table 3} summarizes the rumber of animals in Egypt and the expected
amount of mamure produced, About B8 million m} are produced anmally. As the
area of cultivated land is about 6 million feddans (2,52 million ha), accor—
dingly it could be expected that each feddan received about 15 m3 of this
marmure, btut this is not the case in most areas as the mumber of animals varies
from one place ‘50 andother,. The present shortage in organic mamres iz about
30-40 million m”/year. By increasing the area under reclamation the need for
organic mamires will certainly increase, Estimates are that 40-60 millien m3
of organic marmres will be required for new areas to be reclaimed.

3.2,3 Hight seil

Dry latrines with a storage chamber (open back) are common in rural
areas, The night soil of farmers' families is usuzlly collected and mixed with
the sarth compost. In other cases, the night soil is dumped in the drains,
causing harmful pollution.

In small cities, where thers is no sewage mystem, septic tanka and the
like are the umual way of disposal, The night soil is then collected and
transported in lorries to the trenching ground for burial and eveniual prepara-
tion of an organic marmure called "Budrita®.

Fight soil ie wainly used for mamring melons, water melons, cucumber
and other vegetables because of the gquick release of nutrienmts.



LEVELS OF ORGANIC MATTER IN 30ILS OF EGYPT l‘f

Table 1
Governorate Organic Matter, %
Quena Trace — 2
Assuit 0.4 = 3.4
Elmenia Trace = 2
Fayoum Trace = 1.5
Minoufia 1.0 = 2.0
Al=Charbia 1.0 = 2,0
Eafr E1 Sheikh 0.5 = 3.0
El Sharkia 0.5 = 2.5
Table 2 AMOURTS OF AGRICULTURAL RESIDUES PRODUCED YEARLY 3”
(G rop Area, Feddan y Residues, Tons
Feddan Total
[Wheat 1 412 Bg2 1.7 2 401 N6
Barley 117 063 1.2 140 476
road Bean 306 419 1.2 367 703
ermgreek 28 427 1a1 31 270
Lentils 51 486 0.8 41 189
Iclover (Berseem) 175 559 0.8 138 047
Cotton 1 625 969 1.1 1 788 566
Rice 1 204 336 1.4 1 686 070
Sorghum 532 603 2.0 1 065 206
aize 1554 219 1.7 2 642 172
Sugar cane 136 978 1.0 136 978
Oroundmat 42 466 1.0 42 466
Seasame 24 188 0.9 21 769
Vegetables 708 041 1.0 TOB 044
ther crope
Fhortiuultm} 250 000 1.0 250 000
Y

Report of Department of Soil Survey, Ministry of Agriculture, Egypt,

B/Banud on 1968 Statistios

yﬂ'm feddan = 4 200,033 ne = 1,038 acre = 0,42 hectare

1959 - 1973




Table 3 NUMBER AND KINDS OF ANIMALS IN AND THE

AMOUNTS OF MANURE PRODUC

Manure Produced Li:munau.-lgf‘IIr Het
Animala Fumber o % prudunﬁian
Animal  Total =
Cowa, Buffaloes 3 111 345 35 108 897 075 30 76 227 953
Camels, Horses,
Mules, Donkeya 1 257 350 15 18 860 250 Bo 3 772 050
Sheep, Goats,
Figs 2 428 500 5 12 143 000 15 7 892 950
L Total 6 797 295 - 139 900 325 - 87 892 953

Y

Data based on 1960 statistiocs

E/ Losses are caused by moving the animale and using wastes for burning

3u2a4

1a2a5

3a2.6

Sludege

About 128 000 m3 of sewage slude are produced anmally. It is expected
that this amount will increase as the efficiency of production improves with
wider areas covered by sewage treatment plants. Sewage treatment plants are
not sufficient and the present ones do not work properly. Sewage water is
usually dumped in the sea, lakes, or water ways with no or very little effec—
tive treatment. Sludge from mewage treatment plants, is used for fertilizing
horticul ture,

Compost of city refuse

At the moment there is only one plant at Shubra which converts part_ of
Cairo City refuse. The anmual production of this plant is about 100 00D m,
however, Cairo produces about 3 500 tons/day garbage which remuire more suffi-
cient composting. Farmers surrounding cities are accustomed to applying
fresh garbage which presents health hazards, Raising pigs on garbage is also
popular in big cities.

