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FOREWORD

The International Atomic Energy Agency and the Food and Agriculture

Organization of the United Nations support research contracts, seminars,

symposia, and various other meetings concerned with a wide range of in-

vestigations in agricultural research involving the use of nuclear tech-

niques. These activities are carried out by their Joint FAO/IAEA Division

of Isotope and Radiation Applications of Atomic Energy in Food and Agricul-

tural Development.

This document comprises the proceedings of a Regional Seminar on the

use of isotopes and radiation techniques in soil and water conservation

studies in crop production for developing countries in Africa. The meeting

was held in Khartoum, Sudan, at the generous invitation of the Government

of Sudan. Its representative Sayed Wadie Habashi, Chairman of the Atomic

Energy Commission and of the National Council for Research opened the

meeting- His address and those of the FAO Representative in the Sudan

and the Scientific Secretary, Dr. Y. Barrada, are included.

The purpose of the seminar was to explore the means by which isotope

and radiation techniques could be used to develop practices to control soil

erosion, improve water utilization and conservation in addition to controlling

desertification Africa. The seminar provided an educational forum for all

participants to explore the use of nuclear techniques in soil and water con-

servation and to establish cooperation in planning and implementing

relevant applied isotope aided research. The problems of highest priority

were identified, and the possibility of coordination of research aimed at

combating the problems of soil degradation at national, regional and inter-

national levels was explored.

The scientific papers and reports of current and planned soil and

water conservation programmes of represented Member States and Inter-

national Organizations are included in this document. While the informal

atmosphere stimulated a full exchange of experiences and discussion of

recent developments, the discussions that followed the presentation of

papers and those which led to the conclusions of the advisory group are

not included. Included in this publication are those conclusions reached

that are relevant to isotope and radiation applications in the subject

matter area.
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OPENING ADDRESS

SAYED WADIE HABASHI
Chairman, National Council for Research
and Chairman, Sudanese Atomic Energy Commission,
Khartoum, Sudan

Ladies & Gentlemen,

In the name of the Government of the Democratic

Republic of the Sudan and of the National Council for

Research and the Sudanese Atomic Energy Commission,

it gives me great pleasure to extend to you a most hearty

welcome, and to wish our honourable guests a happy and

fruitful stay in our country.

I wish to seize this opportunity to thank the Joint

Division of the International Atomic Energy Agency and

FAO for having taken the initiative of organizing this

Seminar, and for its choice of our Capital for hosting it.

In the Sudan, Agriculture in the mainstay of the

economy. It contributes about 40o of the country's Gross

Domestic Product, and about 80% of our people depend,

directly or indirectly, on agriculture for their livele-

hood. Considering the rich soil and water resources of

the country, the ambitous plans drawn, and currently being

executed to develop them and the role agricultural develop-

ment in the Sudan is expected to play, not only in meeting

the country's needs for food, clothing and shelter, but

also in furnishing a substntial part of the bread basket

of a number of our neighbouring countries, the convening

of this Seminar at this particular point, in the course

of our economic development could not have been more op-

portune.

Agricultural devlopment in the Sudan started to assume

an organized and systematic pattern from as early as the

turn of this century.

In both rain-fed and irrigated agriculture, farming

has been undergoing a steady process of evolution. In

rain-fed farming, the primitive hand-hoe and the sowing-

stick have gradually been, and still are, giving way to

the mechanical hoe and the seed-planter. In irrigated

agriculture, the primitive persian water wheel, and the

shadoof have been giving way to large irrigation barrages

and modern water lifting mechanically and electrically
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driven pumps and other devices. It is no wonder, therefore

that agrciultural development has:made such great strides.

In the Sudan, the Gezira scheme covering about two million

acres of irrigated land, pump-irrigated agriculture cover-

ing almost an equivalent area, and rain-fed mechanized

crop production schemes covering about four million acres,

are all examples of what has been achieved. The development

potential is much greater, and is many fold.

But notwithstanding the progress made, and the success

achieved, the whole process of agricultural development

has not been honey and milk all the way, and crop product-

ion has not been without problems. Problems of droughts,

of over-watering and water loggingjof salination and of

sheet and wind-erosion have constituted, and continue

to constitute, seious handicaps to effective productivity

and to conservation and rational utilization of soil and

water resources.

Much research has been done on all these problems,

using traditional techniquesjmuch knowledge has been obtained

and appreciable progress has been made in obviating the

effects of these hazards, but much more remains to be done.

Thanks to the efforts research in peaceful application

of nuclear energy has made in developing isotopes and

radiation techniques as effective tools in water conservation

studies and research in crop production.

In the Sudan, not only have we been watching the

development of this new and modern technology with interest

and appreciation of the horizons and facets it is Opening

in conservation of soil and water resources, and enhancing

productivity,but we have also gone some way in using it

as an effective research tool in a number of fields.

Our Sudanese Atomic Energy Commission, since it a

inception in 1962 has placed and right from the outset,

great emphasis on the training of Sudanese Scientists-in

the use of isotopes and radiation techniques in the various

fields related to conservation of soil and water resources,

crop production, medicine and animal health and production.

The activities of the Commission have greatly expanded in

the various fields of the peaceful application of Atomic

Energy, and the Act under which it has been established is

presently being revised to enable it to play a much greater

and more effective role in this respect.
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In this connectionI wish to commend the close coopera-

tion which the joint FAO/IAEA Division for Atomic Energy

in Food and Agriculture has with our Atomic Energy Commission.

Through this cooperation programme, established and developed

for over a decade, a number of Sudanese Scientists have

participated in training courses in various fields of agric-

lture and medicine, and benifited from the Agency's Fellow-

ship Programme, through which also several technical assist-

ance projects have been successfully implemented in Wad-Medani,

and the Faculty of Agriculture of the University of Khartoum

in the Fields of soils-water-plant relationships, hydrology,

plant-breeding, animal health and animal production and medicine.

It is our intention to continue to expand and intensify

the peaceful uses of Atomic Energy in Agriculture, as we are

convinced that this could contribute a greaft deal to increas-

prodrction.

Presently plans are in hand to establish a nuclear

Agricultural Research Centre which would also include a

Workshop for maintenance of electronic equipment and a unit

for surveying radiation exposure of personnel involoved in

the application of nuclear techniques. Simple equipment

will be provided, as needed, to Institutes specialized in

plant and animal production, while very costly equipment

will be kept in a central laboratory which would also

house a workshop and a health physics unit.

The problems with which this seminar will deal aee

of prime importance to the development of Agriculture

in the Sudan and in many other countries, and I am con-

vinced that its recommendations will go a long way towards

controlling soil dessication and towards conservation and

better use of water resources, Its deliberations will be of

particular significance to our semi-arid dry farming areas

where a short three months rainy season pe year maintains,

and to areas where irrigated agriculture depends on scarce

and valuable surface or ground water or flood spates of

seasonal rivers and streams. Its discussions will be equally

significant in respect of problems of destruction of soil

organic matter and nutrient losses in areas where soil

fertility is being ruthlessly mined by faulty farming

practices, and areas which are exposed to the havoc of soil

erosion by inappropriate land till-age practices.

I have no doubt that all particpants will find, in

the presentations which will be made, and in the discussions

which will follow theron, valuable material from which they
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will benifit in the treatment of problems and situations

maintaining in their countries.

I hope that this meeting which has brought us together

to discuss this theme of common interest to all of us will

be the beginning of further extended and effective coopera-

tion between our countries, and coordination of our national

efforts in the field of agricultural research.

I also do look forward to further enhancement of

cooperation between our countries and the Joint FAO/IAEA

Division, and to further support of the latter to our

national efforts in all fields of common interest and

concern.

Once more, I repeat our hearty welcome to our guests

and best wishes for a happy and fruitful stay in Khartoum

and wish your seminar all success.
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OPENING ADDRESS

A.A.K. SOGHAIER
FAO Regional Representative in the Sudan,
Khartoum, Sudan

Excellency, distinguished guests,

It gives me pleasure to welcome you on behalf of the Director
General of the Food and Agriculture Organization to this Seminar on
the Use of Isotopes and Radiation Techniques in Soil and Water Con-
servation Studies in Crop Production for Developing Countries in Africa.

This seminar is sponsored by FAO and IAEA through their Joint
Division of Atomic Energy in Food and Agriculture, a division which
enjoys an exemplary reputation of solid cooperation among specialized
organizations of the UN family. Since its inception in October 1964,
it has emerged under the aegis of both the FAO and IAEA as the De-
partment of Agriculture, and the Department of Research and Isotopes,
respectively. Research and training are among the division's main
activities with 25% of the budget earmarked for technical assistance
projects. Such activities and programmes are approved by the Governing
Bodies of the two organizations and implemented jointly by them.

To illustrate how the most benefit can be derived from this
Division and through this Seminar, I would like to touch briefly
on some salient features of the Sudan wich render it a likely
recipient of such assistance.

The host country to this Seminar lies entirely within the tropics
between latidue 22 and 3 N,, and occupies an area of 2.5 million square
km. With a population of approximately 19 million, it is the largest
country in Africa. It's predominantly agricultural economy, including
livestock, crop production, forestry and fishing constitutes about 40%
of the gross domestic product.

Its climate and ecology range from desert with arid and semi-arid
savanna areas in central Sudan, to sub-humid in areas of the southern
provinces. The central rain-fed land represents one of the largest
reserves of cultivated land in the world ... an area hailed as the
potential "bread basket" of Africa and the Middle East.

The fluctuation of rainfall in the central area give rise to
extended periods of drought thus the ecological balance between climatic
conditions, vegetation, animal life and soil is very precarious. There-
fore, pressures of land misuse can result in serious adverseaffects on
the ecology.

In recent years, man's endeavours to acquire more food and
materials as well as to accelerate economic development has led to
inappropriate techniques and cultural practices the world over. These
shortcomings, along with improper machinery, abuse of natural vege-
tation, over-grazing, faulty irrigation and drainage systems etc.
have all contributed to reducing the productivity of agricultural land
in arid and semi-arid regions.

Realizing the severe impact the continuation of such obsolete
practices would have on the field of agriculture, the Government
of the Sudan has launched a programme aimed at soil rehabilitation
and stemming further land deterioration. This programme includes
improvement of pasture management, afforestation, water conservation,
sand dune fixation and shelter belt establishment. International
technical and financial support is continuing but more elaborate
assistance is still required. This will be adequately handled, I
foresee, within the framework of this Seminar.
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With these strides forward on the part of the Sudan, the
convening of the Regional Seminar comes at a most opportune time.
I am confident that the participants will determine the most fruit-
ful ways and means for promoting cooperation and coordination of
isotope-aided research on soil and water conservation, thus
providing a stepping-stone for a more viable regional project.

Again, Excellency, ladies and gentlemen, may I extend the
Director-General's and my best wishes for a successful seminar
with decisive relization of its all-important aims.

Thank you.
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OPENING ADDRESS

Y. BARRADA
Joint FAO/IAEA Division

On behalf of the Directors General of the Food and Agriculture
Organization of the United Nations and the International Atomic Energy
Agency, I wish to express my sincere thanks to the Government of Sudan
for hosting this Seminar, welcome all participants, thank them in ad-
vance for the contributions they will make to the success of the meeting,
and wish them a very fruitful and pleasant stay in Khartoum. I would
also like to especially thank my Sudanese colleagues for the untiring
efforts they have made in preparing for this meeting and for all that
they will do throughout its duration to ensure its success.

Our Seminar on the Use of Isotopes and Radiation Techniques in
Soil and Water Conservation Studies in Crop Production will deal with
problems of prime importance to the region and will discuss how isotope
and radiation techniques could best contribute to the development of
adequate soil and water conservation practices to ensure a stable high
level of agricultural production. We are going through a period in
which millions of hectares must be brought into production to meet the
needs of the fast growing world population. Inspite of that, many
countries are losing land through poor management and soil erosion at
a rate faster than they are bringing new land into production. It is
alarming to note that for the first time in the history of man, the
natural resources "soil and water" are quickly running out, and a full-
scale effort is required to conserve what is left.

In spite of the urgent need for embarking on soil and water
conservation schemes,many countries are slow in taking up such pro-
grammes. This is because the work often requires high investments,
does not show an immediate return, and the personnel having the
necessary experience and knowledge in this field are lacking. The
results of poor management and erosion are also frequently not fully
conceived, and it should therefore be brought to the attention of
Member States that through losing their soil by erosion and other
forms of soil degradation, they are losing their capacity to produce
and so, in effect could "lose their independence through the loss
of their soil."

It is important to note that the modern trend is to emphasize
the prevention of the various forms of soil degradation rather than
their cure and that modern soil and water conservation techniques
aim at ensuring the continuity of gradually increasing production.
In fact, the entire agronomic systems must be considered as we
strive to develop best management practices for both cultivated land
and Irangeland. Further, the best practices for individual crops or
land uses must be developed within specific regions because there
does not seem to be an agronomic system that can be applied univer-
sally.

During the first two to three days of the Seminar a number of
review papers dealing with the various aspects of soil and water con-
servation will be presented by invited speakers. Each of the parti-
cipants will report on the current and planned applied research pro-
grammes in his country which aim at controlling erosion and improving

management practices so that the various forms of soil degradation
are prevented and sustained production at high levels is achieved. In
all cases due consideration will be given to the role that the power-
ful research tools, isotope and radiation techniques, could play in the
development of adequate soil and water conservation measures.

The reviews and reports will clearly show how isotopes could be
used in tracing the movement of soil particles, ions and water or for
following the fate of fertilizers, organic matter and soil ammendments
applied and how portable radiation equipment could be effectively used
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in following changes in bulk density and in moisture content in soil
profiles. The information gained with the aid of nuclear techniques
will greatly facilitate the comparison of the effects of certain manage-
ment practices and would thus contribute appreciably to the development
of the most adequate soil and water conservation measures, while saving
time, effort and money.

During the latter part of the Seminar informal discussions will
take place. Throughout the discussions the following imprtant points will
be kept in mind:

1. Problems of soil and water conservation are not just technical
problems but are also of socio-economic nature;

2. There is a need for better quantification of environmental
factors and selection programme for useful plant species;

3. Often the limitation of water may be the result of our
inability to efficiently store and use the precipitation re-
ceived. Possibilities of improving water storage and reducing
water losses will be considered;

4. Sound watershed management where an integrated approach to soil
conservation can be taken, while giving due consideration to
socio-economic aspects is of prime importance to soil conser-
vation and ensuring sustained production;

5. Poor pasture and range management leads to soil erosion, while
good management is among the most effective means of soil
conservation;

6. The role of farm mechanization.
Improper use of machinery is, in many cases, increasing soil

erosion at an alarming rate. New and better systems of tillage
have to be developed to to avoid erosion and new equipment should
be designed to suit the conditions of developing countries;

7. Soil organic matter and how it influences water infiltration
and storage. The role organic matter plays in structural
development of soil to stabilize it against potential losses
by the forces of erosion;

8. The possibilities of using nuclear techniques in soil and water
conservation studies and how best could these powerful research
tools contribute to the development of adequate management
practices.

9. The need for training facilities and the organization of training
courses in the field of soil and water conservation.

10. Transfer of technology and good communication should be fostered
at all levels to help develop the best management practices. It
seems obvious that better overall progress in efforts to increase
food and fiber production will be made through more cooperation
between scientists, nations, regional and international institutes
and organizations.

Through this Seminar an excellent opportunity is provided for
African scientists having common interests to establish and further contacts,
exchange views and opinions and eventually initiate or further cooperation
in isotope-aided research. It is believed that the discussions which will
take place during the whole week will be very helpful for planning future
programmes of action and indicating whether, where, and how using nuclear
techniques could be advantageous.
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With the wealth of talents present, I trust that the meeting will
end with the development of valuable recommendations which will include:

(a) Identification of problems of highest priority, the solution
of which would benefit of the use of nuclear techniques;

(b) Ways and means of furthering cooperation and coordinating
research on.Soil and Water Conservation in Africa.
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WATER CONSERVATION IN
SEMIARID DRYLAND AGRICULTURE*

W.O. WILLIS
USDA-SEA-AR,
Fort Collins, Colorado,
United States of America

Abstract

Factors affecting water conservation in semiarid dryland regions are
discussed. Because precipitation is the only source of water for plant
growth in most semiarid regions, a good understanding of precipitation
patterns (quantity, distribution, and their probable frequency) is needed
for each dryland area. The various dryland practices, e.g. tillage,
cultivars, residue management, fertility, erosion control, and grazing,
must be considered as integral parts of an entire system to develop best
management practices and to gain most efficient water conservation for
food and fiber production.

Water is generally considered the factor most limiting to food and

fiber production. In irrigated areas, water is usually available and

subject to control, but for dryland agriculture the farmers and ranchers

must rely on precipitation as the only source of water for plant growth.

In either case, water conservation is of prime importance because

semiarid regions are characterized by wide variations in precipitation and

a chronic shortage of soil water.

A large amount of information from research on dryland agriculture

is available in the world literature, some of which is covered by the

enormous effort of Arnon (1972) and in a recent bibliography (Riehl and

Baker, 1977). Water conservation is only one part of dryland agriculture.

Basically, dryland water conservation could be viewed as S=P-R,

where S is soil water storage, P is precipitation and R is runoff. But,

this simplistic view is really not adequate. Minimally, the soil water

balance is more appropriately described as

AS = P - R - E - T - D + U (1)

where AS is change in soil water storage in the root zone, P is

Contribution from the United States Department of Agriculture,
Science and Education Administration - Agricultural Research.
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precipitation, R is net runoff, E is evaporation, T is transpiration

(or water used by growing plants), D is soil water drainage below the root

zone, and U is upward flow of water into the root zone. Dew or rainfall

intercepted by vegetation is not included. The capacity of the soil for

water storage depends, of course, on the rooting depth of a particular

crop, and on the soil's particle size distribution, organic matter

content, aggregation, and depth and type of layering. The factors in

equation (1) must also be considered as time dependent. For example, if

soil water is measured only at the beginning and end of a growing season,

then over that time period many things can happen, like water stress at

a critical stage of plant growth. So it would be possible to measure widely

different crop yields with the same amount of change in soil water over a

growing season, and the reason for the yield difference might not be

understood. Thus, the component parts of the equation can be integrated over

specific times (daily, weekly,seasonally, etc.), and intepretation is

different for each. Probability and variability should also be considered

in anticipating or interpreting the change in soil water with time. All

components in the equation have been theoretically treated, but application

of existing theory to dryland water conservation problems is still limited.

One reason is the complexities of the physical-biological system.

Consider.the component parts that determine soil water accretion,

as given in equation (1). Precipitation, P, is highly variable. The

probability of receiving the mean precipitation is typically less than 50%

for most locations, (Dastane, 1974). Probabilities of precipitation

distribution are skewed. Drier climates, compared with wetter climates, have

more skewed precipitation frequency distribution, smaller probabilities of

receiving or exceeding the mean, and extremes that may be proportionately

greater. Therefore, knowledge of precipitation (quantity, distribution,

and probabilities) is needed to gain understanding of how best to use the

water source. A study like that performed by Dancette (1976) for northern

Senegal can be very helpful in identifying probabilities of drought and

in developing alternative strategies. Some of that kind of information

can now be gained by simulation techniques in connection with measurements

taken at selected locations. Agricultural drought is a common occurrence
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in semiarid regions, but when and how severe cannot presently be precisely

forecasted. Palmer (1965) has presented a trestise on meteorological drought

and some pertinent literature is included in a drought bibiliography (Palmer

and Denny, 1971).

Runoff, R, can be a major loss of water depending on soil texture,

slope, vegetative cover (type and amount), rainfall intensity, temperature

(including freezing conditions), and management factors. A great amount of

research has been done on runoff. In some cases, it has been considered

desirable to induce runoff to increase production for areas where the water

is gathered.

The E and T in equation (1) are often considered together because

they are difficult to separate in a field with a growing crop (Ritchie,

1972). By applying known theory to a bare soil, the drying and internal

drainage can be reasonably described, but the same is not true when plants

are part of the system (Van Bavel and Ahmed, 1976). Thus far, description

of soil as a modifier in transpiration has not been adequate.

Drainage, D, of water from the root zone can be significant in

some cases under semiarid conditions. For example, saline seeps have

developed in certain areas of the northern Great Plains because of a

combination of higher than normal rainfall, certain cultural practices,

and particular geology (Doering and Sandoval, 1976). The more common

situation in many semiarid native grasslands is that the soils have an

accretion zone of carbonate or perhaps nitrate. In some cases, these

accretion zones have been interpreted by investigators as the average long

term depth of water penetration. Cultivation of native grasslands changes

the soil water regime.

Upward flow, U, from a water table or wet subsoil into the root

zone can be agronomically significant. Even though such conditions may not

be typical for most semiarid soils, enough measurements should be taken so

that the extent of upward flow is known.

A goal in semiarid crop production is to efficiently use a limited

water supply. Fisher and Turner (1978, p. 306) reported that variation in

water use efficiency (WUE) is largely influenced by changes in the leaf-

to-air concentration of water vapor and the primary carboxylating enzyme
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in photosynthesis. Therefore, they suggested that primary productivity may

not be greatly different between types of plants in dry regions, providing

that allowance is made for differences in transpiration, free water evaporation;

the initial carboxylating enzymes of photosynthesis, and the root-to-shoot

ratios. According to Viets (1962), almost anything that increases production

will increase water use efficiency. (Water use efficiency as it will be

used here means the economic yield from a unit of area per unit of water

used during the harvest-to-harvest period, except with double-cropping).

It is possible to have high WUE but low yield; for example, with grasses

and low available soil water, the dry matter production can be low and WUE

is high. But with crops like cereals, some amount of water is used before any

grain is produced. In the semiarid wheat-producing regions of the United

States, 10 to 25 cm of water is used before grain is produced, and each

increment of water used above the threshold will then increase grain

production (U. S. Dept. Agr., 1974). The WUE for wheat (TYitiewn ae.tivwnu L.)

over those regions ranges from 1.01 kg/ha-mm in the southern Great Plains

to 3.26 kg/ha-mm in the Pacific Northwest (Willis, 1979).

Evaporation generally accounts for 50% or more of the loss of

soil water, so reducing evaporation is desirable. For example, using data

from the northern Great Plains, calculations were made to determine expected

yields if all water losses by evaporation were controlled in an annual small

grain cropping system, These calculations showed that, in years with

above mean annual precipitation, the predicted yields were close to those

obtained with irrigation, and that even in drier years yields would be

increased by more than 50% (Wendt et al., 1970).

A lot of research has been done with various practices and various

kinds of mulches (e.g. gravel, clods, dust, plastic, emulsified petroleum,

vegetative residues) to reduce evaporation. Much has been learned about the

principles and magnitudes of evaporation from soils. The rate and quantity

of water loss by evaporation can be decreased by particular management

practices, but there is still no practical and economical means of completely

controlling evaporation on semiarid crop and range lands.

Evaporation is often expressed in relation to potential evaporation

or potential evapotranspiration (ET). Several methods (e.g. Thornthwaite,
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1948; Penman, 1948; Penman, 1961; Jensen and Haise, 1963; Cruff and Thompson,

1967; and Jensen, 1972) are available for estimating potential E or ET.

Tanner (1967) provides an excellent review and separates the methods into

three categories: water balance, micrometerological, and empirical. Most

methods have only limited usefulness for estimating potential or actual E

or ET in dryland regions, partly because of the specialized equipment and

types of data inputs required, and partly because potential ET is not often

reached under dryland conditions so concepts of potential ET are not totally

applicable except as a reference, Also, present methods give more reliable

estimates if the time period is longer than 10 days, rather than shorter

periods which can be very important in the growth cycle of dryland crops.

However, comparing estimated potential evaporation and average precipitation

has provided useful graphic descriptions for various climatic areas

(Thornthwaite, 1948). For example, Figure 1 was developed using the

Thornthwaite procedure and data on P and temperature at El Fasher in Darfur

province, Sudan (Koeppe and De Long, 1958). The area between the estimated
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potential ET curve and the P curve would be considered water deficit. From

this type calculation it appears that, because of high temperature (26.1C, annual

average) and lol P (29.7 cm, annual total), and in spite of the 730-meter

elevation, there is no chance of obtaining good yields of dryland crops at that

location. Variation of the mean' annual rainfall was not given, but any

opportunity for increasing soil water storage is probably very limited,

One of the most widely used methods for reducing evaporation is

unharvested plant residue left on the soil surface. Small grain straw is one

of the most effective, because coarser stalks of maize, sorghum, or millet

do not provide as complete a soil cover as straw, particularly with low

quantities of residue. Greb (1979) has shown an average increase in soil

water storage of 2, 3.8, and 5.1 cm for 2.2, 4.5, and 6.7 tons of straw

mulch per hectare, respectively, in the U. S. Great Plains. Similarly,

Bond and Willis (1970) showed that first stage evaporation is decreased

in proportion to quantity of straw mulch; potential evaporation loss was

reduced about 80% with about 5 tons straw/hectare under controlled

conditions.

In most tropical semiarid regions, all of the dry matter produced

(grain, stalks; straw, or forage) is generally removed by harvesting, grazing,

or both. Thus, there is little residue left for reducing evaporation,

protecting the soil, or adding organic matter (and plant nutrients) to the

soil. Aina (1979) reported that in western Nigeria a comparison between long

term pasture, bush fallow, and arable cultivation showed the bush fallow soils

were about 4 times higher in organic matter and 8 to 11 times higher in

nitrate nitrogen than cultivated soils (with no fertilizer added).

The word "fallow" has similar meaning in various parts of the world,

that is to leave cultivated land idle without producing an economic crop

for a given time. However, fallow is practiced very differently and for

different reasons. The practice of fallowing in shifting cultivation has been

used in semiarid Africa. Shifting cultivation is "a traditional system of

organized agriculture which relies on natural fallows for the maintenance of

soil fertility" (Constantinesco, 1976). The simplest form of this system, also

called "chitimene" and "swidden", is apparently to clear the land, burn the

cleared vegetation, cultivate, and raise crops until yields fall below
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subsistence levels. The land is abandoned to natural fallow (nonuse) and the

farming is moved to a new site. The period of fallow varies, according to

climate and inherent fertility of the land, from 2 or 3 years in a tropical

rain forest up to 20 to 30 years in semiarid areas. [Aina (1979) indicated

that to adequately rejuvenate soil fertility in Nigeria, the fallow period

involving bush regrowth or sod must be 7 to 20 years for a cropping period

of 2 to 3 years.] Then, the cultivators return to repeat the process.

Yields decrease over time with this farming system because of plant nutrient

depletion, soil erosion, and heavy investation of weeds, plant diseases,

and pests. In a more settled type of farming, somewhat like shifting

cultivation, the fallowed fields are rotated with cropped fields as part of a

more permanent system.

The shifting cultivation system is most suitable in areas with low

population and abundant land. As population and food requirements increase,

the natural cycle is broken and soil degradation increases. In western

Nigeria, after 5 years of field research, Lal (1976) showed that no-tillage

plots compared with conventionally plowed plots had higher organic matter

content, higher concentrations of nitrate nitrogen, higher infiltration

rates, and greater earthworm activity which reduced crust formation. Aina

(1979) found that soil deterioration was directly related to the extent of

cultivation and that fertilizer treatments had no effect on improving deteriorated

soils over a 10-year period of cultivation. Similarly, in the Great Plains

soils of the United States, the classical work of Haas et al. (1957).showed

that organic carbon and nitrogen decreased with cultivation.

In the semiarid regions of the United States, fallow was first

used.before 1900. The amount of fallow increased until about 1973 when over

16 million hectares were in fallow west of the Mississippi River. Winter and

spring wheats are the most common crops used in rotation with fallow. Other

rotations used to lesser extent are spring wheat-winter wheat-fallow in some

of the northern Plains, winter wheat-fallow-sorghum (Sojghwn bicoto. L.) and

winter-wheat-fallow-corn (Zea mays L.) in the southern Plains, barley

(Hotdewnu vutga.Le L.)fallow in the Pacific Southwest, and wheat, barley, or

peas (Pisum p.)- alternated with fallow in the Pacific Northwest. One

of the differences between winter wheat-fallow and spring wheat-fallow
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systems is the period of fallow. Land is fallow for about 14 months (over

one winter) with winter wheat, and about 21 months (over two winters) with

spring wheat. In either case, two years are required to produce one crop

with the traditional crop-fallow system. Data show that the probability

of a given yield is always higher for wheat after fallow than for annual

cropping (U. S. Dept. Agr., 1974).

Fallow is considered a water conservation practice, but efficiency

of conserving the harvest-to-harvest precipitation is low, generally ranging

from about 20 to 30%, although more recent research results have shown

examples of over 40% efficiency (Greb, 1979; Smika and Wicks, 1968).

The advantages of using the crop-fallow practice in temperate

regions are higher yield per planted area, more stable production, better

weed control, reduced insect and disease problems, and more desirable

distribution of the farmer's workload. Some disadvantages are an increase

in both wind and water erosion, a decrease in soil fertility, low soil water

storage efficiency, and low water use efficiency (U. S. Dept. Agr., 1974).

In the settled crop-fallow rotation, tillage during the fallow

period has been the traditional method for controlling weeds. Each tillage

operation reduces the amount of plant residue left on the soil surface.

As the soil becomes more loose, dry, and finely divided with little or no

plant residue, the hazards of both wind and water erosion are increased

particularly on large fields. Neither the soil nor the water loss is

affordable. Tillage also causes drying of the soil to the depth of tillage.

Singh and Nighawa (1944) showed beneficial effects of tillage through

reducing evaporation. Esselsen (1937) found no benefits in water conservation

by tillage except through weed control. The apparent disagreement may be

a result of differences in both time and depth of tillage, because other

data (Willis and Bond, 1971) show that shallow tillage of a fine sandy loam

reduced evaporative losses, and that more reduction of evaporation was

achieved by tilling early rather than late after the soil was wetted.

