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FOREWORD
The Soil Science Society of East Africa was formed in 1975 with
the objective of promoting the study, research, teaching and application
of soil science and related subjects in East Africa.

In pursuance of

this objective the society endeavours to organize Annual General Meetings
during which members not only present and discuss professional papers
but also have an opportunity to exchange ideas on conservation, development and utilization of East African soil resources.
This publication contains the proceedings of the 5th Annual
General Meeting of the Society which was held at Egerton College, Njoro,
Kenya from 30th November to 2nd December, 1981. The theme of the meeting
was "Soil Management under Intensive Cultivation".
papers were presented.

A total of thirteen

The opening speech was given by Professor Peter

Gacii, the Secretary to the National Council for Science and Technology,
Kenya.

The contents of the address featured strongly in the technical

discussions throughout the meeting.
The Meeting was organized by the outgoing Executive Committee
under the chairmanship of Dr. F.J. Wang'ati.

The Committee tirelessly

arranged the logistics of the conference sessions and the field tour
which was in collaboration with the Kisii Training Project in Pedology
of the Agricultural University, Wageningen.

The facilities for the

conference were kindly provided by Dr. R. Musangi, Principal of Egerton
College.

Sincere appreciation is expressed to all these individual and

institutional efforts.
In addition to the authors of papers, many other persons
contributed towards the publication of the proceedings. Helpful

assist-

ance of Messrs. C M . Njihia, Njogu Njeru and S.M. Mugambi in editing
some of the technical papers was most welcome.

The staff of the Carto-

graphy and Reproduction Section of the Kenya Soil Survey deserve special
mention for preparing the text figures and maps and for printing the
proceedings.

Thanks are also due to Mrs. Francesca Odero for typing the

manuscript for offset printing.
The Meeting was well attended and for this

gratitude is

expressed to the Governments of Kenya, Tanzania and Uganda for allowing
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their employees to participate in the Society's activities.
The publication of these proceedings was made possible through
the generous grant of Kenya Shillings ten thousand (KSh. lO,00O/=1 by
the National Council for Science and Technology, Kenya.

The Executive

Committee and members of the Society are greatly indebted to the Council
for this financial support.

F.N. MUCHENA

J.N. QUKESHI

Chairman

Secretary

October

1982
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OPENING ADDRESS

Prof. Peter Gacii
Secretary, National Council for Science and Technology, Kenya

Mr. Chairman,
It is a great honour for me to have been invited to address this
gathering, the 5th Meeting of the Soil Science Society of East Africa.
I am made to understand that yours is a society of about 200 members and
considering the high specialisation of the field of soil science, then I
must say yours is one of the more successful specialised organizations.
I am also informed that your society was formed in 1975, an
interesting coincidence since this was the year the National Council for
Science and Technology Secretariat also started functioning, and so we have
something in common.

It is noted that the main objective of the society

is to promote the study, research and teaching of the science and related
subjects in East Africa.

In pursuance of this objective the society

endeavours to organise at least one forum a year to enable local soil
scientists to meet and exchange ideas on their areas of interest. The
NCST encourages and indeed actively supports such gatherings for this
constitutes one of the best avenues open to us to exchange views on
matters of mutual interest.
Mr. Chairman, the theme of your conference this year is "Soil
Management under the Intensive Cultivation".

This is a theme which is

very appropriate indeed, for we are all aware that most of Kenya's productivity is from areas where there is intensive cultivation of both socalled cash and food crops. However, I would not be doing this audience
any good if I did not remind you right from the onset that we in Kenya
and indeed the whole of East Africa have vast areas that are classified
as arid and semi-arid.

These areas have immense potential and yet are

very little utilised due to lack of water and the other harsh conditions
prevailing in them.

I sincerely hope that a society like yours will in

future give greater thought to utilization of soils in these areas to
ensure maximum production.
The NCST has just completed the exercise of producing a National
Science Policy Report. This policy takes into account the fact that

- 2agricultural productivity can only be achieved by a concerted effort in
improving the management of our soil under whatever system of cultivation.
This becomes even more crucial where the family holdings are small, population is high and the yields are increasingly on the low side.

Under such

circumstances the question of soil management especially with a view to
maintaining its fertility becomes extremely paramount.

It would be advi-

sable if the fertility of the soil were maintained on the basis of good
cropping systems, crop rotation and resting of soil for a time to acquire
a grass cover.

Resting of the soil is obviously not possible under

intensive cultivation where the compulsion of production to supply basic
food stuffs far outweighs any scientifically acceptable methods of soil
management.

In this case, it becomes necessary to resort to the use of

artificial fertilizers and organic manures to maintain soil fertility.
This inevitably leads to the risks accompanying the usage of such chemical
supplementation to maintain fertility.
I do not want to delve into an area that I little understand.
However, it would be failing myself as a scientist not to recount what are
important areas, for a soil scientist to always keep in mind in order to
wear that important hat.

The prime duty of a soil scientist should be to

ensure that soil fertility is maintained.

This he attains by ensuring

that proper management of the soil is practised at all times through:
(i)

the professional training acquired in being able to evaluate
the quality of a soil that one is faced with in terms of physical,
chemical and hydrological soundness.

(ii)

instilling measures that encourage the conservation of whatever
soil type one is dealing with.

These measures include terracing,

crop rotation,different cropping systems and proper tillage among
others.
(iii)

the application of proper supplementation in order to maintain
soil fertility.

In this connection the application of'manure

(organic fertilisers) and artifical fertilizers becomes a matter
of paramount importance.
(iv)

being aware of the environmental impact of the fertilisers,
chemicals and other supplements that are used so that he does
not end up with a "rich" soil but with a lot of harmful side
ft

' effects in the process.

- 3 These are a few areas of reflexion in which I would hope that your
society will concern itself with.

They are by no means exhaustive but

I am confident that the specialists will fill in the gaps during this
conference.
Mr. Chairman, it is thus obvious that your society has an important
role to play in the evolution of sound food policies in East Africa.

In

this respect, I very much want to highlight one area where your society
will face ever challenging tasks.

This is the area of training.

In order

to train graduates in soil science the society has to popularise the
discipline and ensure that as many graduates as possible opt to specialise
in the discipline.

This can only be done by tangible actions from your-

selves where you set an example in your discipline and make society aware
of its import.

It is only when the public puts a mark of recognition and

importance on the work of the soil scientist that specialisation in the
field

may be assured.

The other point of challenge is to maintain the

banner you are holding now.

By this I mean, your society should be

commended for still calling itself the Soil Science Society of East Africa.
This is a very commendable effort indeed for it is only through cooperation among member states in matters of science and technology that we
can forge ahead in the ever challenging efforts of development for the
betterment of our people.
Mr. Chairman, let me once more say thank you for inviting me to
this august gathering of soil scientists and it is now my humble duty
and pleasure to declare this, the 5th Conference of the Soil Science
Society of East Africa, officially open.

- 4 -

AN OUTLINE OF THE MAJOR SOILS OF KENYA

F.N. Muchena*
INTRODUCTION
Several attempts have been made to present the soils of the country
in a comprehensive manner at the exploratory level of mapping.

The first

provisional soil map of Kenya was included in Milne's "Provisional Soil
Map of East Africa" at scale 1:2,000,000 (Milne, 1936).

Subsequent refine-

ment of this map led to the publication in 1959 of a 1:3,000,000 soil map
of Kenya by Gethin-Jones and Scott in the Kenya Atlas.
information as contained in the Kenya

Basically the same

Atlas was used by Scott for the "" '

1:4,000,000 soil map of East Africa as figuring in Morgan's book on
peoples and natural resources of the region (Scott, 1969).
In all these maps the soils were presented largely following the
catena sequence as developed by Milne.

The soils terminology applied

though was basically the early U.S.A. soil classification (Baldwin et al,r
B

1938) included also descriptive East African terminology.
' -* •
• -•*

rr
/.'

' *
v

The catena sequence was taken a step further into a "Land system"
approach, which resulted in the preparation of the "Land System Atlas for
..""•ib''.is

Western Kenya" at scale 1:500,000 (Scott et al, 1970).

In this publica-

J
tion the soils terminology applied was the one developed by the Commission
• '-'•
ud
for Technical Cooperation in Africa for the continent as a whole (D'Hoore,
••"'-•

•

oJ

1964). Making use of the available information, FAO-Unesco (1974) published
the Soil Map of Africa at scale 1:5,000,000 as part of their programme
a'J

for the Soil Map of the World.
Kenya Soil Survey has recently completed a draft, exploratory soil
map of the country at scale 1:500,000.
in early 1982 at scale 1:1,000,000.
been maintained in the map.

This soil map will be published

The catena sequence has in some ways

However, taking into account the fact that

the pattern of soils in Kenya is very intricate due to striking differences
in altitude, landforms, geology and climate, the exploratpriy; soil map
attempts to visualise the complex relation landforms - geology - soils.
This relationship is reflected in the legend of the soil map jSombroek
and van der Pouw, 1980).
"n
Kenya Soil Survey, P.O. Box 14733, Nairobi.

,v

-, •
' hlJ
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The exploratory soil survey has been used to prepare a generalised
soil map of Kenya at scale 1:3,000,000 (see attached draft map) for the new
edition of the Atlas of Kenya.

Each symbol on this generalised soil map

denotes landform (first part of the symbol) and major soil classification
unit(s) (second part of the symbol).

The symbols are explained in the "Key

to landformsa and "Key to soil classification units" (Table 1 ) .
The "Key to soil classification units" gives a list of the 22 major
soil classification units occurring in Kenya, based on the FAO/Unesco terminology for their Soil Map of the World (FAO/Unesco, 1974).

This paper gives

a brief description of the characteristics, distribution and limitations of
these major soils.
Table 1:

Explanation of the symbols used in the generalised soil map of
Kenya

Key to landforms
M

Mountains and major scarps

H

Hills and minor scarps

R

Volcanic footridges

F

Footslopes and pediments

Y

Piedmont plains

L

Plateaus and high-level structural plains

Lu

Plateau/uplands transitional lands

Lc

Coastal plateaus

U

Uplands and dissected peneplains

Dp

Upland/high-level plain transitional lands

P

Plains
Pn non-dissected erosional plains
Pd dissected erosional plains
Pc coastal plains
PI lacustrine plains
Pf sedimentary plains of large alluvial fans
Pt sedimentary plains of upper river terraces
Ps sedimentary plains (general)

A

Floodplains

B

Bottomlands

D

Dunes or dune land

La

Lava flows

S

Swamps
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Key to landforms cont'd.
T

Tidal swamps and tidal flats

V

Minor valleys-

W

Badlands

Z

Coastal ridges,: sandbars, beach ridges and beaches

Key to soil classification units (FAO-Unesco, 1974)
a

Acrisols

b

Cambisols

c

Chernozems

e

Rendzinas -

f

Ferralsols

g
h

Gleysols

i

Lithosols

j

Fluvisols

1

Lüvisols

m

Greyzems

n

Nitosols

o

Histosols

q

Arenosols

r

Regosols

s

Solonetz

t

Andosols-

u

Rankers

V

Vertisols

w

Planosols

X

Xerosols

z

Solonchaks

Phaeozems

CHARACTERISTICS OF THE SOILS AND THEIR LIMITATIONS
Acrisols
These are soils with ABC sequence of horizons, of which the Ahorizon is relatively low in organic matter and/or is acid.
is "argillic".

The B-horizon

The argillic horizon is characterized by illuviation of

silicate clay minerals.

Usually the horizon has an angular blocky struc-

ture in"which clay skins are present on at least some of the ped faces and
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in the fine pores. The illuviation usually shows a distinct increase of
texture over relatively short distance.
Acrisols are strongly weathered soils and have a base saturation of
less than 50%. The cation exchange capacity (CEC) of these soils is usually
greater than 16 me/lOOg clay.

The moist consistence of these soils is

normally friable to firm and the structural stability is moderate.

Some

acrisols contain large amounts of indurated plinthite.
The major limitation of these soils is low chemical fertility.
subsoil is often little porous and has relatively high bulk density.

The
This

results in restricted roötability and relatively low water storage capacity.
Where these soils have large amounts of indurated plinthite the rooting
volume is reduced.
These soils are widespread in Kenya, being found mostly in the semiarid areas.
Cambisols (Young soils)
These are "young" and little weathered soils. They have an ABC
sequence of horizons, the B-horizon being "Cambic".

The B-horizon is an

altered horizon which already shows a soil structure with significant
amounts of weatherable primary minerals.

The horizon in general has a

subangular blocky structure but lacks the properties that meet the requirements of an argillic horizon.
Cambisols have relatively high natural fertility.
general a CEC of more than 24 me/lOOg clay.

They have in

The texture of these soils is

variable but usually finer than sandy loam.
These soils are found in various parts of the country usually in
association with other soils.
Chernozems (Dark coloured calcareous soils)
These are soils with a dark coloured topsoil that is relatively
high in organic matter and non-acid, and have a calcareous subsoil. They
are mainly base saturated and salt free. The B-horizon is usually dark
brown and has an accumulation of free carbonates.