(Freen manmure

Oreen manuring was one of the popular practices in Egypt until the
fifties, The drastic inerease in population led to more intensive cultivation
to meet the growing needs of man and animals. Orcen mamiring is now practised
only in mewly reclaimed areas to improve soil physical, chemical and micro-
biological properties, specially those of sandy and calcareous soils, The
use of sesbania offers good possibilities for use as wind breaks, fodder,
fuel and a source of organic matter.
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Biofertilizers

3.3.1 Legume inoculant

Since 1954 the legume inoculant "okadin™ has been produced by the
Ministry of Agriomlture in mantities sufficient to inoculate 200 000 feddans
(84 000 ha) anmally.

3.3.2 Algalization

Research programmes initiated in the Department of Microbiology, Minis-
try of Agriculture,in 1966 indicated that rice fertiligera can be reduced by a
quarter to a third if algal inoculation is practised.

A project ia now in operation to produce algal inoculants, and large-
scale production to cover 1 million acre/year will begin in 1979=1980,

3ad.d Aszolla

Agzolla has been recently introduced from China and Wigeria into the
Department of Microbiology, Institute of Soil and Water Research and Univer—
gity of Alexandria. Potentiale of this fertilizer are being studied,

Biogas

Research has been conducted in the Deparitment of Microbiology, Institute of
Soil and Water Hesearch, on the potential of producing blogas from agricumltural wastes.
Results were positive. A biogas unit (house model), following the Chinese system,
was recently consiructed in Fayoum Govermorate. Another plant was built by an Egyptian
expert in Afghanistan. An intensified programme for biogas production and research
has been started.

Conoclusion

From the foregoing discussion it can be conmcluded that resources are
available for organic matter production under Egypiian conditions., However, these
resources are not fully utilized and research must contime omt
- biogas technology,

intensive use of sesbania as a source for nitrogen, organic matter, fodder, fuel,
wind breaks etc.,

improving soil productivity through legume inoculants,
algalization of paddy,

utilization of water lentils (Lemna sp.) as green marmre, fodder and for biogas
production,

- gelection and adaptation of Azolla to the Egyptian environment,
- composting methods for solid and liguid wastes using local materiale and sxperiencs,
= organic marmures and soll conditioners for different soil types common in Egypt.

1

1



441

4.2

4.3

4, COONTRY REPORT - JORDAN

by

Widad A. Nuri

INTRODUC TION

The total area of Jordan is about 9 806 000 hectares of which 9 255 100 ha are
east of the Jordan river., Only 53 500 ha or about 0.,617% of the total area of East
Jordan are under irrigation and 1 196 208 ha (13%) are considered potentially produc—
tive dry land farming areas.

The organic matter content of Jordanian soils is low, ranging from 0.4F to
1.5%, because of high temperatures and very low humidity, which cause the breakdown
of organic materials and necessitate their compensation,

Jordan suffers from a severe shortage of farm animals, There are only 32 000
head of cattle and one and a quarter million sheep which are scattered throughout the
country in epecialized farms. The cattle, sheep and goat farme are unevenly distribtm-—
ted, as 81% of the cattle farms and 94f of the sheep farms are situated close to the
large cities, There are alsc numerous small farms whose owners are unable to keep
animals,

Chicken marure is the most important organic mamre to farmers but is not
available in sufficient quantities,In view of this situation, moet farmers resort to
using mineral fertilizers, which give faster returns in manmy types of agriculture.
Reliance on mineral fertilizers alone is however detrimental to meil productivity in
the long term. In addition, the incorrect methods of preparing and storing the farm
yard marmres cause deterioration and loss of plant mtrients.