However, using mulches is superior to using tillage as a means of water

conservation.
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Weeds must be controlled as a water conservation measure. Nicou

(1977, and cited by Charreau, 1977) showed a soil water gain of only 3 mm

in a 1-m depth for mulching with no weeding compared with a gain of 30 mm

for mulching with weeding. Data from Wicks and Smika (1973) and Greb (1974)

show that 1,000 kg/ha mixed weed growth will consume 6.5 to 7.8 ha-cm of

water and about 34 kg/ha of available nitrogen. Excessive tillage during the

fallow period can be detrimental (Greb, 1979). More recently, a practice

of minimum tillage (one tilling within 2 to 3 weeks after harvest plus

herbicides), or no-tillage and selective use of herbicides has shown promise

as a better management method for controlling weeds, for retaining plant

residue on the soil surface, for reducing wind and water erosion, and for

reducing tillage costs (Greb, 1979).

Land forming is a more intensive method for increasing water

conservation, and requires both engineering and agronomic considerations.

Terraces or contour bunds of various kinds, leveled pans, level benches,

and water spreading systems have been used to harvest water, prevent runoff

and, in general, gain better use of a limited water supply. Useful

practices, less intensive than land forming, include strip cropping,

contour tillage and contour planting. Reasons for the successes of these

various techniques are that they reduce water runoff and the retained

water percolates deeper into the profile, where it is less subject to

evaporation. Land forming is often used to correct existing problems of

erosion, drainage, infiltration, or to prevent development of a potential

problem, in addition to being used for water conservation.

Windbreaks of various kinds (trees, shrubs, grasses, fences,

and single or double rows of plants like corn or sorghum) can be used

to advantage for modifying the microclimate or reducing wind erosion.

Generally, the most significant crop yield increases associated with using

wind barriers have been on soils with a high wind erosion potential.

Water conservation is very important on rangelands or savanna

used for grazing. Water and soil type generally control the vegetation

species and annual forage production of a specific range site. In most

cases, undesirable species can be controlled with selective herbicides
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or by mechanical removal. Increased water conservation has been accomplished

with various methods. Forage yields increase in ascending order with

pitting, contour furrowing, water spreading, and bench terracing (Wight, 1973).

Bench terracing is the most costly and intensive method, but gives high

forage yields (Haas and Willis, 1968). Smika et al. (1965) showed that,

as available soil water is increased, nitrogen fertilization dramatically

increases forage yield of native range. Infiltration of water increases

proportionately to quantity of vegetative cover, and evaporation

decreases proportionately to crop residue on the soil surface (Rauzi and Fly,

1968). Management of grazing is important because even very low quantities

of vegetative cover can increase infiltration, reduce evaporation, and

increase production of rangeland (Van Haveren and Striffler, 1976).

Successful crop production in semiarid regions depends on favorable

precipitation during the growing season and on some stored soil water for

plant consumption between rains, but other factors must also be coupled

with water conservation to gain full benefit of the water saved. Soil

fertility levels should be made as adequate as possible. Soil temperature

may need to be modified. For example, in warmer climates, use of soil surface

mulches may be needed not only to help conserve water but also to decrease

soil temperature for better crop yield. Selection, both genetic and

simple choice, of most appropriate plant species and varieties must be

further developed and assessed by research for individual climates and

soils. For example; different cultivars often respond differently to

particular growing conditions. Hurd (1968) showed differences in rooting

behavior of seven spring wheat varieties grown under controlled greenhouse

conditions and with two soil water conditions. Lupton et al. (1974) used

radio isotopes to determine that at some soil depths the root systems of

tall wheat varieties were less extensive than those of semidwarf varieties.

However, Cholick et al. (1977) used radioactive phosphorus to evaluate root

distribution, and found no significant relationships between plant height

and rooting depth or soil water extraction of two tall and three semidwarf

winter wheat cultivars. Such differences in research results are often

related to techniques and environmental factors, particularly when the
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experimental variables are tested under field conditions. The spatial

variability of both water and fertility in the soil must be considered,

because it is not possible to analyze enough samples often enough on every

field to completely and precisely describe the status of water or

fertility of an entire field. Nielsen et al. (1973), Biggar and Nielsen

(1976), and Biggar (1978) have made good initial efforts in assessing the

spatial variability of both water and nitrogen in soil.

It takes time and a lot of research to develop the best agricultural

practices. Progress in dryland agriculture has been gradual and significant,

but without any miracle breakthroughs that have doubled or tripled yields.

An interesting example is given by Hinze et al. (1974) and Greb (1979) for

the central Great Plains. In that area over the period from 1916 to 1972,

wheat yields have about doubled (10.7 q/ha to 20.3 q/ha) and water use

efficiency has more than doubled (1.22 to 2.73 kg/ha-mm), but the average

annual precipitation has decreased about 61 mm (437 mm to 376 in). The

researchers involved attribute about 42% of the increased production to

improved water conservation practices, about 35% to improved wheat

varieties, about 15% to improved farm machinery (for planting and

harvesting), and about 8% to use of fertilizer and other chemicals.

Many of the results from temperate semiarid regions may not be

directly transferable to the tropical semiarid regions, because of

differences in farming practices, plant species, and degree of mechanization,

as well as differences in climate; but many of the concepts can be used.

For example, better information is needed on how plant growth and yield

are affected by water stress at specific stages of growth. Can a short

season variety be developed that will better use a limited soil water

supply, will not be subjected to late season drought, and will still yield

as well or better than a currently used standard variety? A goal, as with

short-straw rice and wheat, is to get a partitioning of more water and

photosynthates into grain than into stems and leaves, and in a shorter time.

Another goal would be to produce a short season crop and store some soil

water during the remainder of the season for some forage production or the

next crop. Short-season legumes for rangelands need more research. Charreau

(1977) gives an excellent discussion on current status of agricultural
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practices and research needs in West Africa, including some advantages and

disadvantages of current practices, and the need to re-evaluate the practices

of intercropping (mixed cropping) and relay cropping. Can nitrogen-fixing

by grass species like Panciurn moaximn (.a perennial) or Paopaourn notatum

(an annual), or short-season legumes, be used to advantage in producing more

forage on nitrogen-deficient soils, as a cover crop following a short-

season crop, or as a cover crop in place of fallow? Can the unique

characteristics of the indigenous tree, Acacia oabida, be used to advantage?

The tree (known in various regions as haraz, balanzan, gao, or kad) is a legume,

has a deep root system, is dormant during the normal growing season and, thus,

does not compete with annual crops. The seed pods of the tree make good

animal food, the tree provides some shade to reduce soil temperature, and the

leaves dropped by the tree apparently provide some nitrogen (and possibly

some temporary surface mulch) for crops. But there may be disadvantages,

because the tree is deep-rooted (=8 m) and thus probably uses underground

water that might be needed for irrigation. So, extensive use of the tree

may not be the best choice for particular areas.

In summary, the entire agronomic system must be considered as we

strive to develop best management practices for both cultivated land and

range land, Further, the best practices for individual crops or land uses

must be developed within specific regions, because there does not seem to

be an agronomic system that can be applied universally. The relative

flexibility and advantages or disadvantages of a monoculture, various

crop rotations, and intercropping must be weighed in developing best manage-

ment systems. Transfer of technology and good communication should be

fostered at all levels to help develop the best management practices.

Kanwar stated (in Gupta, 1975) that "The future of humanity lies in the arid

and semiarid lands, - - -". Hudson (1977) indicates that year-to-year

erosion might vary by a ratio of 5:1, and that using channel terraces could

decrease erosion considerably in any year, but using total land and crop

management system would be the best means of significantly controlling

soil erosion. The upper limit of dryland crop production is determined

by climatic conditions, soil characteristics, genetic potential of the crop,

and management practices. The natural productivity of newly developed
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lands is generally less important than how well that land responds to good

management (Willis, 1976). With water conservation in semiarid areas, it

is not always just the shortage of water that limits crop production.

The limitation of water may be as much or more the result of our inability

to efficiently store and use the precipitation received,

Thus, it seems obvious that better overall progress in efforts

to increase food and fiber production will be made through more cooperation

between scientists, agencies, and nations, A few of the research needs

are listed above. To develop the best management practices for semiarid

agricultural areas in the shortest time will require strong interdisciplinary

research with well defined objectives.
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WIND AND WATER EROSION CONTROL ON SEMIARID LANDS
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Abstrac

Commercial crop production on semiarid lands is difficult because
insufficient water is often present to manage the system effectively.
Erosion control presents the major management problem. The factors con-
tributing to wind erosion and their interaction have been quantified
into a wind erosion equation. The control of wind erosion through
agronomic alteration of the various factors is discussed. The quanti-
fication and control of water erosion is also discussed with respect to
the Universal Soil Loss Equation.

Radioisotopes tracers have been used in conjunction with these
erosion equations to measure soil losses.

Successful crop and animal production on semiarid lands that is com-
patible with controlling wind and water erosion and maintaining soil pro-
ductivity is a problem that scientists, land managers, and especially govern-
ments have not yet solved. The problems of semiarid lands, relative to those
of lands under a subhumid or humid climate, are more difficult to solve
because water is so deficient. In effect, we are attempting to manage a crop
production factor that isn't constantly available in a large enough quantity
to manage. The continued mismanagement of semiarid land ultimately leads to
desertification (process of- impoverishment of terrestial ecosystems), which
in its most severe cases is economically irreversible. Desertification is
man-induced and according to Dregne (1978) is caused by overgrazing, erosion
of cultivated drylands, and salinization and waterlogging by improper manage-
ment of irrigation water. Approximately 80% of the world's arid lands and
680 million people (Kates et al., 1977) are directly affected by moderate to
severe desertification.

Although semiarid agriculture has been practiced on a subsistence level
since before the dawn of history, large scale or commercial crop production
on such lands is a relatively new experience. It started in California, USA,
in the 1860's, the Great Plains areas of Canada and the USA in the 1890's,
and in parts of the USSR in the 1950's (Viets, 1975). Erosion control on
semiarid lands presents special problems related to the following phenomena
and characteristics of such lands.

1. Generally, but certainly not universally, soil formation processes
under arid environments have not produced a "deep" productive A horizon.
Thus, very little erosion can be tolerated without a substantial loss in
inherent productivity. Ideally, the rate of soil loss by erosion should be
controlled so it is equal to or less than the rate of soil formation. This
is very diffic"lt to achieve on cultivated lands.

2. In humid areas, management options are available to reclaim eroded
lands because water is available to grow the biomass needed for soil improve-
ment. The opportunities for improvement concurrent with economic production
are very limited under rainfed semiarid cultivation.
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3. Need for summer fallow to conserve enough water for a subsequent
crop exposes bare land to forces of wind and water erosion. Summer fallow is
almost synonymous with dryland culture and is a weak link in any erosion
control program.

4. Drylands are less productive per unit land area than are either
irrigated or humid rainfed lands. This low productivity is compensated for
by farming more hectarage in large blocks of land (extensive farming). All
else being equal, large fields are more vulnerable to wind and water erosion
than are small fields.

5. Most dryland areas are located within continental climates, noted
for wide fluctuations in seasonal and annual precipitation.

The extremes cause most erosion problems. The drouth of the mid-1930's
caused the USA's most devastating environmental catastrophe (Lockeretz,
1978). Intense, though infrequent, rainfall probably causes most of the
water erosion on drylands. I have observed that in the northern Great Plains
of the USA probably 80 percent of the soil loss by water erosion is caused by
10- to 20-year frequency storms on a given land area. Erosion control
systems, designed for the normal or average soil and climatic environments,
generally fail under extended drouths or infrequent but intense rainfall.

Although wind erosion can occur anywhere that bare, loose, dry, finely
divided soil is exposed to erosive wind, it occurs primarily in arid and
semiarid climates. A sedimentation study by Langbein and Schumm (1958)
showed that semiarid areas are also the most vulnerable to water erosion
(Figure 1). Although annual-water yield may be low, high-intensity storms
generate high sediment concentrations and yields per unit area. Annual
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Fig. 1. Effect of rainfall amount on sediment yield, under various
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precipitation below about 10 cm is insufficient to move appreciable amounts
of sediment even under sparse vegetation; above 50 cm, vegetative cover is
adequate to protect the soil surface.

Rarely is the erosion problem confined to either wind or water erosion.
In Colorado, USA, for example, where cropland is predominantly semiarid with
a ratio of 3:1 of nonirrigated to irrigated cropland hectarage, erosion
losses from wind and water are about 20.0 and 5.6 t/ha/yr, respectively (Soil
Conservation Service, 1978 National Erosion Inventory Estimates). The com-
bined erosion exceeds by over 14 t/ha/yr the loss considered tolerable by the
USDA, Soil Conservation Service.

Wind Erosion Control

A wind erosion equation (Woodruff and Siddoway, 1965), used in the USA
to quantify wind erosion potential and to select practices needed to control
erosion to a tolerable level, provides a convenient vehicle for the dis-
cussion of wind erosion control.

The equation is E = (I, K, L, V, C) where E is erosion losses (t/A) per
year; I, a soil erodibility index; K, a soil roughness factor; L, field
length along the prevailing wind direction; V, equivalent quantity of vegeta-
tive cover; and C, a climatic factor.

Soil erodibility index, I, is the potential annual soil loss in tons per
acre from a wide, unsheltered field with a bare, smooth, noncrusted surface.
This value has been based on the percentage of dry soil aggregates > 0.84 mm
in diameter as shown in Table 1 (Woodruff and Siddoway, 1965). Not until the
percentage of these aggregates exceeds about 60 can the soil, in the absence
of other ameliorating influences, significantly resist erosion. Aggregation
is primarily related to soil texture, and for practical use of the equation
the USA's Soil Conservation Service has developed Table 2 (Craig and Turelle,
1964). These are average values used in lieu of dry sieving and largely
reflect the properties of soil textural classes to form relatively stable dry
soil aggregates. Obviously, any textural class with "sand" in its nomen-
clature is especially vulnerable to wirfd erosion.

In designing management systems to control wind erosion, soil texture is
a prime consideration. Tillage and cropping systems can be used to enhance
the formation and maintenance of clods within any textural class except pure
sands. The examples shown in Tables 3 and 4 were long-term initial tillage
and residue treatments imposed on a silt loam soil, followed by three to five
rod weedings per year after initial tillage (Siddoway, 1963). The excessive
soil disturbance of the offset disk was especially damaging to aggregation
(Table 3). The quantity of wheat stubble returned to the soil under a wheat-
fallow system over a long period also influenced the percentage of non-
erodible aggregates (Table 4). Black (1973) measured similar trends under
various residue levels on a sandy loam soil. Natural weathering, soil
density and soil water content influence the percentage of nonerodible
aggregates and their stability (Chepil, 1954; Lyles and Woodruff, 1962).

Tillage is widely used as an emergency (temporary) means of controlling
wind erosion in the Great Plains of the USA. By spring, clods have weathered
into a higher proportion of erodible aggregates and, coupled with the strong
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Table 1. Soil erodibility index, I, for soils with different
percentages of nonerodible fractions as determined by
standard dry sieving.*

Percentage
of dry soil Units
fractions 0 1 2 3 4 5 6 7 8 9
>0.84 mm

----------------------- t/A--------------

0 -- 310 250 220 195 180 170 160 150 140
10 134 131 128 125 121 117 113 100 106 102
20 98 95 92 90 88 86 83 81 79 76
30 74 72 71 69 67 65 63 62 60 58
40 56 54 52 51 50 48 47 45 43 41
50 38 36 33 31 29 27 25 24 23 22
60 21 20 19 18 17 16 16 15 14 13
70 12 11 10 8 7 6 4 3 3 2
80 2 

*For a fully crusted soil
the erodibility, I, averages
shown.

surface, regardless of
, about one-sixth of that

soil texture,

Table 2. Average percentage of dry soil aggregates >0.84 mm. (as
by standard dry sieving) in top inch of various wind erodibility
in the Great Plains before spring cultivation.

determined
soil groups

Wind Dry soil
erodibility aggregates Erodibility
soil group Predominant soil classes >0.84 mm. I

% t/A/annum

1 Very fine, fine, and medium sand and dune sand. 3 220
2 Loamy very fine, fine, and medium sands. 10 134
3 Fine, medium, and coarse sandy loams. 25 86
4 Clays, silty clays (subject to granulation). 25 86
5 Loams, sandy clay loams, sandy clays. 40 56
6 Silt loams, clay loams. 45 47
7 Silty clay loams, silt. 50 38
8 Soils subject to wetness, stoniness, etc.

and not subject to wind erosion. -- 

seasonal winds, erosion is serious. The basic principle in emergency tillage
is to create a rough, cloddy surface which resists the force of wind LWood-
ruff et al., 1957). Chisels, small sweep implements, "sand fighters" , and

Trade and company names are included for the benefit of the reader and
do not imply any endorsement or preferential treatment by the USDA of
the product listed.

Table 3. Influence of five methods of initial tillage on the
proportion and relative stability of nonerodible aggregates.

% Nonerodible
Initial tillage Aggregates >0.84 mm % Relative
_ treatment In spring _ In fall stability

Moldboard 77.9 56.2 72.3
Modified moldboard 70.4 45.4 65.1
One-way disk 66.1 50.0 76.1
Offset disk 63.6 37.6 59.3
Sweep 63.4 41.8 66.1

LSD 4.8 4.8 9.7
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Table 4. Influence of quantity of wheat stubble on the
proportion and relative stability of nonerodible
aggregates.*

% Nonerodible
Stubble retained aggregates >0.84 mm. % Relative

each 2 years In spring In fall stability

lb./A

0 65.7 45.5 69.4
2,000 71.7 48.9 68.7
4,000 73.5 50.3 68.4

LSD 3.4 ns ns

*Initially tilled with one-way disk.

listers are used at various spacings, depths, and speeds of operation to till
the land in the least amount of time and thus produce clods and roughness
that will resist erosion for a single wind erosion event or season. For best
results tillage is started on the windward edge of a field, then brought to
the leeward edge (Woodruff et al., 1972). Tillage is most effective when
done perpendicular to wind direction. Emergency tillage, as the term
implies, is a last resort attempt to control soil blowing and is evidence
that more permanent methods of control have either not been applied or have
failed. Nevertheless, emergency tillage can provide short-term protection,
perhaps for long enough to save a crop or buy time until more permanent
methods of control can be applied.

Clods large enough to resist movement by wind also provide an element of
roughness, K, which protects erodible soil particles or aggregates in their
lee. This degree of protection increases up to a roughness height equivalent
to about 10 cm and then decreases with increasing roughness (Woodruff and
Siddoway, 1965). K factors were derived from wind tunnel air pressure
relationships. All tillage operations, including seedbed preparation and
cultivation, should maintain as much roughness and as high a proportion of
nonerodible clods as is consistent with good principles of crop production--
for example, seeding in furrows and cultivation between rows to leave a
cloddy surface.

Field distance parallel with wind direction, factor L, affects soil
erodibility. Soil movement or rate of erosion across a field is zero at the
windward edge and increases from this point more or less proportionately with
distance downwind until, if the field is large enough, a maximum rate is
reached (Chepil, 1959). The distance required for soil flow to reach a
maximum for a given soil is the same for any erosive wind. The distance
varies inversely with erodibility, that is, the more erodible the surface,
the shorter the distance in which maximum flow is reached. This distance-
erodibility relationship is_illustrated in Figure 2 (Chepil, 1957) and is
used as the criterion in designing strip crops, a primary wind erosion
control practice used in the northern Great Plains, USA.

Coarse-textured soils reach a maximum rate of flow in a relatively short
distance and therefore require narrower strips than fine-textured soils.
Table 5 shows the approximate distance in which soil flow will reach a
maximum and the average width of field strip required to keep the rate of
flow from exceeding 0.2 ton per rod (16.5 ft) width per hour (Chepil, 1959).
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Figure 2. Rate of soil movement across wind-eroded fields (a) silty clay
loam of below-average erodibility for this soil class, (b) and (c) silt
loam of below-average and average erodibility for this soil class, and
(d) and (e) loamy sand of below-average and near-average erodibility for
this soil class. Straight, dashed lines indicate the approximate average
rate of increase in soil flow with distance across the actual or extended
fields.

Table 5. Distance for soil flow to reach a maximum and width of field
strips required to keep erosion from exceeding a tolerable limit.*

Average
distance
for soil
flow to
reach a

Soil Class maximum.

Average width of field
strip required to keep
the average rate of
soil flow from
exceeding 0.2 ton per
16.5 ft. width per hour.

ft. ft.

Sand 100 20
Loamy sand 168 26
Sandy loam 917 99
Loam 2,357 248
Silt loam 2,661 281
Clay loam 3,300 346
Silty clay loam 4,230 429
Silty clay 1,375 148
Clay (subject to granulation) 717 82

*Data are applicable to a wind velocity of 40 mph at 50 feet above the
ground and a 1-foot-high stubble on the windward of eroding area,
assuming that wind is blowing at right angles to the strip.

This control method is effective if prevailing erodible winds blow at
right angles to the strips. It becomes increasingly less effective as pre-
vailing, erodible winds deviate from a right angle to the strips. For most
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effective application, strips are oriented at right angles to erosive winds,
but in practice most strips in the USA are either laid out east-west or north-
south to parallel ownership boundaries, but using whichever direction affords
the best control. Strip cropping is used to minimize erosion caused by the
increasing rate of erosion across a wide, unsheltered field, sometimes
referred to as avalanching.

Whereas strip cropping reduces the avalanching effect of erosion,
shelter belts or wind barriers reduce the wind's capacity to erode soil by
directly reducing windspeed. If this erosion control practice is adaptable,
and designed and applied correctly, it can be highly effective. Erosion of an
erodible soil surface begins at a windspeed of about 4.5 to 5.4 m/sec as
measured at a height of 30 cm (threshold windspeed) and rate of erosion varies
as the cube of windspeed. So a windspeed reduction below the threshold can
completely control erosion, or if threshold windspeed is exceeded but reduced
relative to open field windspeed, then the rate of erosion is reduced. The
effective distance of shelter afforded by a wind barrier extends for a
distance of about 10-12 times the height (H) of the barrier. Trees are the
most common barriers used in the USA but have met with only limited success in
semiarid areas because trees: (a) are not readily adaptable to low rainfall
areas and extended drouth; (b) compete with adjacent crop for water and
nutrients; (c) require labor inputs for planting, cultivating, and controlling
insects and diseases; (d) are susceptible to some herbicides used to control
weeds on adjacent crops, and (e) lose some effectiveness when wind blows at
other than right angles to barrier for spacing traditionally used (660 ft).
Short barriers spaced at a given height:distance ratio, have a definite
advantage over tall barriers when winds deviate from a right angle to the
barrier. Table 6 illustrates this point by comparing the distance exposed to
wind forces for barriers 3 ft and 30 ft tall (Siddoway, 1970).

Table 6. A comparison of protection against wind erosion by 3- and 30-
foot-high barriers spaced 10 H apart.

Fully Protected Distance Paralleling Wind on
Deviation of Wind Proportion of Unprotected Portion of Field (ft)
from Perpendicular Space Between
to Barrier Barriers 30-ft spacing 300-ft spacing

deg % ft ft

0 100 0 0
30 87 5 50
45 71 11 114
60 50 30 300
75 25 86 860
90 0 

Various aspects of a perennial grass barrier system researched in the
northern Great Plains of the USA indicate that wind erosion control and other
benefits accrue from the system (Aase et al., 1976). Tall wheatgrass
(Agropyron elongatum), a cool-season perennial bunchgrass, planted in either
single or double rows in a north-south direction and spaced 15 meters apart
maintained a year-round height of 1.2 m and afforded permanent protection.
According to an analysis of measured windspeed reductions with barriers
relative to without barriers and using routinely gathered weather data to
assess wind direction and erodible windspeeds, the barriers would reduce
potential erosion to 7 percent of the open field erosion (unpublished data;
Siddoway, Aase, and Black). Figure 3 illustrates the annual pattern of
potential erosion at Great Falls, Montana, USA, and the ameliorating effect of
the grass barriers.

The relative success of such a system, extrapolated to other semiarid
areas, would depend upon the availability of plant species that could with-
stand the extreme climatic variations and still function as barriers.
Various schemes can be worked out with annual barriers where a tall crop
protects a shorter crop if application constraints are minimal and economics
are sound.
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Figure 3. Annual wind erosion index (100) of an open field relative to a
field protected with tall wheatgrass barriers.

The reason wind erosion is mainly a phenomenon of semiarid pastured and
cultivated land is the destruction of vegetation and the difficulty there-
after of maintaining adequate vegetation for' erosion control (Woodruff et
al., 1972). Vegetation, factor V in the equation, protects the soil surface
from wind action by reducing windspeed and preventing much of the direct
force of the wind from reaching erodible soil particles. It also reduces
rate of erosion by trapping soil particles, which in turn prevents
avalanching of soil material downwind.

Protection afforded by vegetation depends on quantity, but just as
importantly on texture (surface area per unit weight), orientation with
respect to the soil surface (standing or flattened), and distribution (solid
seeding vs. rows and direction of rows) over the soil surface.

Table 7 compares the relative amounts of wheat and sorghum residues and
growing wheat needed to control erosion in representative areas of the Great
Plains, USA, (Woodruff et al., 1972). Standing residues are obviously much
more effective than equal amounts of flattened residues. The latter would be
the consequence of tillage. Wheat residue is more effective than sorghum
residue on a weight basis. Growing winter wheat is an effective vegetation.
Craig and Turelle (1964) prepared a graph of different kinds and char-
acteristics of residues relative to wind erosion control that are equivalent
to quantities of flat small-grain residue. A summarization of this is given
in Table 8.

Table 7. Pounds of residue required per acre to hold wind erosion to 5 tons
per acre annually.

Sorghum
Wheat residue residue Growing wheat

On smooth
Soil texture* Standing Flattened Standing Flattened In furrow ground

lb/A lb/A lb/A lb/A lb/A lb/A

Silts 450 925 1,800 2,600 500 425
Clay & silty clay 800 1,600 3,300 4.750 975 825
Loamy fine sands 1,050 2,125 4,200 6,200 1,200 1,000

*Silts with 50 percent nonerodible fractions greater than 0.84 mm. in diameter.
Clay and silty clay with 25 percent nonerodible fractions. Loamy fine sand with
10 percent nonerodible fractions.
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Table 8. Quantities of various kinds and characteristics of crop
residues needed to equal 1000 kg/ha of flat small grain (oats, barley
or wheat) residue in relation to wind erosion control effectiveness.

Ratio Equivalent to
flat grain 1000 kg/ha of
stubble: flat small

Crop residue other residues grain

kg/ha
Standing small grain stubble or
growing small grain, flat surface 0.50 500

Growing small grain, ridged surface 0.62 620
Corn or grain sorghum, 51 cm high 1.57 1570
Corn or grain sorghum, 41 cm high 1.85 1850
Corn or grain sorghum, 30 cm high 2.24 2240
Corn or grain sorghum, 20 cm high 2.52 2520
Corn or grain sorghum, flat 3.02 3020
Guar, sesame, or cotton stalks (standing) 4.70 4704
Peanuts, soybeans, or shredded cotton 6.27 6270

The ratios in the table are not constant for other quantities of flat
small-grains that may be used with other residues, but the divergence from
values given in the table is negligible for practical purposes. Lyles and
Allison (1980) related, by wind tunnel experiments, the small-grain equiv-
alence of several range grasses native to the USA. All grasses tested were

relatively more effective for wind erosion control than equivalent quantities
of flat small-grain residue. Buffalograss (Buchloe dactyloides), a short,
warm-season rhizomatous grass was most effective and big bluestem (Andropogon
gerardi), a tall, warm-season, weakly rhizomatous grass was least effective.
On a weight basis, nevertheless, big bluestem was about twice as effective as
wheat residue. Unless rangeland is abused by excessive grazing, semiarid
lands will normally support adequate native vegetation to control wind
erosion.

The effectiveness of vegetation varies as a constant to the negative
power of residue quantity (Siddoway et al., 1965):

E = ab-R

where "E" is soil loss, "a" is soil loss when R = 0; "b" is a constant for a
particular residue, residue orientation and windspeed; and "R" is a residue
quantity. This relationship shows that small quantities of residue, less
than that needed to prevent erosion, nevertheless significantly reduce
erosion. Using an experimental example, 3,000 kg/ha was required to prevent
erosion of a sandy soil subjected to a strong wind, whereas only 320 kg/ha
was needed to reduce erosion loss by one-half of the soil lost in the absence
of any residue. The first increments of residue should be considered care-
fully in any management strategies designed to minimize wind erosion.

Tillage methods have been devised to leave as much residue as possible
on the soil surface. Implements that undercut the soil surface with a
minimum of inversion are now used on much of the world's cultivated drylands
to control erosion and conserve water by maintaining a residue mulch.

As shown in Table 8, cotton residue is not very effective for post-
harvest erosion control. However, research in the southern Great Plains,
USA, on extremely erodible sandy soils shows (Table-9) that by returning high
rates of cotton gin trash, erosion can be controlled (Fryrear and Koshi,
1974).

From this research, the authors concluded that by applying 11.2 metric
t/ha of cotton gin trash in the winter, soils would be adequately protected
the following spring. By applying this quantity annually for 3 years,
stability of soil aggregates was increased enough to control wind erosion
year-round. At this rate of mulch over a 4-year period, cotton lint yields
were increased by 91 kg/ha/year. The percentage increase was higher in dry
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years. Soil water storage was also higher under the mulch during the off-
crop season. Obviously, we do not have enough cotton gin trash to treat all
cotton land with 11.2 t/ha, but treating problem areas, sandy knolls for
example, may prevent initiation of erosion and thus protect the remainder of
the field.