The topsoil has a granular

structure whereas the subsoil (B-horizon) has a blocky structure. The
amount of lime increases with depth.

These soils are in general well

drained and are mainly associated with-long-grass, vegetation.

- 8 Chernozems are found scattered in small areas around the Nyambeni
hills.
Rendzinas (shallow, humus-rich soils over limestone)
These are soils developed from calcareous material, and calcium
carbonate (CaCO-^) usually occurs throughout the profile.

They have an AC

sequence of horizons. The A-horizon is "mollic" and is not more than 50cm
thick.

Its thickness and organic matter content is greater than that of

Lithosols and Regosols developed from calcareous material.

The A-horizon

contains or overlies calcareous material, with a calcium carbonate equivalent of more than 40 per cent.

The soils have a high base saturation and

are relatively fertile.
Rendzinas are found in areas where the underlying rock is limestone.
They are found in the coastal area, Kindaruma area and in Kajiado District.
Ferraisols (Highly weathered soils)
These are mineral soils with an "oxic" B-horizon from which
weathering has at some time removed or altered a large part of silica that
is combined with iron and aluminium.

This results in a concentration of

clay-sized minerals consisting of sesquioxides mixed with varying amounts
of silicate clays having a 1:1 lattice.
These soils are strongly weathered, strongly leached and have
indistinct soil horizon differentiation.

The oxic B-horizon has more than

15% clay-sized particles (texture of sandy loam or finer).

The colour of

the oxic horizon is widely variable, from dark red to brown.
friable, highly porous and permeable.

They are very

The structure is weakly coherent,

massive to subangular blocky and is characteristically stable (high flocculation index).
These soils have very low CECs (less than 16 me/lOOg clay) and low
base saturation.

Weatherable minerals like feldspars; micas and ferro-

magnesian minerals are nearly absent (less than 4%).
consists mainly of sesquioxides and kaolinite.
poor.

The clay fraction

Chemically these soils are

The natural fertility of many of these soils is restricted to the

A-horizon and related to the organic matter content.

Addition of fertilizer

and/or manure is necessary for optimum crop production.

These soils have

excellent capacity to hold moisture since they are deep and porous and
have generally high clay content.

Although these soils may not be highly
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erodable, soil conservation measures are necessary.
These soils are often found occurring on old geomorphic surfaces
that particularly have been subjected to humid climates in the past.
They are found in Machakos, Kitui, Kajiado, Kwale, Embu, Taita Taveta,
Trans Nzoia, Busia, Siaya and Kisii Districts.
Gleysols (Poorly drained soils)
These are poorly drained mineral soils which are periodically
waterlogged.

They were formerly referred to as Humic Gley and Low Humic

Gley soils. Periodic qr permanent saturation by groundwater is reflected
by the greyish colours or prominent mottling.

These soils have B-horizons

that are weakly developed (cambic rather than argillic).

They have no

clear textural differentiation.
These hydromorphic soils are typical for swamps and marshes.
Artificial drainage is the most important management requirement.
fertility of these soils is widely variable.

The

Some of the soils are very

acid whereas others have topsoils with high contents of organic matter.
These soils are found in swampy and marshy areas all over Kenya.
They are quite often associated.with Planosols.

Phaeozems ("Prairie soils")
These are soils with a dark coloured topsoil (mollic A-horizon)
that is relatively high in organic matter and is non-acid.

The base

saturation of the topsoil is clearly over 50%. These soils usually have
an ABC sequence of horizons. They include soils that were formerly
known as "Chestnut soils", "Brunizems" and "Degraded Chernozems".
These soils are formed in areas with a non-flushing or slightly
flushing moisture regime so that leaching is restricted.
very fertile because they

They are usually

contain large quantities of organic matter,

abundant supplies of mineral nutrients and have an excellent physical
structure.
Phaeozems are widespread in the Narok area.

They are also found

in parts of Athi-Kapiti plains, Laikipia, Kisii and parts of Lunga Lunga
area (Kwale District).
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Lithosols (Stony and Rocky soils)
These are shallow soils with an AR sequence of horizons. The
topsoil is not rich in organic matter and there is no B-horizon

of any kind.

These soils have continuous coherent and hard rock (R-horizon) within 10cm
of the surface.
Most of the Lithosols usually occur on slopes with excessive and
often erosive run-off.

The fertility of these soils is widely variable

depending on the parent material.

The major limitation for development

of these soils is the shallow depth.
These soils are widespread in the country, often found in the hilly
and mountainous areas.
Fluvisols (alluvial soils)
These are young soils that have developed on alluvium of recent
origin.

They do not include soils developed from old alluvial deposits that

now reflect the influence of climate and vegetation.

They have no horizon

differentiation due to soil forming processes but show stratification due
to sedimentary deposition.

They have an organic matter content that decreases

irregularly with depth and they receive fresh sedimentary material at
regular intervals.
The fertility of various types of alluvial soils is directly related
to the nutrient content of soils and rocks in the watershed from which the
alluvium came.

For example alluvial soils from erosion products of sand-

stones and granitoid gneisses are relatively low in fertility but those
from limestone, basalts and rocks rich in ferromagnesian minerals are
moderately to highly fertile.

However, most of the Fluvisols along large

rivers are of mixed origin and are therefore moderately well supplied with
plant nutrients.

The most important management problem of Fluvisols is water

control including flood protection, drainage and irrigation in the dry
seasons.
These soils vary widely

in texture both vertically and horizontally

due to differences in geogenesis.
difficult to drain and plough.

The clayey river basin soils are often

Fluvisols in the coastal areas sometimes

have unripe sulphidic material in the subsoil.
of very acid soils upon soil ripening.
may also" become too salty for crop use.

This may lead to formation

Fluvisols formed in the dry areas
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Fluvisols are limited to areas bordering stream channels, flood
plains, river deltas, sea coasts and bottomlands.

They are common in

Kenya along the Tana river, Ewaso Nyiro swamp around Lake Victoria, Vanga
area and along the Athi-Galana river among other places.
LuvisoIs
These are soils with ABC sequence of horizons of which the A-horizon
is relatively low in organic matter and/or is acid.

They have an argillic

B-horizon.

Luvisols have similar morphological characteristics as the

Acrisols.

They are separated from each other solely on the base satura-

tion of the lower part of the B-horizon.

The Luvisols have a base satura-

tion of more than 50% whereas the Acrisols have a base saturation of less
than 50%.
Some Luvisols have a prismatic structure with an apparent evidence
of swelling.

In this case the clay skins may be absent but the argillic

horizon has a significantly higher percentage of fine clay.

The illuvia-

tion shows a distinct increase of texture over a relatively short distance.
The argillic horizon in these soils usually has an angular blocky structure
and is often little porous. This results in restricted rootability and
relatively low available water storage capacity.

The moist consistence of

these soils is normally friable to firm and the structure stability is
moderate.
Luvisols have a moderate natural fertility.

However, these soils

have a tendency to form a strong sealing on the surface.
low infiltration rates and hence a lot of run-off.
soils are easily eroded.

This leads to

As a result, these

Erosion can be severe and therefore, soil

conservation is a necessity.
These soils occur in many parts of the country.
Greyzems
These are soils rich in humus and having a grey colour.

They have

a mollic A-horizon with a moist chroma of 2 or less to a depth of at
least 15cm which shows bleached coatings on structural ped surfaces.
Greyzems are found in the south-western parts of Kenya.
Nitosols (Deep, red friable clays)
The term "Nitosols" was introduced by FAO/Unesco (1974) to accommo-

- 12 date soils which are 150cm deep or deeper and which not only show
evidence of the movement of clay within the profile but also have diffuse
soil horizon boundaries.

They include the soils which were formerly

called Reddish Brown Lateritic Soils, Ferrisols and Krasnozems.

In Kenya

they were also referred to as "Kikuyu Red Loam".
The colour is often dark red, dusky red, or dark reddish brown.
These soils show a very gentle clay illuviation resulting in a gently clay
bulge over a traject of at least 150cm.

They usually have a moderate to

strong subangular blocky topsoil which is underlain by a moderate angular
blocky subsoil.

The soils are friable or very friable and are porous

throughout.
The soils show very conspicuous shiny ped surfaces throughout the
subsoil (B-horizon).

They have favourable moisture storage capacity and

aeration conditions.

They show a marked structure stability which enables

them to be cultivated even on moderately steep gradients.
The chemical properties of these soils vary widely.

The organic

matter content, CEC and percentage base saturation range from low to high.
The soils are known to have a high degree of phosphorus-sorption.

For

optimum crop production these soils require addition of fertilizers or
manure.
These soils are often developed on volcanic rocks (basalts, phonolites, trachytes) and dark crystalline rocks. The physiography of the
main areas of their occurrence may be described as undulating to rolling
uplands.
The Nitosols occur mainly in the high-potential areas of central
and western Kenya covering all districts of Central Province, Embu, Meru,
Kisii, Kericho and parts of Nandi, Baringo, Kakamega, Machakos, Kwale
and Marsabit Districts.
Histosols (Bog and Marsh soils)
These are poorly drained soils with a thick topsoil that contains
a high percentage of organic matter.

The topsoil (Histic horizon) is at

least 40cm thick and is dark coloured (sometimes black).
The physical and chemical characteristics of these soils are
strongly determined by the environment and the type of plant that
accummulated to give

rise to the organic matter content.
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Histosols

are encountered in swampy areas in Kenya.

They are found

in minor valleys and bottomlands of Cherangani hills, Kitale area, Mt.
Kenya, Mt. Elgon and the Aberdares.
Arenosols (Sandy soils)
These are usually well drained coarse textured soils with less than
15% clay.

They have an ABC sequence of horizons.

They include many of

the soils that were formerly called Red and Yellow Acid sands, Giant
Podzols or White Sand Regosols.
These soils commonly occur on quartz-rich crystalline or sedimentary
rocks or unconsolidated sediments derived from them.
relatively low in organic matter content.

The topsoil is

The soils have a very low

CEC and a low moisture storage capacity per unit volume.
status of these soils is generally low.

The fertility

Heavy application of fertilizers

in these soils is necessary for agricultural production.
Arenosols are common in the coastal area (Kwale, Mombasa, Tana
River areas) and in North-Eastern Kenya.

They are also found in areas

underlain by quartz-rich Basement System rocks in Machakos District,
Kindaruma area in Embu District, Kombewa area in Kisumu District and
parts of Siaya District.
Regosols (Rocky and Stony soils)
These are shallow soils with AC sequence of horizons. The topsoil
is not rich in organic matter and there is no

B-horizon of any kind.

Directly below the A-horizon is a weathering rock material that is unconsolidated (C-horizon).

The fertility of these soils is widely variable,

depending on the parent material.
The shallow depth of these soils coupled with stoniness and rockiness makes them not ideal for arable agriculture.

These soils usually

have a low moisture storage capacity per unit volume.
These soils are found on the hilly and mountainous parts of Kenya,
mostly in the uplands areas of west of Lake Turkana.
Solonetz (Alkali soils)
These soils contain a high level of exchangeable sodium percentage
ESP (>15%) which is harmful for the growth of agricultural crops and
little soluble salts (ECe <4 mmhos/cm).

A high level of exchangeable sodium
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causes the clay to disperse which subsequently moves from the A to the
B-horizon and forms a natric horizon.
The soils have a pH between 8.5 and 10. The subsoil has a
characteristic columnar structure which may become impermeable upon
wetting because of swelling of the clay particles.

Reclamation of these

soils is difficult as it requires the replacement of excess exchangeable
sodium (Na ) by calcium (Ca

). This can be done by adding gypsum or by

leaching with water containing dissolved calcium.
Solonetz are found in association with Solonchaks mainly in the
arid and semi-arid parts of Kenya such as Amboseli area (Kajiado District),
Tana River District, North Eastern Kenya (Garissa, Wajir and Mandera
Districts), Mt. Kulal area and around Lake Turkana.
Andosols (volcanic soils)
These are soils formed from recent volcanic material and have been
referred to as 'volcanic ash soils' or Ando soils. They have a thick,
loose and granular dark grey to black A horizon over a yellowish brown or
brownish C horizon.
These soils may be coarse or fine textured but usually have a high
silt content.

They are very porous, have a low bulk density (less than

0.85g/cm ) , a high organic matter -content and a high water storage capacity.

The clay is characterized by the dominance of allophane (amorphous

hydrated alluminium silicates of varying composition).
may be acidic, intermediate or basic.

The parent material

These differences influence the

fertility of the Andosols.
In general, however, they have a high natural fertility and good
physical characteristics.

Erosion may be a serious problem as they consist

of rather loose material and often occur on steep slopes of the volcanic
areas.

Another limiting factor of these soils is the high phosphate

fixation capacity especially if the pH is low.

Problems with micro-

nutrients are also common.
In Kenya Andosols occur on most recent volcanic deposits.

They

are found in Nyandarua District (Aberdares), Longonot and Naivasha areas
(Nakuru District), Chyulu Range, Kinale forest and Mau Escarpment areas.
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Rankers
These are shallow soils rich in humus and overly siliceous
materials.
thick.