Sho or Non-Exploitation of Other Resources

Only the Jordanian capital has a sewage system and treatment plants, while
ceagpools are used in other towns. GOarbage is also wasted in every town of the
country, although it represents a potential source of organic fertilizer., To over—
come the shortage of organic fertilizer, it ie recommended that = rumber of projects
be undertaken, such as expansion of cattle, sheep and goat farms in various parts of
ti::icmtr;. installation of sewage systems and exploitation of wastes in the large
[+ Bl

The Government installed a sewage system in Amman, and built a treatment
plant in 1970, with a capacity of 60 000 m> per day, but farmers are reluctant to
use the product of this plant, for a number of reasons, However, it is essential
to install eewage systems in all the large towne in Jordan, and to encourage farmers
tc use the produced organic marmre., The Ministry of Agriculture should use these
;nmrau on ite own farms and reaearch stations, as an insentive and guide to the

ATMArs.

Mineral Pertilizers

Jordan exports raw phosphates, of which there are huge deposits in many parts
of the country, in addition to large quantities of potassium in the Dead Sea, About
1.5 million tons of phosphates were produced in 1977; most of it was exported and the
reverme used to import the required mineral fertiliszers. The present Five—year Plan
includes the construction of a phosphate treatment plant in Agaba, at a cost of
120 million Jordanian dinars (US$ 370 million), scheduled to start production in
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five years time. This plant should produce sufficient mineral fertilizers to cover
local demand and also for export to neighbouring countries,

Research and Studies

There is so far no real research work on the utilization of organic ferti-
lizers and their effects on soil fertility and productivity. There have been some
attempte to ascertain the effects of organic fertilizers on the physical and
chemical properties of the reclaimed desert soils in which groundwater ims used
for irrigation, and which are faced with certain salinity and alkalinity problems,
Green marmre is used to a limited extent in some of the irrigated areas, In certain
Years, as a part of the cultivation cycle, legumes such as beans, peas and berseem
are ploughed under and then followed by spring and summer vegetables.

In conclusion, it is noted that applied research is concentrated on the
utilization of mineral fertilizers, as regards muantity, type and méthod of appli-
cation in the irrigated areas and the rainfed areas to a limited extent.
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5« COUNTRY REPORT - KUWAIT

by
A.HM. Abdunl Redo

Introduction

Agriculture in Kuwait is, basically, in the early stages of its development.
In 1976, there were 471 farms with a total area of about 449 hectares, Future
expansion for the coming 10=15 years is about 6 000 ha of whieh 3 250 ha will be
irrigated with brackish water, ? 500 ha with sewage water and 300 ha with fresh water.

Availability of irrigation water is one of the main limiting factors. In
addition, the scarcity of organic matter in the soil and the unavailability of
organic samres make agriculture difficult.

The national income from agriculture was about ¥D 8.4 million in 1976. The
total agricultural production represented about 10f of the total food consumed in
Kuwait, Agriculture, in Kuwait, provides the following products ss a percentage
of the total conesumptions

Fresh vegetables 206 Presh milk &of
Green forage gl 4 Presh egza 208
White meat (chicken) Ak

Kuwait Soila

Soile in Kuwait are mainly sandy with about 7% clay and silt, and very poor
in organic matter; some have hard pans either deep or shallow. Table 1 gives nome
information on soil analyses in Wafra area which is considered as one of the two
main agricultural areas,

Organic Pertilization

Soil fortility in Kuwait is very low and the organic matter content is limi-
ted due to the hot dry weather in summer and the scarcity of organic mamren. The
available sources of organic mamres for agriculture are:

i. FParmyard manures: a mirture of animal exorement and bedding materials, coming
from about 8 000 cattle in dairy farms, thousands of imported sheep for
slanghtering and from the poultry farmn., A few years ago, organic mamres
used to be imported from other countries,

ii. Compost from town wastes: in 1973 a small pilot plant for making compost
from town garbage was established with a capacity of abont 100 tons of
garbage daily, to produce 40 tons of organic msamire. This plant will be
expanded to use 600 tons of town waste daily, The quality of organic manure
from the compost is good and is used for wegetable orop production and
fruit troes. The chemical analysis of the compost is:



iii.

iv,.

pH in saturated paste 5.0

Moisture content 24,7
Saturation percentage 253,0%
Total nitrogen 1.7%

Total phosphoriec aecid {?Eu Y 1.7
Total potassium oxide (120? 0.6L
Total organic matter e

Sewage and sewage sludge: this source of organic mamre is well established
and in process of expansion., It will provide large quantities of organic
marures as well as irrigation water., The raw sewage hae been used for irri-
gation and fertilization in some roadside planting and afforestation.
However, there is a plant for sewage treatment that produces about 20 million
gallons per day for irrigation. Other plants will be comstructed in the

near future. It is estimated that the following quantities of sludge will

be available for agricultural use:

In 1980 38,6 tons per day
In 1985 Ti.1 moowoon
In 1990 go,g = n

Thie estimation is on the basie of 60 kg per 1 000 population.