Although the degree of erosion control depends on the kind and orien-
tation of vegetation on the soil surface, for any particular crop or cropping
phase the quantity of vegetation is more important. The development of sound
erosion control programs and high crop production are not only compatible,
but also mutually beneficial. Provided crop residues are utilized for
erosion control, increasing production through good management will further

Table 9. Soil loss per simulated windstorm from an Amarillo loamy fine
sand as influenced by cotton gin trash mulch and tillage method.

Soil loss for different tillage methods

Mulch rate Listing Chiseling Chiseling Flat Mean loss

metric t/ha - - - kg/ha - ----- -

22.4 128 38 21 19 52
15.7 101 101 204 77 121
11.2 264 239 610 152 316
6.7 458 600 1292 620 743
2.2 550 1314 1901 2566 1580
0 600 2006 2220 4684 2377

Mean loss 351 717 1040 1352 --

1Chiseled after the application of gin trash.
Chiseled before the application of gin trash.

improve control. An example of one management input, nitrogen fertilizer, is
shown in Table 10 (Skidmore and Siddoway, 1978). Not only was the quantity
of residue increased but plant height and standing stubble density, both
positive erosion control attributes, were also increased. Too often erosion
control and production practices are considered independently, when in
reality they are complementary.

An annual climate index, C, (Chepil et al., 1962) of erodibility is used
in the USA's wind erosion equation for designing wind erosion control
measures and assessing wind erosion hazards as follows:

V3

C = 34.5 -
(P-E)

where "C" is a wind erodibility index, "V" is mean annual wind velocity, and
"P-E" is a moisture index (Thornthwaite, 1948). The constant merely assigns
a "C" value of 100 to Garden City, Kansas, USA, a location with documented
dust storm records, to serve as a reference for other locations. The
rationale for the equation is based on the phenomenon that rate of soil move-
ment varies directly with wind velocity cubed (Bagnold, R. A., 1943) and
inversely with effective soil water squared (Chepil, 1956). This index is
useful only for estimating the annual erodibility hazard and does not dif-
ferentiate seasonal factors or wind direction. Knowledge about wind di-
rection is important in designing shelterbelt and strip cropping systems, and
in assessing the erodibility of a field with respect to its orientation to
erosive wind direction. An excellent treatment of wind direction and
relative magnitudes for the USA was done by Skidmore (1965). In the absence
of formal weather records, local knowledge of wind phenomena can aid in
designing control measures.
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Table 10. Effect of N fertilizer on plant
Montana, 1976.

height, grain yield, and small grain residues in northeastern

Preharvest Post harvest
Loose:

standing
Total Standing Standing Standing Loose straw

Plant straw stubble stubble stubble straw weight Grain
Crop* and nitrogen rate height weight height population weight weight ratio yield

cm kg/ha cm stalks/ha x 10- 6 kg/ha kg/ha kg/ha

Hard red winter wheat,
no N 81 4,140 29 3.8 1,270 2,870 2.26 2,950

Hard red winter wheat,
68 kg N/ha 86 4,740 32 4.0 1,470 3,270 2.22 3,570

Hard red spring wheat,
no N 89 3,680 29 3.6 1,320 2,360 1.79 2,760

Hard red spring wheat,
68 kg.N/ha 99 5,830 30 5.5 1,910 3,920 2.05 3,680

Hard red spring wheat
(semidwarf), 40 kg N/ha 71 3,100 27 4.2 1,320 1,780 1.35 2,589

Spring barley, no N 61 2,240 16 3.6 640 1,600 2.50 2,230

Spring barley, 68 kg N/ha 71 4,240 16 6.6 1,020 3,220 3.16 3,810

*Winter wheat, 25-cm rows; spring grains, 18-cm rows.

Water Erosion Control

The Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1965),
widely used in the USA for erosion control design and evaluation of erosion
hazards, was recently updated (Wischmeier and Smith, 1978) to make it more
applicable to semiarid agriculture. Although the equation is empirical, it
embodies the results from 49 widely dispersed locations totaling more than
10,000 plot-years of basic runoff and soil loss data with additional data
supplied by rainfall simulators. Aside from the large data base from which
the equation has been formulated, the Soil Conservation Service of the USA
has contributed to the refinement of its factors through application and
observation of the equation's predictability under field situations. The
USLE is an erosion model designed to predict longtime average annual soil
losses in runoff from field areas under specified cropping systems. Wide-
spread field use has substantiated its usefulness and validity for this
purpose. Although the equation cannot be directly extrapolated to countries
outside the USA, the rationale involved in its development and the derivation
of factors and methods used in their derivation can be very useful and can
preclude extensive additional research where little research has been done.
The primary obstacle to extrapolation would be the absence of the rainfall
and runoff factor. If historical rainfall records of quantity and intensity
were available, this factor could be derived. Other factors would take a
minimum of research to refine for local use.

The soil loss equation for water erosion is:

A = RKLSCP

where A is the computed soil loss per unit area, expressed in units selected

for K and the period selected for R. In the USA, A is computed in t/acre/unit
of time, but other units can be used.

The rainfall and runoff factor, R, is the average annual number of rain-

fall erosion index units, EI, (a factor is added to R for snowmelt or applied
water where such runoff is significant). The rainstorm parameter, EI, is
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defined for a given storm as equal to the product of total storm energy, E,
times the maximum 30-minute intensity, I30, where E is in foot-t/acre and I is
in inches/hour (Wischmeier, 1949). The equation expressing rainfall energy
is:

E = 916 + 331 log10I

where I is intensity. A complete description of the calculation and pertinent
considerations in arriving at EI is given in USDA Handbook 537 (Wischmeier and
Smith, 1978). Technically, EI indicates how particle detachment is combined
with transport. The annual average values of the rainfall erosion index in
the semiarid regions of the USA range from about 20 to 100. Values in the
humid southeastern region are as high as 550.

The soil erodibility factor, K, is the soil loss rate per erosion index
unit for a specified soil as measured on a unit plot, which is defined as a
72.6-ft length of uniform 9-percent slope in continuous clean-tilled fallow.

In the absence of direct measurement, K can be approximated by the use of a
nomograph (Wischmeier et al., 1971) which solves for K as a function of
texture, organic matter, soil structure, and permeability. Table 11 shows a
range of K values from selected USA soils.

Table 11. Computed K values for soils on erosion research
stations.

Soil Source of Data Computed K

Dunkirk silt loam Geneva, N.Y. 0.69
Fayette silt loam LaCrosse, Wis. .38*
Marshall silt loam Clarinda, Iowa .33
Hagerstown silty clay loam State College, Pa. .31*
Honeoye silt loam Marcellus, N.Y. .28*
Cecil sandy loam Clemson, S. C. .28*
Boswell fine sandy loam Tyler, Tex. .25
Tifton loamy sand Tifton, Ga. .10
Albia gravelly loam Beemerville, N.J. .03

*Evaluated from continuous fallow. All others were computed
from rowcrop data.

Usually, a soil becomes less erodible as silt fraction decreases,
regardless of whether the corresponding increase is sand or clay.

The slope-length factor, L, is the ratio of soil loss from the field
slope length to that from a 72.6-foot length under identical conditions.

The slope-steepness factor, S, is the ratio of soil loss from the field
slope to that from a 9-percent slope under otherwise identical conditions.

Values of the topographic factor, LS, for specific combinations of slope
length and steepness are given in Table 12 (Wischmeier and Smith, 1978).
Methods of calculating segmental soil losses over the length of a long slope
and also for calculating losses from concave and convex slopes are given in
USDA Handbook 537. The topographic factor can also be used to evaluate the
effect of terracing, which in effect breaks up long slopes into shorter slope
segments.

The cover and management factor, C, is the ratio of soil loss from an
area with specified cover and management to that from an area in tilled
continuous fallow. This, more than any other factor, embodies the greatest
number of management options, although such options are more limited under a
semiarid climate because the chronic shortage of water limits what crops can
be grown. Notwithstanding, the kind of crop is an option. Others are:
crops grown continuously or rotated; clean-tilled seedbed preparation or
residue left from previous crop mixed in or maintained on surface; and seed-
bed left rough or smoothed by secondary tillage. Amount of residue depends
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on fertilizer and other management practices. Overriding all these con-
siderations, cover protection also depends on the degree of coincidence
between the seasonal erosive rainfall pattern and occupancy of the land by a
crop or its residue.

Table 12. Values of the topographic factor, LS, for specific combinations of slope length
and steepness.*

Percent Slope length (feet)
slope 25 50 75 100 150 200 300 400 500 600 800 1,000

0.5 0.073 0.083 0.090 0.096 0.104 0.110 0.119 0.126 0.132 0.137 0.145 0.152
2 0.133 0.163 0.185 0.201 0.227 0.248 0.280 0.305 0.326 0.344 0.376 0.402
4 0.230 0.303 0.357 0.400 0.471 0.528 0.621 0.697 0.762 0.820 0.920 1.01
6 0.336 0.476 0.583 0.673 0.824 0.952 1.17 1.35 1.50 1.65 1.90 2.13
10 0.685 0.968 1.19 1.37 1.68 1.94 2.37 2.74 3.06 3.36 3.87 4.33
14 1.15 1.62 1.99 2.30 2.81 3.25 3.98 4.59 5.13 5.62 6.49 7.26
18 1.72 2.43 2.97 3.43 4.21 4.86 5.95 6.87 7.68 8.41 9.71 10.9

*LS = (X/72.6)m (65.41 sin2 8 + 4.56 sin 0 + 0.065) where A = slope length in feet; m = 0.2
for gradients <1 percent, 0.3 for 1 to 3 percent slopes, 0.4 for 3.5 to 4.5 percent
slopes, 0.5 for 5 percent slopes and steeper; and 0 = angle of slope. (For other
combinations of length and gradient, interpolate between adjacent values.)

Canopy and mulch cover are the two important characteristics of vegeta-
tion that -affect water erosion. Canopy reduces storm energy by intercepting
raindrops. But residue mulch cover is more effective than equivalent per-
centages of canopy cover. Raindrops intercepted by mulches regain no fall
velocity and mulches also obstruct runoff velocity, thereby reducing detach-
ment and transport capacity. Figure 4 is included to show mulch plus canopy
effects on soil-loss ratio (Wischmeier and Smith, 1978).
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Figure 4. Combined mulch and canopy effects when average fall distance
of drops from panopy to the ground is about 20 inches (0.5 m).

Table 13 is an example of soil loss from grain after summer fallow from
seedbed preparation to crop maturity (Wischmeier and Smith, 1978). USDA
Handbook 537 contains soil loss ratios for many different crops, cropping
systems, methods of tillage, pasture, range, woodlands, and idle lands.
Methods of combining soil loss factors with periods in the cropping sequence
are also provided to estimate annual average estimated soil loss for a par-
ticular crop rotation sequence.
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Table 13. Ratio of soil loss from cropland to corresponding loss
from continuous fallow.

Cover
after Soil loss ratio for cropstage

Cover, crop sequence, Spring plant- period* and canopy cover
and management residue ing SB 1 2 3:80 90 96

lb/A %
Grain after summer
fallow with grain
residues 200 10 0.70 0.55 0.43 0.18 0.13 0.11

500 30 0.43 0.34 0.23 0.13 0.10 0.08
750 40 0.34 0.27 0.18 0.10 0.07 0.07

1,000 50 0.26 0.21 0.15 0.08 0.07 0.06
1,500 60 0.20 0.16 0.12 0.07 0.05 0.05
2,000 70 0.14 0.11 0.09 0.07 0.05 0.05

*SB = Seedbed until 10% canopy cover.
1 = End of seedbed until 50% canopy cover.
2 = End of 1 until 75% canopy cover.
3 = End of 2 until 80, 90 and 96% canopy cover.

The support practice factor, P, is the ratio of soil loss with a support
practice like contouring, strip cropping, or terracing, to that with straight-
row farming up and down the slope. These practices are not extensively used
on semiarid drylands in the USA. Terraces generally are installed to non-
erosively transmit excess water from fields in more humid farming areas.
Under semiarid farming, occasional excess water is conveyed from fields with
vegetatively protected, natural drainageways. However, where small tracts of
land are farmed, contouring is beneficial when slope lengths are not too long.
Table 14 shows representative P values for variable slope lengths (Wischmeier
and Smith, 1978).

Table 14. P values, maximum strip widths, and
slope-length limits for contour strip cropping.

Land slope P Values Maximum
percent A B Strip width length

ft ft

l.to 2 0.45 0.60 130 800
3 to 5 0.38 0.50 100 600
6 to 8 0.38 0.50 100 400
9 to 12 0.45 0.60 80 240

13 to 16 0.52 0.70 80 160
17 to 20 0.60 0.80 60 120
21 to 25 0.68 0.90 50 100

P Values:
A - For 4-year rotation of 2 years of row crop, winter

grain with meadow seeding, and 1 year of meadow.
B - For alternate strips of row crop and small

2 grain.
Adjust strip-width limit, generally downward, to
accommodate widths of farm equipment.
If contouring is only practice, slope length is
reduced by one-half.

Terracing is accommodated in the USLE through the LS factor whereby a
long slope is divided into a series of shorter slopes, equal to the hori-
zontal terrace interval.
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Application of USLE

Although designed from USA experimentation and the associated climate
and soils, the equation, because of the large amount of research used for its
derivation and its successful application since 1965, should be considered by
others who have made limited progress. Without locally derived data, the
equation cannot be directly applied to estimate erosion with a high degree of
confidence; nevertheless, the relative value of many erosion control
practices can be evaluated and the best options selected for any particular
situation. The range of R values for semiarid regions is relatively narrow;
K and SL factor values can be derived from methods and charts given in USDA
Handbook 537; and C and P values given should be reasonably accurate across a
wide spectrum of farming systems. For example, by using the USLE a P factor
value could be derived for the "broadlands" system used in Ghana (Hill,
1965).

Minimum and No-Till Systems

As previously stressed, protective vegetative cover on semiarid lands is
the foundation of wind and water erosion control. Such cover may be a
growing cultivated annual or perennial or the post harvest residue therefrom.
Pasture lands must be managed so grazing leaves adequate vegetation for
controlling erosion. Where terracing, broadland farming, contour furrowing,
or other practices are useful in conserving water, they also assist in
erosion control, not only by controlling runoff, but also by providing water
for increased crop production and thus increased vegetative cover. The main-
tenance of adequate cover during the crop establishment period and between
growing seasons is the main problem. In the USA semiarid Great Plains,
stubble mulching, the use of shallow subsurface tillage to preserve a residue
cover, has been the main erosion control practice. While a degree of success
has been attained with mulching, it has several weaknesses associated with
progressive loss of cover with tillage operations and time. Portions of the
surface residue are buried with each successive tillage operation; standing
residue, the most effective orientation for wind erosion control, is made
horizontal by tillage; after an abnormally dry year, residue may be so -sparse
that even if left on the surface its value for erosion control is short
lived. An alternative to stubble mulch tillage is no-tillage or an absolute
minimum of tillage other than the seeding operation. No-till insures the
maximum possible preservation of residues; minimum tillage reduces residue
destruction below that of systems being used. No-till and minimum tillage
are presently being intensively researched in the USA. Broad-spectrun
residual and nonresidual herbicides are used in place of tillage to control
weeds, and seeding equipment that can operate through residues is being
developed. While no-till may be the ultimate in controlling erosion with
residues, many aspects of the system need research because increasing residue
cover may decrease soil temperatures during critical growth periods. Also,
residues may harbor insects and disease organisms or may change crop nutrient
requirements. Residues do reduce soil water evaporation and increase infil-
tration; therefore, no-till, along with improving erosion control, is
consistent with good semiarid crop production management.

Radioisotopes and Erosion Research

Radioisotope tracer studies of erosion have been more qualitative than
quantitative (McHenry, 1968). If the entire soil mass to be traced is known,
or if the tracer is known to be uniformly mixed in the system sampled,
quantitative results can be calculated. The utility of the results is ob-
scured by distance, absorption, change in energy, attenuation, scattering,
self-absorption, counter efficiency, and counter geometry. Highly precise
measurements can be made, but interpretation is uncertain.

The radionuclide fallout from the late 1950's through the early 1970's
provided an opportunity to use tracer techniques to follow the fate of the
deposited isotopes, primarly cesium-137. Once in contact with the soil,
cesium-137 is strongly adsorbed (Tamura, 1964; Davis, 1963) on fine particles
and organic materials and is transported thereafter as part of the soil body.
Ritchie et al. (1970) from soil sampled from a watershed in Mississippi, USA,
reported that concentrations of cesium-137 in sediments coincided -with
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periods of maximum fallout. Eroded soils contained less cesium-137 than
soils under forest cover or grass. The movement of fallout cesium-137 in
Southern USA watersheds was logarithmically related (r = 0.89) to potential
soil loss calculated by the Universal Soil Loss Equation, and loss of
cesium-137 was also logarithmically related (r = 0.95) to soil loss data from
previously published studies (Ritchie et al., 1974). Sampling of cesium-137
in backwater lake areas of the upper Mississippi River indicate that sediment
inflow is building up at 2.5 to 5.0 cm/yr and if it continues at this rate
the lakes will completely fill in about 50 years. The only practical means
of prevention would be control of erosion (McHenry et al., 1976). In a study
of arid watersheds in Southwestern USA, McHenry and Ritchie (1977) found that
predictive models useful for estimating distribution of cesium-137 in surface
soils and sediments must include estimates of spatial concentration of fall-
out, the size of the watershed, and a soil (surface) activity expression such
as cation-exchange-capacity on a volume basis. Other factors like texture,
nutrient content, and rainfall were less important and could be expressed as
a cumulative variable.

Menzel (1960) found in studies of runoff that only small quantities of
strontium-90, a fallout product, were carried in runoff water from cultivated
soils. The strontium-90 in soil carried by the runoff was 10 times higher
than in soil from the plow layer. Loss of strontium-90 in cultivated small
watersheds was influenced by length of slope and cropping history, whereas
similar watersheds under permanent pasture had no apparent loss (Frere and
Roberts, 1963). Other radioisotopes--scandium-46, zinc-65, gold-198,
silver-110, and irradiated quartz sand and glass beads--have been used as
tracers to study sand and sediment movement (McHenry and McDowell, 1962).

Roger McHenry (1968) itemized several advantages and disadvantages of
using radioisotopes in erosion studies as follows:

1. Advantages

a. High sensitivity of detection; several orders of magnitude
better than optical or electrical conductance procedures.

b. Measurements can be nondestructively made in place.

c. Radioisotopes are inexpensive and tagging procedures are not
difficult.

d. Health hazards at concentrations normally used are almost non-
existent.

2. Possible disadvantages

a. Detection equipment is expensive and requires skilled labor to
operate.

b. Use of radioactivity in public domain must conform to restric-
tive regulatory rules.

Radioisotopes should not be used as tracers on the basis of novelty but
on the basis of superior or unique application (McHenry, 1968).
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ABSTRACT

Fertilizer K erosion through runoff, percolation and soil splashing
was measured by labelling three soils with K-42 fertilizer and subjecting
them to simulated rainfall. The erosion estimates were similiar to those
obtained by the much more laborious procedure of chemically analyzing the
fractions for K. The isotope method offers the additional advantage that
the K originating from soil can be differentiated from that derived from
the applied fertilizer in a single operation.

I. Introduction

In conventional laboratory rainfall simulation methods (De Boodt

and Gabriels, 1975) to assess the overall erosion risks, fertilizer

derived nutrient losses are determined as the difference between the total

amounts lost in the treated pans and the amounts lost in the check pans.

The losses are generally assessed in three fractions : the runoff-, the

percolation water and the splash water.

The present experiments were conducted to se»e wether the fore-

going approach which is called the total balance method could be simpli-

fied or improved using trace elements. The latter is also called the isotope

method. Indeed, in the conventional method always two series of soil pans

are needed : a treated one and a check. Using trace elements only one

serie is needed as the fertilisers are marked. In such a way the losses

occured can be split up easely in the ones derived from the fertilisers

and the ones which originate of the soil. It is logic to expect that in

the latter method errors are smaller as only one serie of soil pans are

involved.

To check the comparison between the two methods an experiment was

set up with K as the check element because K takes an intermediate position

between N and P in erodibility experiments (Van den Berghe and De Boodt,

1979). Another reason for this choice is the easiness with which radio-

active K42 can be handled. Its half life is only 12 hrs !
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2. Materials and Methods

To run the comparative experiment three different textured soil

samples were taken in Belgium. They were as follows : loamy sand from

Melden, a sandy clay from Eggewaarts and loamy soil from Burst. After

drying, the soils were filled in the soil pans under the rainhead of

the rainfall simulator. To imitate natural soil, aggregates were used

of which the sizes are given in table 1.

Table 1. Aggregate distribution (classes < 8 mm) of the three soils.

Classes loamy sand sandy clay loam
(mm) (Melden) (Eggewaerts) (Burst)

0-1 44.8 32.8 45.6

1-2 15.5 9.9 16.3

2-5 25.8 29.2 26.9

5-8 17.5 24.5 11.4

The chemical and mechanical analysis of these soils is stated

in table -.

Table 2. Chemical and mechanical analysis of the soils used in the erosion

experiment.

Soil C.E.C. CaCO- K meaq/100 xg) pH OM texture
meaq/l100g % extr ws H2O KCl (%) 0-2 2-50p >50;-

loamy 9.29 0.25 1.07 0.30 7.03 6.61 2.22 9.5 18.3 72.7
sand

loam 8.32 13.25 0.15 0.03 8.53 7.40 0.24 17.5 61.4 21.2

sandy 14.42 4.50 1.06 0.23 8.03 7.01 3.33 21.9 18.7 59.4
clay

(x) respectively NH4Ac-EDTA (pH = 4.67) extractable and water soluble K

The physical properties of the soils were characterized by the aggrega

instability index (wet sieving) according to De Leenheer and De Boodt (1954),

the permeability index (Williams et al, 1966) and the moisture contents at 10,

50, and 100 cm suction to have an idea of the % of the large pores.

The results are collected in table 3a and 3b.
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Table 3a. Instability index and permeability index.

Soil Permeability values Instability

Initial Final Difference index
perm. x penrm. ml/min 
ml/min(x) ml/min ( x x )

loamy sand 1.85 1.19 0.64 1.17

loam 0.85 0.15 0.18 4.08

sandy clay 1.60 0.02 0.01 1.91

(1) This index is the better the smaller the index figure is. A value of
about 1 mn is considered to reflect a good aggregate stability.

(x) Before Na borate treatment (xx) After Na borate treatment

Table 3b. Moisture content at different pF-values.

pF Suction Water content (%)

loam loamy sand sandy clay

4.2 15 atm. 4.0 6.0 4.0

3.02 1 atm. 10.8 9.2 7..1

2.54 1/3 atm. 16.5 18.0 16.0

2.30 200 cm H20 21.4 20.8 24.5

2.18 150 cm H20 27.8 24.3 27.2

2.0 100 cm H20 28.7 29.0 32.0

1.7 50 cm H20 32.0 33.8 42.4

1.0 10 cm H20 36.2 43.5 50.0

To study the losses of K.from the soil subjected to erosion the

rainfall simulator produced a constant rainfall of 2 hours at an intensity

of 50 nm/hour. This corresponds to a kinetic energy of 304.9 Joules for the

two hour storm.

The soil pans with sizes 27 x 51.8 cm or 1400 cm2were put under a

slope of 9 %. A special plastic container was mounted to collect all radio-

active splashes during the experiment to avoid contamination of the environ-

ment. The amount of K fertilisers added per pan was 1400 mg K.

A. Experiment with the labelled K to assess the losses

1. Experimental _set:u

In the experiment with K42, labelled fertilizer solution equiva-

lent to 100 kg K/ha was added to the soil surface with a pipette and allowed

to become airdry in 24 hours. It is remarked that no replications were used

to limit the expenses. This of course is not for the benefit of the reliability

of the results.
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After the rainfall doses were applied, the different fractions (runoff,

percolation and splash) were extracted wit NH4Ac EDTA added under solid form

to the suspensions. The pH was adjusted to 4.67 by adding 1 ml acetic acid

and the suspensions shaken for 1/2 hour.

After filtration, radioactivity was counted with the liquid scin-

tillation counter, Packard Model n° 3380, using the Cerenkow method. The

readings in cpm on the samples were corrected for color and compared with

a standard solution read at the .ame time and containing a known amount of

K. Pn this way the amount of K in the fraction coming from the fertilizer

solution could be calculated.

One week after measuring, all radioactivity from the filtered sus-

pensions was gone (K42 is a short living isotope with half time of 12 hours)

and total K could be determined with the flame photometer. By making the sub-

traction : total K minus the fertilizer derived K which was measured by the

isotope method, the mount of K coming from the soil itself was determined.

This approach was repeated to determine the K amounts derived either from the

fertilizers or from the soil in the runoff, the percolation and in the splash.

It should be remarked that all these measurements could be carried out after

a rainfall applied in one and the same pan filled with fertilised soil.

2. Results and discussion

2.1. Relationship_betweenerosiondata and soil_parameters.

After a rainfall of two hours at an-intensity of 50 mm/hour, the

three fractions were collected and analysed. The amounts of runoff water,

percolation water, runoff and splash sediments are given in table 4.

Table 4. Amounts of runoff, percolation water and of runoff and splash

sediments.

Soil Runoff water Percolation water Runoff soil Splash soil
ml ml gr gr

loamy sand 540 3950 15.23 25.07

loam 5180 110 142.49 38.91

sandy clay 4240 1835 40.29 17.69

To test slaking properties of the soils, infiltration water rates

were measured throughout the experiment at different times. These results

are given in table 5.
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Table 5. Percolation rate (ml/min) for the three soils studied at different

intervals.

Soil 40' 67' 90' 120'

loamy sand 33.0 33.0 30.0 27.5

loam 5.5 10.6 11.5 8.0

sandy clay 22.5 15.0 13.0 12.0

Based on the moisture contents at increasing pF-values (see table 3)

one would expect the following order of percolation rates : sandy clay >

sandy clay > loam. This behaviour can be explained by changes in infiltration

rate due to a different slaking of the aggregates of the soils. Indeed in

two hours time, infiltration rate on the sandy clay decreased to about half

of the initial value due to a pronounced surface sealing. Also the instability

index predicted the same ranking see table 3 : loamy sand is better than

sandy clay, is better than loam.

Initial permeability measurements with the method of Williams et

al (1966) was correlated with infiltration, but after Na-borate treatment,

the sequence of the infiltration rates were changed being loamy sand > loam>

sandy clay. This can be explained and was visually observed by the swelling

of the Eggewaarts sandy clay soil.

Comparing sediment load in runoff water the following order was

obtained : loam > sandy clay > loamy sand which is in full agreement with

the USDA concept on erodibility factors K according to Wischmeier et al (1971)

being respectively : 0.38, 0.19 and 0.10 for the three kinds of soil studied.

Aggregate instability index, initial permeability values and infil-

tration rates are well correlated with soil loss. This particular correlation

was also found by El Swaify and Dangler (1976). Indeed they found a good cor-

relation between the soil erodibility factor K and the aggregate stability

parameters, permeability classes and infiltration rates.

Amounts of splash occured in the following order : loam > loamy

sand > sandy clay which is not in accordance with aggregate stability by wet

sieving method. This can be explained by a larger amount of large aggregates

occuring at the surface of the sandy clay soil sample (see table 1). Indeed a

larger part of the rainfall energy was needed to disrupt these aggregates before

they could be detached.

Textural analysis and CEC on runoff, splash sediment and crust after

the rainfall experiment revealed an increased clay percent in the runoff sedi-

ment and a decreased one for splash and crust in respect tothe bulk of each

sample. This behaviour is more pronounced with the sandy clay and the loam

soils than with the loamy sand soil. The latter being much lower in clay con-

tent but having the highest aggregate stability.
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2.2. Assessmentof K in_the_eroded water and sediments using the isotope method

From the different fractions obtained after the rainfall experiment,

50 cc was taken in each sample and extracted to determine the K content. After

filtration, the Cerenkov counting method was used. As an example the determi-

nation of K in the percolated fraction of the loamy sand soil is given below.

The standard solution at the time of measuring produced 104468 cpm

corresponding with 2.1027 mg K/15 cc. In the percolated water 3067 cpm were

measured. Taking into account a correction factor for color of 1,0409, the correcl

3067x1,0409 =319? cpin was obtained which corresponds to 0.06425 mg K in 15 ml

filtrate or 0.21845 mg K in 50 cc percolate.

Flame photometric determination of K, when all radio-activity was

vanished amounted to 4.75 mg K/50 cc in the percolated fraction. The amount

of K originating from the soil was 4.75 - 0.218 = 4.53 mg K/50 cc. For 3950

ml percolate this corresponds with 3F7,P9 mg K and 17,22 mg K respectively

for the K originated from the soil and the K derived from the fertilizer.

The K content in the different fractions (runoff, percolation, splash) and

splitted up in soil derived or fertilizer derived was calculated in the same

way (see table 6).

Table 6. Soil originated and fertilizer originated K for the three kinds of

soils as determiped in the three fractions expressed in mg K.

Soil Soil originated K Fertilizer derived K % fertilizer re-
moved from the

Runoff Perco- Splash Runoff Perco- Splash soil surface
lation lation

loamy sand 6.80 357.87 28.03 5.13 17.22 34.44 4.1

loam 24.14 2.68 14.19 101.24 0.20 28.62 9.3

sandy loam 45.79 118.17 18.62 112.02 5.76 38.24 11.1

From the applied fertilizer solutions only resp. 4.1, 9.3 and 11.1 %

extractable K was recovered in the fractions. This reflects a high degree of

fixation. This fixation is due to the high concentration of K sprayed on the

upper cm of the soil surface, followed by drying. It is in full agreement

with the findings of Scott, Hanway and Stickney (1957) who added increasing

amounts of K to the soil. Above a certain level K fixation was-very strong,

when the soil was drying.