They have an "umbric" A-horizon which is not more than 25cm

They are usually associated with steep slopes.
Rankers are found in the hilly areas of south-western Kenya.

Vertisols (Black cracking clays)
These are mainly dark, cracking clay soils lacking distinct
horizons in their profile.

These soils are popularly known as "Black

cotton soils" are were formerly called Grumusols.
texture and near alkaline in reaction.

They are fine in

The texture is clay throughout the

profile (more than 35% clay) and the clay minerals are of the montmorillonite type.

This is reflected in the soil's great plasticity and sticki-

ness when wet and a pronounced hardness when dry.

They are usually

imperfectly to poorly drained.
A striking feature of these soils is their capacity to expand and
contract with changes in the moisture content.

During the dry season they

shrink markedly and large cracks develop sometimes upto a depth of lm.
Loose material from the edges falls in the cracks and fills them.
i

During the wet season the soil swells and the extra material that has
fallen in the cracks causes a sideward and upward pressure and sliding
resulting in slickensides (pressure coatings) along ped faces and the
formation of small mounds (gilgai microrelief).

Because of this churning

process the A-horizon is deep, homogeneous and thoroughly mixed.
generally reaches the depth where vertical cracks extend.

It

Physical

properties are adverse; low permeability, low infiltration rate and
difficult tillage create problems.
Chemical fertility of vertisols is usually high except* for nitrogen
and phosphorus. They have a high CEC.

Salinity may become a problem if

irrigation water is not of very good quality.

Unlike other soils possible

accumulations of salts cannot be leached by applying excess irrigation
water because of the poor permeability.
Vertisols are widespread in Kenya.

They are found in the Kano

plains, Athi plains, Mwea plain, Nanyuki and Rumuruti areas (Laikipia
District), East Baringo, Yatta and Masinga areas (Machakos District),
Kitui District, Bura East area and Wajir District among other places.
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Planosols (Vlei soils)
These are imperfectly drained soils with a pronounced and abrupt
transition between a relatively light textured topsoil, part of which
is whitish ("Albic or E-horizon") and a heavy textured, compact and hard
B-horizon.
Planosols develop on flat or slightly depressional old land
surfaces that are neither subject to erosion nor deposition so that a
maximum profile development may occur.

They are often waterlogged and

have very slow vertical and lateral drainage.

Artificial drainage is

the main management problem of these soils. Fertilization is needed for
optimum crop production.
Planosols are extensively found in the Kinangop Plateau (Nyandarua
District) and Sotik Plateau (Kericho District).

They are also found in

association with other soils in Laikipia District, Londiani and Chepalungu
(Kericho District), 01 Bolossat Plateau (Nyahururu), Muhoroni area
(Kisumu District) and parts of Kwale and Kajiado Districts.
Xerosols (soils with an aridic soil moisture regime)
These soils develop under dry climatic conditions. They have
a weak A-horizon which has low organic matter.

These soils were formerly

called Sierozems and Semi-Desert soils.
The drainage condition of these soils ranges from well drained to
poorly drained.

Most of these soils are calcareous and have textures

ranging from loamy sand to clay.

In many places these soils are saline

or sodic.
These soils are found in Northern Kenya where the soil moisture
regime is aridic.

They occur extensively in the Bura East area (Garissa

District), Turkana District and Marsabit District.
Solonchaks (Saline soils)
These soils contain so much soluble salts which are harmful for
the growth

of agricultural crops mainly because of the high osmotic

pressure of the soil'solution which reduces the availability of water.
Soils that have an electrical conductivity of the saturation extract
(ECe) greater than 15 mmhos/cm are considered to be Solonchaks.
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Solonchaks which contain many salt crystals are commonly light
coloured (formerly known as "white alkali soils") and are low in organic
matter.

They form under an exudational moisture regime, especially in

depressions in the arid and semi-arid areas. As the moisture evaporates
salts which had been dissolved in the water accumulate and salt efflorescence and crusts form.

These soils have a pH greater than 8.0.

Reclama-

tion of these soils requires leaching of the excess soluble salts. This
is only possible if sufficient good quality irrigation water is present
and if the soil has good permeability and a deep groundwater level so that
drainage of excess water presents no problem.
Solonchaks are commonly found in the Marsabit, Tana River, Garissa,
Turkana, TaitaTaveta, Amboseli area (Kajiado District) and Baringo.
Saline soils that have in addition an ESP of more than 15% are
called saline-sodic soils.

These soils are similar in appearance and

properties to Solonchaks if excess salts are present.
is usually below 8.5 and the clay is flocculated.
usually found associated with

However soil pH

Saline-sodic soils are

Solonchaks.
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DISCUSSION
Mr. N.N. Nyandat:

A lot is being said on the development of semi-arid

and arid areas of Kenya for arable farming.

Limiting factors such as

lack of water, shallow soils and saline-alkaline conditions would present
major problems for crop growth and even for irrigation considering lack
of water availability.

Why don't we instead emphasize on developing these

areas for ranching?
Mr. F.N. Muchena:

Agreed but some areas like Lower Tana have the potential

for growing irrigated crops like cotton and rice which should not be
overlooked.
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GRAIN SORGHUM YIELD AND YIELD COMPONENT RESPONSES TO EVAPOTRANSPIRATION
LEVELS FOR THREE DISTINCT RANGES OF PLANT POPULATION

J. Ian Stewart and F.K. Lenga*
ABSTRACT
CSH-6 hybrid grain sorghum was grown to investigate the effects of
plant population on yield and its components in response to different
évapotranspiration levels. Populations in the range of 67 to 93 thousand
plants/ha gave more yield than either lower (27 to 64 thousand plants/ha)
or higher (104 to 144 thousand plants/ha) populations.

Below évapotrans-

piration (ET) 250mm all populations yielded alike.
Lower populations suffered from too few heads/ha because tillers/
plant at high populations nearly equaled those at low populations.

This

was partially overcome by more seeds/head and heavier grains, but not
wholly.

High populations produced more heads/ha than medium or low popula-

tions, but suffered from relatively fewer and lighter grains per head
than medium populations.
Grain yield increased for all populations with increases in ET
levels. The highest increase occurred in the medium populations and the
lowest in the low populations.

Some grain was produced at all seasonal

ET levels above 100mm, but approximately 300mm were required to produce
1 t/ha.

With increasing ET, yield in the medium range of population

accelerated to 5t/ha at ET 460mm.

INTRODUCTION
Availability of water to crops, other than sunshine and temperature
the energy sources which affect both évapotranspiration and growth processes,
is by far the most important climat-ic factor influencing the pattern and
productivity of rainfed agriculture.

Rainfall amount and distribution in

Kenya vary from year to year and season to season.

Hence, the major

limiting factor to crop production in semi-arid lands is shortage of water.

*

USDA Agrometeorologist and Research Officer, Agrometeorology.
USAID/KARI Project, P.O. Box 30148, Nairobi, Kenya.
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Priority in Kenya's current development plan has been given to
research and development of the semi arid lands.

Different bodies such

as FAO and USAID in collaboration with the Government have set up projects
geared to the improvement and intensification of farming in these areas.
Sorghum and millet are prospective food crops in the semi arid
areas due to their drought resistant characteristics.

With official

encouragement, they are gaining prominence in these areas.

A study was

conducted to acquire preliminary information on grain sorghum performance
as influenced by different levels of water availability.
tion

Because germina-

problems resulted.in a wide population variation in one of the

studied varieties, the results for that variety embraced yield responses
over a range of population and évapotranspiration levels.

It was therefore

felt that these results, while not precise enough to use for predictive
purposes, do provide a first approximation of the cultural requirement
for grain sorghum production in a tropical semi arid climate.
It is generally agreed that crops compensate for low plant populations by increasing the size and capacity of the sink, for example, sunflower (Alessi et al, 1977), thus resulting in increased yield per plant.
It has also been indicated by Zubriski and Zimmerman (1974) that increasing plant populations of sunflowers reduces head size and percentage of
large-size seeds of confectionery cultivars.

Brown and Shrader (1959)

showed, in grain sorghum, that at low initial soil moisture lowest
populations (37,o70 to 74,130 plants/ha) produced the best yield but with
increase in initial soil moisture regime, populations of 74,130 to
148,260 plants/ha produced the best yields.

Nelson (1952) found that plant

populations of grain sorghum ranging from 177,910 to 563,390 plants/ha
had no significant effect on yield nor did varieties influence yields.
Some basic amount of water is required for non-forage crops to
initiate grain production (Downey, 1972).

Brown and Shrader (1959)

determined that about 203 to 279mm of ET was necessary to produce the
first increment of grain in grain sorghum.

Most crops are known to

respond favourably to higher water regimes as shown for sunflower (Prunty,
1981) and grain sorghum (Bond et al, 1964).
When water is not a limiting factor for growth, high plant populations with maximum ground cover generally result in improved utilization
of incoming energy and added nutrients.
water usually

In dryland farming, however,

restricts plant growth during all or part of the growing
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season.

Some of the above results indicate that grain sorghum may

respond differently to plant populations under dryland and irrigated
conditions.

In view of the above, therefore, this paper seeks to high-

light certain aspects of population effects on yield and yield components
response to different évapotranspiration levels in grain sorghum.

BACKGROUND INFORMATION ON THE LOCATION OF THE EXPERIMENT
The OSAID/KARI Cropping Systems Research Project is concerned with
food crop production in areas of total annual rainfall rainging from 500800mm.

Our focus to date has been in Eastern Province, mainly in Machakos

District.

Our experiment during the short dry season of 1980/81 was

conducted at an area within Kiboko Range Research Station, which is
located approximately 170km south east of Nairobi between river Kiboko
and Mbuinzau market in the Eastern Machakos District.
Kiboko has a bimodal type of rainfall and the average annual
rainfall, evaporation and air temperature are in the order of 600mm,
2000mm and 23 C respectively.

The long rains are from end of March to

mid May and the short rains from end of October to mid December.

The

short rains have an average rainfall which is about 800mm higher than the
average rainfall in the long rains.
The climate is rather
with the help of irrigation

hot and dry and agriculture is carried out
on a small scale along the river.

Crops

such as okra, maize, sorghum, cowpeas and pigeon peas are grown.

The

use of irrigation, however, requires very careful management to avoid
quick development of salinity and/or alkalinity problems.

EXPERIMENTAL LAYOUT, TREATMENTS AND DATA COLLECTION
2
The experiment was conducted on a plot of 8O0 m (20 x 40m) in
areas.

The plot was fertilized with Nitrogen and Phosphorus at the rates

of 65kg/ha of N and P^O,. respectively.

After ploughing and harrowing,

ridges were made using a 0.75m width ridger.

An Indian

hybrid grain

sorghum (CSH-6) was planted by sowing seeds within the row on 27th November.

Thinning of the crop was done on 17th December.
Prior to thinning, twelve access tubes were installed for monitoring

soil moisture changes using the neutron probe method.

A single sprinkler

o

line irrigation system was installed in January along the central path
of the plot.

This was done in such a way that the nearest moisture
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measuring point on either side of the line i.e. water level six,
received the most amount of applied water, the amount decreasing farther
away from the line.
Irrigation was done once a week.

Before irrigating neutron probe

readings were taken after which catch cans, raised to the level of the
canopy, were placed on top of each access tube.

After irrigation the

amount of applied water at each access tube was measured.

The amount of

irrigation time increased gradually from the time the sprinkler line was
installed till flowering.

Thereafter, the irrigation time remained

constant until physiological maturity after which irrigation ended.

The

crop was harvested on 25th March, 1981.

RESULTS AND DISCUSSION
The actual planting date was 27th November but due to the rainfall
pattern the effective planting date was 5th December, 1980. Thus the duration of the growing season was 110 days.

The irrigation system was not in

place until January, hence the entire plot suffered some water stress.
All (100%) of the main culms of sorghum were destroyed in January
by a severe Shoot Fly Infestation.
is from tillers.

Hence, all of the yield reported here

This may influence the findings considerably in ways

about which we can only speculate.
Tables 1 to 7 show the actual data and the regressions calculated
from the data.

Maximum irrigation amounts near the Sprinkler line were

not quite sufficient to satisfy évapotranspiration requirement.

Thus the

greatest actual évapotranspiration experienced (ETA) was 455mm, while the
requirement (ETM) was 484mm (see figures).

Figures 1 to 5 show the

relations between grain yield (and yield components) and ETA, at three
different levels (or ranges) of plant population.

These are as follows:-

"LO POP" 26.7-64.O thousand plants/ha, mean =48.8
"MED POP" 66.7-93.3 thousand plants/ha, mean = 80.3
"HI POP" 104.0-144.0 thousand plants/ha, mean = 118.1
All data points

in these figures represent values from single-rows in

the experiment.

Evapotranspiration (ET) values are estimates based on

rainfall, measured applied water from the sprinkler line, and net soil
water dap letion as shown by the neutron meter readings. Values for rows
between those where vater measurements were taken were interpolated.
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Table 1:

Yield and yield components data of CSH-6 Grain sorghum at three population levels as related to évapotranspiration (ET)

^Population
(1000 plts/ha)

ET
(mm)

Grain
Yield
kg/ha 14%
m.c.