Oreen marmure: in Kuwaiti conditions, it is unprofitable to turn under green
marmre for the sake of increasing the productivity of the soil ae it is
better to grow legumes for pasture or to be fed as hay to livestock and the
mamire returned to the field.



Table 1

~ Total Total

SOIL CHARACTERISTICS, WAFRA AREA

Total Calld ECe E
m;ﬂ phos- potas— mnitro- 3 (n:tn- meq/] Saturated Extract —
a phoric sium gen rated ration
acid oxide mmhos/ Paste) ., HCO c1 S0 cs Mg fla K
% cm om 3 3 4

0-30 0.025 0.075 0,010 6.40 5.60 T.7 Fil  1.65 37.5 18.65 24.0 10.40 20.63 1.34 19.00
30-60 0,022 0,068 0.011 6.00 3.10 7.9 Wil  0.47  17.25 13.66 11.8 6.00 13.60 0.54 19.00
60-90 0.017 0.068 0.09 7.50 2.80 B.0 Fil 0.7% 18.75 8.66 16.20 5.80 5.47 0.36 20.00
§0-120 0.024 0.056 0.07 12.00 - -

- —_ - - - - -

Organic matter percentage in different locations ranges from 0.029 to 0.416

Mean valua is 0.116




6. COUNTRY REPORT - SULTANATE OF (MAN

by
Selim Ali Rawahy

There are many sources of organic matter and each differs from the other
in organic matter content.

In Oman the main organic matter that is recycled is from animal waste, mainly
from cows, chickens, sheep and goats and some from donkeys and camels, The numbers
estimated in 1976 were:

Goats 164 600 Camels 13 500
Cows 133 Boo Donkeys 10 000
Chickens 100 000

Depending on their availability, some farmers mir varionas types of waste and
add them to the soil; others add only one type. Percert nitrogen differs from one
waste to another; for example, chicken manure has about 3 times as wuch nitrogen as
coW marmre.,

So0ile are generally low in organic matter; thies may be due to a combination of
high temperatures during the summer, sometimes exceeding 45“*.'.‘-, and tha dryness of
80lls, There is very little rainfall, except in some areas of Dhofar Province., The
solle have a low degree of development because of this arid climate. Practically all
soils are highly calcarecus, As the rainfall in most parts is very low (about 50-

200 mm/yr), irrigation is necessary for agriculture.

In the Batipa plain, the principal limiting factor from the standpoint of
soil productivitiy is soil and water salinity. Organic matter content of the =soil is
0-0.8% and pH is 7.5-8.4. Available phosphorus is very low because of inhibition
of calcium carbonate., Exchangeable calcium and occasionally high exchangeable
magnesium concentrations are found in the abeorption complex. Potassium is 0.1=0.5
meq/100 g (values over 0.3 meq are considered satisfactory), Exohangesble sodium
is distributed unevenly. Cation exchange capacity ranges from 5-15 meq/100 g,

In the interior, the organic matter content of soil reaches 2,07 in some
areas and soile in palm groves contain relatively large amounts of organic matter,
In these areas also there ie high exchangeable calcium and magnesium on the absorp-—
tion complex. The eoils here are infrequently saline.

Ihofar Province has some areas which are comparable to those of tropical
climates, for example, the Salalah plain and the Jebel, Inland Dhofar has a desert
elimate with negligible rainfall. It is similar to the Batina Coast with wide
variations in temperature, The Salalah plain has an anmal temperature variation
similar to a tropical climate but the area ia extremely arid. The Jebel's southern
slopes receive 500-650 mm of low intensity rainfall between July and September, It
has monsoon weather., It is a catile producing area, The organic matter contemt
reaches 3,¥. Overall fertility is much greater than in other parts of Dhofar, tmt
the soils are shallow over limestone, and could be "Terra rosa" type.