The degree of fixation by drying is a function of the concentration

of potassium on the split planes of the open illite, higher contents of K give

rise to stronger fixation.

The mobile K (non fixated) will move into the different fractions

or remain in the soil after the rainfall. During the rainfall this mobile K

will become readily soluble in percolation or runoff water or splashed away

with the splash sediment.
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On its way through the soil, fixation is not likely to occur because

of the high saturation of the CEC complex with calcium which is difficult to

be replaced by K. The environment controlled dissolution of Ca maintains these

soils continuously in a base saturated condition. In the NH4Ac (pH = 4,67)

extract the amounts of resp. 10.0, 197.50 and 78.0 meaq/100 g Ca were found

for respectively the loamy sand, the loam and the sandy clay soil sample.

This explains also how excess of Ca++ in the soil solution can prevent K

fixation.

As such, a desorption phenomena as function of the amount of

percolated water develops.

B. Conventional method to assess K losses

In the total balance method the data from two soil pans are needed :

one treated with fertilizers and one which was not treated. The K derived from

the soils and fertilizers together is already known through the determinations

with the flame photometer. To know the K derived from the soil itself a second

pan without fertiliser application has been subjected to the same amount

of rainfall and K has been determined in the different fractions.

The results obtained by this total balance method together with

the results already obtained by the isotope method are given in table 7 and 8.

Table 7. Comparison of the amounts of K originated from the soil itself in

the different fractions for the two methods studies after a rain-

fall of 2 hours at an intensity of 50 mm/hour.

Soil Runoff Percolation Splash
K(mg) K(mg) K(mg)

Conven- Using K42 Conven- Using K42 Conven- Using 
tional tional tional sng 
method method method

loamy sand 6.02 6.80 420.00 387.87 21.05 P1.03

loam 30.10 24.14 3.50 2.68 7.89 14.19

sandy clay 71.60 45.79 195.00 118.17 12.13 18.62

Comparing the figures of table 7 obtained with the two methods leads

to the conclusion that the values found in the conventional method are well

comparable to those in the experiment with labelled potassium. A correlation

coefficient calculated from the nine corresponding data in table 7 leads to

a = 0.985.

50



Table 8. Calculation of the % of the fertilizers removed using the conventional
method making use of the total amounts of K found in the different
fractions for the three soil types.

Soil Total amount Soil originated Fertilizer Fertilizer % fertilizer
of K (mg) K (mg) derived K applied removed from

(mg) amount K the soil sur-
(mg) face

loamy sand 479.52 447.07 32.45 1400 2.3
loam 171.07 41.49 129.58 1400 9.3
sandy clay 338.60 278.73 59.87 1400 4.3

When evaluating the significance of the conventional method (see table 8)

versus the isotope method (see table 6) the % of the removed amounts of ferti-

lisers from the soil surface (4,1 versus 2,3 %; 9,3 versus 9,3 %; 11,1 versus

4,3 %) it appears that the two approaches lead to similar results except for

the sandy clay. For the last comparaison the reason of the discrepancy should

be found in the rainfall simulator which was not completely in order when the

trial was carried out rather than in the method applied.

3. Conclusion

Although no replications on each determination were carried out and

no confidential intervals could be calculated within the circumstances of

the experiments : the method using K42 offers the possibility to determine

both : K originating from the soil and K derived from the applied fertiliser.

This determination can be achieved in one operation. The results of the losses

due to erosion are well comparable with the results found by the conventional

method which is more time consuming and subject to more variation.
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OUED ZEROUD WATERSHED MANAGEMENT AND
SIDI SAAD DAM PROTECTION

T. GARGOURI
Ministry of Agriculture,
Forestry Department,
Kairouan, Tunisia

ABSTRACT

The Government of Tunisia has decided to construct the Qued
Zeroud Dam to protect Kairouan from flooding, to irrigate 4,080 ha,
and to maintain the groundwater supply. To prevent silting of the
dam 100,000 ha of the Qued Zeroud watershed will undergo a conser-
vation programme. Terraces, waterways and drop structures will
be constructed and forage and tree plantations will be developed
using Atriplex and cactus. Cultural and grazing practices will
be controlled.

SUqMARY AND CONCLUSION

1.- Within the protection of the city and plain of

Kairouan, The Tunisian Government has foreseen the construction

of a dam at Sidi Saad, site over Oued Zeroud below the junction

point of Oued El Hatol and Oued El Hajel.

Considering the outline of the dam and its capa-

city it will be possible to irrigate a new perimeter of 4080 hec-

tares to be created in the vicinity of the dam.

2.- Since the brought sediments at the dam site

are very important, estimated to IOIO0 m3 per year, the water

portion reserved for irrigation might be filled up with sediments

within 20 years.

In order to reduce the silting of the dam, a soil

protection management of the most sensible I00,000 hectares of

the Oued Zeroud watershed is planned.

3.- These measures will cover the sub-watershed

of the lower Oued Hatoh, the Oued El Hajel and the Oued Zerga.

This management foresees the construction of ter-

races, waterways, drop structures to avoid soil erosion ; to

create forage and tree plantations and to reorientate the land

use in relation to the need in forage for the existing livestock.
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4.- This project management will be accomplished

By the Forestry Department, the Agricultural Production Depart-

ment of the Ministry of Agriculture with the help of the associa-

tions and the producer 's unions.

5.- The total cost of the project which covers a 12 years

period reaches 7.4 millions of Tunisian Dinars. This amount is

divided into :

46.6 % for soil conservation structures

50.5 % for forage creation and fruit tree plantation

2.9 % for purchase of draught livestock and forage for

drought period.

6.- The anti-erosive measures over the IOOOO0 hectares

allow an appreciable improvement of production at the level of the

treated zones and an extension in the life time of the irrigated

perimeter up to 9 years.

7.- CO the other hand, the project will increase the life

time of the dam and protect the city and the plain of Kairouan, It

will also preserve the soil potential for the future generations

and will develop the regional economical activities in various

sectors.

INTRODUCTION

Tunisia is a mediterranen country.

Most of the area has an arid and semi-arid climate, which is

characterized by a torrential rains. Traditionnal farmers continued

to cultivate cereal crops even in pasture land leave their sheep

grazing mountains wherever they are available. Consequenthy desertic

areas are increasing and big dams are filled up with sediments (oued

Kebir dam, Ben Mtir dam..) which reduce Government efforts.

Actually, efforts are deployed to reduce erosion effects and

to protect dams by integrated actions. The priority is given to

watershed management of Dams lbuileie and those to be constructed

and particularly the most sensitive areas to erosion.

I.- ZEROUD WTERSHED

I.I. Location and climate :

It is located in the central part of the country and covers

about 857,000 hectares. It can be divided in three big subwatersheds:
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- North subwatershed.

It covers about 2,017 Km2 and water flow in oued Hatob

and its affluents. The average rainfall is about 520 m/m.

- South subwatershed.

It covers 2,182 Km2 and water flow in oued Hatab

(or Fekka). It is an arid region with an average of 270 m/m rainfall.

- Intermediate subwatershed.

It has an area of 4,374 Km2 and Water flow in the lower

part of Oued Hatob. It has the typic climate of the central Tunisia

which is continental with a not regular rainfall. In this region,

overgrazing of mountainsabare Djebels, increase water flow and

Soils erosion. Forestry lands are not very important and vegetation

is very clear.

1.2. Temperatures :

The average annual temperatures are in general below 20a C

but interannual variations of the temperature could be important. This

explains the severity of the climate.

1.3. Air humidity :

In summer the humidity of the air is limited.

I.4. Winds :

North west Wind in winter, east and south-East wind in

summer.

The Sirocco may cover large areas all over the year, it is

a real plaque in the spring during vegetation growth.

I.5. Soils :

The watershed area considered by this project is located in

the natural region of the high central steppes.

The North branch of Oued Zeroud Watershed is formed by

a rather high continuous relief; the south branch has an isolated relief.

These reliefs are only composed by sediment formation.

I.6. Pedology :

Soil survey of this region has shown four types of soils :

- Non evoluatsoils with concentration of raw minerals

which are alluvial deposit located in the Djebels and the Bad-lands.

- Little evolu*tcsoils with alluvial deposit or erosion

deposit.

- Calcaricds soils in the forested area.

- Brown soils : evoltemi4isohumic deep soils.
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2.- OUED ZEROUD WATERSHED EROSION :

Soil survey and mapping have shown that the most eroded

zones are located at the lower part of the watershed, just above Sidi Saad

Dam.

2.I. Mechanism of erosion in the watershed :

On bare Djebels, the rainoff coefficient is around one.

On deep slopes, the water flow has a very high velocity. The energy of

erosion and the rainoff capacity of carrying heavy materials and

sediments are very important.

Besides exceptionnal floods, the water rainoff of Oueds at

Sidi Saad Carries only fine materials in suspension which corresponds

to 4 X IO m3 of solide deposit per year for the two branchs Hatob and

Hadjel of the Oued Zeroud. But during the automn I969 flood, a considerable

solid flow has been estimated to 275 X IO6 m3.

Il we assume that the return period of the I969 flood is 50 years

the total solid flow Would be at least equal to 50 times the average

flow 50 X 4 X I6 = 200 X I06 m3 to which we have to add the flow of

the exceptionnal flood, that is 275 X 10 m3.

The total volume in 50 years Would be :

475 X I 6 m3 or IO X IO m3 per year.

2.2. Flood of 1969 :

Periodical floods are Known in Zeroud Watershed in 1870; 1904;

I93I; I963; I969 and I973. The exceptional rainfall of I969 in central

Tunisia caused a lot of damages. We observed a maximum intensity of

212 m/m /hour in five minutes in Haffouz. The interval of rainy days was

very short the volume of water very important, so humid soils became

very sensitive to erosion. The solid flow has been estimated to 275xI06m3

and the water volume to 2,636 x I06m3. Flood destroyed roads, bridges,

houses, isolated cities and mainly Kairouan city; eroded agricultural

lands, damaged orchards and covered 18,000 hectares in Kairouan plain

with sand.

3. SIDI SAAD DAM :

In order to protect the city and the plain of Kairouan from

periodical floods of the Oued Zeroud, the Tunisian authority has decided

to build a dam at Sidi Saad.

But even before the administration has made the decision of

the type of structure to be constructed, it has been recommanded to

establish at the upper part of the watershed a soil conservation treatment

to protect the future dam from silting.
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In I974, Soil and water Resources Division (M.A.) has

published a mapping document covering the whole watershed of 857,000

hectares where an area of IOO,000 hectares has to be treated, is located.

The Forestry Department has determined aiarea of 300,000

hectares for which a draft of a project was established.

The final structure of the Dam retained by the administration

Will reduce the intensity of floods, will constitue an annual Water

reserve for irrigation and Will increase the underground water supply in

the Kairouan region.

The maximum capacity of the reservoir is highly sufficient

(I,990 x 106 m3) to reduce the intensity of floods during a very long

period .

Howver the amount of water for irrigation and underground

water supply is maintained in the 1loler part of the reservoir. The

capacity of this lower part is only around 210 millions of m3 which

represents the total volume of the sediments carried by the Oued Zeroud

during automn I969 flood.

4. THE OBJECTIVE OF SIDI SAAD DAM.
..... ~........................

- Reduce the intensity of the Oued Zeroud flow, then

protect the city and the plain of Xairouan from flood.

- Irrigate 4,080 hectares.

- Maintain the Underground Water supply in the Kairouan

plain.

4.1. IROS1ON AND LIFE TIME OF iTE DAM.
........................

Erosion has been estimated to 590 T/Km2 for the overall

Watershed.

During the I969 flood, the deposition of sediments at Sidi Saad

has been estimated to :

275 X I06m3 y ORSTOM

I60.X 0I6m3 by the Canadian Agency for International

Development.

The erosion caused by eight days of heavy rain in September

and octoler of I969 has reached 30,600 T /Km2. This amount could fill

the reservoir at the bench mark of 270.

The December 12 th and 13 th I973, Oued Zeroud flood has

deposited below Sidi Saad site around 8 X IO m3 of sand sediments
6

which is equal to IO X IO Tones.

In these conditions We may estimate the erosion during the

December I973 flood to more than 4,500 T /Km2 for the 2,200 Km2 of

Oued Hadjel Watershed.
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These figures show the importance of erosion and the risk for

a rapid silting of the dam. Then there is a need for protection

against erosion to be undertaken in an integrated manner With the

construction of Sidi Saad Dam. The objective of this treatment is not

only the structure protection but also the improvement of the living

conditions for the people of this area by a better land use.

5. THE PRESENT AGRICULTURAL PRODUCTION

The present production results from extensive graze use,

graines and fruit trees. The expansion of cultivated land has reduced

forage production and range land for grazing. The yield of crop and

the production of livestock are very low.

According to the soilCa Ski -tfclassification 80% of grained

land areas should be replaced by tree plantation such as olives,

almonds, pistachiums. The income of the local population Will be

increased by a better land use and new management.

In the subwatershed of Oued El Hadjel, the range land covers

64 % of the area, while 77% of the remaining 36 % are used for graines,

I9 % for fruit trees and 4 % for cactus as forage plantation.

The livestock is composed of sheep and goats. The later are

estimated to 15 % of the total livestock.

6. LAND OWNERSHIP.

Most of the land belongs to the collectivity, other parts are ~$r

state land, -and the rest is private ownership.

The government has started since I972 to transfer this collective

land to individuals of the area to be the owners.

7. THE PROTECTION PROJECT.

7.I. General principles of action

The main objectives are the soil and water conservation of the

Oued Zeroud watershed and the increase of agricultural production for the

local rural population.

The protection of the Dam requires that the bad lands should be

deferred from grazing, planted with forage trees and cactus. Heavy clay

soils should be planted with Atriplex, and fenced with spine cactus. On

Sandy soils Acacia cyanophylla and spineless cactus will be planted.

To decrease the erosive flow energy waterways and talwegs will

be treated with rocky structures.

- cultivated lands will be protected by terraces.

- Ploighing will be done owthe contour level.

- The use of farm tractors will be limited to low slope.
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- To avoid Wind erosion, Wind-breaks Will be established.

- Pasture and range improvement Will be done by increasing forage

production.

- The use of an adequate rotation system, selection of livestock

to create productive herds.

We believe that the watershed should produce the necessay

forage crop for the existing total livestock of the area. However the

need to bring forage from ether regions during the first years of the

project is anticipated until perennial forage are established.

Proper range management is the basis for soil protection

program against erosion.

7.2. ZONE3TO BE TREATED IN PRIORITY

The lower part of Oued Hadjel watershed, the cued Hatob Subwatershed

and the Oued Zerga sub Watershed are planned to be treated.

The erosion map has allowed us to determine areas where soil

degradation intensity is high, medium ~nd none existing.

Soil protection actions to be taken.

- Oued Hajel sub Watershed : area of 13,500 hectares

This sub Watershed has been studied on the scale of 1/25,000

and the actions consist of :

* Waterways treatment by constructing I0,000 of drop structures.

* Forage plantation for protection over 3,900 hectares.

* Soil and water conservation measures; terracing over

368 hectares.

* Fruit tree planting over 1,280 hectares.

* Farm road construction and Wind breaks establishment.

- Lower part of Oued Hatob sub Watershed : area of 56,000 hectares.

Themanagement consists of :

* Construction of 5,320 deversion structures on Waterways over

a zone of I0, 600 hectares.

* Plantation of forage crop such as cactus and Atriplex(5,790 ha)

* Fruit tree planting over 3,080 ha.

* Deferred grazing over 6,270 ha of esparto-grass.

* Rebuilding of 360 Em of farm roads.

- Oued Zerga Sub-Watershed : area of 43,000 ha.

This sub-Watershed consists of Hadjeb El Ayoun plain with a

very low slope. It exists also I2,500 ha Without erosion Where no treatment

is needed over 30 % of the total surface.
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* Zones where erosion is severe cover 1,880 ha; cactus, Acacia

and Atriplex Will be planted.

* Zones With medium and low erosion located in the Djebels

I7rlihla, Abied,-and Rona- Hendi) Where IO,000 of drop structures Will be

-constructed in-natural waterways over an area of 6,000 ha.

* Zones of plain Where alluvial and colluvial soils are eroded,

level terraces Will be-constructed and Wind breaks-Will be established over

20,000 ha.

* Fruit tree Will be planted over an area of 2,200 Ha.

Silting reduction and extension of the irrigated perimeter

life time :

8. THE APPROACH :

It has been mentionned that the construction of the dam is only

a postponement given for the watershed protection treatment. In fact

the annual silting is estimated in short term to IO X I06m3 but this

silting- goes- p-with-seil- erosion in- the long- rta which destroys-every mean

of protection for the city of Kairouan. That is why watershed management

protection is necessary. As it has been said the construction of the dam

has a double secondary objective, irrigation of 4,000 ha and Kairouan

underground water supply.

In this paragraph we will study the effects of the watershed

management upon the life time of the irrigation perimeter. As we Know

the volume of the reservoir is 210 X I06m3. In using the mathematical modil

for 23 years of flow at Sidi Saad we may conclude that there is a

possibility to use at least 20 X 106 m3 of water for irrigation and 40X106m3

for underground watersupply during 20 years.

In the absence of the watershed treatment, the average annual

silting will be IO X o06 m3. Since the protection of the dam requires the

treatment of 300,000 ha of the watershed, we consider that one third is to

be treated first, then one half and finally the total area. The first

portion will cover I00,000 ha.

- Anticipated results.

The following chart indicates the increase of the possible

duration of water supply for the irrigated perimeter regarding different

soil and water conservation management portions. Each of these portions

covers an area of I00,000-ha. Their contribution for -the annual silting

in reference to IO millions of m3 is respectively 3.5 ; 3.5 and 3 millions

of m3.

The management covers three decades. The operation effectiveneSS

reaches 80 %. Considering the shifting of time in the three portions,

respective result of each portion for the 50 years period will be respectively

IO %; 80 %; and 60 % . Consequently, the controled solid depposits will be:
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* For the first portion : 2.8 millions m3, that is the well

balanced effectiveneh of soil and water conservation is of 30%.

* For the I t and 2 nd portions : (2.8 + 2.2) millions of m3

that is a well balanced effectiveness of 50 %.

* For the Ist Zn_ and 3 -d portions : (2.8 + 2.2 + 1.4)

millions of m3 that is a well balanced effectiveness of 65 %.

Life time of the irrigated perimeter in relation to soil and water

conservation effectiveness.

(I~ : VWell balanced : silting : silting : increase in
Portions of : effectiveness of : annual : of the useful: the life
tro woo ha : hsoil conservation : average portion : period of the)

6 3 : (years) : irrigation )
10 m : : perimeter

( *
(: : : : (years)

Reference 
situation 0 10 20 -

st 
1 8 portion 30 % 7 29 9

I 1 and 2nd
( portion 50 % 5 40 20

st 2nd 'and : 65 % 35 5 ( at + 2nd -and 65 % . 35 * 56 : 36
3r port ions : : : :

From this analysis we may conclude that the protection treatment of the

watershed will increase the life time of the 4,080 ha irrigated land from 45 to 200 %

of the 20 years period of no treatment over the watershed.

9 - PROJECT EXECLTION

9 - 1 Integrated actions :

The proposed actions mentioned in the project document such as deferred

grazing, forage crop planting on the bad lands, terracing, drop structures on the

waterways, limitation of livestock on range land, are all integrated together and comp-

lementary to one another. This solution requires that the main works for this management

should be done during five years period and the remaining actions will be spread until
th

the 12 tyear.

* Farm road construction: 1 year

* Drop structures construction from the 1 st to the 5 th year.

* Forage plantation : from the 1 t to the 6 year.

* Terracing : from the 1 st to the 5 th year.

* Wind breaks establishment from the 1 st to the 5 th year.

* Tree basin confection from the 6 th to the th year.

* Fruit tree plantation : from the 6t to the 9 h year.
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It appears logical to undertake first of all the actions on

most degraded areas. The extension campaign for the proposed actions to

convince the local rural population will be done by the existing institutions.

9.2. PROJECT OBiGWALZaTIOT

This rapid erosion is the result of improper land use on the Oued

Zeroud watershed. Private farmers do not have sufficient funds and means to

improve soil utilization in response to the necessary actions for soil

protection. Many of them have asked for public_help to undertake some soil

protection measures, mainly fruit tree plantations.

Since it is urgent to protect the Sidi Saad Dam which is a national

public interest, it is the responsability of the Government to execute all

necessary actions.

The Government assign the Forestry Department of the Ministary of

Agriculture to :

- Prepare the technical specifications and the details maps on

1/25,000 scale.

- Realize the anti- erosgive infrastructures.

- Undertake extension and information activities to local population.

- Supervise the implementation of the project.

The Forestry -Dep-rtent will be assisted in some specific activities

by other services of the Linistry of Agriculture or offices such as the

extension Division of legislation and owners'-ip affairs the office of

livestock and pasture, the office of olive oil and the office of cereals.

IO. COSTS OF THE PROJECT. (Evaluation done by the Forestry Department - 1977

prices).

According to the foreseen recommandations, the total investment

cost for the anti-erosive treatment and land development rises up to 7.4

millions of dinars :

- Cost decomposition by component :

The cost is constitued of the following items :

* The cost of works to be realized during the first five years of the

project (tracks, drop structures, terraces, quickset hedges and divided ditches)

Will reach about 3,448 thousatd dinars which represents 46.6 % of the total.

* The cost of forage plantation and oreharding to be realized during

the first six year-for--the-forage-and from the 6 th to the 9 th for the

Latter, represents 50.5 % of the total cost, reaches 3,737 thousands dinars

and spreads over twelve years.

* The purchase cost of forage outside the project area to compensate

the range land improved by the anti-erosive orks and deferred grazing programs
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during the ftirt years of the project amounts to I20 thousands dinars spent

during the first four years of the project execution; it represents only I.6

of the total cost.

It appears from this, that the total investments to be spent amounts to

68.2 % during the first five years of the project and to 31.8 % from the 6h
thto the 12 years.

II. ACTUAL ADVANCED WOKRS.

ADVANCED VI RKS

SEPTIEMiR 1979

ACTIONS : AREA COVERED (in ha): Pervision 1980 and 1981: OBSERVATIOnS
S~~~~~~is

Farm roads s 295 Km i 140 Km s Sub-watersheds cf !adJel

Terracing ana drop structures 6,900 ha 7,400 ha and lowr part f Hatob.

bFrage plantation : 330 ha t 580 ha 

Hedges, divided ditches. : 320 ha s 620 ha

a --- .a a:.....Ita a a~~~~~~~~~~~
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WATERSHEDS OF OUED HADJEL

AND LOWER PART OF HATOB
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DYNAMIC ASPECTS OF SOIL ORGANIC MATTER AND
ITS RELATIONSHIP TO THE PHYSICAL PROPERTIES AND
FERTILITY OF SOILS

G.H. WAGNER
University of Missouri,
Columbia, Missouri,
United States of America

ABSTRACT

Soil organic matter plays a critical role in determining the
physical, chemical, and biological nature of soils. Its dynamic
nature is explored with reference to the cycling of C and N in the
bioshpere.

Optimum soil structure is developed under a grass sod, but
adequate water stable aggregates can be maintained under proper
cultivation to ensure deep root penitration, rapid water infiltration
for storage in the rooting zone, and the prevention of surface cru-
sting. Perhaps the most important role of organic material is its
prevention of soil erosion by directly stabilizing the soil during the
growing season, providing residues for protection between crops, and
improving surface aggregation to make the soil less subject to erosion.

INTRODUCTIONI N T R 0 D U C T I 0 N

Soil organic matter is the component of the soil exercising influence

on properties far greater than its quantitative proportion. It has great

influence on physical, chemical and biological aspects of the soil as they

play their respective roles in plant growth. One important function of

particular significance to this seminar is the role soil organic matter

plays in structural development of soil to stabolize it against potential

losses by the forces of erosion. Water infiltration and storage are

also greatly influenced by soil organic matter.

A unique attribute of soil organic matter is its dynamic character.

Many facets of its value in crop production relate to organic matter

turnover in soil. We are therefore very much concerned with its for-

mation as well as its break down.

FORMATION AND CHARACTERIZATION OF SOIL ORGANIC MATTER

The formation of soil organic matter is primarily biological and

the flora and fauna living in or on the soil are involved. These organism:s

feed upon organic residues and their degradation leads to humus formation.

The microorganisms that carry out;most of the decomposition are also con-

tributing to soil organic matter through actions of syntheses. In the
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course of time the newly synthesized microbial components are attacked by other

organisms and the cycle continues. Soil organic matter includes a broad

spectrum of organic moities and those most resistant to degradation have a

long duration in the soil. More readily degraded materials are mineralized

to release carbon dioxide and inorganic nutrients at relatively rapid rates.

Different soils contain different quantities of soil organic matter

dependant on certain factors of soil formation. Most dominant in this is

the influence of climate and the mineral nutrient reserves from parent

rocks in which the soil developed. The organic matter under virgin con-

ditions is generally at a stable level based on annual deposits of resi-

dues from the native vegetation that developed under the climatic limi-

tations of the region.

Even though the level of organic matter is determined by climatic

influences it is generally decreased when virgin soils are brought under

cultivation. Unfortunately the decline in soil organic matter is accom-

panied by a decrease in the stabilizing forces guarding against soil

erosion and supporting water storage and conservation. But, under given

types of cultivation the soil organic matter again reaches an equilibrium

level. Therefore one must be concerned with soil management that in-

cludes cultivation practices to allow for an equilibrium level of soil

organic matter in harmony with long range economic crop production on the

land.

Soil organic matter has a complex chemical structure that can only be

defined in terms of categories of substances. Each category includes a

spectrum of structures of high molecular weight and these occur as very

large complexes.

Nitrogen is present in soil organic matter in structures that include

many amirn? acids held in linkages similar to those that occur in proteins.

Other nitrogen containing compounds are less clear in structure but presumably

include N in aromatic components. The availability of nitrogen in this

spectrum of organic components covers a wide range.

Another category of organic substances in soil organic matter is the

carbohydrates. Cellulose type structures are abundant and many other

polysaccharides including hemicelluloses are found. These materials are

quite dynamic and are assumed to form bridges among clay particles and other

mineral particles of the soil to stabilize the aggregate structures that

are commonly found in highly productive soils that contain abundant quantities

or organic matter.

Other substances of importance but lacking nutrient elements are the

carbon containg compounds classed as lignin-like complexes. Structural
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dEfinition of these is not clear but they are known to include many

kinds of aromatic structures condensed into large complex molecules.

Studies of functional groups associated with soil organic matter

have provided information about these compounds and their importance

can certainly be ascribed to their contribution to the cation exchange

capacity of a soil and the valuable properties associated with this

characteristic.

Other components of soil organic matter present in smaller amounts

include the fats, waxes and resins which may influence water movement

in soil. Nutrient containing components whose mineralization rates

are important with reference to plant nutrition include organic

phosphorus and organic sulfur compounds.

ORGANIC MATTER AND THE CARBON CYCLE OF NATURE

Organics materials added to soil endure there for varying periods

of time. The added organic substrates are pnerally quite varied and

the microorganisms developing there are usually specialized with reference

to substrate. The duration of the carbon in microbial tissues in soil

is best understood with reference to the total biosphere and the carbon cycle

in nature.

The element carbon makes up the framework of biological systems. Bio-

synthetic processes link carbon to itself and to other elements in the assembly

of a vast collection of organic compounds essential to live. Carbon enters

the biosphere through photosynthesis and departs by respiration, completing

a cycle.

Phtosynthetic plants assimilate CO2 from the atmosphere and convert it

to organic compounds of high energy content. The annual harvest of CO2 by
13

the total vegetation of the earth approximates 3.5 x 103 kg of carbon.

About one-half of this production is from terrestrial plants. The carbon

in photosynthetic products has a transitory journey through the biosphere.

Some carbon may enter several phases of life successively. The energy

in the orginal compounds is passed along to various forms of heterotrophic

life that convert it by biochemical processes, and in the course of these,

CO2 is respired under aerobic conditions. Total carbon in living organisms

is estimated to be between 3 and 5 x 101 4 kg, most of which occurs in

forest vegetation.

The release of CO2 back to the atmosphere results from plant, animal,

and microbial respiration. The major respiratory activity is attributed

to heterotrophic micro-organisms. Decay involves attack by microbes

upon the residues of higher plants and animals in order to utilize the

energy stored there. Also the soil microbes feed on themselves and
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upon humic components as the last of the energy that entered the biosphere

by photosynthesis is reaped.

Total return of CO2 by decomposition and respiration is estimated at

3.5 x 10 kg of carbon per year. Thus quantitatively, there exists

a balance between carbon returned through respiration and that fixed by

photosynthesis. This balance is very important to the cycle of nature

because both net annual photosynthetic fixation and respiratory liberation

of CO2 equal nearly 5% of the amount present in the atmospheric reservoir.

Humus is a special carbonaceous product of the decay process in soil

that possesses unique durability, even though occurrring in an environment

seething with micro-organisms. Humic materials include a spectrum of

highly altered remnants of plant, animal and microbial tissues along

with products synthesized by the attacking micro-organisms, all

occuring collectively as an amorphous, dark colored, more or less stable

fraction of the soil. Although humus is relatively resistant to bio-

logical attack in soil, it is eventually degraded to liberate C02, pro-

bably by the aut3chthonous soil micro-organisms.

SOIL AGGREGATES THEIR FORMATION AND VALUE

Productive soils enjoy physical characteristics which are desirable

largely through the effects of soil organic matter on soil aggregation.