117.3
r» 144.0
II 128.0
C 104.0
» 112.0
tf104.0
tu 117.3
(118.1)
(014.2)

136
252
338
447
449
454
455

80
167
827
3584
3787
3077
4507

Grains dm
g/1000

14.79
18.47
18.43
24.83
26.49
25.91
26.00

Grains/ha
X 10 6

4.66
7.81
38.49
124.10
122.90
102.10
149.00

No seeds
Head

350
61
164
517
678
336
745

No heads
Plant

Heads/ha
3 x 10 3

0.11
0.89
1.83
2.31
1.62
2.92
1.71

13.3
128.0
234.7
240.0
181.3
304.0
200.0

i
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Tables 2 to 7:

Regressions of Yield and yield components on Evapotrans-

piration (ET) at three population levels

Table 2:
Lo
Med
Hi

Grain Yield, kg/ha @ 14% H2O vs.

ET-Best fit, Exponential Curves

In y = In 24.223 + .01066 ET; r = 0.96, n = 13
2
In y = In 28.386 + .01141 ET; r = 0.85, n = 10
2
In y •= In 10.217 + .01297 ET; r = 0.98, n = 7

ET, mm

Lo Pop

Med Pop

Hi Pop

IOO

70

89

37

150

120

157

71

200

204

278

137

250

348

492

262

300

593

870

500

350

1011

1540

957

400

1723

2724

1830

455

3098

5102

3735

(4220)

(7103)

(5440)

(484) (Est)
(ETM)
Table 3:
Lo

Sink Fill (SF), g/lOOO grains, dm vs. 'ET-Best Fit, Linear Curves

SF = 11.60 + .0323 ET

Med SF =

7.72 + .0459 ET

Hi

9.03 + .0360 ET

SF =

r
r

= O.68, n = 13
2

= 0.88, n = 10
2
r = 0.92, n = 7

Estimated Sink Fill
ET, mm

Lo Pop

Med Pop

Hi Pop

IOO

14.83

12.31

12.63

150

16.45

14.61

14.43

200

18.06

16.90

16.23

250

19.68

19.20

18.03

21.29

21.49

19.83

350

22.91

23.79

21.63

400

24.52

26.08

23.. 43

455

26.30

28.60

25.41

(484)

(27.23)

(29.94)

(26.45)

300

.
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Table 4.

Sink Capacity (SC), grains/ha, 10 b vs. ET-Best Fit Exponential
Curves
2

Lo In SC = In 1.596 + .00910 ET
Med In SC = In 2.102 + .00941 ET
Hi in SC = In 0.775 + .01118 ET

• • ' • ' '

r = 0.95, n = 13
2
r = 0.81, n = 10
r 2 = 0.97, n = 7

'

Estimated Sink Capacity
ET, mm

Table 5.
Lo

Lo Pop

- -,

Med Pop

Hi Pop

100

3.96

5.39

2.37

150

6.25

8.62

4.15

200

9.85

13.80

7.25

250

15.53

22.10

12.68

300

24.47

35.37

22.18

350

38.57

56.62

38.79

400

60.79

90.64

67.84

455

10Q.28

152.08

125.46

(484)

(130.57)

(199.80)

(173.51)

Grains/head (G), No. Grains/head vs. ET-Best Fit, Exponential Curves

In G = In 130.06 + .00403 ET

Med In G = In 123.14 + .00388 ET
Hi

'

In G = In

78.59 + .00384 ET

2
r = 0.48-, n = 13
2
r = 0.56, n = 10
2
r = 0.30, n = 7

Estimated No. grains/head
Lo Po

Pop

100

195

182

115

150

238

220

140

200

291

268

169

250

356

325

205

300

436

394

249

350

533

479

301

400

652

581

365

455

814

720

451

(915)

(805)

(504)

ET, mm

(484)

.

Hi Pop
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Table 6:
Lo

Heads/plant (H), No.Heads/plants vs. ET-Best Fit Power Curves

In H = In .0CO1374 + 1.605 In ET r 2 = 0.65, n = 13

Med In H = In .0000065 + 2.113 In ET r 2 = 0.74, n = 10
Hi

In H = In .0000016 + 2.321 In ET r

= 0.91, n = 7

Estimated No. Heads/plant
ET, mm

Table 7:
Lo

Lo Pop

Med Pop

Hi Pop

100

0.22

0.11

0.07

150

0.43

0.26

0.18

200

0.68

0.47

0.35

250

0.97

0.76

0.59

300

1.30

1.11

0.90

350

1.66

1.54

1.28

400

2.06

2.05

1.75

455

2.54

2.69

2.36

(484)

(2.80)

(3.06)

(2.73)

Heads/ha (H/ha), Heads/ha x 10 vs. ET-Best Fit Power Curves

In H/ha = In .01330O6 + 1.48293 In ET r

= 0.62, n = 13

Med In H/ha =_ln .0O16591 + 1.91646 In ET r = 0.68, n = 10
2
Hi In H/ha = In .O0O4251 + 2.18449 In ET r = 0.86, n = 7
Estimated Heads/ha x 10"
Med Pop

Hi Pop

ET, mm

Lo Pop

lOO

12.3

11.3

9.9

150

22.4

24.6

24.1

200

34.4

42.6

45.2

250

47.8

65.4

73.6

300

62.7

92.7

109.6

350

78.8

124.6

153.5

4O0

96.1

160.9

205.4

455

116.3

206.0

272.2

(484)

(127.4)

(231.9)

(311.5)
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173.5

Lo Pop
130.6

Pig 3 Relation between Sink Capacity and ETA at three different levels of plant population

*-

_
'_

. * ^ _ b

Ml

-

31 -

Grain sorghum, CSH - 6

Med Pop
594

Fig 4. Relation between Number of Seeds per head and ETA at three different levels of plant population

3.06 Med Pop

/
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Grain yield, kg/ha at 14% moisture content versus ETA (Fig. 1)
is the product of sink fill, g/lOOO grains, dry'matter (dm) versus ETA
(Fig. 2) and sink capacity, seeds/ha, millions versus ETA (Eig. 3). The
data range is from 140 to 455mm.

The estimated maximum ET (ETM) is 484mm,

and yields are extrapolated to the ETM value.

It can be observed from

Fig. 1 that yields are best in the medium population range, at least when
the water regime (ETA) is not extremely dry, i.e. when ETA

300mm.

The

curve which fits yield versus ET best is exponential, as follows:2
In = In 24.223 +.01066 ET r = 0.96, n = 13
2
Med Pop In = In 28.386 +.01141 ET r = 0.85, n = 10
2
Hi Pop In = In 10.217 + .01297 ET r = 0.98, n = 7
Lo Pop

Yield and ET are highly correlated and the yield increases for all
populations with increase in ET levels, the highest increase occurring
in the medium and the lowest in the low populations.

This indicates

that grain sorghum does respond favourably to higher water levels.
Slightly more than lOOmm ET is the basic amount of water required to
bring the crop to reproduction.
Fig. 1 shows sink fill, g/1000 grains, dm versus ETA.

As in all

cases, the data range is from 140 to 455mm ETA, with values of sink fill
extrapolated to ETM = 484mm.

From the figure it is observed that plant

population has very little effect on seed size, but seed size increased
linearly with increasing ETA, more than doubling from 13.3g/1000 grains
at ETA = lOO to 27.9 when ETA = ETM = 484.
Fig. 3 shows the relationship between sink capacity, seeds/ha,
millions versus ETA.

Like for yield, the curves are exponential, with

medium population (Med. Pop) producing.the greatest number of seeds/ha.
This is. explained by Figs. 4 and 5 by the plant population levels.
In Fig. 4, the number of seeds per head is inverse to number of
heads per hectare (heads/plant x plants/ha).

The high population in

particular fell far down on number of seeds per head.

This is why medium

population (Med. Pop) surpasses high population (Hi Pop) in yield.

From

Fig. 5 it Is observed that the number of heads/plant is not greatly
influenced by plant population.

CONCLUSIONS
Populations in the range of 67 to 93 thousand plants/ha yield more
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than either lower (27-64 thousand plants/ha) or higher (104-144 thousand
plants/ha) populations.

Below ET 250mm all populations are alike.

Lower populations suffer from too few heads/ha because tillering
at high populations nearly equals that at low populations i.e. tillers/
plant.

This is partially overcome by more seeds/head and heavier grains,

but not wholly.

High populations produce more heads/ha than medium or

low populations, but suffer from relatively fewer grains per head than
medium populations, as well as lighter grains.
The yield increases for all populations with increase in ET levels.
The highest increase occurs in the medium and the lowest in the low populations.

Thus sorghum, like most crops, does respond favourably to higher

water levels.

Slightly more than lOOmm ET is the basic amount of water

required to bring the crop to reproduction.

Total seasonal ET is not

greatly affected by plant populations.
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DISCUSSION
Mr. C M . Njihia:

Your graph of water regimes versus sorghum yields shows

increasing yields with ET up to 484mm.

In that graph what ET would corres-

pond to seasonal rainfall of the area and the yield levels expected?
Miss F Lenga:

The seasonal rainfall would correspond to 250mm in the graph.

Dr. F.J. Wangati: That value should be considered as effective rainfall
in the moisture regime - yield relations.

For seasonal rainfall of that

amount, the effective rainfall would be much lower and therefore much
lower yields would be expected.
Mr. Njogu Njeru:

Could you explain further the water regime - plant

population - yield relations.
Dr. I. Stewart:

This is not clear.

The population count was done at harvest at the end of

the experiment from single row plots.

There is certainly better plant

survival at higher moisture regimes.
Mr. C M . Njihia:

It appears then that your populations were not pre-

determined and therefore were not part of the

trial.

Your observations

may then be only accidental.
Dr. I. Stewart:

Agreed.

As already mentioned we had some operational

problems but we are happy we could get some results to report on.

The

results or observations show some important trends that may be confirmed
later.
Mr.N. Njeru: Were the sprinklers a special type that would allow the six
watering regimes to be discernible or is it always true that water is
unevenlV distributed outwards from the sprinkler line?
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Dr. I. Stewart:

The sprinklers were made in such a way as to apply

varying amounts of water.

The pattern resembled a triangle with the apex

along the sprinkler line.
Mr. N. Njeru;

Since the data was taken from single rows how wide were
f

the separating guard areas to allow for horizontal diffusion of water
from one regime to another?
Dr. I. Stewart;
between regimes.

The plants were on ridges and this minimized water flow
Guard areas were largely absent.

- 37 CRITICAL LEVELS OF NITROGEN AND PHOSPHORUS IN BEAN LEAVES AND THE
REMOVAL OF SOME MACRO AND MICRO NUTRIENTS BY A BEAN CROP

*

J.N. Qureshi
ABSTRACT
Bpans -«rare grown in the field under rainfed conditions at Kabete
during the years 1978to-1980. Variety mwezi mo ja was grown in the first
two years and K 74 in the last year. Nitrogen and P fertilizers were
applied separately at six increasing rates. Critical levels of N and P at
90% grain yields were estimated in leaves, sampled just before flowering.
Values of 3^82% for N and 0.42% for P in mwezi mo ja and 0.31% for P in K74
were obtained.

Mwezi mo ja beans responded significantly to N (1978 only)

and P fertilization. Application of 40 kg P^O^/ha. doubled grain yields
over the non-fertil izedJ.control:ih both years. Fertilizer response in
K74 was losti due to bsan rot infection.
Nutrient removal from the soil by various components of a bean
crop was also estimated.

Nitrogen and K were removed in greatest amounts

followed by Ca, Hg, P, S, Fe, Mn, Zn and Cu in that order.
most N, P, Mg and S.
and hulled pods.

Grains removed

Potassium is removed in about equal amounts by grains

Calcium and the trace elements Cu, Mn and Fe occur mostly

in hulled pods and stems while Zn is mostly in grains and stems.
INTRODUCTION
Crop growth in the field is influenced by a large number of factors.
Availability of nutrients in the soil is one of them. To correct for nutrient deficiencies in the soil and to maintain adequate crop production
fertilizers are applied.

Fertilizers recommendations may be based on soil

tests, field and/or greenhouse trials and plant tissue analysis. The latter
gives an idea of the quantities and ratios of nutrients actually taken up
by the plant and is a reflection on all the complex factors that affect
its nutrition.
The diagnosis~of nutrient deficiencies and the prediction of
fertilizer requirements from plant analysis are based on a critical concentration of a nutrient or nutrient fraction within the plant or some plant
tissue below which crop growth or yield is restricted (Farhoomand and

*
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Nairobi« Kenya.
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and analysed separately for stems, hulled pods, grains, roots and leaves
(latter only for the final crop).

Nitrogen was determined by the Kjeldahl

method while other elements were analysed following the dry-ashing method.
Dry matter and grain yields at 15% moisture content were also recorded.