HEFERERCES

Sir William Halorow and Partners, Surveys and Investigation for Land and Water
1975 Hesources in Dhofar,

ILACO, Water Resources Development Project, Northern Oman.
1975



OFENING STATEMENTS

1. M¥r, Salah Jum'as
Issistant Tirector=General, Regional Representative for the Near East,

FAQ Regiomal QOffice

(On behalf of Mr, E, Saouma, the Iirectorw-General of FAQ, I would like to extend
FAO's gratitude and thanks to the Government of the Arab Republic of Egypt for hosting
this important Workehop, Thanks are also due %o the Swedish Internstional Development
Authority for their generous financial support, without which this Workshop would mot
have materialized so scon.

- It is needless for me to tell this sciemtific gathering about the importance of
organic materials for the increase of scil productiviiy and hence their substantial ocomtri-
bution to closing the food gap, which hmanity is striving to do, Organic matier improves
the physical property of the soil, by increasing its water holding capacity and lmproving
its structure and scil aerstion, both of which are basic for increased scll productivity.
The increase of water holding cepacity of the seil has special importance for the Near

East with its condition of water shortage, that has such a major effect om plant growth,

To avolid misunderstanding, we kmow that organic manures, because thelr main effect
is on physical propertiss of soils, can provides in general, only limited quantities of scil
mtrients, Experience in the Near East Region, as in other parts of the world, shows that
therefore an optimal combination of organic menures with mineral fertilizers (for plant
nutrients) is the answer on a short and long—term basis for inoressing and maintaining
agrioultural productivity.

I notice with satisfaction that the programme of thie Workshop reflects this
important fact, I also notioe the impressive variety of items you are golng to deal with
including compost making from & fferent materials, bioclogical nitrogen fixation, and last
but not least, the most interesting subject of blogss produotion, which is interesting
from the energy a= well as from the soil fertility point of view,

I am glad to mee that the seoond part of the Workshop is dedicated to growp
seesions to work out action guldelines for follow-up activities in your comntries, I agree:
the Workshop is not an end in itself; tmt a starting point. On this peint I wounld like
to assure you that FAO is ready to give teoclmical and practical assistance toc member count-
ries whenevar required,

I would like to end by extending my thanks to all those who comtributed to the
preparation for this Workshop, and in particular to the Faculiy of Agriculture, University
of Alexandria, to whom mpecial thanks are due,

I wish your Workcshop every success,

2. Professor Khaled El-Shasly
Dean, Faculty of Agrioulture, Alexandria University

It is with grest pleasure that I weloome you to the Workshop on Orgamioc Matter and
Soll Improvement.

The Egyptian populetion has reasched 40 million inhabitants and is expected to
reach 70 millions by the year 2 000, Ngyptians live om 3.5 % of the total area, s sum of
6 million acres which has not inorsased in the past decades, in spite of efforis spemt



in land reclamation a& & result of using equivalent good agricultural areas for industry
and housing., Dume to the population explosion we are becoming more dependent on imported
foods and other goods,

A World Bank Report h:quumt-d that sgricultural production inoreased by 3.5 =
4,04 annually, from 1955-1965 From 1966 onwards the agriculture seoctor began to falter:
"The growth in production declined to about 2% and has not regained its former growth level,
With the exception of cotton, the ylelds of most crops have mot improved significantly. A
large proportion of the reclaimed lands, roughly two—thirds has not been made fully produc—
tive, The groundwater level has risen seriously, as a result of the inorease in water
supplies, reducing the productivity of some lands and neceseitating a major drainage effort"”.

The World Bank Report has related slow sgricultural growth in Bgypt during the past
decade to the following reasoms:

i. limitations of the natural resource base, especially land, and poor water
management j

ii, shortages of financial and invesiment resocurces due to military necessities
sinoe 1967;

iii, +the belief that agriculture has almost reached a plateau of productivity in
old landse;

iv. suboptimal distribution of capital resources within agriculture;

L inadequate price and incentive policies;

vi. adninistrative control of the oropping pattern;

vii., an inflexible institutional structure within agrioculture;

viii., an inadequate organizational linkage betwesn agriculture and the rest of the
SCONONY «

They have failed to recognize two other major comstraints to agricultural develop—
ment in Egypt: 1.) disruption and non=-continuity of govermmental agriculture policies; and
'b] gilt precipitation behind the NMigh Dam and its effect on soil fertility.