A soil aggregate is a naturally occurring cluster of soil particles in

which the forces holding the particles together are much stronger than

the forces between adjacent aggregates. Aggregate structural units

influence soil incrustation, water infiltration, moisture content,

drainage, tilth, aeration, temperature, microbial activities and root

pentration.

Water stable aggregates are formed by the combined actions and

forces of both organic and inorganic compounds. Mechanisms dependant

largely on organic compounds inalude the envelopment of soil particles

by humic colloids, hydrophobic influences on water entry withit-.the aggre-

gates and the bonding through functional groups of organic polymers thereby

linking particles together.

Grass sods are well recognized as providing optimum conditions for

good aggregation. The soil environment under a grass sod includes con-

ditions that are ideal for aggregate formation and for aggregate stabili-

zation. Grass roots are very extensive and finely devided so as to exert

ever-varying hydrostatic pressures to remove water non-uniformly and

create conditions causing aggregate formation. At the same time,
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the growing roots are constantly excreting and discarding organic sub-

stances which mirco-organisms in the rhisosphere utilize as energy

sources. The microbes feed upon these plant wastes and produce

microbial gums that are ideal substances for the binding together of

soil particles. The differential removal of water by the roots causes

the aggregates to be fccned and the microbial products bring about aggregate

stabilization. Because the soils under grass sod are not disturbed by

cultivation, clay skins tend to form in the root channels. These

protective films isolate some parts of the soil from leaching processes.

Furthermore, the normal movement and rearrangement of the soil particles

is curtailed or markedly modified.

Several aspects of aggregate formation and stabilization have been

intensively investigated. The major influence of polysaccharides or

polyuronides on aggregate stability in cropped soils as well as grass-

lands has been well established. Calcium carbonate in soil has been

shown to interfer with the oxidation of polysaccharides and other chemical

studies have shown various kinds of polymeric organic materials are bene-

ficial in binding crumbs together under grasslands. Under woodlands the

aggregates may be stabilized by different sorts of organic polymers than

those functioning under grass,.

When soils are cultivated, some conditions may occur so that

aggregate formation is favored but organic materials for abundant

microbial development are inadequate. Polysaccharide formation is then

limited and stabilization of aggregates is unsatisfactory. In other

cases large quantities of crop residues and other forms of available

energy materials may be incorporated into the soil with disappointing

effects on aggregation. This would result if extensive root systems are

lacking for water removal from the inner loci of potential aggregates

The microbial activity provides primarily for aggregate stabilization and

not aggregate formation. Furthermore the residues added to soil are sel-

dom as intimately mixed within the soil as root exudates of an extensive,

active root system. Under residue decomposition the microbial gums are

often localized and not every where that they are needed.

SOIL ORGANIC MATTER INFLUENCES ON SOIL WATER

A supply of available water in the soil for use by the growing crops

is one of the most important factors in agricultural production. Often

it is the one factor that determines whether there will be any crop at

all. Organic matter cannot act as a substitute for water, but under many

conditions it can go a long way toward assuring that the best use will be

made of rainfall or irrigation water that reaches the soil.
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Organic matter, including both humus and plant residues, may exert

its effects in a number of ways, but chiefly through improved infil-

tration, decreased loss via evaporation, and improved drainage for fine

textured soils. These benefits lead to the development of more

extensive and deeper root systems which can utilize more of the water

stored in the soil profile and can increase cropyields so that productivity

relative to water use via evaportranspiration is more efficient.

In regions where annual rainfall is 30 to 50 inches, the amount of

water required to produce a crop of corn may be only 20%o of the total

rainfall. Water not used by the crop is lost through run-off, deep

percolation, and evaporation. The lower the annual rainfall the more

important is the evaporation loss from the soil surface because it cuts

into the amount needed for transpiration and growth.

Rainfall in many areas where crops are produced occurs at irre-

gular intervals and in differing amounts. The soil,therefore, serves

as a storage reservoir for water. An important concern in soil manage-

ment is to provide conditions so that the water enters into the soil.

Organic matter increases infiltration by helping to hold water on the

soil surface long enough for it t-o seep into the soil, and by improving

the physical conditions of the soil so that less time is required for

water to move through the soil and into the root zone.

A problem frequently encountered is the formation of crusts at the

soil surface which retard water pentration. For prevention, a good

plant cover on the soil will break the impact of raindrops and help to

keep the soil open and porous. A grass sod, again is the ideal protection.

An organic mulch also protects the soil against crust formation. Many

types of mulches, if properly managed are very effective in minimizing

runoff. Plant residues on the surface also markedly decrease the rate

of drying of soil in the surface half-inch layer but probably have little

effect at lower depths. Organic matter mixed with the soil aids greatly

in increasing infiltration by helping to provide a better structure to lo-

wer the bulk density and allow increased ease of water movement.

The supply of available moisture to plants in a soil is more related

to soil texture and depth of profile than it is to quantity of soil

organic matter. Organic matter is not considered to have a great in-

fluence on avaialble moisture holding capacity except through indirect

effects, ensuring that the water which comes as rainfall is able to

enter the soil rather than run off.

71



SOIL ORGANIC MATTER AND WIND EROSION

When and where the wind blows, all bare soils are subject to some

degree of wind erosion with medium textured soils generally being the

most resistant. Structure is n important regulatory factor and aggre-

gates or stable clod structures afford considerable protection.

The perfect way to prevent wind erosion is to keep the soil covered

at all times with a dense mass of vegetation, preferably a sod crop.

Economic considerations, however, often determine that cultivated crops

will be grown. Drilled crops such as small grains generally offer

better protection than row crops, but when row crops are grown, orienting

the rows at right angles to the prevailing winds or on the contour is

desirable. Minimum tillage and use of cover crops are also beneficial

if rainfall is sufficient to provide production in addition to that

needed for principal crop.

The second best method of controlling wind erosion is by using crop

residues. Ideally the residues need to be present in adequate amounts for

the periods when the cultivated crop gives poor coverage and the soil would

otherwise be nearly bare. Attention must be given to anchoring the re-

sidues to the soil and this can be accomplished by merely leaving much of

the straw stubble or other residues undisturbed at harvest. If part of the

stubble is standing but some straw is scattered on the ground, the com-

bined protection is optimum.

When soils are well aggregated and remain in this condition there

is considerable protection offered against wind erosion. A highly

humified residue in the soil, however, may not offer any significant

protection against wind erosion. Again it would appear that timely-

ness in residue management is important so as to have coarse, well anchored

residue covering the soil when crop cover is minimum or lacking.

Both wind or water erosion can be aleviated by proper choice of crops

which are correctly managed to give optimum protection. Organic matter,

whether in the form of green vegetation, root and top residues, or as

humfied materials, plays important roles in helping to hold the soil in

place.

SOIL ORGANIC MATTER MAINTENANCE

Agriculturalists for many years have realized the benefits of soil

organic matter andoonsidered maintenace of an adequate supply of organic

matter to be of primary importance in productive agriculture. When

commercial fertilizers were very inexpensive a few years back it was
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widely recognized that good crops could lbe grown on soils of any organic

matter content. Even then,but more so todaya good level, of organic

matter in the soil is a major capital asset for the farmer. Unfortunately

in soils that have been cultivated for a number of years the organic matter

is distinctly lower than the level which occured under virgin vegetation.

Management practices that will now maintain or improve soil organic

matter are definately needed.

Soils that are plowed or tilled frequently are by these actions

being subjected to organic matter dimination. Cultivation results in

areation and increased microbial degradation. Perodic wetting and drying

cause a similar trend to make available considerable organic matter held

bound to clays and facilitate its more rapid degradation.

Large amounts of crop residues, continually added to soil, will

tend to make the soil organic matter level higher than where smaller

amounts are added. But a significant increase in the level of soil

organic matter can not be accomplished quickly. Only a fraction of

the added carbon in residues added, is retained in the soil after a

year or two of decomposition.

When residues undergo decomposition in soil, some components may

condense to form new polymers along with microbial products. The new chemi-

cal polymers are- of high modecular weight and usually have a long

duration time in the soil.

A bdance between nitrogen and carbon is needed for organic matter

maintenance and improvement. The addition of nitrogen by itself may not

be beneficial, and may even stimulate decomposition of some carbonaceous

materials. Nitrogen applied to a crop and cycled through the residues of

the crop is the most likely avenue for its contribution to soil organic

matter improvement.

The long-standing recommendation that all crop residues be returned

to the soil to insure organic matter maintenance is very sound. The

roots of crops are of course very important contributors and their role

is even more significant when a large part of the above ground portion

of a crop is harvested.

Well fertilized crops with extensive root systems provide consider-

able substrate for organic matter formation and the roots themselves are

often effective in causing soil aggregation. Aggregates that formed are

then potential beneficiaries of polysaccharide and humic substances as

-stabilizers. In other words, the roots play. a major role in bringing

about good tilth long before they are decomposed by micro-organisms

and thereby contribute to humic substances.
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The tendancy in recent years to grow crops by methods that involve a

minimum amout of tillage is helping markedly in the maintenance of organic

matter at adequate levels. This approach provides some conditions

that existed when the soils were in their original virgin state.

Theoretically a given level or organic matter could be maintained in

minimum-tilled soils using less residues than would be required under

management employing more intensive cultivation

Other contributors to this seminar will clearly indicate the range

of management practices for soil and water conservation that are avai-

lable for use with all kinds of crop production. Although good meth.ods

for controlling erosion have been developed, some times the problem

remains because farmers are using these practices only to a limited

extent. Often, for economic reasons, a farmer is primarily concerned

with his returns in the immediate year and perhaps the year to follow.

Row crops generally bring higher incomes than sod crops and areas

which may suffer from intensive cultivation, nevertheless, can bring

high returns over a short period of time. Under such management,

vegetative cover is usually inadequate for proper soil conservation and

water utilization. Without soil conservation, losses of valuable soil re-

sources may be proceeding without consideration to the longtime effects.

Eventually loss of soil organic matter and decline in fertility may

force a change toward employment better conservation practices. Un-

fortunately soil organic matter, among other things, deterates more

rapidly than it can be reformed even under the most ideal conditions.

The fertile soils rich in organic matter that nature built up very

slowly have often been destroyed very rapidly. Thoughtfull planning

for the well being of mankind in the future requires serious concern

for the fundamental natural resource, the soil, including its organic

matter reserves.
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REMOTE ASSESSMENT OF SOIL MOISTURE

R.J. REGINATO
US Water Conservation Laboratory,
SEA-AR, USDA
Phoenix, Arizona,
United States of America

ABSTRACT

Soil moisture can be estimated in the upper few centimeters of

the soil profile by three separate remote sensing techniques. The

simplest and least costly method uses the ratio of reflected to

incoming solar radiation (albedo). Just as simple, but more costly

for equipment, is the use of emitted thermal radiation. Surface

soil temperature and air temperature are the only measurements

required to estimate water content near the soil surface. Both active

and passive microwave techniques can be used to infer soil water con-

tent, potentially to depths of 10 cm; however, they require more

sophisticated and bulky equipment than the other two methods.

Of all the natural resources upon which man's existence depends,

water is one of the most important. The food we grow is dependent on

soil moisture, and its global distribution has determined the develop-

ment of civilization. We now seek to monitor this resource from space

so we can not only tell which areas are experiencing drought, but how

we may manage our water supplies to optimize crop production.

Soil moisture must be adequate from the time a seed germinates

until the crop is near harvest. The distribution of soil water is

also important in determining the partitioning of water from rainfall

and irrigation into runoff, deep percolation, and storage. Subsequent

evaporation from the soil or through plants is also dependent on soil

moisture, as is erosion of soil by wind. A rapid, continuing global

program for the remote assessment of soil moisture on the arid and

semiarid rangelands that make up 30 percent of the earth could help us

formulate range reseeding plans.
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Soil moisture indirectly influences crop production through its

effects on plant pathogens and insect pests. Since soil water is the

most basic ecological factor in the development of insects that spend

part of their life cycle in the ground, a global program of remote

assessment of the water status of surface soil could detect unknown

breeding areas.

Classical methods of measuring soil moisture by gravimetric

sampling or with neutron scattering equipment are adequate when one

only needs to know the water content of a small surrounding area.

However, the need is increasing for rapid and repetitive estimations

of soil moisture over large areas. The use of remote sensing tech-

niques could fill this need.

In this paper, three methods for assessing soil moisture remotely

will be presented: reflected solar radiation, emitted thermal

radiation, and changes in emissivity and reflectivity in the microwave

region. The potential use for each technique, as well as future

needs, will be discussed.

Reflected Solar Radiation

Solar radiation reflected from bare soil generally decreases at

all wavelengths as soil water content at the surface increases,

(Condit, 1970; Blanchard et al., 1974).

Idso and Reginato (1974) have shown that for most soils, the wet

soil albedo is generally half that of the dry soil albedo.

In an intensive field experiment, Idso et al. (1975a) measured

the surface reflectance (0.3 to 2.5 pm band) and the water content for

a smooth loam soil at various depth intervals from 0.2 to 10 cm, four

times during the year. They found that albedo, when normalized to

remove sun zenith angle effects, was nearly a linear function of the

water content of the uppermost layer of the soil (Figure 1), and that

for soil depths of about 2 cm, the albedo-soil water content relationship

appears to be independent of season. Similar relationships were also

well defined for deeper layers, but these were probably due to the

the close correlation between the soil water con tent at the various

soil depths.
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Spectral reflectance and soil water content studies by Reginato

et al. (1977) included aircraft-obtained measurements. They found

that the simple summation of the different band radiances measured by

a multispectral scanner (MSS) from an aircraft was as good as ground-

based pyranometer data for estimating surface soil water content, if

the MSS data were standardized with respect to the intensity of

incoming solar radiation or the reflected radiance from a reference

surface, such as dry soil. Additionally, they found that, for the

bands used, no significant information on soil water content could be

obtained by band ratioing, and thus, that the variability in soil

water content should not affect soil-type discrimination based on

identification of type-specific spectral signatures.

Where vegetation is present, the total reflected radiation is

the reflection from both plants and soil. Because of the wide spatial

and temporal variability in separating soil spectral reflectance from

the total, it is unlikely that the same principle as for bare soils

(decrease in reflectance upon addition of water) can be applied;

although, a recent model has been proposed to calculate fractions of

sunlit soil, shaded soil, sunlit vegetation, and shaded vegetation

from row crops with incomplete canopies (Jackson et al., 1979).

Thermal Infrared Emission

The relationship between surface soil temperature and soil

moisture near the surface forms the basis for estimating the soil

water content of bare soils with the thermal infrared techniques

(Chilar, 1976). Idso et al.,(1975b) found that as the water content

increased, the amplitude of the diurnal surface temperature response

became smaller. The volumetric water contents of surface soil layers

between 2 and 4 cm thick were linear functions of the amplitude of

both the diurnal surface soil temperature (Figure 2) and the daily

maximum value of the surface soil-air temperature differential (Tsoil-

Tair)max. These data were for clear days only. They also found that

the relations determined for the loam soil could not be accurately

applied to other soil types. When the moisture characteristic curves

of four other soils were used to transform water contents into
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pressure potentials, however, they found that soil water pressure

potential could be determined without prior knowledge of soil type

(Figure 3).

The validity of using aircraft-obtained thermal data to estimate

soil water content was demonstrated by Reginato et al.,(1976). Soil

temperatures were measured with thermocouples, a hand-held infrared

thermometer, and an aircraft thermal infrared scanner for smooth and

rough surfaces of a loam soil. These results confirmed the inverse

relationships between (Tmax-Tmin)soil and (Tsoil-Tair)max versus

water content below field capacity. At water contents greater than

field capacity, the temperature differentials remained essentially

constant. Others have also used the surface soil temperature as a

means to estimate soil water content from bare soil (LeShack et al.,

1975; Bartholic et al., 1972; and Moore et al., 1975), some with mixed

success.

The approach that was used on bare soils, that is, the surface-

air temperature differential 1-2 hours after solar noon, to estimate

surface soil water content, appears promising for use on cropped

surfaces. Because water evaporation from plant leaves tends to cool

them, and because this water comes from the active root zone of the

crop (Idso and Ehrler 1976), it was postulated that the soil water

content in this zone could be inferred from plant canopy temperatures.

Similar suggestions and preliminary evidence for such a relation have

been presented by Tanner (1963), Wiegand and Namken (1966), Hiler and

Clark (1971), and Hiler et al., (1974).

Jackson et al., (1977) and Idso et al., (1977) proposed the use

of a factor termed "stress-degree-day (SDD)" as an indicator of crop

stress. This factor, SDD, is defined as the canopy-air temperature

differential (Tc-Ta) max, measured about 1-2 hours after solar noon.

For a well-watered crop of wheat, daily SDD values were negative, but

when transpiration decreased, values of SDD increased. Jackson et al.,

(1977) noted that when the sum of positive SDD's reached +10 under

specific experimental conditions, it was time to irrigate wheat,

(Figure 4). When this value was reached, about two-thirds of the

available water had been depleted from the root zone. Erie et al.,
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(1973) used this depletion value as a guide for irrigating wheat.

Sumayao and Kanemasu (1979) showed that soybeans wilted during mid-

day when 65% of the available root-zone water had been depleted.

Also, transpiration and net carbon dioxide exchange in corn and

sorghum were affected when 65 to 70% of available water had been

depleted (Ritchie, 1973; Sumayao et al., 1977).

It may have been fortuitous that the specific value of 10 posi-

tive SDD's was associated with a specific value of soil water deple-

tion in the above-described experiment, since one can propose several

environmental conditions that could yield entirely different results.

We are evaluating data from more recent experiments to determine how

the stress-degree-day concept might be refined to accommodate environ-

mental variability so that our irrigation scheduling could be based on

plant needs.

MICROWAVE RADIATION

The intensity of microwave radiation is proportional to the pro-

duct of the temperature and emissivity of the soil-water system, which

is usually referred to as brightness temperature (Schmugge et al.,

1974). Water contents of two soil types ranging from air dry to near

saturation were linearly related to brightness temperature at a wave-

length of 21 cm (Figure 5). Surface roughness greatly affects

brightness temperature at wavelengths of about 1 cm, but minimally so

at longer wavelengths.

Microwave radiometry has the potential for assessing water con-

tent to greater soil depths than the thermal and reflectance methods,

and possibly through a plant canopy (Schmugge et al., 1974; Newton,

1976; Batlivala et al., 1977; and Ulaby et al., 1977). Also, the

microwave technique is not restricted to use under clear sky con-

ditions from aircraft or satellites, as it has the ability to "see

through" clouds. Factors that may influence brightness temperature

are the types of vegetation covering the soil surface, surface rough-

ness, and soil salinity. Also, the water content in the top part of

the soil profile (0.2 wavelength) appears to influence the response of

a microwave radiometer more than the average water content to the depth

79



of the wavelength. With present technology, a 50-cm wavelength

radiometer would sense the water content from only the upper 10-cm

soil layer.

DISCUSSION

The soil spectral reflectance-soil water relationship depends on

many variables such as the spectral reflectance of the soil when dry,

surface roughness, soil texture, and surface cover. The time depen-

dence of some of these variables makes a direct measure of soil

moisture by reflected solar radiation measurements very complicated.

However, comparison of reflectances over short periods, about one day

perhaps, may indicate differences in soil moisture for bare soil. For

soils with vegetation, the best use of reflectance data may be to pro-

vide information on the crop configuration to be used for inputs into

agrometeorogical models for soil moisture budgets.

Thermal infrared radiation techniques to estimate the surface

soil water content of bare soils hold considerable promise. Their use

over vegetated surfaces is a much more complex problem, since plant

canopy temperature is a function of the total plant environment,

aerially and within the root zone. Once the aerial environment

effects on canopy temperatue have been determined, it should be

possible to delineate the effect of the soil water content on that

parameter.

Microwave radition techniques offer the potential of monitoring

soil moisture conditions from aircraft and spacecraft under both clear

and cloudy conditions, something which cannot be done by reflected

solar or thermal infrared radiation methods. With present technology,

however, the microwave equipment is not nearly as practical (light-

weight and portable) for in-field use as are the other two tech-

niques for assessing soil moisture. From aircraft or spacecraft,

however, the difference between the hardware required in use of the

three methods is not nearly as great.

All three remote sensing methods will give an estimate of soil

moisture in the upper few centimeters of soil. This information can

be quite valuable for determining if the soil contains enough water

to germinate seeds, especially in range reseeding programs. Being
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able to locate probable insect breeding sites in remote areas will

have a tremendous impact on future crop production.

But for irrigated agriculture, more information is needed than

just the amount of water in the soil germination layer. Required

is information relating to the general health of the crop. By knowing

if the crop is under moisture stress, farm managers will be able to

make intelligent decisions concerning management of water on the farm.

The most promising technique uses the thermal infrared thermometer to

measure crop temperature. Research findings by Ehrler et al.

(1978a,b) demonstrated the relationship between plant water potential

and wheat canopy temperature (Figure 6). At zero temperature dif-

ferential, the plant water potential is -19 bars which corresponds to

a volumetric water content of 0.20. At this value of soil water con-

tent, 62 percent of the available water has been used from the root

zone, which has been shown to be a common point for scheduling irriga-

tions (Erie et al., 1973). Since there is a direct relationship bet-

ween plant growth and plant water potential, routine monitoring of

plant temperature should result in the evolution of techniques for

scheduling irrigations to maximize and predict crop yield.

Research currently underway at the U. S. Water Conservation

Laboratory and other locations in the United States is concerned with

determining the limitations of applying the stress-degree-day concept

for scheduling irrigations for and predicting yields of many crops

under different climatic regimes. Additionally, we are trying to

solve the problem of assessing crop health where canopy cover is

incomplete. In this instance, we are using both the reflected solar

radiation and emitted thermal radiation techniques. The studies will

be mainly ground-based but will have occasional aircraft support.
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RESEARCH TECHNIQUES IN SOIL MOISTURE REGIMES
UNDER RAIN-FED AGRICULTURE

Y. BARRADA
Joint FAO/IAEA Division,
International Atomic Energy Agency,
Vienna, Austria

ABSTRACT

Year around measurments of moisture content in soil profiles are
essential for a good understanding of soil water and nutrient dynamics,
which allow for proper evaluation of management alternatives.

The various methods of soil moisture determination are described
and the advantages as well as the limitations of each of the mentioned
methods are discussed.

Also the principals involved in the use of different types of
radiation equipment to follow moisture changes in soil profiles are
indicated in some detail.

1. INTRODUCTION

The areas of cultivated land which have no irrigation facilities and

depend on rainfall represent 7/8 of the cultivated land of the whole world.

Yields obtained under such conditions are usually low-especially in semi-arid

regions where often the amounts, frequency, and the duration of rainfall are

inadequate for crop growth. In addition to the unfavourable climatic conditions,

the commonly encountered low yields are mainly due to the fact that the cultural

practices followed are in most cases inappropriate for water conservation.

The recent crop failures and resulting disasters from prolonged droughts (for

example, in the Sahelian Region), have spotlighted the urgent need for the

development of adequate management practices which would lead to the reduction

of crop-failure hazards and to an appreciable yield increase under dry farming

conditions.

Because crop production in a semi-arid region is dependent on both rainfall

and stored soil water, it is necessary to measure and interpret the dynamics

of soil water, organic matter, plant nutrients, and root systems for any selected

management practice. Year-round measurements, while giving careful consideration

to both spatial and temporal changes are essential for a good understanding of

soil water and nutrient dynamics, which allow for adequate evaluation of manage-

ment alternatives.
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The collection of climatological data (especially rainfall) and their

probability analysis are also of prime importance as they would provide a sound

basis for selecting certain cultural practices and determining the adequate

time for their implementation.

The very appropriate definition given for dry-land farming by the Encyclopedia

Britannica states "Dry-land farming consists of making the best use of a limited

water supply by storing in the soil as much of the rainfall as is possible and

by growing suitable crop plants by methods that make the best use of this moisture."

This definition stresses the importance of the development of appropriate manage-

ment practices for successful rain-fed agriculture and emphasizes the need for

measuring periodically the amounts of water stored in soil profiles at various

locations in connection with certain management techniques as this would

provide a sound basis for the proper evaluation of management alternatives.

This paper will discuss the methods most commonly used for moisture

measurements in soil profiles as such measurements would form an essential part

of any investigation aiming at increasing production under dry-farming conditions

through the development of adequate management practices.

2. METHODS OF SOIL MOISTURE IEASURFIUIET

The problem of performing a large number of reliable soil-moisture measure-

ments is one of the main obstacles that must be overcome if we are

to make the best use of our limited water supplies. Present methods

are limited to taking soil samples from various locations and depths in a field

to determine the moisture content gravimetrically, or to obtaining indirect

measurements of the soil moisture by measuring the electrical conductivity of

the soil or by using tensiometers to measure soil suction values, or by measuring

the sum of matric and osmotic water potential with the aid of the thermocouple

psychrometer method. During the last 25 years the use of radiation equipment

for soil-moisture measurement based on either neutron moderation or gamma photon

attenuation also gained much importance and is now being used by many scientists

all over the world.

2.1. Gravimetric Method

Soil sampling is difficult and arduous work. This is particularly true

with gravelly soils, soils that contain dense layers, and soils that become

extremely hard upon drying. Once the samples are obtained, they must be dried

to determine the percentage of water present in the soil. Drying the soil

samples in ovens require much equipment and several days of elapsed time before

the results become available. Quick methods of determining moisture content

by the carbide or other methods do not appear to be feasible at present.
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2.2. Gypsum Blocks

Considerable effort has been expended by research workers in attempting

to develop resistance methods for measuring soil moisture. A number of diffi-

culties exist with all equipment that is now available. These include the

non-sensitivity of resistance measurements in the lower soil-moisture suction

ranges influence of salts in the soil solution on the conductivity of the soils,

the short life expectancy of electrodes imbeded in gypsum blocks, and the drift

in calibration that occurs with most electrode units. Difficulty has also been

encountered in maintaining contact between the soil and the electrodes in soils,

which develop wide, deep cracks upon drying. This difficulty is quite prevalent

with the Red Mediterranean Soils of the Near East, and with adobe soils formed

of montmorilinitic clays. Because of the logarithmic relationship between

resistance and soil moisture, it is difficult to determine quantitative values

of soil-moisture content with the aid of gypsum blocks.

2.3. Tensiometers

The measurement of soil suction by the use of tensiometers is the most

commonly used method to infer the soil moisture content, but this method too

has its limitations. Tensiometers cannot measure moisture conditions in the

higher soil-moisture suction range. This is a serious handicap with deep-rooted

perennial crops, particularly on the heavier soils. They are subject to inter-

face conditions when placed in the sandier soils. Like resistance units, some

difficulty has been encountered in maintaining contact with soils that crack upon

drying. Likewise, the readings obtained do not give quantitative values of

soil water.

2.4. Thermocouple Psychrometer Method

Great efforts have been made in recent years to develop the "Thermo-

couple Psychrometer Method" for measuring the sum of matric and osmotic water

potential. The psychrometer consists of a small thermocouple sealed in a

ceramic cup. The thermocouple is usually constructed of 0.001-inch diameter

chromel-constantan wires with a small welded bead at the junction; these

thermocouple wires are attached to copper lead wires connected to a microvolt

meter. For measuring soil water potantial the psychrometer is burried at the

desired depth and enough time is allowed ( a few hours) for vapour exchange

between the soil and the internal atmosphere, so that vapour and temperature

equilibria are achieved. A minute amount of water is condensed on the thermo-
*^iSiE,. /M pf -, ,L'-i-4

couple junctionkfor a short time in a direction which causes it to cool (Peltier

effect) below the dew point of the cup's atmosphere. After this cooling, the

current is stopped, allowing the condensate to evaporate back to the atmosphere

in the cup. The rate of evaporation is a function of the vapour pressure in the

cup, which is in equilibrium with the vapour pressure in the surrounding soil.
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The rate of evaporation is hence a measure for the soil water potential. The

evaporation cools the junction as a function of the vapour pressure, and the

difference in temperature between the sensing junction and the reference junction

causes a minute voltage output from the thermocouple. The magnitude of this

voltage output is also.a function of the soil water potential, and is recorded

with a microvolt meter.

Like resistance units and tensiometers, some difficulty may be encountered

jt maintaining contact with soils that crack upon drying. This method is reliable

in the higher moisture-suction range, but not in the.lower, and is-sensitive-to

changes in temperature.

2.5. Radiation Ecn.ipment

The equipment consists. of a "probe" containing the radiation source and the

detector as well as an electronic counting unit. A rechargeable battery serves

as the power supply. The radiation equipment offers great advantages,

especially in long-term studies, as measurements are non-destructive, can be

performed rapidly and easily down to the desired depth and can be repeated

as needed on the same soil sample, thus avoiding many possible errors. The

use of radiation equipment would therefore solve the problem of performing

the great numbersof soilmoisture determinations required for the proper

evaluation of management alternatives under dry-farming conditions. However t

the equipment is rather costly and can only be used by trained persons who are

capable of protecting -themselves against the rather limited radiation

hazards involved. Great care should be given to the installation of access tubes

to ensure proper contact with the surrounding soil. Difficulty may be also

encountered, especially with soils that expand on wetting and shrink on drying.

2.5.1. The Neutron Moisture Meter

2.5.1.1. Principle Involved

The use of the neutron moisture meter for soil moisture measurements

is based on physical laws governing the scattering and moderation of neutrons.

When a source of fast neutrons is placed in a soil, the neutrons collide with

nuclei of the surrounding atoms and are scattered randomly in all directions.