RESULTS AND CONCLUSIONS
Mean percent N and P contents in the leaves just before flowering,
grain yields and stover weights for the three crops are shown in Tables
1 and 2. Although mean N and P contents in the leaves were raised by
increasing levels of respective fertilizer application, quadratic equa2
tions of the type Y = a + bX-cX where Y is the grain yield and X the
nutrient content which would give a maximum on the yield curve for a given
nutrient concentration were only obtained for N in 1979 and for P in 1979
and 1980. At other times, the expected response curves where yields
increase and then taper off or even decrease with increasing amounts of
fertilizer application were not realized.

As such critical levels were

estimated for N in mwezi moja beans only and for P in both varieties.
The critical level estimated for N was 3.82% and for P the value was
0.42% in mwezi moja and 0.31% in K74. These estimated values are identical
to those obtained at the International Centre for Tropical Agriculture
(CIAT) in Columbia (4.5% for N and 0.33-0.38% for P).

As mentioned earlier

these values are dependent upon a number of factors.
In the year 1978, grain yields increased significantly with
increasing rates of N or P fertilizer application except for the treatments N

(10 kg N/ha) and P

and P

(80 and 120kg P O /ha).

It is diffi-

cult to explain the reduction in grain yields as the stover weights show
a linear response with N or P fertilization.

Although soil-Mn contents

were rather high in these low-yielding plots (2.4-2.5 me%) which could
have given rise to Ma toxicity, the contents of Mn in the leaves at
flowering, and stems and hulled pods at harvest were not much different
from those in the other plots.
Mean grain yields were generally higher for mwezi moja beans in
1979 but these were significant for only P fertilization at 5% level.
As in 1978, lowest and highest mean grain yields were recorded from P
treatments. Applying 40kg PJD /ha almost doubled the grain yields in
both the years signifying the importance of P fertilization on these
Nitosols.

However, mean grain yields and stover weights are low when

- 40 -

Table 1.

Mean concentration of N in leaves just before flowering, grain

yields (GY) and Stover weights (SW) in kg/ha

Mwezi Moja 1978

Mwezi Moja 1979

K74 1980

Treatments

%N

GY

SW

%N

GY

SW

%N

GY

SW

N,

3.07

563

259

3.76

763

300

3.94

398

268

NU

3.15

452 '

306

3.95

804

294

4.33

358

220

N-

3.23

723

388

4.00

840

333

4.27

522

392

N,

2.89

704

356

4.12

939

338

4.44

313

396

Nr

3.21

755

412

3.97

948

362

4.47

378

329

N,

3.20

771

388

4.20

762

445

4.48-

397

320

cv %

17.9

23.4

34.7

68.9

28.3

SE m +

68.3

47.5

168.7

137.4

64.5

LSD

215

5%
1%

0.1%

Quadratic equations:
Y = 4400 - 2890X

+ 540x

(Mwezi moja, 1978)

Y = -3438 + 2065x - 243x2
Y = 6656

2

- 2828x + 318x

(Mwezi moja, 1979)
(K74, 1980)

where Y is the grain yield
and x is % N
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Table 2.

Mean concentration of P in leaves just before flowering,

Grain Yields (GY) and Stover weights (SW) in kg/ha

Mwezi Moja 1978

Mwezi Moja 1979

K74 1980

%P

GY

SW

%P

GY

SW

%P

GY

SW

p

l

0.31

368

176

0.28

467

186

0.28

342

223

p

2

0.34

665 .

282

0.40

947

302

0.31

458

284

p

3

0.32

571

318

0.33

1016

452

0.32

403

297

P

4

0.34

617

388

0.42

1334

676

0.36

449

352

P

5

0.33

752

423

0.35

908

293

0.38

462

482

p

6

0.36

754

441

0.35

854

340

0.37

486

467

CV %

15.5

16.8

25.2

14.5

29.8

SE m +

55.4

32.8

134

32

74.6

L SD 5%

175

103

423

99

1%

248

147

141

0.1%

205

Quadratic equations:
Y = 1940 - 1090x + 2045x2

(Mwezi Moja, 1978)

Y = 2366

2

(Mwezi Moja, 1979)

2

(K74, 1980)

+ 15131x - 15984x

Y = -2077 + 14751x - 21097x

where Y is the grain yield
and x is % P
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compared to yields obtained both at NAL and Thika (Min. of Agric.
Reports Thika and NAL) where yields in excess, of 3,OOOkg/ha have been
reported.

This could be partly due to late planting and different plant

densities used.

Another possible factor could be the strongly acidic

nature of the soil which had low amounts of Ca and Mg.

Results for variety

K74 in 1980 were not promising at all as the whole crop was infected with
bean rot.
Nutrient uptake in grains, stems, hulled pods and roots was
estimated to find out the amounts of nutrients removed from the soil by a
bean crop.

Results for the mwezi moja crop in 1979 at three levels of

grain yields are presented in Table 3 only as results for the first mwezi
moja crop at the Lower yield levels were comparable.

Nitrogen and K were

removed in greatest quantities from the soil in about equal amounts
followed by Ca, Mg, P and S.

The quantities of the first three elements

are 4-5 times lower than those of N or K.

The removal of the four trace

elements decrease in the following order Fe, Mn, Zn, Cu.
was removed by the grains.

Most N and P

Potassium was removed in about equal amounts

by grains and hulled pods while Ca was removed through both hulled pods
and stems. The removal of Mg and S followed a somewhat similar pattern
in that at the two higher yield levels, grains removed more of the two
nutrients than hulled pods while the reverse was true at the lowest
yield level.

Stems removed most of the four trace elements though hulled

pods removed substantial portions of Fe, Mn and Cu while grains removed
Zn.
It was not possible to collect leaf samples at harvest as these
fell down at different times due to uneven drying of the plant even
within the plots.

However, leaves were collected for the K74 crop and

though diseased gave some indication of the amounts of nutrients removed.
Average figures of 0.56, 0.02, 0.07, 0.65, 0.05, 0.02, in kg/ha were
estimated for N, P, K, Ca, Mg a.nd S respectively and 0.2, 14, 21 and
119 g/ha for Cu, Zn, Mn and Fe respectively.
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Table 3. Average amounts of nutrients removed by various components of mwezi moja bean crop (1979) at
three levels of grain yield

Grain Yield

Plant Component

Upto 450kg/ha

Grains

Upto 950kg/ha

Upto 1330kg/ha

N

P

K

Ca

Mg

S

Cu

Zn

Mn

Fe

13.7

1.8

6.9

0.6

1.1

0.2

4

22

9

32

Hulled Pods

4.0

0.4

9.1

2.9

1.5

0.4

2

15

34

131

Stems

2.4

0.2

3.0

1.4

0.4

0.2

7

14

44

247

Roots

0.33

0.03

0.38

0.28

0.10

0.04

0.3

1.7

3.6

TOTAL

20.4

2.4

19.4

5.2

3.1

0.8

13

53

91

432

Grains

26.5

3.5

13.7

1.3

2.1

0.6

7

42

18

65

Hulled Pods

5.2

0.6

10.4

3.2

1.7

0.4

4

25

62

261

Stems

3.6

0.4

4.9

2.6

0.9

0.5

13

44

94

589

Roots

0.41

0.04

0.37

0.45

0.15

0.06

0.7

2.5

4.9

39.7

22.8

TOTAL

35.7

4.5

29.4

7.6

4.9

1.6

25

113

179

955

Grains

35.5

5.6

20.3

1.7

2.9

0.8

10

52

24

78

Hulled Pods

9.9

1.1

17.1

4.8

2.8

0.6

6

25

76

260

Stems

6.5

0.6

10.9

3.5

1.0

0.8

44

44

75

563

Roots

0.68

0.06

0.76

0.70

0.18

0.08

0.9

3.4

6.7

54.5

TOTAL

52.6

7.4

49.1

7.0

2.3

61

124

182

956

10.7

i

1
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DISCUSSION
Dr. H. Ssali: Were all seasons long rains?

At Kabete we invariably get

lower bean yields in the long rains than in the short rains due to the
cloudy conditions.
Could you also recap the significance of the fertilizer treatment?
Mr. J.N. Qureshi:

Yes. Nitrogen was significant in one season whereas

phosphorus was significant in two seasons.
Dr. H. Ssali: We have shown in our N,c studies that without P, bean
•

13

rhizobia fail to fix N.

By applying P we can increase N obtained from

biological fixation by 40 percent.

At 50kg P/ha there is no significant

difference between O, 20 and lOO kg/ha N signifying that P is the limiting
factor to increased yield.

Nevertheless, .bean yields are low, only

700 kg/ha. An innoculated crop at Kabete yields 150O-2OOOkg/ha.
Dr. A.O. Ridley:

Were nutrient critical levels determined early enough

to overcome any deficiencies and hence increase yield in the current
season?

Tissue testing in fruit trees is used to predict fertilizer

requirements of next year's crop.
Mr. J.N. Qureshi:

Nutrient critical levels were determined at flowering

thus it may be possible to increase yields for dry beans but not for French
beans.

However, fertilizer requirements for the next season's crop like

in fruit trees can be predicted.
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Dr. A.O. Ridley:

Have you been able to establish the relationship between

critical levels in plant tissue and soil test values?
Mr. J.N. Qureshi: Not yet.
Mr. A.O. Moshi:

A lot of statistical correlation between soil test data

and tissue nutrient levels was done at Muguga in the sixties but proved
difficult to interpret.
Dr. H. Ssali:

Some work on this has ueen published in the EAAFRO journal.

Dr. F.J. Wang'ati:

The consensus on correlations is that it is difficult

to get predictive values - one needs to know the soils. Concerning the
application of fertilizer, especially nitrogen to legumes I feel this
should not be necessary and that we should be encouraging instead the use
of more hardy lower fertility demanding varieties.

I note that DAP is the

recommended fertilizer for beans yet it is the most expensive.
trend in bean research really in the right direction?

-

Is the

We should

review our objectives.
Mr. N.N. Nyandat:

Manufacture of nitrogen fertilizer is an energy

intensive process.
Mr. Njogu Njeru:

Why was it necessary to go to such high levels of P

(200 kg P.O_/ha)?

For maize we apply up to 180-200kg P.O_/ha.

Mr. J.N. Qureshi:

It is not the normal practise to apply such high

levels of P but these rates were chosen to obtain a response from where
the critical level was estimated.
Dr. H. Ssali: We apply upto 400 kg/ha P.O , that much is needed for
1
« o
nitrogen fixation. Where one applies N, he can use less P.

Phosphate

sorption curves are used to predict the residual effect of applied P.
The construction of P sorption isotherms for the main soil orders
enables determination of the soil solution levels of P which will give
maximum yield of beans.
Dr. J.K. Zake: Are the phosphate requirements of different soils really
known in terms of the rate, time and method of application?

More work

is needed in view of the need for care in application because of repercussions on the environment.
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THE EFFECT OF ASH, CALCIUM CARBONATE AND INOCULATION ON NITROGEN
FIXATION AND YIELD OF BEANS (Phaseolus vulgaris) VARIETY K20

Julius Y.K. Zake and Charles Nkwiine*
INTRODUCTION
In Uganda, acid-infertile patches of land, locally known as 'Lunyu'
are common, especially in areas with over 1250mm of rain such as in the
Ssese Islands, Lake Victoria Litterol, West Kigozi and West Ankole
(Chenery, 1954).
country.

Yet these are among the most productive areas of the

Beans have been noted to give low yields on such acid soils and

acidity is known to be the factor responsible for the poor performance
of beans in several areas of Uganda (Mukasa, 1975) . Chenery also observed
that ash has been used as a remedy for these Lunyu soils.

Just like

agricultural lime, ash lacks N which is lost in oxide forms as the organic
materials are burnt to produce it. Nutrients most lacking in Uganda soils
are N and P.
Agricultural lime has been known to increase nodulation and Nfixation by leguminous crops which were inoculated (Danso, 1975; Anderson
and Evans, 1956 and Anderson, 1974).

Anderson (1973) emphasized that

some of the poor bean nodulation, lack of N-fixation and non responsiveness to nitrogen fertilizers in East African soils was often due to
inadequacy of lime, S, P and K.

When the ash gave better yields than

CaCO-, (Zake, 1974) , it was suggested that the high content of K in the ash
might have

been responsible for the better results.

Presently a ton of imported N-fertilizer CAN (26%N) costs over
U Shs 60,000/=.

The frequency, rate and method of application of mineral

N fertilizers are elusive to ordinary Ugandan farmers who can obtain ash
easily as they usually use firewood for cooking.
easily

obtainable
According

Phosphorus is also

as single super phosphate which is made at Tororo.

to the Rural Food Consumption Survey of 1968, beans

are widely used in Uganda compared to other vegetables and animal protein
sources.

Beans have been noted to show very poor nodulation in Uganda

and were found to respond very well to the N fertilizer (Mukasa, 1975).

*

Soil Science Department, Makerere University, P.O. Box 7062, Kampala,
Uganda.

- 47 The objectives of this study were therefore:
1.

To investigate the response of inoculated beans to two
different liming materials, CaCO

and ash in terms of nodulation,

N-fixation and yields.
2.

To determine whether the high content of K in the ash is
responsible for its better performance.

EXPERIMENTAL
The experiment was conducted at Makerere University Farm, Kabanyolo
where highly weathered and leached latosols are deep, fine textured and
well drained.