It is interesting to compare the balance of paymemts in Egypt since 1960 up to 1976,

In million L E,.

1960 1965 1970 1973 1976
Exporte 204 2417 355 396 T14
Imports 269 a7 518 656 1 914
Balance =55 =170 =163 =260 =1 200

The negative balance of payments has been accentuated by inoreased international
prices, particularly of food.

1-3’ o, 931 B, BOT 1976



It is true that the present Egyptian yields appear high by world standards,
e.Z. compared to Califormia:

Egypt California
Rice 2 189 kg/fd 2 540 kg/fd
Wheat 1304 ™ 1304 ®
Beans 389 Tio ™
Potatoes 7510 1483y n
Cotton NTF =™ 673=1 360 n
Maize 1579 m 2540 ® (3 000 irrigated)

However, ithis overlooks the exceptional growing conditions found in Egypt which,
permit I am sure, higher yields. If we consider maize for instance which yields 12 ardabs
on an average (1 600 kg), yet some areas in Egypt have reached 30 ardabs (4 200 kg/fd).
Thie indicated clearly that there is ample space for increased productivity from the old
land over and above production from newly reclaimed areas (horisontal expansion).

This can only be achieved by good extension services and the will to do it.

In your Workshop you will have to answer some of the important gquestions and points
relating to organic matter and soil improvement. They might well be the following:

1) How do you make the best use of organic wastes (human, or animal) for the
improvement of the soil?

2) What necessary processing or preserving conditions are remired for the use
of organic wastes (including garbage)?

3) What type of soils should benefit more from organic matter?

4) You may, perhaps, wish to consider the cuestion of recycling animal wastes
into animal feeds in comparison to using them for land fertilization,

5) What type of interactions with soil elements, good or bad, one may wish to
promote or prevent, as the case may be,

6) The specific requirements of the different crops for organic matter.

7) The interrelation of organic matter supply and soil management policies to cope
with many of the still only partially solved problems of high leaching, high
soil temperatures, high loss of organic matter, etc.

These and many other questions will be amswered in your meetings today and during
the following days,

May I wish you all a very successful and stimulating meeting, and a happy stay in

Alexandria, If the Faculty can be of any help to the meeting or to any member of the
Workshop please do not hesitate to ask,

i, Frofessor Ali Reda El-Henidi
President of Alexandria Hninraig

It gives me great pleasure and honour to welcome you to Alexandria University.

1 wisn to express my tharks to our distinguished guests who are participating in
twnie meeting ,



Your Workshop on Organic Materials and Soil Productivity in the Near East ie very
imporisant as more food is needed in the Fear East, and more foocd is needed in the immediate
future. There is & population explosion in this area, Measures for family plamming have
not been successful to the present. If you talk about Egypt, cur population is now 40
million, We are increasing in an astronomical way.

We need revolutionary scientific methods to inorease soil productivity, and the
recent development in the use of organic materials is an important measure in this field.

I am pure that your discussions and researches will add much to our objective.

I wish to thank the Pood and Agriculture Organization of the United Nations and
the Swedish Internmational Development Authority for sponsoring this Workshop.

I wish you a pleasant stay in our beantiful City.
4 Mr, Abd-El-Latif Essa
inister, Ministry of Agriculture

It ie a great honour and privilege to be delegated by H.E. Dr. Hahmoud Mohamed
Dawood, Minister of Agriculture, to deliver the statement of the Egyptian Govermnment,

On behalf of the Egyptian Government, I wish to welcome you all to the Workshop on
Organic Materials and Soil Productivity in the Near Bast, held by the PAO in cooperation
with the Swedish International Development Anthority (SIDA) and the Faculty of Agriculture,
Alexandria University.

Farmers for many centuries have observed that the capacity of soils to produce crops
is more or less directly related to their content of organic matter. Ancient Egyptians
recognized the role of soil organic matter in soil fertility. Organic matter exerts a
controlling influence on soil properties, including soil productivity. Many factors deter-
mine the agricultural productiviily of a scil such as water, seeds, disease and pests, tillage
methods, mineral mutrients, cultivars and soil properties,

In the arid and semi-arid regions the most important two factors are water and
organic matter which indeed are the limiting factors in large arems.