Each collision by a neutron causes a loss of part of its kinetic energy. The

scattering and energy reduction process continues until its kinetic energy

approaches the average kinetic energy of atoms in the scattering medium. At

this lower energy level, the neutronis designated as slow. The average energy

loss by a fast neutron is much greater in collisions with atoms of low atomic

weight than in collisions involving heavier atoms. The average number of colli-

sions necessary to thermilize* 2 MeV neutrons are given in Table 1 for certain atoms.

The term "thermal neutron" refers to a neutron in thermal equilibrium
with the surroundings (like gas molecules) at ordinary room temperature.
When in equilibrium, the neutron energies will have a Maxwellian distri-
bution about the mean (for thermal neutrons-.0.025 eV).
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The loss of energy in a number of collisions, depending mainly upon

the atomic weight, is thus a measure of the moderating properties of the nuclei

in a given medium.

Table 1

Effectiveness of Elements in

Slowing Down Fast Neutrons

Elements Average number of Elements Average number of
collisions required collisions required
for thermalisation for thermalisation
of 2 Me V neutrons of 2 Me V neutrons

hydrogen 18.2 silicon 262

lithium 69.3 phosphorus 288

beryllium 88.1 sulphur 298

boron 104.5 chlorine 329

carbon 115.4 potassium 362

nitrogen 133.5 calcium 371

oxygen 152 titanium 442

sodium 215 manganese 504

-magnesium 227 iron 514

aluminium 251 cadmium 1 028

uranium 2 169

Table 1 shows clearly that hydrogen is the most effective neutron

moderator in the soil as, on an average, only about 18 collisions are needed

to thermalize a fast neutron. If a slow neutron detector is also placed in

the soil, a portion of the neutrons moderated, mainly through collisions with

hydrogen atoms, will be scattered back and detected. A relationship could thus

be established between the soil moisture content per unit volume and the

number of slow neutrons arriving per unit time at the detector.

2.5.1.2. Neutron Source

The following (ot, N) reaction is used to provide a neutron flux:

2H e 4 + 4Be9-- + On + +-5.6 Me V
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To use the short-range CC -particles to best advantage, a fine powder

of beryllium is intimately mixed with a somewhat: smaller amount of radio-

active material and these are then compressed to approximate to a point source.

Ra-Be is a commonly used neutron source, but has the disadvantage of a high

t /n ratio. The use of Am-Be gained much importance in recent years owing

to the low t /n ratio and the very weak energy of the tphotons emitted.

2.5.1.3. Slow Neutron Detector

a) Boron Fluoride

The most widely used detectors are BF -tubes based on the

following reaction:

5 10 + On 3 Li +2He 4 + 2.78 Me V

To achieve high measurement efficiency, the detection tube

is made relatively large in volume (50-100 cm ), and is

filled with about 96% Bl enriched BP3 gas to benefit from

the large cross section of this isotope.

b) 3He Detectors

These are based on the reaction

2He3 + on -. 1P + 1H 3+ 764 Ke V

These detectors,which are filled at pressures of upto 10 atm.,

give an efficiency in measuring-thermal and especially

epicadmium neutrons about 2 to 10 times greater that a BF3

tube. BF3 detectors are somewhat better with respect to

t-ray rejection.

c) Scintillation Detectors

A scintillation crystal of europium-activated Li I is also

commonly used to d.tect slow neutrons t as indicated by the

following reaction:

3Li
6 1 0

n l -4> 2He4 + 1H 3 + 4.8 Me V

The much smaller surface of a scintillation crystal through

which the slow neutrons must pass for detection is compensa-

ted for by the higher efficiency of detection. Because of the

high It-sensitivity of the scintillation crystal the americium-

or actinium-Beryllium have to be used as neutron sources, as the

t-photons they emit are weak in energy and their ratios to

neutrons are rather low.
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2.5.1.4. Resolution of the Neutron Moisture Meter

The sphere of influence of the neutron moisture meter is the zone

of the medium, which effectively contributes to the observed activity of the

detector. It varies with the soil.moisture content. Its radius reaches a -

minimum of about 15 cm in water and a maximum of.about 40 cm.in very dry soils.

The relatively big soil sample involved in every soil moisture

measurement with the neutron moisture meter could be Considered as an advantage

or a disadvantage, depending on the objectives of the study. It means that the

readings we.obtain represent an average value for a soil layer having a thickness

equal to the diameter of the sphere of influence and varying between about 40 and

80 cm, depending on the moisture content. This low resolution of the equipment

is characteristic for the method.

The low resolution makes the use of the depth probe to measure the

moisture content of the top soil layer rather difficult, as in such-a case an

appreciable amount of the neutrons escape to the air. However, the use of a

special calibration curve to take into consideration such a loss of neutrons

makes it possible to start measurements as close to the soil surface as 10 to

15 cm depending on the design of the equipment and the moisture content.

The low resolution also indicates that very little can be

gained through taking measurements at depth intervals of less than 20 cm,

The following equation could be used to obtain a rough estimate

of the diameter (D) of the sphere of influence:

1

vol. .% H0
D = 30( vol. H20 cm)3

2.5.2. Surface Probes

The principles discussed above in connection with depth probes are valid

for surface probes. Surface probes designed for measuring an average value

for the moisture content or the bulk density of the top soil layer (or both)

are provided with a flat feflector that is placed in goodcontact with the soil

surface when measuring. The volume involved in measurement with a surface

probe would be a hemisphere, the radius of which would depend on moisture content

or bulk density. This radius usually does not exceed 20 cm. Unless the medium

is homogeneous, it would be very difficult to determine the depth of measurement.

Surface probes are being widely used to test rather homogeneous materials

where the moisture content is evenly distributed. This gives such equipment

great importance in speeding up moisture and density measurements in connection

with various constructions such as buildings, roads and airfield runways.
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The use of surface probes in agricultural studies is associated with two

main difficulties:

a) The need to establish good contact between the probe and the

soil surface obliges investigators to make the surface flat

and free of plants;

b) The moisture content of the top soil layers usually changes

very.rapidly with increasing depth, which makes estimation

of the thickness of the soil layer most difficult.

New equipment for moisture and bulk density measurements of top soil

layer was recently developed. The radiation source of this equipment can be

inserted into the soil to a given depth (down to about 30 cm) while the

detectors remain on the soil surface. Thus, the measurement would be based

on the transmission of radiation (slow neutrons or gamma photons) and the soil

layer involved in the measurement is well defined. This type of equipment is

now commercially available, is being tested and appears to be promising.

2.5.3. The Two Wells Gamma Probe

This equipment was developed for measuring the moisture content of

relatively thin soil layers close to the surface. It measures in essence the

wet bulk density of the soil. The bulk density increase which results from the

partial replacement of the air in pore spaces by water upon wetting or its

decrease upon drying gives a measure for the change of soil moisture content

For measuring, two small access tubes less than 1 m long are placed in the

soil so that the distance separating them is exactly constant and well defined.

A gamma radiation source is then placed in one tube and a detector is lowered

to the same depth in the other. Through using a small detector and a collimated

radiation source, the pathway of the gamma rays can be restricted to a rather

thin soil layer of about 5 cm thickness. Some of the emitted gamma photons are

absorbed by the soil sample and the water molecules it contains, while others

reach the detector. The number of gamma photons reaching the detector decreases

as the soil moisture content increases. If the detector is connected to a counting

unit or a rate meter, the indicated count rate can be transferred with the aid of

a-calibration chart to a measure, of the moisture content of a certain soil

layer. Such equipment is now commercially available and performs in a satis-

factory way down to a depth of about 50 cm from the soil surface.
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SOME ASPECTS IN RELATION TO THE
EFFICIENT USE OF SOILS,
WATER AND FERTILIZERS IN EGYPT

A.F. EL-KHOLI
Department of Agriculture

for Soil and Water Researches,
Atomic Energy Establishment,
Cairo, Egypt

ABSTRACT

Only 3% of the land area of Egypt is cultivated. Efforts have
been directed to the irrigation and cultivation of new lands and the re-
claimation of saline and sodic lands to meet the demands of a rapidly
increasing population. Isotopic techniques can play a major role in
reclaimation schemes by allowing the direct measurement of Na exchange
and leaching, and of water storage and utilization. Mutation breeding
could be important in developing stress tolerant plants.

Water is the main limiting resource in Egypt. Water conservation
measures have included the liming of irrigation canals, improved irri-
gation efficiency, drainage water and ground water utilization and
nuclear desalinization.

Introduction:

Undoubtly, the whole world is facing severe problems in

the decrease of food to compensate the adecuate requirements

for the tremendous increase of pop'la-ton. n. Egypt, for

example, the present population are - the vicinity of 42

millions, with an annual increase rate oi about 3%, and it is

expected to reach from 70-80 millions in the year 2000. This

case put a great responsibility on the agronomists¥ in part-

icular, to revise their agricultural policy and to develop a

promising strategy for the comming near future.

The important factors, among others, regarding the im-

provement and increasing of food production, are the efficient

use of soils, water and fertilizers.- Several v-ws of research

and applications could be sumaarized ir. the fol.owirgs. in this

respect, the use of isotopes and radiation techniques could

be also included.
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Soils:

It is welknown that the cultivated area in Egypt does

not exceed 3J/ of the whole area. The cultivated land is

estimated as 6-7 million faddans (feddan = 4200 m ). Thus,

it is clear that the average per capita is about 0.15 feddan,

which is very low providing that the crop area becomes about

2 folds of the land area, after the construction of the High

Dam.

Due to the high population pressure and the limited

cropped area, Egypt started early in 1965, to put its soil
(1)

survey map, identifying the soil potentiality classification,

as it was presented by Table (1).

During the period between 1952/53 and 1974/75, nearly one

million feddans were reclaimed from the new lands. Progres-

sive land reclamation has been already followed up. The pre-

sent strategy of land reclamation is based on reclaiming 2.8

million feddans. The selected areas( ) are shown by Table (2).

In this regard, isotopes and radiation techniques could

play an enthusiastic role in solving the relevant problems to

soil conservation. For instance, the studies of.salt removal

from saline soils, Ca-ions as amendement agent as to replace

Na-ions from alkali and saline soils, nutrient leaching from

sandy soils, water movement measures, inducing planit uuute

which are resistant to salinity,...etc., could contribute, to

a certain extent, in improving soil productivity. However,

vollumenous data on this field of research are included in

the available literature 

Water:

As a matter of fact, water is the limiting factor in the

Egyptian agriculture development as. far as the horizontal ex-

pansion is concerned. Nile water with the annually discharge

of 55.5 milliards cubic meters at Aswan, is the main water

resource for Egypt. Rainfall of about 200 mm at the coastal

zone area, and about 0.5 milliard m3 underground water are

the supplementary water resources.
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Due to the old irrigation systems and the water pattern,

all the abovementioned resources are completely utilized by

the present cropped areanavigation, domestic use and indus-

try(6) In the meantime, studies regarding crop consumptive

use, fast rising of water table, increase of drainage water

and soil productivity degradation, have realized that there

are excessive usage from the available water. The water

balance sheet, at the year 1974, had been reported ( 7) as

shown by Table (3).

With regard to water conservation, in Egypt, the follow-

ing recommendations have been taken into consideration:

(1) Reduction of water losses among the conveyence system by

lining areas of high seepage.

(2) Increasing the irrigation efficiencies on-farm by using

the well-developped irrigation techniques such as:

trickle, subsurface, sprinkling,...etc.

(3) Reuse of drainage water; treated by electrical membrane

systems (reverse osmosis or electrodialysis) wherever,

salinity occurred.

(4) Withdrawal and use of groundwater to a certain extent.

(8-10)In this connection, the given literature could be

also recalled.

Moreover, the nuclear desalted water could be utilized

in arid and semi-arid zones. In this regard, the economical

aspect is the determining factor. However, several studie11- 4)

concerning the capacity of the desalination plants, the unit

cost of the produced water and the agriculture return, showed

the possibility of using nuclear desalted water for agricul-

ture, as it is shown by Table (4) and Figs, (1),(2),(3),(4).

Fertilizers:

Efficient use of fertilizers has received the great

attention of several investigators and vollumenous data have

been achieved. In this concern, the effective role of using
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isotope techniques has to be recalled. For example, the

direct quantitative measurements of the utilized fertilizers

by plants, fertilizer losses or residuals; the accurate and

sensitive methodology regarding the assessment of available

soil nutrients with special reference to microelements,...

etc., can often be comprehensively studied by using isotope
(15-25)

labelling techniques 

In Egypt, fertilization policy is going ahead towards

our targets, i.e., (a) increasing fertilizer rates, (b)

finding out the suitable placement and timing of fertilization

and (c) improving fertilizer management and efficiency.

According to the available data(), fertilizer consump-

tion and fertilizer rates were gradually increased during

the last few decades, as it is demonstrated by Tables (5),

(6) and (7). Further plans include the required increments

of fertilizers either locally produced or imported with the

goal of reaching the optimal acreage yield are sketched.
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Table (I): Soil potentially classification in the non-

cultivated area ( )

in 1,000 feddans
Potentiality Class 

Area Total

I. Soils of high potentiality

II. Soils of good potentiality

III. Soils of moderate potentiality

Complex of classes

I, II, III, with lower

categories

IV. Soils suitable for irrigated

agriculture but only under

certain conditions

V. Soils whose suitability for

reclamation should be determined

after further detailed

investigations

Unreclaimable land

88

217

605

894

1,292

5,729

5,596

1,804

12,617

14,421TOT AL
. -- -- -- -I_ 

Table (2): Selected areas for reclamation .

Area ~~~Area ~Locality
(feddans)

1,500,000 West and East of Suez Canal

170,000 North Delta-Saline soils

375,000 North West Delta

120,000 Middle Egypt

160,000 Upper Egypt

500,000 New Valley and Oases

2,825,000 T 0 T A L
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Table (3): Water balance sheet in 1974 (7 )

Amount
Item (Miliard

cubic meters)

1974 release from Aswan High Dam

Direct Use:

Crop consumptive use

Non-crop evaporation and other losses

Industrial and domestic

TOTAL

Discharge into the sea:

Navigation and Power (January)

Pumped

T T AL

Total direct use and discharge

Waterremaining in the system

(potential annual contribution

to the water table)

56.0

26.0

10.0

1.0

37.0

3.0

6.0

9.0

46.0

10.0

Table (4)1 Desalted Water Cost(l4).

(Nuclear dual-purpose case studies).

Plant capacity Desalted water cost
-_- ....- --------- Fixed Proposed

gmd , (MW(e)net) (US//m3 ) charge location
Nominal

5 150 16.9 7.0 UAR

20.3 10.0

30 150 - - USSR

50 300 12.5 7.81 Greece

10 . 200 7.6 5.0 Israel

17.7 10.0

150 600 6.0 5.4 USA
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Table (5): Average annual fertilizer consumption during the

1950-75 period (in 1,000 tons).1950-75 period (in 1,000 tons).

Fertilizer 1950/54 1955/59 1960/64 1965/69 1974/75

N-fertilizers 610 823 1,353 1,815 2,500

P-fertilizers 121 163 256 315 480

K-fertilizers 1 4.2 2.3 2.3 4.0

Table (6): Total consumption of fertilizers and average

annual input of plant nutrients per unit area

in 1974/75(1).

Fertilizer Nutrient Nutrient
Fertilizer consumption equivalent

(tons) (tons) Kg/feddan Kg/ha

N-fertilizers 2.500,000 387,500 69.2 164.7

P-fertilizers 400,000 72,000 12.9 30.7

K-fertilizers 4,000 2,000 0.36 0.86
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Table. (7): Averags fertilizer rates
(1)crops ((Kg/feddan).

for various field

N-fertilizers I-fartilizers

(15, 5' N) (15-/ P O )
Crop (i 2

1961 1171 1975 1961 1971 1975

Cotton 125 250 325 75 100 100

Wheat 175 300 325 - - -

Rice 100 200 200 75 100 100

Maize 100 325 400 

Sorghum 100 275 350 - -

Sugercane 200 450 550 - - 100

Onion 150 450 450 - 100 100

Clover - - - 75 'C1 100

Food Leguenle 50 50 75 10; 100

Other crops - 150 150 

_ J . ;~~~~~~

104



0
C)

!-.IU-

0L
o 1000
a-

: 800

,.J- 600

z 400

020

c 200

: 400
QCC>

600

2 0

4 0

z
z
41

-Profits at farm with subsidy of free steam

.Profits & losses at farm with electrity at S. P.

\\ <, plant price.

WATER PRICE-CENTS/1000 gal.
20 4 0 6(

RATES %

Fig.(l ) ANNUAL PROFIT AND LOSS AT FARM. AGAINST WATER
PRICE BASED ON ACTUAL FARM WATER USAGE( 11 )

200

z
0
_J

o
o
o
-J

0

CL

o

0

-0-

0

4

100

50

5

t0

ltflgd

i

7-~

H
i

K

i
i

-i

J
-^

lorngd

1 0 0ing,

100Omrngd

!
1965 1970 1975 1980 1985 1990

Fig. (21 PROJECTION OF SEA-WATER DESALTING COSTS FOR A RANGE OF
PLANT SIZES BASED ON:(1) Distillaticn technology :(2)6/ fixed
charge rate;(3)uS constuction and operaS ion:(4)'Dual-purpose
plants:and (5)Most probable energy costs! 14l

105



W
cc
U

W

-

1-

o

w
UJ

CL

0r

100

so =bh

-50 -

-100O-
16.50 33.00 49.00

DOLLAR PER ACRE FOOT
66.00

5 10 15
CENTSPER1000 GALLONS

COST OF WATER

20

Fig.(31 Effect of water application
acre for safflowerl 3)

rate and water cost on return per

o

cI

0

-SIV
>

W-

z
(X

I-
16.50 33.00 49.50

DOLLARS/ACRE FOOT
l 

66.00

5 10 15
CENTS /1000 GALLONS

20

COST OF WATER
13 

Fig.(&) Effect of water cost on return per acre.

106



A REVIEW OF SOIL CONSERVATION
IN THE SUDAN (1940- 1979)

M.S. AWADALLA, A.E. BADAWI
Soil Conservation Land Use

and Water Programming,
Khartoum, Sudan

ABSTRACT

Soil Conservation in the Sudan started in the late

thirties, and in 1942 a Soil Conservation Committee was

set up to report on Soil Conservation Situation.later

a Soil Conservation Section was set which developed in-

to a department taking the responsibility of drinking

water points distribution and soil and water management

in rural areas. In 1974 a desert encroachment project

was proposed to cover most affected areas with the help

of F.A.O.

Soil Conservation is an important probler in Sud-

an and much work is needed to tackle this problem. The

application of radioisotope and radio-tracer techniques

are also needed for tackling this problem.

(1) Introd-ction .;and Historical Background

The concern about soil and natural resource

conservation, in the Sudan, was felt as early as

the late thirties, when signs of erosion and mis-

use of land resource due to human and animal act-

ivities, was first noticed, particularly around

water points, town perimeters and other economic-

ally important areas. The idea of soil deterior-

ation and erosion control was started with the

setting up of the Soil Conservation Committee in

1942, which forwarded its comprehensive report on
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Soil Conservation in 1944. Based on the above

technical report, a Soil Conservation Section of

the department of Agriculture was established in

1946 to look after the following objectives:

a- Soil Conservation problems.

b- Better development of agricultural resourc-

es including crops, livestock, forests and

natural vegetation.

c- Provision of drinking water for human and

animal consumption in rural areas.

d- Village planning.

This section was replaced in 1956 by the depart-

ment of land Use and Rural Water development to under-

take extensive land use studies, in keeping with Soil

Conservation policy and before provision of water for

drinking purposes. The studies were directed mainly

to give adequate land use plans with minimal disturb-

ance to the eco-system around the mater points.

This did not continue long, due to the pressing

need for drinking water, particularly in the dryer

parts of the country like Kassala, Kordofan and Dar-

fur Provinces, when in 1966. Rural Water and Devel-

opment Corporation replaced the former department,

with more funds and powers to combat the thirst, tak-

ing into account all technical and Socio-economic as-

pects.

The rural water and development corporation ex-

ecuted many water points deep bores, (hafirs) and

earth embankments in several parts of the Country for

drinking water and development purposes, but little

Conservation projects were constructed.
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In 1969 the Corporation was embodied in the new-

ly formed Ministry of Co-operation and rural develop-

ment, with the same responsibilities and duties, and

in 1973, the latter Ministry was dissolved and the

Corporation brought under the Ministry of Agriculture,

Food and Natural Resources. In the new rearrangement

of the Ministry of Agriculture the Secretariate of

Natural Resources was formed including the following

administrations:

a- Rural water development corporation,

b- Soil Conservation, Land Use and Water Program-

ming.

c- Forests.

d- Pastures

e- Wild life.

These administrations were working seperately

each in its field of specialization and in a co-oper-

ative manner on soil and natural resources conservat-

ion. The administration of Soil Conservation Land

Use and water programming has the following respon-

sibilities and duties:

a- Conducting scientific surveys and studies re-

lating to land and water with the aim of draw-

ing overall plans for better utilization of natur-

al resources.

b- Control of rural water provision in accordance with

actual needs and in a way that takes care of natur-

al resources.

c- Use of the excess water in modernization of the

rural areas by growing crops, fruits and veget-

ables to meet the rural needs.

d- Conducting socio-economic studies for the rural and

nomadic communities to know their problems and sug-

gest ways and means of aliviating them.

109



e- Conducting experiment and demonstration projects

in co-operation with other related parties to check

desert creep and soil erosion.

f- Supervising the foreign aid projects relating to

natural resource planning and conservation.

g- Helping in drawing the general policies and sug-

gestion of laws and by-laws that govern the better

use of water and land resource conservation.

h- Production of the overall land Use map of the Su-

dan.

(2) Examples of the Type of Erosion and Soil

Deterioration Now Taking Place:

There were several erosion phenomena taking

place in different parts of the Country as were

pointed out in the technical report of the Soil

Conservation Committee (1944), and they are even

accelerated now by the activities of man and his

livestock. Examples of these and their location

are the following:-

(1) Desert dreep in the northern parts of the

Country. This is manifested by dust storms,

dune formation and burrial of fertile lands

in the northern parts of the Country from

latitude 12 and northward.

(2) Sheet erosion in Kordofan Jebels, (mountains),

between the terraced lands and the clay Pl-

ain; in the undulating and hilly parts of

Equatoria, and in the gullied land of the

Blue Nile Province Ingessana hills and Kur-

muk area.

(3) Gully erosion is common and locally import-

ant in EquatorialProvince, along the banks

of the blue Nile, Dinder and Atbara rivers,

the Jebels of Kordofan and in the coastal

range of hills in Kassala Province.
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(4) Soil deterioration due to overcropping and

overgrazing is common in all the thickly

populated areas of Central Sudan, and even

in the Upper Nile province where slopes are

minimal.

(5) Deterioration of forests and water shed

forests due to grazing and fires is even

worst now-a-days in several parts of the

Country particularly the central populated

areas and in the Southern parts where wild

grazing is intensive, in the Red Sea hills,

Nuba mountains, Ingessana hills and Southern

Fung, eastern Upper Nile Province.and moun-

tains of Equatoria.

(6) Deterioration of forest water sheds is also

taking place in EquatoriatProvince by the

agriculture development of the heads of val-

leys.

(7) Town and village peripheries are deteriorat-

ing rapidly to so many new factors brought

about by over crowding of villages and towns

and the cutting of fire wood.

(3) Conservation Projects and Experimentation

The departments of rural development and for-

ests Conducted several conservation and management

projects in different regions and sites with the

purpose of study, control and monitoring soil

deterioration and desert creep, of these are the

following:-

(1)Seasoanl streams and NWadist survey and

development (Wadi El Milk,. Mugaddam,

El Hudi etc.. in the Northern and Nile

Provinces)

(2) Green shelter belts (around Khartoum)),
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(3) Town perimeter reafforestation (around

a number of towns like El Obeid, El

Odaya, En nuhud and Abu Zabad).

(4) Dune fixation (in Bashiri Oasis).

(5) Gully erosion control (Deim Mansour and

Shall pilot projects in Kurmuk area,

Bat.. pilot farm in Ingessana hills).

(6) Soil reclamation and management (Gar-

dud soil pilot projects at El Semeih

and Um Gamala Kordofan)

(7) Rural water conservation (meri Barra,

El Far, Golo and Rahbd earth embank-

ments and reserviors).

(8) Water shed management (Ingessana hills

reserve forests and Gumin reserve for-

est at Kurmuk).

Beside' the above listed projects and practices

crried out by the two departments in the last forty

years, in 1974 a comprehensive project called the

Desert Encroachment Control Programme, was proposed

by the government of Sudan after several local and

regional seminars were held for the purpose of des-

ert control; and after extensive work and data gather-

ing done jointly by the General Administration for

Natural Resources, and the Agricultural Research

Council, National Council for Research. The project

outlined the whole problem of desertification in the

Sudan and drew a five year plan for the execution of

the work needed and funds required which will be met

jointly by the Sudan Government, United Nations En-

vironment Programme (UNEP), United Nations Develop-

ment Programme (UNDP) and (FAO).

The project area was proposed to cover the North-

ern parts of the Country between latitudes 12 and 18
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North, and the activities are mainly dune fixation,

range and forest enclosures, soil management and re-

afforestation.

(4) Use of Radioisotopes in Soil.Conservation

In a country like the Sudan with an area of

2.5 million km2 , a population of 17 million, whose

economy is mainly dependent on agriculture, soil

deterioration and desert encroachment is not a pre-

sent problem but a future problem when population

explodes and the need for more land and resource

is pressing.

It is far reaching to start the remedy from

now, and to apply the most recent research results

and technology to check the desert creep and other

conservation measures, so as to put more land under

agriculture and to increase productivity the applic-

ation of radioisotopes and tracer methodology in

soil plant relationships is a new field for the stu-

dy of the best conditions and requirements for plant

growth in a more quantitative and precise manner

than the classical chemical methods. Therefore it is

of vital importance for us here to use isotopes as a

tool in our hands to tackle such a big problem as soil

deterioration and desert encroachment. There are sev-

eral problems here which we met by experience which

need such techniques, of these are the annual fertil-

ity loss in the soils of the rainfed extensive cult-

ivation areas, the low fertility sandy soils (Qoz

lands) of Kordofan, the hard pan clay soils (gard-

ud) soils of Kordofan, the annual fluctuation in

ground water level and recharge in the dryer are-

as where ground water is essential for human and

animal life, and finally the pollution problems
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either in the rural water sites or along the main

rivers. These are some examples of the problems

which will require the new techniques for their

solution.
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EFFECT OF DESERTIFICATION AND SOIL SALINITY ON
LAND PRODUCTIVITY IN THE SUDAN

M.O.H. EL-KAROURI
National Council for Research,
Khartoum, Sudan

ABSTRACT

Although the Sudan contains one of the largest reserves of
cultivable and irrigable land in the world, desertification and
salinization have had a severe effect on soil productivity. Irra-
tional cultivation of marginal lands and the abuse of tractor power
have led to severe erosion problems. Deforestation, overgrazing and
the use of fire in land clearing have destroyed natural vegitation.
Desertification has claimed most of the land between latitudes 15
and 17° N and continues to move rapidly. The wild life habitants
has been drastically altered with many species becoming extinct.
Conflicts have arisen between nomads and cultivators. The govern-
ment has thus developed a six year programme with emphasis on range
seeding, afforestation, water conservation, fire control, sand dune
stabilization and shelter belt development.

Soil salinity and sodicity present both chemical and physical
soil problems especially in irrigated regions. Since the Sudan
is increasing its irrigated area from 2 to 4 million ha the problems
will increase. Gypsum has not been effective in reclaimation but
cultural practices such as ridge planting, timely seeding, and crop
selection have shown promise.

IIUMODUCTION

Soil salinity and desertification are the two main

factors responsible for the degradation and reduced pr-

oductivity of agricultural lands in arid and semi- arid

regions. Although these processes have been operating

for centuries, their effect has been felt more strong-

ly in recent years as a result of man's stronger impact

on the ecosystem. Pressed by his needs for more food

and fibers and quick economic returns, man has employed

inappropriate techniques and cultural practices which

had a devastating effect on the ecosystem, Improper ch-

oice of implements, misuse of tractor power, abuse of

natural vegetation, extension of cultivation to marginal

lands and faulty irrigation and drainage systems are but

some of the agricultural practicos responsible for the

diminished productivity of agricultural lands in arid and

semi-arid regions.
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Approximately half the countries of the world are af-

fected by problese of aridity. loest of the population of

these coutcries suffers from a shortage of food and are be-

coming increasingly dependent upon food imports. The

Sudan, with its enormous agricultural potential is one

of the countries suffering from the ill-effects of aridity,

She Sudan lies wholly within the tropics, betwe-

en latitudes 22 and 3 N * Ecological conditions vary

considerably, from the desert with the arid and semi-

arid savanna areas of the central Sudan to the sub-hu-

mid areas of the southern provincese 2he central rain-

lands of the Sudan represent one of the largest reserv-

es of cultivated lands in the world, and have been ha-

iled as the potential "breadbasket" of Africa and the

iliddle East. Considerable apportunities for irrigated

agriculture also exist. Altogether an area of approxi-

mately 200 million acres is believed to be S

In addition, more than 200 million acres are covered

with forests and about 50 hillion acres are pasture-la-

nd. As in most arid and semi-arid regions, desertific-

ation and to a lesser extent soil salinity have affected

the productivity of agricultural lands with grave econo-

mic and social consequences*

1. DESYRAIPIaOT0 

A precise definition of desertification is diffic-

ult because of the differences of opinion about the rel-

ative importance of its various causes. However, the

definition used in preparing the United Nations Dese-

rtification flap is quite appropriate since it covers

all the different aspects. According to this defin-

ition desertification is considered as " a process le-

ading to reduced biological productivity, with conseq-

uent reduction in plant biomass, in the land's carrying
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capacity for livestock, in crop yields and human well-

being". Huan pressure on the ecosystem under adverse

climatic c:(litio-a is regarded as the most important

factor in triggering the desertification process*. The

devastating effect of the 1968/73 Sahelien droufght wh-

ich led to the complete collapse of agriculture in Ia-

uritania, Upper Volta, tMali, tiger and Chad where ab-

out 2 million nomads lost half of their livestock, ab-

out 15 million villagers had their crop yields reduc-

ed by about 50rS and approximately 250,000 people died

of starvation or diseases caused by malnutrition, sta-

nds as an example of the fragility of dry land ecosys-

texms.