Five treatments, Control, CaCO , Ash, CaCO +K and K were

set in a complete randomised block design with five replicates.
size was 3 x 4 metres.

The plot

Lime, firewood ash and a blanket application of

P as single super phosphate were broadcast a week before planting at the
rates of 3 tons/ha for lime and ash and 50 kg/ha for P.

Magnesium oxide

at 30 kg Mg/ha was applied to plots which did not receive the ash. The
rate of K application (268.8 kg/ha) represented the content of K in the
ash (9%K).

All the bean seeds, variety K20, were inoculated with rhizobium

supplied by Nitrobac Company, using sugar slurry as a sticker.

Two seeds

were planted in each hole at a spacing of 40 x 30 cm resulting in eleven
rows per plot.

Twenty plants were harvested after 44 days by taking the

last but one rows on either side of the plots for assessing nodulation,
dry matter and nitrogen content of the tops.

Soil samples were also

taken from each plot to determine pH changes. At maturity, the inner
seven rows were harvested for evaluating the seed yield.
RESULTS
The different percentages of bases 'in the two liming materials
are shown, in Table 1.

For lime the values for Ca, Mg and K were in

descending order while for the ash these values were in ascending order.
The total amount of bases in CaCO. was about half as much as in the ash.
The pH and K contents of the soil

were limiting, according to Foster

(1970) who gave the minimum values as pH 5.2 and 0.34 meK/lOOg of soil
respectively.
All the treatments had a depressive effect on the weight of
nodules after 44 days (Table

2 ) . Potassium alone or with CaCO. produced

the least weight of nodules.

The ash gave the highest %N content in the

- 48

Table 1.

Analytical results of the soil and the liming materials

Soil
Organic matter %

CaCCh

Ash

4.5

Sand %

63.4

Silt %

1.2

Clay %

35.4

Nitrogen %

0.014

Nil

0.011

11.6

42.5

98.4

3.4

35.0

2.6

Mg

1.4

2.8

5.3

K

0.2

0.23

8.95

Na

0.4

0.02

0.84

5.4

38.05

17.71

pH

4.9

Truog's P ppm
Exchangeable Ca me/lOOg

Total bases

Table 2 . Mean oven-weight of nodules, %N content and dry weight of 20
plant tops

44 days after emergence

Wt. of nodules (yg)

%N

Dry wt. (g) *

Control

31.16

3.56

190.6 a

Ash

16.80

3.72

200.4 a

CaCO

16.60

3.63

177.8 ab

3.62

3.54

144.6 b

3.84

3.59 "

145.4 b

Treatment

CaCO +K

Means followed by the same letter are not significantly different
(Duncan's New Multiple Range Test).
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Table

3.

Mean seed yields at harvest

Seed Yield (g/plot)*

Treatment
Control

465.O a

Ash

566.6 b

CaCO

438.O a

CaCO

+ K

397.8 a
398.7 a

*

Means followed by the same letter are not significantly
different (Duncan's New Multiple Range Test).

Table

4.

Analytical results of various sources of Ash
Truog's P

Base percentage
Source

Ca

Mg

K

Elephant grass

3.0

1.0

Coffee husks

3.4

Wood shavings

%N

Na

Total

7.3

0.2

11.5

94.0

0.23

4.0

6.2

0.4

14.0

98.0

0.01

2.4

1.4

8.8

0.5

13.1

97.2

0.29

Compound grass

5.2

0.8

10.6

0.4

17.0

104.2

0.02

Bagasse

2.4

1.2

7.2

0.1

11.8

102.0

0.05

Firewood*

2.6

5.3

9.0

0.8

17.7

98.4

0.01

used in the experiment

ppm
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plant tops followed by CaCO

while CaCO

+ K gave the lowest figure

(Table 2 ) . Taking the dry matter of 20 plants tops, again the ash gave
the highest dry matter weights and this treatment gave the only increment
over the control (Table 2 ) . The other treatments decreased the dry
matter weights significantly (5% level).

Figure 1 shows that both N

contents and dry matter follow the same trend.
Ash gave the highest bean seed yield which was the only treatment
outyielding the control (Table 3) .

Potassium treatments gave similar

but, significantly (5% level) much lower yields. Seed yield also followed
the same trend as the nitrogen content of the leaves (Fig. 2).
increased the seed yield by about 22% whileK alone and CaCO

The ash

depressed

it by about 14% and 6% respectively.
The different sources of ash showed high variability in their base
content, Table 4.

Potassium tended to be the highest in all the sources

followed by Ca, Mg and Na respectively.

Coffee husks had an exceptionally

high content of Mg.
DISCUSSION
Calcium carbonate was more effective in changing the soil pH since
it contributed 38.05% of the major bases followed by ash where the base
contribution was 17.71%.

Ash raised the soil pH to a point at which

liming is not recommended by Foster (1980).
3

As seen in Tables 2 and

the ash caused increases in most of the components measured.

This

indicates that the role of the ash as a liming material was not only
effective in changing the pH, but it was also in the nature of the bases
it contributed.

Although potassium dominated the bases in the ash, there

was a more balanced content of bases in the ash than in the CaCO
had 92% Ca alone in its total base percentage.
seed yield by 6%.
(Zake, 1974).

which

Calcium carbonate decreased

Similar results were obtained earlier in the greenhouse

Overbalancing of Ca on the exchange surface by CaCO

could

have caused the reduction in yields as liming has been observed to depress
yields.

Surprisingly, however, the addition of K and Mg to CaCO

at rates

equivalent to those in the ash did not improve the yield, nodulation
or nitrogen fixation over those of the control and CaCO- treatments.
Ashrif and Thomston (1965) and Hebert (1970) also often obtained depressive
effects of potassium on mulching groundnuts.

It seems no one has corre-

lated soil potassium intensity and capacity factors with crop response
in East Africa as noted elsewhere by Tinker (1964), Arnold et al (1968)
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and Beckett and Nafady (1968).

The application rate of K at 268.8kg

K/ha as muriate of potash was over five times the recommended rate of
about 50kg K/ha.

Moreover, in muriate of potash the K exists with an

equal amount of the chlorine ion. The high concentration of the anion
could have contributed to the reduced nodulation and yield of the beans.
The above results confirm Foster's (1970) findings that liming
these unproductive Lunyu soils may not necessarily require a change in
pH beyond 5.2. What seems important is the interaction or balancing of
the major bases (Ca, Mg and K) as well as considering the effect of the
accompanying anion preferably one that does not leave any residual effect
such as carbonates, bicarbonates, oxides or silicates.

However, K seems

to play a major role when liming these highly leached soils. The ashes
from the different sources in Uganda all show a high percentage of
K as well as a relatively balanced proportion of the major cations,
Table 4.

Any of these materials, therefore is likely to do better than

the commonly used liming material (CaCO-).
The importance of N-fixation is indicated in Figures 1 and 2 in which
the dry matter and the seed yields correspond with the N-content in the
vegetation which in turn was controlled by the type of the liming material
as seen before.

However, the inoculum used, did not induce as much nodula-

tion as another one supplied by the Nitrobac Co. used in a related experiment.

SUMMARY
A field experiment was carried out at Makerere Farm on an acidinfertile soil to investigate the effect of firewood ash, CaCO-, K and
inoculation on N-fixation and the yield of beans (Phaseolus vulgaris)
variety K20. The ash increased the N-content and dry weight of plant
tops taken 44 days after emergence (11% and 5% respectively) and seed yield
(23%).

The effect of ash on nodulation was comparable to that of CaCO

which had a depressive effect on the other parameters measured.
alone or in combination with CaCO

Potassium

at rates equivalent to that in the

ash caused even greater reductions. The beneficial effects of the ash were
attributed to a better balance of bases unlike that in CaCO

and a non-

toxic effect from the K-acid radical (oxide) as compared to the chloride
ions from muriate of potash in the K-treatments.
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DISCUSSION
Dr. A.O. Ridley:

Could it be that phosphorus was a limiting factor since

only 50 kg P/ha was applied and that too by broadcasting?
Dr. J.K. Zake:

Phosphorus, could not be a limiting factor as all the

treatments had the same amount which was more than the recommended level.
Moreover, the soils were high in phosphorus also.
Dr. T. de Meester:

Potassium literally means 'ash from cooking pots*.

I wonder if there would be enough of ash for use on the soils by farmers
and can you also tell us the source of the ash.
Dr. J.K. Zake:

Sugarcane was used as the source and if the experiment

yields good results it would be possible to compose the necessary ingredients of the ash in sufficient amounts for use by farmers.
Mr. J.N. Qureshi:

I wonder if the beneficial effects of the ash can be

attributed to its acting as a kind of manure which would improve soil
physical properties like structure and water holding capacity besides it
having a balanced base ratio.
Dr. J.K. Zake:

I would think that the effect of the ash would tend to be

dispersive rather than aggregative because of the dominance of the monovalent potassium and sodium cations. Calcium carbonate would be expected
to improve the structure better than the ash because of the dominance of
the divalent Calcium Cation.
Mr. R. Barber:

Work at the University of Nairobi has shown that applica-

tion of factory ash did not improve physical properties of some Tanzanian
soils.
Mr. N.N. Nyandat: Long term impact of ash on soil physical properties
merits more consideration.
Mr. Shayo-Ngowi:

Chemical fertility has been overemphasised in the past -

physical and biological aspects are equally important. Not only the water
regime but soil structure, for example compaction can also limit the uptake
of fertilizers.
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MODULATION AND YIELDS OF BEANS AS AFFECTED BY SEED INOCULATION AND
NITROGEN APPLICATION

E. Semu*, G.P. Msumali** and M.S. Chowdhury*
ABSTRACT
A field experiment was conducted at the Faculty Farm, Morogoro, to
study the effects of seed inoculation and fertilizer N on the nodulation
and yields of beans.

A split plot design was used, with two varieties

(Canadian Wonder and Selian Wonder) as main plots.

The subplots included

three levels of N (O, 20 and 80 kg N/ha) without inoculation, and inoculation with two bean inoculants but without N application.

All treatments

received basal 50 kg P/ha, and two endosulphan sprays at four and eight
weeks after planting.
Nitrogen application had no significant effect on nodulation.

Dry

matter and grain yields were increased at the higher level of N, indicating
the need for inoculation.
varieties.

Inoculation increased the nodulation of both

The standard inoculant increased significantly the dry matter

yields, but not the grain yields. The dry matter increase due to the local
inoculant was not significant.

The lack of grain yield response due to

nitrogen or inoculation is thought to be due to some physiological barrier
in the utilization of N by plants or due to some limiting soil factors.

INTRODUCTION
Beans (Phaseolus vulgaris, L.) are the most important crop among the
grain legumes in Tanzania.

The importance of beans in the daily diets of

Tanzanians lies in the fact that the seeds contain high amounts of proteins
(Purseglove, 1974) and they form the main and cheapest source of protein
in Tanzania.

Green pods of beans and young tender leaves of some varieties

are also taken as vegetables (Leaky, 1970).

Beans are also sweetened and

canned for both local and export markets.

1
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- 57 Different varieties of beans are grown throughout the country and
the varieties are usually selected according to the growth cycle periods
depending on the altitude. .Large scale production of beans is confined
to well drained soils with high organic matter content and altitudes of
about 1515 metres above sea level (Dr. A.L. Doto, private communication),
mainly in the plains between Arusha and Makuyuni.

Major areas of produc-

tion include Arusha, Kilimanjaro, Mbeya, Morogoro, Mwanza, Shinyanga, Mara,
Kigoma, Singida, Tabora, Tanga, West Lake, Rukwa and Ruvuma.

Government

statistics reveal that total production increased by 200 percent from
92,650 tonnes in 1903/64 to 287,145 tonnes in 1976/77. But the yield per
unit area has been reported to be relatively low throughout the country,
ranging between 200 and 670 kg/ha (Acland, 1977).

Thus the increased

total production has mainly come from increased acreage.
Low bean production in Tanzania is associated with a number of
factors of which inadequate rainfall due to unpredictable rainfall pattern,
inadequate soil nutrients, and high susceptibility of the crop to pest and
disease attack, as well as lack of availability of high-yielding varieties
to the peasant farmers are notable (Karel et al, 1981).
Although beans are widely grown in Tanzania, the appropriate microsymbiont, Rhizobium phaseoli, is not widely distributed.

Our experience

on a limited survey in the country indicated that R. phaseoli is usually
absent in soils where beans have not been grown previously, but they
establish in the soil after two or three croppings of beans (Chowdhury,
1980).
Seed inoculation of beans with commercial inoculants is not a
common practice in Tanzania.

Very few experiments have been conducted in

East Africa with respect to the effect of seed inoculation on bean yields,
and the results obtained have not been confirmative.

There have been some

success with seed inoculation on bean yields, particularly where they had
not been grown before (Macartney and Watson, 1966; Stephens, 1967; De
Souza, 1969).