In the light of the present world food crisis, a large mumber of the developing
countries do not have money either to purchase costly food from abroad or to buy mineral
fertilizers in sufficient quantity needed for modern agricunlture, Therefore the situation
demands that they should utilize organic materials as fertilizers on a large soale.

I am sure that we will benefit from the discussions on different subjecte put under
study in this meeting and we will bemnefit from your wide knowledge and experience in the
field of moil organic matter,

It is a real pleasure for us to act as the host country for such an important
Workehop. I wish you a very successful meeting and & pleasant stay in Egypt and safe trip
back home.



APPENDIX II

PROJRAMME

Monday, 9 October

= Registration
- Official opening of the Workshop

- Organic recyocling to improve soil productivity
F.W. Hanck

- The significance of organic materials to Egyptian agriculture and maintenance of soil
productivity
As3s Abdel-Ohaffar

- Organic fertilization problem in rural environment and remedial measures
John 8. Davis

Tuesday, 10 October

— Sources of organic materials and techniques for their use in improwving soll productivity
J.F, Parr

- Resources of organic wastes in Egypt
M. Abdel-Samie

-~ Lignite: A potential source of organic matter
Ingy Zein El-Abedine

= (resn mamres
3.A.%. Mahmoud

- Environmental health aspects of wastewater and refuse application to land
Olfat El-Sebaie

Wednesday, 11 Qetober

= The role and importance of organic materials and biological mitrogen firation in the
rational improvement of agriculture production
G.3. Vidyarthy

= Use of rural and industrial wastes to improve soil productivity
M. Maung

— Biogas technology - Experience from China
M.N. Alaa El- Din

- Organic recycling practices in Asia and the PAO/UNDP
Introductory Project RAS/75/004
P. Heassa

- Comparative study of the effect of local organic marmares on chemiocal, miocrobial and
angymatic activities of the soil and on wheat crop
A.AJM. Mokawi

- Cropping systems and affect on soil productivity
AM, Balba

- Blue-gresn Algae, Arolla, Lemna and Phosphate dimeoclving bacteria
N.H. Alaa El-Din

- Leagume Inoculation and improving scil fertility
TsAhs Hamdi



— Inoculation of Zea Maize with nitrogen-firxing gspirilla and arzotobacter
H.A. Hegazi

Thurs 2 October
= Use of organic materials as soil amendments
F. Oati

- Organic materials and improvement of soil phyeical characteristics
Jeong Nam Im

= Use of lignite as soil conditioner
I.As Zein El-Abedine

- Long term application of Baladi marure as affecting physical propertieas of the moil
A.T. Mouetafa

- Soil life with "Hydrosorb®; an efficient, effective organic fertiliger and soil builder
with unique water holding capacity
B, Welborm

- The effect of organic materials on soil aggregation
A Gomah

- Effeot of different organic materials on certain properties of calcareouns soils and crop
yield ; E, Abdel-Faim

= Humms in Egyptian soils
M. Kadr

— Response of maize to farmyard marmre and zinc
H. El-Attar

- Organic materials in relation to envirommental planning
LaTs Kadry

Friday, 13 October

— Excursion to North Tahrir Agricultural Company (Reclamation of sandy calcareous soils
- organic matter recycling operations)

Saturday, 14 October

- Potential sources of organic materials in Egypt
A. Riad

- Films from Hungary:
1. Twentyfive years devoted to soil amelioration in Hungary
2. Reclamation of sandy soils
i, Improvement of the water management of sandy soils

= Country Reporte

Sunday, 15 October

- Country Reports (Contirmed)

- Tiscussion and formulation of guidelines for action programmes in the countries
Monday, 16 October

— Visits to the Soil and Water Science Department and the University of Alexandria Research
Center

— Recommendations and Closing of the Workshop



Toesday, 17 October

- Excursion to Payoum Oovernorate, Biogas unit
= Heturn to Cairo

Wednesday, 18 October .

Excursiont - Visit to El-Oabal El Asfar farm fertilized with sludge
- Vieit to the Garbage Composting Plant
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