Causal factors of decertification

in the Sudan

As Fig. 1 shows (Ceres 1977), Sudan falls within

the zone where the risks of desertification are ?-eat-

esat Iioieover Sudan was one of the few countries wncre

there vrwa an early aiareness of desertification probl-

ems and where these lhae probably been studied more th-

orouhily than i any other Arican country, As ftr ba--

ok as 1944, the Sudan' Soil Comozrx-ation Coraittee re-

ported tlhat ".,. it is essential to ndertea.d wiat is

really happenintg d whetiher e. are in fact deali2g wi-

th a nov change for the worse in cliaate or awhether the

advance in aridity is due to the habits of isnkd and

his domesticated ai.t's" It also reported that "2o-

wn anid village peripheries cenerlly are deterioratiLg

rapidly due to over-cultivation. over-grazing and cut-

ting trees for wood or to a cobination of these fact-

os"* In a recent study (Di3CA1P, 1976) it was cnp3 o-

ized t}ht desertification Sudan is due to sune mi-

suse of the ecosystem rather than to adverce changea

in climate*
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Fig NO.1: Desertflcatiton Ln AfrLca
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(1) TrPtiomi lyiitiont

In ray parts of the Su'dan croping haa been cxt-

ended to nrci-al lands and rcas. of higher cliatic

risk. 2i is ip ticularly so in areas where press-

ure on the land increases throu population gro.vth

or the itroduction of echnliJzcd famiin. Accord-

in to i.enchin,, anid rirahio (1977), the expanoion of

illet cultivation beyond its clinatic borders is the

Mjor ca, se of dcsertification in Northern Drfurr. Cl-

earance of trees and cradication of .all veetation to

secure enoug h moisture for tie millet crop has expos-

ed the top coil to wind and atr er rosion, resulting

in the re.oval of tle fertile top soil.

In the central rainlands of the Sudan rLechauicd

farm ing ,tro introduced in the eastern area mlinly du--'

ing the Second World 'iar. C opening new areasE the

land vas cleared of all voeatation and cultivation sas

carried ot by tractors usin, wide level disc-!larrov.

As a j!eaultC of the lack of proper lanl m anoement e.g,

ohelter belts, rotation, drainatce, fertilisers# etc..

and due to the inefficiency of the "suitcaso fanrrs"

wvho often lacked any formal vocational training in

farna m.rn-eannt, the soils were *:inedl and exposed to

erosion hasards wh}ich paved the wvy for tho s3outhv.hard

creep of the desert (Sinipson and Simpson, 1979). Iron

the late sixties onbward, mechaized faraing was extend-

ed to the central clays of vestern Sudan* A very peas-

'isitic account of the prevailinG conditions at ilabila,

twhich is representative of this area, was given by O * 0lr

ion (1977), who reported that sorlum yields were redu-

ced by 5Ot' in five years and that vind and water erosi-

on was rEapnt, being encouraed by the rcnoval of all

vegctational cover, i;.lile the effect on wild life .as

devastating, IEe reported "a decline if not the virtual
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*¢isappeasico of csaes, 1are predators &nd guinea fo

wl., As a rcsult the population of rats and certain bi-

rds have exploded uMchecked lic-aing to increased crop da-

a~e". Accordi-ng to Sinpson & Stipson (1979), the sae

pattern of clhane has taken place in the Dozinte -ea,

w~here after the initial discing of virgin land "the co-

ene looked li}:e a battle field", t.hjere to smaes and

sloa noving w;id life were c-iopped by the discs". As 3

result ratL3 and bird species nultiplied Eid became ser 1

ious e.-cts.

'urtiher vwestw~ard, the expaion of meclanized fas-

ing is pl !ned i n areas which rwre traditionally lalder

shifting cultitvtion, a proctice which involves a bush

fallow of t5 years. S- soils in this rea ae easy to

cultivate because of their coare texture but what would

happn under nochanized £faing is not clear, althou'i

it is expected that the ris13s of erosion would increasee

In view of these uncertainitioo, plasn are in paT--

rcss to consider besides large mechanized fsars the pOm-

sibility of modernizinG trditional livestock aid aoico

ultural sysztes w in wester Suda2n Hence the Savunnah De-

velopaent Project which is internationally financed, and

the .7orld Dam!: Project for intensifying a-Sicultural re-

search in Western Sudan have been fornlated,

(2) fo .ti

2tees are cut dom anld asrubs are uprooted by nomds

and villagers for fuel and to build hoaes amnd aenil en-

closures* According to 2ZA2P (1976), more tan 548 mil-

lion acacia shrubs are uprooted annually by nor.s'Os for co-

okxig f:uel Dixismes (1977), reported that about 723 k.e

of yood are used per person per year in BaraS tovn in n or-x
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thern Eordofa. Thirty years ago acacia forests could

-be seen on the outskirts of mhartoum; now people have

to go about 90 km south to fetch acacia firewood.

:Nore trees will be felled for use as fuel as a re-

sult of the rising cost of fossil energy.* rials are

in progress in Sudan to find a substitute for fossil en-

ergy* The National Council for Research (iNOR) txrough

its Institute of Esergy is now engaged in a research

programe on solar and biogas energy. The prospects for

the use of biogas as a fuel are high, because of the ab-.

undance of agricultural aste (more than 10 million tons

per year) and animal vaste (40 million heads), At pres-

ent work is in progress at Kosti on the fiTlite INile on the

production of biogas from water hyacinth, under the super-

vision of a Sudanese-Ger Group,

(3) 5.z;

Previously nomads kept the delicate balance between

the number of their animals and the carrying capacity of

the pastures. They used to keep subsistence herds large

enough to support the family oven during the dry years,

with a surplus for use in transections to meet their soc-

ial needs. Latelr however this balance has been disturb-

ed due to the expansion of dry frig in traditional

pasture lans, ana the ncrease in animal population

due to control of epidemic diseases and proiion of

more tvatr-po~its in areas traditionally grazed It ye-

ams of abundat rainfall* In Kordofam, livestock has

increased nearly six-fold since 1957 and there is a fi-

erh.rl0g increase expected every year (ineer, 19T77)

Bside the de gr t adation of the eetational cover,

overgrazins resulted in a loeering 'f the quality of the

pastures where most of tbe palatable species have become

mre sparse According to bon (1965) the best grazing
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plants (Ao Pioa. Blephris and lIonsonia app) ha-

ve disappeard near water courses in Kordofaa, and in t-

ny place they lhave been replaced by the less Crazed sede

(4) Ij2

It is a co.aon nonadic practice to burn rass to ce-

coura.s oe ounM gro-th and kill off ticks and otier pests.

Cultivators also use fire for land clearing, I 2any cas-

es such fires cot out of control and destroy large area

of vegetation. Som$tines the heat generated by theoe

fires beca so seat t that it detroys the seeds, thus

reducin the regoeerating capacity of even soe of the

mast resistan species.

Ifect of octification

In terls of area lost and reduction in lad prozdu-

ctivity, the effects of desertification in Sudan are al-

anii.* I2ecent surveys have revealed that zost of the

fertile rainfed land betieen latitudes 17 ° and 15° 1 was

larcely lost to deertification in the last 15 years (PAO

Mission report, 1976). It is also estiated that the de-

Bert is rnarchinG southviard at the rate of 5 Lb aumully.

Sand dunes are not only engulfing productive lands but

are also threatcning irriated scemces and huan habitat-

ions alone the hiile. ae entire length of the Nile betw-

een Delgo and Eariema in iorthers Province is subject to

eerius s and dune eC33coachment

Oe of the =ost aerious consequences i8 the decline

in food production. According to I3CAiP (1976), "food

production has declined and continues to decline because

of soil deterioration associated with desert encroachment
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a3a because of locs of land specially lands bried by

sandU, ie decrease in the yield of major crops in Bo-

rdofan due to desertification for the period 1961/73 is

illustrated in Pig' 2 (DCJDIEP 1976). Production of gmo

a iabic, whici is scconL only to cotton as a mina source

of hard currencyp has also declined.

INot- only has fertile -and been loot and productivb-

ity reduced, but also the wild-life habitat has been do-

stroyed. 'I~y of the once abundant wild-life species

havo vuaished end those remaining are endamii red. In

the Dinder National Park the number of ungulate species

is decliinig rapidly. In the past these animals used to

migrate during the wet season to adjacent areas with a

nore suitable habitat Hofwever t because of the cultivat-

ion of areas adjacent to the park, the ovement of the an-

Imas has been restricted. In3 addition livestock has in-

creased within the park, an thus has to compete with wi-

ld animals for pastures during the dry season. Already

the Gazella (tiJj rin which was abundant until

1966 has completely vanished from te park. he populat-

ion of tian ons of the Ein species in the area, has al-

so declined

Desertification also has social, economic and polit-

ical effects. Being pressed by the need for pastures

for their animals and the fac tt tha farers often do

not allow sufficient corridors to facilitate the move-

ment of nomdic herds, conflicts leading to confronta-

tion, bloodshed and even loss of life are inevitable

between noads and cultivators. In 1976 police was. ca-

fled in when nanods let loose their animals into the cb-

ltivated fields in Daeazein area. iSe same happened in

the early sixties when the Shukryia end Zubaidia herds-

nen let loose their animals in the cotton fields in Eh-
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aas E Girba Scheme. The situation between the notads

and cultivators is anlogous to the old INorth America

Prairie attitude 'tho cow~a and the ploujhman can*t be

friends"* It also happens that once an area becomes de-

sertified the nomads mnirat to other areas and compete

with the codentary pasturalists for pasture and ater.

As a result of the uffering and hardships to vhi-

ch they are exposed during their search for pasture and

the fact that they are politically remote fro the nat-

ional scene and its services, such as schooling, health,

and medical facilities, nosads become frustrated and de-

velop a feeling of resentment toiards the government in

hOartoaus Soetimes disintegration of families occurs

when women drift to towns or snl rurl centres soareof

ing for Jobs.

11. 0'SOCL SAWITr.

Saline soils are an ensential element of the land-

scape of arid zones and coil aliliination is one of the

main processes responsible for the degrdation and redu-

cod productivity of agricultural lands Ii arid regions.

Soil salinity may directly affect the productivity

of agricultural land as a consequence of the presence of

critical amounts of soluble salts in the rootf Bne, whi-

oh ray limit the uptake of water an tutrienta by plants

and may caue physiological and metablic disorders Iap-

directly, the salts Way affect plants throu.i adverse so-

il properties caused by sodicity a=d alrlalinity imposed

on the soil by the soluble salts, which may or. my not be

present in amount deteri mental to plantsr 21e adverse

effecta of Oodicity en alkalinity my be. both chemical

and physical.
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any ifactors may influence the effect of salinity on

plant Cgroth, a.ona which are the copoition of the sa-

lt, the noisture regime of the soil, its nutrient status,

mechanical composition of the soil profiles as well as

the plant species, involving its rooting habit, age and

tolerance both to total salts and to specifio-ions in

the soil solution. EanSecment practices with resard to

the soil and crop may also have modifying effects on so-

il salinity,

It is estimated that more than 50o of the irrigated

lands, in arid andl semi-arid regions of the world are af-

fected to coaea degree by salinization and that millions

of acres of ar.icultural land have been abandoned because

of salinity hazards*

Besides soils affected by salts at present, there are

large areas whiich could be potentially salt-affected and

which could casily be damged by salinisation throuch ir-

ri.ation. With few exceptions, wherever and ehenever cr-

ops are irrii. .ted in arid region, salinity is a potenti-

al if not an actual problem.

A classical exoaple where salinization has caused

severe daage to a{ricultural land is that of ZIecapotamia,

where what vas once fertile land has been transforaed into

calt-caked vaste, and the soil that supported "the gardens

of Babylon has come grudginly to grant not more than

an irreula crop of salt-'olerant barley " A rece-

nt example of imponding diseaster which could result

from applying irriiated agricultur e to an arid region

if remedial ccasures are not taken, is that of the We-

st ubarya area in sjypt. According to Schultze and

Ridder (1974), this region is experiencing a rising

water table resulting, in vater-logging, secondary sal
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inization and seepae of saline gromd-;water into ir-

rieation canels. hie percolation of i rization water

vith high salinity characteristics throuh soils in

the fields has raised the salt content as ell1 as the

v.ater level of the ground water*

S-iilary in the lUelm river plains in Pakistan

it was reported (United nations Conference on Desertif-

ication, 1977) that the productivity of the aricultur-

al lands of the region declined due to salinity and wa-

ter-loginG caused by the rising, vter table as a resu-

lt of inproper plannin-, of the irritation system.

"linity Prqoblenn iin Eugk

Ih Sudan, vwith thle rapid expaasion in irrigated

naGriclture, the question of sool salinity is becoar-

iW more and s3ore rgent; not only do naturally salt-

affected lands have to be put under cultivation, but

also the productivity of irrigated areas has to be

maintained.

Presently the irriGated area in the Sudan oomp-

rises about four million acres, but there are sever-

al new irriation projects under construction which

could increase the total rrigated area to as much as

10 million acres. Shus considerable problems of soil

salinity are likely to be encountered.

Work on soil salinity in Sudan may be traced back

to the turn of the century when it was established by

the early work of Bean (1911), that there were potenti-

al salinity and alkalinity hazards in the Gezira Scheme.

Mary workers at the tine expressed concern about the po-

ssible deterioration of the soils of the Gezira, the fi-

rat ad largest iSrigation enterprise in Sudan, when put
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under irrif.tion. VaFeqlcr and Alten (1932), and 3allo

(1935), advocated the installation of a sub-soil drain-

aee ystea if the rapid deterioration of the Gezira co-

ils was to be avoided. Greene and Snow (1939), on the

other hand opposed this view because of the poor porm-

eability of the soil and the restricted lateral movem-

ont of water, which is a p-r-cquisito for an efficient

drinag ystem. However, because of the high-quality

irriztion vater with its low salt content (less than

200 ppa) and high Ca:Ibratio, as well Es the inclusion

of long fallows in the rotation during which the salts

moving up to the surface may be wahed down by the ra-

ins, in addition to the Aowing of salt-tolerant crops

such as cotton, no visible sigas of soil deterioration

were observed in the Gezira Scheme,

Although no signs of soil deterioration were det-

ected, efforts wore however directed towards improving

the inherent properties of the Gezira soils, particular-

ly soil perneability. Creene and Snow (1939), pioneer-

ed the use of gypsu in reclaiming Gezira sodic soils,

but found that leaching following gyps application

was iufficient to effect any profound change in soil

productivity. Their attempto at using sodium acci~l-

ators (Atriplex spp.) also failed to significantly de-

crease the sodium levels in the soil, in addition to

their depletion of plant nutrients particularly nitro-

The Gezira Vortisols cre similar to the kegure

of India, the black cotton soils. of UA, and the gr-

uaeols and the rendzisao or self-Aclching ooils else-

where. lHo7ever the problems relating to poor indilt-

ration end internal drainae appear to be more severe

in Gezira soils, which moy account for their resist

nce to ianrovcment,
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UnLike central Sudm and the Gezira area, the so-

ils of northern Suda. are affected to a greater degree

by coil salinity, ptiularly fron iartoue northwar.d

alono the two brnks of the xain Iilo, he area effect-

ed by salinity in SudiL can only be esti ated since few

cystematic surveys have been made Hofwever, the areas

which, re potentially irrigtblo, but vwhere salinity is

the main lniting factor for its developzent, anount to

over one million acres*

In view of the large 'poulattion and the relatively

limited Uoumt of gooda able land in ITorthern Sudan,

there is an urCgnt need paricuilary in the two north-

era provinces for tho developaent of marginai lvads wh-

ich are often salt-ffectd.

The coils of the two northern ,roi~es are doriv"

ed-largely from the alluvial deposits of the Nile mLxed

with some non-alluial so3ad from the lfubiaa Sandstone,

.The soils are divided into twio main roups, naely' eoils

of the recent flood plain myt soils of the high terrac-

es. Soils of the recent .flood plain which me mixture

of Entisols and Vertisols include the Gureir* - and the

basin solls.

?ost of the soils of the Recent Plood Plain, part-

icularly the Gerif and Gureir soile, are fully exploit-

ed for agricultural production and any envisage agric-

ultural developFent in the two norther provinces will

depend mainly on the utilization of Hligh te race oils,

Besides the topoGraphic and physical limitations, the

ain limitini factors for the develo~ t of High Ter-

race soils are alinity e od ie ity

* local a.M me
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Hi.ih Teraee soils ocot o'n the 2udr'mas d side of

the Recent Slood PIlin. 2nhey could be clawscd as A

idisols -icli C ve have stru'a atru o o Ol texture which

va-iecs fro ;idy loan to saaidy clay Aj ordin to ilu-

ntin; ('i34)5 a a iLDpection of dain reseanted in 2able

1 which ws reportod y Eai o (l157) oorneider"ble va,

ri oatio n n salt content S ¢oZposition exicts 'oit only

between diffcrent aites but ealo dith dcpthg reftlete

InG the di-rsity of pracx m0terieal within ay on

pofile» -e aui ES' values be'tdeeon 0O2 and

49,5 ooa ho/e and betteen 1 and 100 reapectivtly.

Aoing the cations, sodia is by far the dotinant cat-

ion. ie domi.nt anions as e cloride aid Elph-te

therefore tbe- EIn Calts are generally odi-m sulpph-

ate or dodixn chloride

Little tforcaio is avtiabl oa th i e '-t-

ion of Hia Trace ioilsn itns s x'r in -iU he

Gesira and the work of - .r*i eand a u 2aa (1967) 

has revealed t at fiatc-tef.ed soils e di iffiicult to

r-elaim, Cn the other h'an2d it is e oted that coaRaso

textired Hiihi -zace soils ohould be fai ly easy to re»

claim, Prelminaay inv'cti.tions iprts ing to the use

of ~ ajm as an orn-?nt " o Aiigt-tetured ighi Terrace

soila have indicate iit effeitiveness ia isprovins the

permeability of tlhoo soils (En Eourwi 1968), 9 hir

end PEa (1973), comnsared a ESP from two sites ia

High Terrace soils, one from virZin lae. and the other

from a cultiv-.ted plot irri~^tea fron a surface weilH. m

ey found thatt by irritition salts Vtere leached and the

level of exc~aeable sodium wins reduced, One eocaot

howvever overlook the iaportace of caryis out ame

intensified studies and pilot projects before eos

i n on lagyo scale rocleatico Jrojects
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Similarly the area south of Ehartoumz betemen the

Blue and the lhite Nileo, and extending as far as south

as the nortlxesnt boundaries of the Gzsira Scheres, in

predoniantely saline and/or sodic, The total area is

estiaated at 200,000 acres 2dis area has never been

utiliazd oSiculturally in any form except for a short-

lived ani fattening echlon which was esabli3hd on

8an area of 10,000 acres, but low productivity of the la-

nd was one of the factors that ooetributed to its fail-

we.

However because of hi--quality irrigation water

from the tw'o Ilies, good roa2s yvich connect the area

with brt-rtomia throughout the y~ asn the taailability

of health and electric cervices, attention has lately be-

en focused on t}is area nd its potential for Groing hi-

fh-value crop both for local caonsption ad for o @port 

3Wo semi-sdetailed soil and land elasification

studies were umtertake n t he area by bmnting (19G3)

and the Soil Survey Division (2Tns 1973). 3e Soil

Survey Division has upgra~etd th HtiAnng ts class VI

soils to class IV fomlowing a reassesamenf of lad ca-

pability clasfification in Sudana oaetheleas, the two

studies were in anree~t that most of the area is un-

euitable for development and that the two nitations of

those soils ar salinity and soiityo

The south of hartoau area is generally flat and le-

vel. The soils are of allwial origin laid down y the

Blue iile froe the basaltic rockw of the Ethiopiaa Hig-

lands. Tble 2 shoas the chemical analysis of some soil

profiles representative of the soils in the area. As

with the High trrae~ Soil of the Iorthmn ProvincesB the

domiiant cations are a, Cl and S04.
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C-T~ has been aendd es a possible aca'uxdnt

by the Arab Orgnization for Aoicultiurl aevelopant

(A0AD, 1973), ia their feasibility atudy of South o±f Mha

roum Ar ca Itowevor crop yield results indicated the sup-

oriority of fa ard mare to Gylou (El aro1ri eot alt 

1979)s Althiouh Wpsremu improved soil pbjyieal properties

and in artieular elimtiatdc sowface crustinr 3d hence

incOreased eel2iL e®,'rzence, its application did not

result in any twb~ tioa Itmey e in crop yield, She

AQA2) h3 v 'ave e thelr. rcoammdationm on t'he avaOibZb

lity of seu deposits on the aPd Sea coawt twitout

giv-n ralch conidoration to the cost of trnportation,

d d kin 2us t fiurs gin the i

stuY wi-th reg&rd to- the oost of relaation .. vm hi,

'ly urealatic a LEoveor beeause of the. ±apCTxabiLiu

ty of the :oil nd tche resrictod lfera nEvent of

'ate;r Gnd tha. inpa tictbility of iun L a U boil drCm.

inage tystatenm- i ofP w- a-. e. oective aenat

for the sodia fi-textrd- soLl of the South . f S a

toum ea n sd of Other . f the am for that i t~ 

tero ay not be u tified

However it hws been foiun that tiwou<i the mipus

lation of cultrUal practices and the !e of appoMriate

.eme.st techniques the perforan e of crops in thewC

coils could be isproved, EMZ urowi (1979) reported t-i

at in sodic aoils plasting on ridges or bedas inresed E

eding err;ence aend the yield of afaalfa sianiificanatl

wihen eooaead to planting on the flat* In aareas wlee to>

tal salinity rather tha sodicity is the ioblesnm alt ao-

ouzulation oa the top of the ridges could be avoided by

planting on the sides of the ridgea Choosing the opt-

imnm sowin date v3as found to inLufluce crop performam

cc and the ability of plants to tolerate salts, EaI

oUri (1979), reported that October scoiind of four leegt

esa rown& in saline soils in the South of hartoum mrea
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resulted in lower plant survival, dry matter production

and yield than from a November so~wig 2his was explain-

ed in terms of the difference in the prevailing cli"tic

conditions which Cave a tovember cowing the advantage of

a relatively lower temperature coupled with hiher humidy*

The choice of the rizht type of crop could also be

used as a meaoa of improving the productivity of the lande

Sine the maanituie of the reduction in crop yield depend-

ed on the type of the crop and its level of tolermnce to

salts, mest o£ e t ops hich are climtically adopted to

the area wm? tested and oSreemed for salt tolerance, e

author observed that the yield of the 25 crops tested ran-

gd from 20-70; of the nora productivity of non-saline

coils in tho resion.

Present work at Soba Research Station and earlier vork

at HIudeiba (El warouri & Kauffan, 1967), and in the Gez-

ira (Green & Snow, 1939), showed that gypsum application

can hardly be regarded as a practical agent in improving

the productivity of sodic heavy soil* Research in this

field should thus be directed towvars the improvement of

the cultural conditions and biological reclamation throu-

gh screening Cd breedaug for salt tolerance varieties.

Conclusion

Accordixn to 2inker (19T7), if a future dro~ t hits

the Sudan, much of the livestock and agricultural product-

ion m y simply disappear if considerable measures are not

taken to combat desertification. Realizing the seriousn-

ess of the problen, the governonat has now developed a six

year desertification control end rehabilitation proL-,as.a

The programae enmodied several recomaendations for a nat-

ioxm-ide Onslaught on desert spread and land deterioration.
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2ie main reco2rendations include the establishment of ranz-e

seeding, afforestation, vater con3ervation, fire lines,sand

dune stabilization dna shelter belts. l7hile the responsi-

bility for the implementation of these recocmendatione rests

with the national efforts, international support both tech-

lical and financial is great$y neededa otherswie vbat

has been coaled "the breadbasket of the Widale Ea"t*

my t into a dust bowl.

egardi soil salinity, althorai I^ i s a relative-

ly less eerious aeent of soil deterioration in Sudra at

prent, it mtar pose a threat to irrigated agriculture

in the future since the trend is towards the IZnenaifi-

cation of irriGated cyiculture and the utilisation of

srGinmI lands which are often oalt-fdfectced In fact

may envisaged expannion in agcrieultaal production in

Northern Sudan depends on the utiliation of imrgtnal

lands which ere saline an/or' aodic. Pbr examplet at

present t.'o larce na:icultural proJects nal' y ,oha.

and Silait, with a total area of about 60,000 acres are

being established in 0sa=tou Province on this type of

.land. I the tao no'rhe=L pro~nes a fcasibility st-

udy by in ti 'technical Service is i proreoss to det-

ermine the suitsbilty of Hibi Terrac soils for arioc-

ultural 8eveloprxmt

Although salinity iwoblems have long been indentif-

led in Sudan, research in thin field hta boen neglected

anld sporadic and conequently na problems remain unan

swered, Since research is an imorant element in the

better utilization and increased productivity of saline

soils, there ieB-.-ressing need for more concerted eff-

orts and the intensification of research in this field.

136



- REf.lEIICE

Arab Or~ization for Aric* Developnert

Peasibility Study of South of Ehartoun area.

Balls, W.L.

mp., Cott. Gr, Ree. 12132-37

1973

1935

IEilP

Sudanes Desert Eacroachn Control

and Rehabilitation Prog. Prepared by

Sudan Government in Collaboration with

tUiP ana UIWP.

Ceres No. 56

¥orld Map on Desertification

Digemeo, 2T.H

Wood for fuel-enery crisis

implying desertification. Thesis,

tniversity of Beren, Nor~ay,

El-Earouri# LO».He

Hudeiba Annual Report,

Agric. Re.e Corpo Sudan.

E.-Earouri, S.O.H*

Soba Amnual Report,

Agrics Res. Corp., Sudan.

El-Karouri, ,OoH

iEpl. Aeric, 15t59-63.

1976

1977

1967

1979

1979

137



.l-aaouri U.O.H. & Eaufann, .J. 1967

Proc. of the 10th. Agric.

Re.s Colloquium, Aric. Res.

Comp., Sudan.

PAO ReIport 1976

Dosert creep and range manageent

in the Iear Eaat

Greene, H. and Snow-, 0.?. 1939

J. Acrio Scia,29: 1-34

Hunting -ech. Services 1964

Roseires Soil Survey eport

No. 5, zinistry of Aoric., Sudan.

OtBrien, J. 1977

Dulletin 62, Economic and Soil

Research Council,

gbarXtoun Sudan.

Lebon, J.H.G. 1965

Land use in Sudan, lono

enching, H and Ibrahit, P. 1977

Applied Science and Develop.

Vol. 10, Inst* of Scientific Cooper.,

Fed. rep. of Gexna~y

Simpson, L.G, and Simpoon, I.C, 1978

Alternative traetegies for artic.

develop, in the central railands of

the Sudan. aual Develop. Study No.3,

University of Leedc

138



S~ ts=tto, P.E* and fidd er WhA 1974

Iaturs ad Resrources 10 (1)

Su an Soil Coaermation Coaraittee Report 1944

aI2tir, A* ad Saleo, H, 1978

Alkano Soil beport.

i;U'er, J. 1977

e'wu Scientist

Ts, O.A. 1973

SeAm dctailod Aswvey of South of

Ehmrtoum area and Blue Nlse mPovinco.

United atLtions Conference on Desrtification 1977

meona reclanation experimental *Projeot,

lkinta~*

Vaueellcr, Pt aud Alient, Fo 1932

( Cited by F. Gro.t her in 'Aic. in

Suda.i, ani J.D. 'othi1l, 1952).

139



SOIL EROSION, FERTILITY AND WATER CONSERVATION FACTORS
IN AGRICULTURAL ACTIVITIES IN KENYA:
A LOOK AT PROBLEMS AND EFFORTS BEING MADE
TO SOLVE THEM USING RADIOISOTOPE TECHNIQUES

J. GITONGA
National Agricultural Laboratories,
Ministry of Agriculture,
Nairobi, Kenya

ABSTRACT

Inadequate nutrient supply is the major factor limiting production
in the adequately rainfed region of Kenya around Lake Victoria. Phospho-
rus is particularly deficient and its availability difficult to determine.
Soil P availability and optimum fertilizer P placement is being deter-
mined with P. Serious soil erosion problems have been reduced by
establishing tea on the steep slopes.

The uneven rainfall distribution on the lowlands results in
serious soil and water conservation problems. Residue management and
terracing have provided erosion protection. Neutron probes have been
used to measure water conservation. Stress tolerant crops such as
an early maturing maize have proven useful. The role of International
Organizations in supporting the research activities is acknowledged.

Problems of soil and water conservation in crop production in

Kenya vary widely according to factors such as the soil type, land

topography, soil and crop management etc. Agricultural activities

are mainly concentrated on areas receiving adequate rainfall that
can support a crop. A few irrigation schemes have been started

to grow rice for domestic markets.