Keya (1977, 1981), however, reported that yield increase

to the tune of 20% could be achieved through inoculation.
An attempt was made to investigate the problem in more detail, and
as a part of the MIRCEN Regional Network Trial, an experiment was designed
to investigate the effect of inoculation and nitrogen fertilizer on the
nodulation and yield components of bean.
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MATERIALS AND METHODS
A field trial was conducted in a split plot design with five
replications using two varieties of beans, Canadian Wonder and Selian
Wonder, as main plots and five N/inoculation treatments as subplots.
The subplot treatments included (i) No N and uninoculated ( N n I n )/
(ii) 20 kg N/ha and no inoculation (N^1/-,) / (iii) 80 kg N/ha and no
inoculation (N„ i ) , (iv) No N
80 O
rhizobia (NI,
), and (v) No
O loc.
inoculant (NI
). All plots
O st.
phosphate at 50 kg P/ha in the

but inoculated with local strain of beans
N but inoculated with "Nitragin" bean
received a basal dressing of triple superplanting rows prior to sowing, and the

N was applied as sulphate' of ammonia along with the triple superphosphate.
2
Each plot was 18 m (6m x 3m) in size and plant spacing was 50x20 cm.
The plants were grown under rainfed conditions.

Two sprays with 1:2000

aqueous mixture of endosulphan (35% a.i.) were made at four and eight
weeks after planting as a measure against insect attack.
The field was located at the Magadu area of the University Farm,
Morogoro.

The soil belonged to typic Rhodustult and had the following

analysis: pH (1:1 water suspension) 5.3; pH (1:1 N KCl suspension) 4.6;
i / ++ NO-3
sand 52.5%; clay 40.6% organic matter 1.9%; available N (NH.
NO , )
42 ppm; available P 3.8 ppm; C.E.C. 19.1 me/lOOg.
At 50% flowering ten plants, from each plot were harvested at random,
with the entire root systems, for nodulation and dry matter (DM) yield.
Grain harvests were made at maturity from 120 plants per plot and were
expressed as kg/ha on oven dry basis.

RESULTS AND DISCUSSION
Nodulation
Both local and standard (Nitragin - bean), inoculants significantly
(P <=0.01) increased the nodule numbers and dry nodule mass of the two
varieties of beans, while applied N at either, of the two rates had no
effect on nodulation (Tables 1 and 2).

Although the numbers of nodules

in Selian Wonder were significantly (P <=0.05) less than those in
Canadian Wonder (Table 1), the nodules of the former were larger and
heavier than those of the latter, and hence no significant difference in
dry nodule mass was observed between varieties (Table 2).

There was no
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Table 1.

Effect of applied N or rhizobial inoculation on the nodule
numbers/plant of two varieties of.bean at 50% flowering
(Mean of 5 replicates)

Treatments

Variety

Variety
O O
Canadian

21.68

N

20 I 0

Wo

mean

N0
^ 1 st
4.

0 Loc

20.04

23.00

48.90

101.64

. 43.05

2.10

2.48

68.52

63.52

27.53

12.74

58.71

82.59

Wonder
Selian

1.00

Wonder
Treatment mean 11.34
S.E.

11.07

for variety means

= + 5.85; LSD (0.05) = + 16.84

S.E. for treatments means = + 9.25; LSD (0.01) = + 26.63

Table 2.

Effect of applied N or rhizobial inoculation on dry nodule
mass (mg/plant) of two varieties of bean at 50 flowering
(Mean of 5 replicates)

Treatments

1

mean

Wo

Wo

27.5

33.5

36.5

109.5

130.5

67.5

4.5

4.5

6.5

193.5

198.0

81.4

16.0

19.0

21.5

151.5

164.3

0 O

1

Canadian

Variety

N I
O Loc

0 st

,

Wonder
Selian
Wonder
Treatment mean

S.E. for variety means

+ 9.97; LSD = NS

S.E. for treatment means + 15.76; LSD (0.01) = + 61.04
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significant difference between the local and standard inoculants in nodule
production.
.These data in Tables 1 and 2 may indicate the low numbers of
indigenous rhizobia in the soil.

It may be noted that this field was

under sisal for about 30 years, and was then used for growing various crops
including beans for six years.

The low population of R. phaseoli may have

been established during this latter period of cropping.
Yields
Dry matter:

Significantly (P <=0.01) higher dry matter production was

observed in the plants of both varieties receiving 80 kg N/ha; otherwise
there was no significant difference in dry matter production between the
inoculated and uninoculated plants (Table 3). Nitrogen application at the
lower rate (i.e. 20 kg N/ha) did not affect the dry matter production.
This response to the higher level of N may indicate the need for the use
of more efficient strains of bean rhizobia.

It was apparent that the test

inoculants could not produce the desired effect although there was 6.5%
and 30% increase in the dry matter of Canadian Wonder and Selian Wonder,
respectively, due to the standard inoculant.

The local inoculant failed

to produce any significant effect (Table 3).

Grain yield:

There were no significant effects of either applied N or

the inoculants on the grain yields of either of the varieties.

The highest

grain yield was observed in the plants which received 80 kg N/ha (Table IV).
Although a grain yield increase of as much as 47% was observed in Selian
Wonder with standard inoculation, an overall increase of 21% was achieved
by the application of the standard inoculant in both varieties. The
corresponding figure for the local inoculant was only 15%, indicating the
superiority of the standard inoculant over the local one. The lack of a
significant response to N application and inoculation in the test bean
varieties may indicate impaired or inhibited utilization of nitrogen by
the plants due to some unknown physiological reasons.

In contrast Edje

et al. (1981) in Malawi reported significant yield increase due to liberal
application of N.

It may be noted that they applied 200 kg N/ha to get

a 76% yield increase whereas application of 80 kg N/ha resulted in a 42%
yield increase.

The yield increases due to 80 kg N/ha in this experiment

were 55% for Selian Wonder and only 10% for Canadian Wonder, indicating
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Table 3.

Effect of applied

N or rhizobial inoculation on D M yield

(g/plant) of two varieties of bean. (Mean of 5 replicates)

Treatments

Variety

Variety
O O

Canadian

Wo

80 0

N I
0 Loc

N I
O rst.

Mean

6.71

6.39

7.58

6.20

7.15

6.81

5.68

5.84

10.28

6.13

7.42

7.07

6.19

6.11

8.93

6.17

7.29

Wonder
Selian
Wonder
Treatment mean

S.E. for variety means
= + 0.27; LSD = NS
S.E. for treatment means = + 0.42; LSD = (0.01) = - 1.64

Table 4.

Effect of applied N or rhizobial inoculation on grain yield
(kg/ha) of two varieties of bean (mean of 5 replicates)

Treatments

Variety
O 0
Canadian

•Wo

Wo

Variety
0 Loc

0 st

mean

496

549

546

530

531

530

258

262

394

340

380

327

377

406

470

435

456

Wonder
Selian
Wonder
Treatment mean

S.E. for variety means

= + 222; LSD = NS

S.E. for treatment means = + 351; LSD = NS
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differences in yield responses to applied N by different varieties. The
failure to produce any significant yield increases through inoculation,
as observed in this experiment, was also reported by Edje e_t al. (1981)
in Malawi, by Keya (1981) in Kenya and Uganda and by Nyabyenda et al
(1981) in Rwanda.
Although inoculation or application of N did not increase grain
yields significantly, the apparentl- beneficial trend warrants the
exploration of more efficient strains of R. phaseoli to effect a successful symbiosis.
Since the response.to inoculation depends on a balanced nutrition
of the plants also as determined by soil factors (Andrew, 1977), it is
envisaged that successful symbiosis in bean plants may be obtained by
soil, amelioration in conjunction with seed inoculation.

The experimental

site was an acid soil with very low contents of available P (3.8 ppm)
and N (42. ppm) . Therefore, liming and/or liberal applications of P and
molybdenum fertilizers could make the symbiosis more effective.
The grain yields of the varieties in the present investigation are
lower than their potentials.

This has been attributed to the drought

which prevailed throughout the growing season (Appendix Table).
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Appendix

Table:

Total Rainfall Data in 1980

Month

Total Rainfall, mm

January

91.9

February

70.7

March

79.7

April

205.3

May

94.0

June

O.O

July

' 5.4

August

•"6.5

Planted in mid April
Flowering and pod formation, end May
Grain filling

DISCUSSION
Mr. C M . Njihia:

In your, treatments why do you not have any combinations

of nitrogen rates of application and seed inoculation?
Dr. H. Ssali:

These treatment combinations were not considered so as not

to have a very large number of treatments.
Mr. A.M. Chege:

Why have such a wide spacing?

Also why was sulphate of

ammonia used on soils with a pH of 5.3?
Dr. M.S. Chowdhury:
the locations.

The spacing of beans varies in Tanzania according to
2
The standard spacing of 50 x 20 cm was used in the

experimental site which is in a semi-arid area of Tanzania (830 mm annual
rainfall) so as to avoid competition and have better exploitation of the
soil by plants.
Other carriers of nitrogen fertilizers were not available in the
country.
Mr. J.N. Qureshi:

What was the basis of applying nitrogen at a low rate

and a very high rate?

Nitrogen fixation most probably would be retarded

at the latter level of application.
Dr. M.S. Chowdhury:

One of the objectives of the experiment was to

determine the need of inoculation for efficient nitrogen fixation.

A low

level of nitrogen was applied to find if a 'starter dose' could stimulate
nitrogen fixation by the low population of rhizobia already present in the
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soil.

A response to high dose of nitrogen calls for establishment of

efficient symbiosis, either by introducing efficient strains as inoculants
or modifying the soil environment to stimulate the symbiosis. Taking the
above into consideration, the design was conceived by the participants
of the second MIRCEN regional network meeting.
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ACCUMULATION OF COPPER IN SOME COFFEE GROWING SOILS OF
KILIMANJARO, TANZANIA

1
2
2
1
A.O. Moshi , N.M. Lema , R.M.A. Meda and E.N. Shikony
ABSTRACT
Soils from three coffee growing areas and one non-coffee growing
area all located on the southern slopes of Mt. Kilimanjaro, Tanzania were
analysed for EDTA - extractable Cu, Zn, Mn and Fe. The soil from the noncoffee growing area (Kimashuku) had the lowest amounts of Cu and Zn.

The

soils from coffee growing areas had the highest concentrations of Cu and
the other nutrients.

Accumulation of extractable Cu in the surface soils

is attributed to continuous applications of copper fungicides to control
Coffee Berry Disease (CBD) and Leaf Rust.

The copper fungicides applied

can increase the concentration of Cu in the soil by at least 8 ppm in one
growing season.
The present findings require further studies to elucidate the possible
accumulation of Cu in coffee soils.

High concentrations of Cu can be toxic

to microbial and plant growth.

The data is related to earlier studies

involving a wide range of some

East African surface soils.

INTRODUCTION
Copper is widely distributed in soils and minerals. Chalcocite,
Cu S, and chalcopyrite, CuFeS , constitute.the more important minerals.
Liberal amounts of copper are beneficial in neutralizing harmful soil
conditions (Russell, 1961).

On the other hand accumulation of excessive

amounts of available Cu in the soils may induce stunting of roots.
As a necessary plant micronutrient, copper is a constituent of
certain enzymes such as polyphenol oxidase which is essential in redox
processes.

Copper appears to be involved in cytochrome oxidase and is

also thought to increase chlorophyll and carotenoids in plants (Buckman
and Brady, 1969; Hesse, 1971).

1

Tropical Pesticides Research Institute, P.O. Box 3024, Arusha, Tanzania

2

Agricultural Research Institute, Lyamungu, P.O. Box 3004, Moshi,
Tanzania
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The amount of copper in soil ranges from 1 - 3
likely to be deficient

ppm

in soils

to values as high as 200 ppm or more in soils

which have accumulated Cu excessess from sprays and dusts (Fiskel
1965; Moshi
Cu.

1976).

Usually sandy soils are low in total and extractable

Soils high in organic matter like peats adsorb Cu strongly to the

extent that such soils often show symptoms of Cu deficiency.
In the coffee growing areas of Tanzania various types of copperbased fungicides have been used for several decades now.

The fungicides

are applied on coffee leaves to control Coffee Berry Disease (CBD) and
leaf rust.

In order to combat the two coffee diseases coffee farmers

especially under conditions of irrigations or high rainfall, have to
spray the crop at least eight times with the fungicide during one growing
season.

EXPERIMENTAL
Soils were sampled with an auger under coffee trees at depths of
0-5, 5-10, 10-15 and 15-20cm.

At each site within a radius of 15 m ten

top soil samples (0-15 cm) were bulked for a composite sample.
coffee growing areas were
of Mt. Kilimanjaro.

covered

Important

from west to east across the slopes

The predominant soil type is ferruginous developed

from volcanic ash.
The soils were air-dried and strained through a lO mesh sieve.
Soil pH was measured using a 1:5 soil/water suspension.
was determined according to the Walkley Black method.

Organic carbon
5g of the air

dry soil were shaken for 90 mins. with 50 ml of 1% Na -EDTA and Cu, Zn,
Mn and Fe were determined on the Atomic Absorption Spectrophotometer.

RESULTS AND DISCUSSION
Results are shown in Tables 1 to 4.

The soils from Kimashuku

(Table 2) have very low amounts of extractable Cu.

These low values

are typical of the non-coffee growing soils in the area.