Rainfall is plentiful in the central highlands, Lake Victoria

basin and the Coastal trip where over 1000mm of rain annually could

be Rxpected in a normal year, These rain-favoured areas comprise

less; than one-quarter of the total land area of the country while

providing livelihood for over 80% of the population. Pressure for

land is particularly high in the central highlands and around the
lake. The bulk of land in these areas is mostly owned by peasant
farmers who, on the average, own just a few acres. To provide

enough food for the overcrowded masses of people the land is
intensively cultivated, year after year with the concomitant
depletion of plant nutriets from the soil and hence lowering of
land productivity. Increase of Agricultural productivity in these

areas through the use of fertilizers is one of the priority

research programmes in the Soil Chemistry section of the National

Agricultural Laboratories (N.A.L.).
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In moat cases the soils found in these high rainfall

areas except for some around lake Victoria, are internally

well drained hence leaching of bases has left the soils rather

acidic. Under wet conditions soil phosphorus may be expected

to transform quickly from forms available to a crop to unavaila-

ble forms (Barrow 1974); partly for this reason these soils have

very low amounts of available phosphorus; Fertilizer phosphorus:

is- needed in substantial amounts, unlike any other nutriet, for

most of the crops grown in these soils which include maize, bears-,

coffee, tea vegetable etc.

Ultilization and crop response to phosphorus fertilizer,

however, has been found to be dependent on some characteristic

soil factors such as acidity (Robinson 1969), calcium saturation

of the exchange capacity (Birch 1952, 1953) etc, rather than on

the: amount of phosphorus extracted from a soil (Birch 1952,

Ogot 1970). Therefore, the problems of accurate fertilizer

phosphate recommendation to farmers based on the amount of

extractable phosphorus from a soil has been recognised. Through

the use of radioistope phosphorus-32 the above problem is; being

investigated at N.A.L. with the help of International Atomic

Energy agency who have donated to us the necessary equipment

as well as providing technical aid in the form of an expert,

and also provided fellowships for local personnel to pursue

studies in the field of radiostope techniques in Agricultural

research. Through the use of phosphorus-32 the total amount of

adsorbed phosphorus on soil particles could be assessed and a more

pdcramic view of phosphate status in the soils obtained. Fertilizer

phosphate placement methods in these soils- is also under

investigation in an attempt to find out the most economical

placement pattern that resultsin maximum utilization of the
nutrient by the crop; again phosphorus-32 is- to be employed in
this. quest. Using tagged fertilizer phosphorus the amount of

applied phosphorus taken up by the crop can easily be determined.

Availability of water to crops in these high rainfall areas

has presented a less serious problem compared to phosphorus

d:e ficiency problem. However, the alarming population increase

and the consequent demand for food calls- for more intensive: farming

where two crops or more per year could be grown; this could be

realized only after careful crop and soil mahagement to attain

maximum utilization of applied fertilizers and rainwater. Water

conservation measures in those areas, therefore, could benefit

from appropriate research programmes aimed at increasing

productivity of the- peasant farmers. Most of the soils found. in

these areas have a relatively high water-holding capacity

some approach 60% due to their high clay content, well over
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70% in most of them. The soils contain substantial amounts of

iron and aluminium oxides- which make these soils, despite

their high clay content, well drained and easy to work even

immediately after; a heavy downpour. According to the FAO/

UNESCO soil classification system most of these soils fall in

the nitosol and andosol classes. In order to facilitate wqter

conservation studies in these soils we have been provided

with neutron moisture probes; by the IAEA.

Soil conservation problems in the high rainfall areas is-

not as big a problem ass it is in the semi-arid areas mainly

due to the nature of the soils found in the two areas and.

their rainfall totals. Barber (L979), found- that a nitosol

from Kabete a high rainfall area, was about 7 times more

resistant to erosion than luvisol from Katumani, a low rainfall

area. Despite the high gradient slopes found in the high

rainfall areas Signs of setious soil erosion are rare; yet

in lower areas where the land is less. mountainous and where

rainfall is less large tracts of land lhae been denuded of

their top soil or have beenetripped completely bare. However,

precautions against soil losses in these high rainfall areas

should not be relaxed. In most cases the soils are so deep
(over 10ft) that a substantial soil loss at the layers may

not be striking yet the loss of plant nutriets could be

substantial. Even more serious, massive landslides along steep

slopes after a heavy downpour have swept huge chips o0 land

down the rivers. Fortunately the introduction of tea crop in these

high rainfall areas has reduced dramatically the risks of

soil loss. in areas planted with this crop. The tea plant,

a perenial shrub, provides a very effective ground cover while

the roots probe into soil depths in excess of fifteen feet.

The crop seems to do well even in extremely steep

slopes provided the soil is- deep and well watered at an

average attitude of 7,000ft. Maize is the main crop grown by

the bulk of the peasantry; this crop could encourage soil loss;

if not restricted to the more gentle slopes.

As the land descends rapidly from mountain peaks through the

deeply incised valleys with running brooks and rivers, and parallel

ridges, to the flat, at times hilly plains below, the rainfall

figures usually decrease equally rapidly. The availability of

water for crops production on these areas is; a very limiting factor

indeed. The monotony of the flat plains is occaSionally interupted

by hilly rolling plains; the hilly areas receive more rain than

the flat areas below. The need for comprehensive soil and water

conservation programme in these areas can only be fully recognized

if one takes a look at Agricultural lands around Machakos district,

an area that could serve as a classical example of the dangers of
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soil loss that are engendered by careless and neglignt use of land;.

The area is characterized by hills and. rolling plains and river

valleys below.

On the hillsides loamy clay soils with poor water penetratability

predominate, the plains and the valleys contain heavy clay soils Which

sueh are equally poorly drained* Two rainy seasons annually

account for about 500-100mm of rainfall; and during each of these

seasons the peasant farmers make strenuous efforts to raise a crop.

Most of rainfall for each season comes within the first two

weeks of the seasons characterised by thunderstorms! and heavy

downpours; rainfall figures in excess of 100mm per day have been

recorded. The surface of soils around the slopes add hill sides

have been found to seal up when wet making it difficult for water

penetration down the profile, thus encouraging runoff that flood

valleys and plains with their silt-ridden red torrents. Extensive

tracts of land have been laid bare leaving the owners with precarious

means of subsistence. Research programmes aimed at stemming the

destructive processes of soil erosion have been given high priority.

The Government, with the help of such international organizations

and agencies as FAO, USAID, EEC, UNDP etc is tackling the problem

of soil erosion with earnest resolve in accordance with the recently

launched five year development plan. The land rehabilitation

programme in this area populary 'known Intergrated Agricultural

Development Programme involves experts from many displines

Agriculturists, sociologists, public health experts,

hydrologists, engineers, politicians etc. Agriculturists q-.

particularly busy at research programmes- that aim at finding

andwers to the central question of more food from the land.

In the past research on water and soil conservation

measures appropriate for the area has shown that use of crop

residues as mulch can help in conserving the rainwater into the

soil for crop use., and also helps in checking surface runoff

(Pereira 1941). Pereira et al (1953) has also shown that tie-

r dging of the: seedbed where the land is sloping can enhence

moisture conservation. Njihia (1976) found that tie-ridging

on a site of 12% gradient, completely controlled runoff from a

70mm per day downpour while the control plots lost an estimated

40% of rain water.

At present the soil chemistry section at National Agricult-

ural Laboratories is carrying some fieldtrials in these areas

aimed at findiout the effects of tie-ridging mulching and

keeping the weeds off the fields when not under a cropeach in

factorial combination with NP compound fertilizer, manure or

both. Application of manure could help in improving the soil

143



structure and its water-holding capacity thereby aiding
infiltration of rainwater into the soil for future crop use.
Keeping the weeds off the field between two successive crops
could help in conserving rainwater for crops since transpir-
ation losses by the weeds which can survive under drier
conditions than the crop, could be considerable. To be able to

monitor the soil-moisture conditions under different treatments

depth moisture gauges, which are nuetron emitters are being used.
Alluminium access tubes facilitate the monitoring of soil

mois-ture up to 120cm down the soil profile. Compared with

the gravimetric method of soil moisture deteriminations the

neutron radiation method is much quicker and hence can handle

a much larger experiment. Thanks to the IAEA for providing us

with the necessary equipment for this work.

Other methods of soil and water conservation in the

country include bench terracing on steep slopes plus a vegetation

cover on terrace banks (Thomas 1978). This work of land terracing

is being done under the direction and assistance of the Soil

Conservation Unit of the Ministry of Agriculture which is well

equiped with heavy earth-moving equipment. Most of the small
scale farmers however are using manual labour to do the terracing

since the heavy equipments for earth moving in the Soil

Conservation Unit seem to be fully engaged in big scale farms.

Intercropping has also been found to be useful as a
d

remeial measure that could minimize soil loss in cases where a

pare- stand crop does not provide enough ground cover. Fisher,

(1978) has found that maize intercropped with beans on steep

slopes results in less: soil loss compared to pure; stand of maize.

Overstocking of grazing lands is one of the main causes

of soil loss in uncultivated lands of the semi-arid areas.

Hydroelectric power dams along river Tana are being choked by

sill brought down the numerous steams that feed ont the river.

An estimated 4 million tons of silt is washed down these numerous

streams per year (Ogweny 1978). Afforestation programme on the

Tana river catchment basin coupled with controlled grazing in

this area could help in reducing the alarming rate of soil loss
from the basin.

In other fields, research programmes have concentrated on

plant breeding of crop varieties that can withstand drought and

other adverse weather conditions such as high temperatures. Crops

such as sorghum, millet and cowpeas are better suited to face
drought conditions that maize, yet small &cale farmers in dry

areasa insist on maize as their major crop simply because their

traditional diet components come from maize and maize products,

A cultural diet change from maize to the other drought resistant
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crop products could alleviate fced shortage problems experienced in

some of the dry areas. But traditions are difficult to overcomes

Maize breeding for varieties that are drought-resistant has come up

with a varity that matures quickly (three-months) known as

Katumanij This variety has greatly increased maize grain yields in

Machakos district in recent years. By maturing early the crop

usually avoids serious moisture tress during the later half of the

growing season that is experienced by varieties that take longer

to mature.

The use of radiation and radioistope techniques in Agricult-

ural Research in Kenya has not been full exploited. However, with

the help of International Atomic Energy Agency the National

Agricultural Laboratories has acquired the necessary facilities

for research programmes involving radiation and radioisotope

techniques. We now have depth moisture and density probes using

neutroa and gamma radiation respectively. With these instruments

we are able to handle larger experiments that involve soil

moisture and density determinations compared to the gravimetric

methods of determinations. The demand for these instruments by

other institutions doing similar work such as University of

Nairobi Agricultural Department is increasing fast and we have

been obliged to share the facilities with these people. We have

also acquired scintillation and Geiger conters for radioisotope

research work. We are presently using phosphorus-32 to assess

phosphorus status of our soils but we shall soon start similar

work on calci um-4§ and sulphur-35,

A proposed Centre for Applicatibn of Nuclear Science to be

housed in the University of Nairobi is expected to offer more

advanced facilities for research involving radioisotope and

radiations. It will drastically cut duplication and underutiliz-

ation of facilities if each in-terested institution went its

own wayi The centre has already been promised substantal aid from

the International Atomic Energy Agency in Vienna. It is clear

therefore, that with time we shall have more than enough facilities

for comprehensive and exhaustive Agricultural research programmes

involving radioisotope and radiation techniques for the salke of

maximizing land productivity.
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F.I. MASSOUD
Land and Water Development Division,
FAO,
Rome, Italy

ABSTRACT

The Land and Water Development Division of FAO has played an active
role in promoting soil conservation measures. It has provided advice and
expert assistance to many countries and is involved in more than fifty field
programmes related to soil conservation. It conducts seminars, workshops,
and training courses and provides fellowships for individuals. Technical
and education material has been published. Maps have been developed showing
the present degradation and risk of degradation in Africa and methodology
used in assessment of soil degradation is outlined.

I. Introduction

The need for more food production to feed the increasing population of

the developing countries could be met through putting new land under cultivation,

and intensifying existing crop yields by introducing high yielding varieties and

applying new technology in agricultural production. The first approach may not

be easy to achieve as land resources are becoming limited, especially in Asia,

and expansion of cultivated areas on marginal lands is a costly investment. It

is therefore necessary to consider more favourably restoring and raising the

level of production from the already cultivated land. However, land degradation,

being a global problem facing developed and developing countries alike, aggravates

the situation and puts more pressure on the limited land resources of the world

where productivity is continually being depleted and land is lost to urbanization,

industrial development and other non-agricultural land use forms. Many countries

are losing land, through various degradation processes, at a fast rate than they

are bringing new land into production. It is therefore imperative that efforts

have to be made to conserve the natural resources of soil in order to halt the

menance of degradation.

The conservation of natural resources and the adoption of improved methods

of agricultural production are amongst the major tasks that FAO has to promote

and to recommend national and international action programmes. As it is being

stressed, nowadays, that for the first time in the history of man the natural

resources of soil are fast running out and that a full scale effort is required

to conserve what is left, FAO is taking a positive role and attempting to intro-

duce conservation measures, even before soil degradation problems start, through:
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- advising and assisting member countries on request;

- formulating and implementing field projects funded by various sources;

- upgrading national skills by providing in-servioe training and abroad

for local staff;

- holding seminars, workshops, consultations;

- publishing technical and training materials.

Within the organizational framework of FAO, the Land and Water Development

Division (AGL) as a part of the Agricultural Department is responsible, besides

its work in water and fertilizer fields, for all aspects of soil resources,

development and conservation. Although there are various units of FAO that are

involved, in one way or another, in soil conservation, the Land and Water Develop-

ment Division is the focal point for all soil conservation matters. It is the

purpose of this paper to cite some examples illustrating the contribution of AGL

to soil and water conservation in developing countries.

II. Identification of Problems and Guidelines for Solutions

Since one of the objectives of the present Seminar is to identify problems

of highest priority and research programmes aimed at solving them, it is worth

reporting here on the relevant findings of an Expert Consultation organized by

AGL and held in Rome in November 1976 on Soil Conservation and Management in

Developing Countries (FAO 1977), where similar aspects were considered.

The problem areas facing developing countries in soil and water conservation

might come under the following:

- the concept of soil conservation;

- research, education and extension needs;

- organizational and financial aspects;

- identification and implementation of field projects.

In the attempt to find solutions, clarification has to be made first of

the concept of soil conservation which, nowadays, has been expanded beyond that

of the erosion problem to mean:

i. protection of the soil against physical loss by erosion or against

chemical deterioration; that is, excessive loss of fertility either

by natural orartificial means, and

ii. a combination of all management and land use methods which safeguard

the soil against depletion or deterioration by natural or by man-

induced factors.

The use of soil conservation term in this sense induces the preservation

of the remaining good qualities of the land and the restoration of those quali-

ties where they have been destroyed by man-made or natural factors (Massoud 1977).

The wider scope of soil conservation, therefore, considers erosion as only

one of the ways that may cause degradation of virgin and cultivated soils. The

other processes that may render soils partially or completely inproductive include
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salinization, sodication, waterlogging, reduction of permeability, loss of ferti-

lity, infestation with noxious plants and misuse of herbicides and pesticides.

The restoration of these forms of soil degradation and the protection from their

hazards call for the application of certain conservation measures and the under-

taking of necessary precautions. Conservation tools such as contouring, terracing,

strip cropping, planting cover crops, selection of proper crop rotations, adoption

of a sound land use policy, application of fertilizers, and drainage are quite

often mentioned in the literature as the techniques which help to protect or

improve the land. Soil conservation, therefore, becomes very much a multi-

disciplinary subject involving, in some way, nearly all the technical fields of

agriculture as well as the related economic and social factors.

The multi-disciplinary approach to the solution of soil conservation pro-

blems has to be stressed, as the subject involves agronomy, soil science, range

management, forestry, ecology, hydrology, engineering, geography, economics,

sociology and other disciplines. Soil conservation must not be limited solely

to agricultural and grazing lands. Conservation of the forests is of equal

importance as any misuse of such land will result in erosion, sedimentation and

soil degradation of the whole watershed. Soil conservation refers not only to

mechanical protection measures, but includes all aspects of land use planning,

development and management which contribute to the maintenance and improvement of

soil resources. In this regard, soil conservation programmes must be based on

land inventories.

Solutions to the research, education and extension needs do not depend

mainly on the nature and causes of soil degradation, but also on other socio-

economic and human factors. In general, it is known that several practices in

agriculture have resulted in loss of productivity of previously fertile soils,

i.e. bad cropping patterns, unsuitable cultivation techniques and implements,

the abuse of.natural pastures and forests, extension of cultivation on marginal

lands, and faulty irrigation and drainage systems. It is true that certain

research aspects in soil and water conservation as related to the above practices

are well-established, but there are other areas that deserve greater attention,

especially in developing countries:

collection of basic data fundamental to applied research, adaptation

of techniques of soil and water conservation to the characteristics

of the site and socio-economic conditions of the country, farming

systems and methods of land management (cover crops, minimum tillage,

agri-siviculture, agri-aquaculture), land use and management practices

(intensity of cropping or grazing, consequences of mechanization, land

clearance), off-site effects of erosion (stream flow regimes, reservoir

siltation), and quantification in economic terms of losses in land

productivity to benefits of conservation measures.

The lack of trained staff at technician level is a pressing problem that

can be overcome through education. Recognition of land degradation hazards and

appreciation of soil and water conservation measures should be introduced into
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schools' curricula, starting as soil conservation topics at primary level and

proceeding into general studies or a subject in its own right in secondary schools.

Practical on-site training, fellowships to countries of similar conditions and

better career development opportunities will improve the quality of work and soil

and water conservation as a professional discipline.

Educating the land users, through extension techniques, in the need, purpose,

expected results of a given soil and water conservation programme and the philoso-

phy of good land husbandry is essential to a successful implementation of conserva-

tion programmes.

The present organizational and institutional set-up in most developing

countries cannot cope with the increasing needs for soil and water conservation

activities. The establishment of a special organization having multi-disciplinary

subject matters within a unified structure (Soil Conservation Service) is needed

to draw the policy, initiate and implement soil and water conservation programmes.

In countries where such organization cannot be formed, a simpler structure of

multi-disciplinary nature should be established for initiation and coordination

of soil and water conservation works.

Soil and water conservation works and structures are quite often beyond

the financial means of the common farmer in developing countries. Therefore,

sufficient funds for incentives to farmers for implementation of field programmes

and maintenance of conservation works should be secured from governmental sources,

bilateral assistance, World Food Programme or other international organizations.

Major conservation programmes are the responsibility of the government and finances

should be in its general programme activities and budget.

Success of soil and water conservation programmes depends on clear identi-

fication of the problem and proper implementation. The magnitude of the problem

and scale of operation should be defined early in the identification stage.

Detailed knowledge of the nature and distribution of land in the area are basic

pre-requisites of any conservation programmes. Assessment ofavailable technical

staff and skills, implements and materials requirement, funds needed and sources

should be worked out in the formulation stage of the project. Not only the tech-

nical aspects of conserving the natural resources of soil and water in the project

area should be thought of, but also the objectives should include protection of

the environment and improvement of the sodio-economic standards of the people

involved. Project implementation should proceed in stages, each demonstrating

a tangible achievement. Improvement of quality of work, modification in plans

or implementation procedures, if necessary, could only be achieved if each stage

is followed by an objective evaluation. Failure of conservation projects to ful-

fill their objectives does not necessarily occur due to faulty planning or

implementation. Lack of an effective follow-up would then be the reason. Follow-

up means maintenance of soil and water conservation treatments, servicing, training

and after all achievement of objectives.
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III. Assessment of Soil Degradation

Information on the extent of land degradation and areas in need of con-

servation measures is quite often insufficient, not only on a global basis, but

on a country level as well. To overcome this shortage, the Land and Water Develop-

ment Division has undertaken and completed an FAO/UNEP project on "World Assessment

of Soil Degradation - Phase I". Six groups of soil degradation processes are now

recognized, namely water erosion, wind erosion, excess of salts (salinization and

sodication), chemical degradation (acidification and toxicity), physical degra-

dation and biological degradation. A provisional methodology for soil degradation

assessment has been developed based on direct degradation observation, remote

sensing observations and observations on factors affecting degradation and their

damaging effect. Each degradation process is assessed by using a simple model of

the general form:

D = f (C, S, T, V, L, M) ...

where D = Soil degradation

C = Climatic aggressivity factor

S = Soil factor

T = Topographic factor

V = (natural) vegetation factor

L = Land use factor

M = Management factor

Two types of assessment are made - present degradation (that is actually

occurring) and degradation risk (that will occur under certain defined adverse

conditions). The extent of the present degradation hazard and risk of degradation

are illustrated on six maps for Africa, north of the Equator and for the Near East

and Middle East, at a scale of 1:5 000 000. Although at present this information

can only be presented broadly on small scale maps, the methodology, after testing

and approval, could serve the collection and processing of additional data to be

presented on a more detailed scale at the regional and national levels. The

importance of the assessment of soil degradation project cannot be overlooked,

as FAO is receiving an increasing number of requests for assistance in the field

of soil conservation.

IV. Field Programmes

The assistance given by FAO to the developing countries in the field of

soil and water conservation is clearly demonstrated in the formulation and

implementation of field projects in different parts of the world, even though

much more needs to be done. The field programme works through field projects

in cooperation with counterpart organizations in the recipient countries and is

financed mainly by the United Nations Development Programme and Trust Funds.

These projects vary from large to small-scale, depending on the available

budget, number of experts and years of execution. The services of short-term

missions to provide advice on policy or technical issues and to assist in pre-

paring a plan for soil and water conservation programmes are rendered available

to member countries upon request, and they could even be financed from the Tech-

nical Cooperation Programme of FAO (TCP).
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At present, the Agricultural Department is already engaged in many soil

and water conservation programmes in various parts of the world. These projects

are either directly dealing with soil and water conservation (9 projects) or

contain a clearly identifiable component of soil and water conservation, or have

it expressly mentioned in their objectives (43 projects). "Assistance to Soil

and Water Conservation Programme - Ethiopia", "Pilot Soil and Water Conservation

Project, Emby Ibere Area - Kenya" and "Strengthening of the National Soil Con-

servation Programme - Jamaica" are just examples of the first type of projects.

"Regional Project for Land and Water Use in the Near East", "Integrated

Agricultural Development - Syria", "Dry Farming Research and Development - Kenya",

"Coordinating Range and Dryland Soils of the Okavango Delta - Botswana". "Live-

stock Production and Range Management - Burma" and "Recovery of Alfalfa Produc-

tivity - Argentina" are just examples of the indirect type of soil and water

conservation projects. New projects, directly related to soil conservation, are

in the formulation stage for India, Burma, Kenya, Argentina and Brazil.

From the cited examples, it is apparent that, within the Agricultural

Department, Services other than those of AGL are involved in field activities of

soil and water conservation due to the multi-disciplinary nature of the problem.

The Agricultural Engineering Service is very conscious of the need for soil and

water conservation measures in its main activities in the fields of mechanization

of large and small farms, and land development. The Plant Production and Pro-

tection Division is involved with the formulation and technical backstopping of

projects dealing with growing crops which can efficiently utilize the soil and

water resources and at the same time contributes to soil conservation. The Animal

Production and Health Division is contributing to soil preservation by partici-

pating in various programmes and projects dealing with the correct utilization

by livestock of natural range, forest and/or artificial pastures in regions which

often present a high soil erosion risk. The Forestry Department is also partici-

pating in conservation works mainly related to watershed management and sand dune

fixation,

V. Regular Programme

The Regular Programme is contributing to soil and water conservation acti-

vities in developing countries through its technical support to field projects

and additional advice and assistance as requested by the countries. These services

are provided by a competent team of AGL experts in soil and water conservation

matters and in related disciplines, such'as soil management, soil reclamation and

land use planning, stationed in Headquarters and at the Regional Offices. The

team, in cooperation with other units of FAO, other organizations and with the

help of consultants, is collecting, analyzing, interpreting and disseminating

information on different techniques, knowledge and experience adjusted to specific

conditions and requirements of developing countries. These activities include:

- Consultations and seminars, e.g.

FAO Expert Consultation on Soil Conservation and Management in Develop-

i ing Countries (FAO 1977);
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FAO/UNEP Expert Consultation on Assessing Soil Degradation (FAO 1977);

FAO/SIDA/ARNC Regional Seminar on Shifting Cultivation and Soil Con-

Conservation in Africa (FAO 1977);

FAO Regional Seminar on Rainfed Agriculture in the Near East, held in

Amman, Jordan, 1977 (in preparation);

- Publications related to the subjects of the consultations and seminars

as given above. In addition, other publications on the subject of land

degradation, soil conservation and other related aspects have been

issued, e.g.

FAO Soils Bulletin 4 (1966), Guide to sixty soil and water conservation

practices. (FAO, Rome);

FAO Soils Bulletin 13 (1971), Land Degradation (FAO, Rome);

FAO Soils Bulletin 30 (1976), Soil Conservation for Developing Countries

(FAO, Rome);

Publications are clso issued by other Services and Departments in FAO

that are related to soil and water conservation matters, e.g. The FAO

Conservation Guide.

- National training courses in soil management, reclamation and conservation,

to upgrade national skills in these subjects, e.g.

National Training Course in Soil Conservation and Shifting Cultivation -

Togo, 1979;

National Training Course in Soil Management and Conservation - Ghana,

1979;

National Training Course in Soil Management and Conservation - Thailand,

1979..
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CONCLUSION S

INTRODUCTION

The Seminar on the Use of Isotopes and Radiation Techniques in
Soil and Water Conservation Studies in Crop Production dealt with problems
of prime importance to the region. The best use of isotope and radiation
techniques in developing soil and water conservation practices to ensure
sustained agricultural production at high levels was discussed.

Millions of hectares must be brought into production to meet the
needs of the fast-growing world population. In spit of that, many count-
ries are losing land through poor management and soil degradation at a
faster rate than they are bringing new land into production. The natural
resources, soil and water, are diminishing at an ever increasing rate.
While it is obvious that there is an urgentneed to embark on soil and
water conservation schemes, many countries are slow in initiating such
programmes. Presumably, this is because the danger of erosion and the
results of poor management are often not fully conceived. Conservation
projects in most cases require high investments, and do not show an
immediate return. There is also a shortage of experienced personnel in
this field.

It is important to note that the modern trend is to emphasize the
prevention of various forms of soil degradation rather than reclamation,
and that modern soil and water conservation techniques aim at ensuring
the continutity of gradually increasing production. In fact, the entire
agronomic system must be considered as we strive to develop best manage-
ment practices for both cultivated land and rangeland. Further, the best
practices for individual crops or land uses must be developed within
specific regions because no agronomic system can be applied universally.

As a result of the papers presented and the discussion which
followed mainly focussing on arid and semiarid agriculture the seminar
called attention to the following research requirements and identified the
following priority problems where isotope and radiation techniques could
play a major role:

A. Research requirements

1. Wind and water erosion both pose serious problems. Research re-
sources should be directed in proportion to the severity of the individual

problem, but other means of soil degradation should receive attention.
Isotope labelling can effectively assist in this work.

2. The quantities of water available, the water requirements of
various crops at specific growth stages, and the best management of the
limited water resources must be determined for irrigated and rain-fed
areas. More research on these basic factors must be initiated. This
research should be interdisciplinary wherever possible. It must be
conducted, as a minimum, in the principal agricultural zones within
each nation so that efficient water conservation practices can be
developed. Nuclear techniques provide a unique tool for direct
measurements of movement, storage and depletion of water under dif-
ferent management practices.

3. Research is needed in croppingsystems using various crops
(including short-season and leguminous) in rotation to obtain the best
water use efficiency, to prevent erosion, to maintain or increase soil
organic matter levels, and to add diversity and increase yields of the
farming system. These studies should include fallowing as an option
for water conservation and weed control, and as a technique to prevent
salinization or to reclaim saline areas. Isotope and radiation techniques
provide a means of directly assessing fertilizer and water use efficiency
as well as biological nitrogen fixation.
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4. atnd preparation (cultivation and tillage) for cropping should
maintain good soil structure. Crop residues should be managed for organic
matter maintenance, erosion control and improvement of water infiltration.

5. Soil structure and nutrient status of soils should be examined,
deficiencies identified, and appropriate fertilizer recommendations
developed. Studies of soil organic matter should include mineralization
rates and nutrient release as well as the use of organic wastes and 15
resiues as soil amendments. Laboratory and field experiements with N
and P labelled fertilizer materials should be integrated in this work.

6. Soil salinity and sodicity are common features of arid and semi-
arid regions, including those in Africa. Since the reclamation and manage-
ment of these soils are considered conservation measures, the following
areas are identified as being of high priority where research is recommended:

(a) salinity-fertility-water interactions with special regard
to micronutrients;

(b) assessment of the degree and rate of soil degradation by
salinization and sodification processes;

(c) plant tolerance to salinity and sodicity as affected
by species and varieties and formulation of sodicity
tolerance indices. Mutation induction with radiation
could assist plant breeders in producing more stress
tolerant plants.

(d) effects of management practices of salt-affected soils
on root behaviour and crop yields, with special regard
to salt and water balance under different climatic con-
ditions; Root distribution patterns of growing plants
can be assessed directly by isotope injection methods.

(e) use of drainage and brackish waters for irrigation.

7. Poor range and pasture management leads to increased denudation,
soil erosion, and desertification. Range lands should be managed so
that adequate vegetation persists at all times. Forage species should
not be overgrazed and trees and shrubs should not be harvested indis-
crimanently. Methods need to be developed to reestablish drought-hardy
species on denuded areas. Desert plants suited for animal grazing need
to be identified.

B. The role of the Joint FAO/IAEA Division of Isotope and Radiation
Applications of Atomic Energy for Food and Agricultural Development.

The Seminar recognized that isotopes and radiation techniques
constitute an integral part in studies of the majority of the problems
listed under item B. The Seminar therefore encouraged the Joint FAO/
IAEA Division to continue coordinating relevant national research
efforts.
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