The remaining

soils show a high accumulation of extractable Cu in the surface soils
(0-15 cm) which decreases with the profile depth, Tables 1, 3 and 4.
This accumulation of copper results from copper fungicides which are
sprayed as many as eight times per season so as to control CBD and leaf
rust.

The high organic matter in the surface soil strongly adsorbs

Cu which owing to its low solubility does not move down the profile.
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Table 1.
(a)

Soils from Sanya Kibong'oto (Hai District)

Surface soils.

Depth
cm

pH

0-5

%C

Cu
pom

Zn
ppm

Fe
ppm

Mn
ppm

7.1

_

61.5

8.8

_

_

5 - lO

7.6

5.8

18.0

4.5

500

740

10 - 15

8.5

4.2

17.0

3.5

140

540

15 - 20

8.1

4..0

17.0

2.8

820

930

Composite

7.7

-

65.5

10.8

320

320

0-15

7.0

-

68.5

14.0

240

140

15 - 30

7.6

3.0

17.0

3.5

220

430

30 - 45

8.0

4.1

14.5

4.5

480

680

45 - 75

6.8

3.2

5.5

3.0

360

140

(b)

Profile

Table 2. Non-coffee growing soils from Kimashuku (Hai District)
Profile

pH

%C

Cu
ppm

Zn
ppm

Fe
ppm

Mn
ppm

0-15

6.7

1.6

2.0

4.3

180

140

15 - 30

6.4

•1.3

4.5

2.8

30

30 - 45

6.4

0.9

3.5

0.6

-

90

45 - 75

6.1

0.6

1.8

2.5

300

60

Composite

7.0

2.6

2.8

5.3

60

260

Depth
cm

. 170
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Table 3.

Soils from A.R. Institute, Lyamungu

(a) Surface soils

Depth
cm

pH

%C

Cu
ppm

Zn
ppm

Fe
ppm

Mn
ppm

O - 5

3.8

2.4

38.0

1.1

480

60

5-10

4.0

0.8

1.8

3.5

180

105

10 - 15

3.5

i.9

5.5

6.8

180

710

15 - 20

3.5

1.8

3.8

6.3

480

510

0-15

5.4

2.2

43.0

11.1

-

400

15 - 30

6.3

1.4

3.8

5.9

140

285

30 - 45

6.3

1.2

2.8

5.9

-

HO

45 - 75

3.4

2.0

5.0

5.0

-

-

75 - 100

6.3

0.6

5.5

3.0

-

HO

Zn
ppm

Fe
ppm

Mn
ppm

(b) Profile

Table 4.
(a)

Soils from Marangu YMCA Farm

Surface soils

pH

%C

O - 5

6.2

1.9

40.0

5.2

-

550

5 - ÏO

6.4

1.7

29.5

4.1

-

430

10 - 15

6.5

1.5

14.0

7.5

-

6CK>

15 - 20

6.4

1.3

12.3

4.5

-

510

Composite

4.8

3.3

23.0

23.5

-

655

Depth
cm

(b)

Cu
ppm .

Profile

O - 15

6.5

1.5

25.0

5.2

-

375

15 - 30

6.4

0.9

40.0

4.0

-

315

30 - 45

5.8

0.9

35.0

6.0

-

315

45 - 75

5.5

l.O

10.0

4.4

-

500

75 - 100

6.3

0.7

40.0

2.0

-

750
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In a previous study based on 355 East African surface soils it was
found that 78% of the soils had less than 5 ppm extractable Cu (Moshi 1976).
Results are shown in Table 5.

It can be seen that extractable

Cu values

in the subsoils of Sanya, Kimashuku and Lyamungu in the Kilimanjaro area
are less than 10 ppm being typical of 92% of the reported East African
soils.

Table 5.

Distribution of 1% EDTA extractable Cu in E. African soils
(Moshi 1976).

ppm

Cu

% of 355 soils

O - 4.9

78

5.O - 9.9

13.8

10.0 - 14.9

2.0

>15

6.1

Significant amounts of copper are indirectly added to ther soil
annually by way of coffee fungicide sprays as nearly all the active copper
in the fungicides will ultimately find its way into the soil by spraying,
leaf fall and rain wash of the leaves. The following example gives an
idea of the amount of copper getting into the soil.

The normal recommenda-

tion for controlling Coffee Berry Disease (CBD) is 11 kg/ha of Perenox.
If 1 ha. has 1330 mature coffee trees, it means per tree there is
llOOO

50

"l33Ö"xi5ög-

_
Cu

. __,. „
1 e

- * 4'134g

cu

However, during spraying it is impossible to deposit all the mix on to
the coffee leaves. A lot of it drops on the soil.

Assuming that

a mature coffee tree has a radius of 1.25 metres, which would
o
cover an area of 4.909 m and this 'slice' of soil to a depth of
15 cm, would weigh

1, 104 kg if the bulk density is taken to be

1.5 g/cm . This means that 1.03g Cu would be added to the soil which
is equivalent to 0.937 mg Cu/kg soil or roughly 1 ppm Cu. For each
single spray we raise the copper concentration by at least 1 ppm.
In order to effectively control CBD and coffee leaf rust in areas
of high rainfall (or under irrigation conditions) the crop must be
sprayed at least 8 times per season

implying that in one season

soil Cu content is raised by at least 8 ppm. Considering leaf fall

- 71 and rain wash of the treated leaves the build up in soil Cu is likely
to be several times the computed value. Thus continuous and prolonged
application of copper sprays will ultimately lead to excessive accumulations of Cu in the coffee soils. This situation may adversely affect
the delicate balance of soil conditions favourable to microbial and
plant growth.
Aduayi (1972) also showed that soil extractable Cu increased with
frequent applications of copper-based coffee fungicides. Excess soil Cu
has been known to poison citrus in Florida (Reuther and Smith, 1952) and
vineyards in France (Drovineau and Mazoyer, 1962) .
The accumulation of copper in coffee soils should be viewed even
more seriously when it is considered that over 50% of Tanzanian coffee is
grown by small farmers whose 'shambas' are so small that they must intercrop with other food crops like bananas and beans for their subsistence.
From the foregone there seems to be an urgent need for a systematic study of
the extent of copper accumulation in coffee soils and its effects on plant
growth.

There is also a need to encourage the use of alternative fungicides

which do not contain copper.

Fungicides which degrade faster in the environ-

ment like the carbamate Benomyl, Delan and Captafol should be considered.
Extractable soil Zn in Tables 1-3 shows highest concentrations in
the surface soils but there is a decrease downwards which is followed
by an increase in the lower-most horizons. This may be due to downward
migration and accumulation of clay minerals high in extractable zinc.
This phenomenon has been reported elsewhere (Moberg, 1974) and in some
Tanzanian soils (Singh et al., 1980).
In an earlier study of some East African surface soils (Moshi 1975)
EDTA-Extractable Zn was grouped according to Table 6 below.

Table 6.

Distribution of EDTA-Extractable Zn in East
African surface soils

Zn

% of 355 soils

O.O - 4.9

51.6

5.0 - 9.9

24.7

lO.O - 14.9

6.5

15.0 - 19.9
<
=20.0

3.4
13.8
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Although as expected the surface soils reported in Tables 1-4
are high in extractable Zn, the concentrations of this nutrient in the
lower layers is typical of many East African soils.

It is perhaps of

interest to note that several manufactures of fungicides also incorporate
Zn and other trace elements in some of their formulations to ensure
adequate supply of micronutrients to the plant.
The concentrations of Mn and Fe in these soils are very variable,
but appear to be adequate for normal plant growth. EDTA-Extractable Mn
is shown in Table 7.

Table 7.

Distribution of EDTA-Extractable Mn in East African Soils
(Moshi, 1976a)

Mn
ppm

% of 412

soils

0 -

99

20.1

lOO -

499

60.0

500 -

999

10.2

lOOO - 1499

4.9

1500 - 1999

2.4

>2000

2.4

Manganese occurs mainly in ferromagnesian minerals.

General

concentrations of Mn in soils range from under 20 ppm to over 6,000 ppm
(Krauskopf, 1971).
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- 74 DISCUSSION
Mr. F.N. Muchena: Were the soils used in the experiment from Lyamungu
Research Station?
Mr. A.O. Moshi: The soils were obtained from different locations on the
southern slopes of Mt. Kilimanjaro at altitudes ranging from 5 to 6000 ft.
Mrs. Mugambi:
coffee.

A lot of copper in the form of fungicides is applied to

Are there any harmful effects of copper accumulating in the soils

over a period of time?
Mr. A.O. Moshi: The accumulation of copper in coffee growing has been
documented.

I would"also refer you to a paper presented on Pesticides

as soil pollutants at last year's AGM.
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IRRIGATION AND DRAINAGE CRITERIA OF SOME RED TROPICAL SOILS
UNDERLAIN BY PLINTHIC GRAVEL

V. D'Costa and A.K. Katyal*
INTRODUCTION
About 600 hectares of small scale farms on red tropical soils,
underlain commonly with plinthic gravel at varying depth, were investigated to establish their suitability for irrigation of adaptable crops
under prevailing soil, topographic and climatic conditions, and to
establish the criteria for irrigation and drainage design.
objectives

The main

were to:

1.

classify the area into distinct irrigation suitability categories,

2.

recommend the crops to be grown on these irrigation suitability
classes

3.

suggest the appropriate method of irrigation and

4.

investigate anticipated drainage problem under continuous
irrigation.

Detailed soil investigation

was done to classify the soils

particularly in terms of natural topography, physical and chemical properties of soils rooting impedance, moisture retention characteristics and
soil depth limiting material up to a depth of 2.0 metres. Additionally,
it was decided to conduct infiltration and hydraulic conductivity tests
on different soil classes for better understanding of the performance
of these soils under irrigation.

METHODOLOGY
Soil observations
As a part of the soil investigation, a total of 291 augers and some
profile pits observations were made, generally to a depth of 2O0 cm or

*

Department of Soil Science and Department of Agricultural Engineering,
University of Nairobi, P.O. Box 30197, Nairobi, Kenya.

- 76 to the depth of hard rock/gravel with occasional deeper observations
to ascertain the water table. The density of soil observations was generally
more than one per two hectares.

Special emphasis was given to recording

the nature of soil depth limiting material with notes on general soil
characteristics and methodology as followed by Kenya Soil Survey. Unfortunately the soil information available from the previous study was of very
limited use.

Based on soil observations and previous study, 4 land

suita-

bility classes of soil for overhead irrigation were established.

Infiltration
Double ring infiltrometer was used on all the four different types
of soils classified to study their infiltration characteristics.

The

results were plotted on a log-log paper to get the Kostiakov's infiltration function in the following form:

where

Y

=

C ut n
o

Y

=

cumulative depth of infiltration (cm)

to =
C

infiltration opportunity time (min)

and

n

are constants

Hydraulic conductivity
Hydraulic conductivity for undisturbed samples collected at
various depths from the four classes of soils was determined using a
constant head permeameter.

The depths at which the undisturbed samples

were collected were: for top soil 10 to 15 cm, from the soil surface and
for sub-soil depending upon the changes in.the profile.

RESULTS AND DISCUSSIONS
Irrigation suitability land classes
The soils of the project area are essentially derived from basic
volcanic rocks (basalts, tuffs and agglomerates) with localized area of
granitoid gneisses on the North Eastern region.

Under the prevalent

climatic conditions deep and well drained reddish brown soils are found
on higher lying sites with gentle slopes.

Shallow gravelly soils occur

on dissected land and on lower slopes, and on flats or depressed areas
receiving seepage and runoff.

These are associated with poorly drained

soils often with seasonally perched water-table.

Based on investigations,
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the soils of the area were grouped into the following four main land
suitability classes:
(a) Class I:

This includes deep to very deep dark reddish brown well

drained, generally friable to slightly firm clays. The clay content
increases with depth.

Soft iron and manganeferrous mottles and gravel

(plinthite or murram) may occur, and in some places at depths below 125cm,
these are underlain by fragments of soft weathering bedrock.

These soils

are commonly encountered on slopes of 1-3% and have no root impedance and
drainage problem.

No evidence of water table was found within 3.0 m from

the soil surface. This class of soils (chromic Luvisols and pockets of
rhodic Ferralsols) were considered well suited to overhead irrigation for
the proposed

crops.

(b) Class II: This includes moderately deep to deep well drained dark
reddish brown, slightly friable firm clays. The clay content increases
from A to B horizons with no evidence of root impedance.

Few iron and

manganeferrous mottles and nodules occur at depths between 90 and 125cm,
which is also permeable with no root impedance.

These soils constitute

slightly shallow phase of class I soils (mainly chromic Luvisols) and to
which they are adjoined on lower slopes of 1 to.2%.

No evidence of

ground water-table was observed in these areas within 2.5m of the surface.
These soils were also considered well suited to overhead irrigation for
all proposed crops (including deep rooting cotton).

The soils were classi-

fied as ferric and plinthic Luvisols.

(c) Class III:

This includes moderately deep and well drained, dark

reddish brown firm clays.

Soft manganeferrous gravel plinthite (murram)

occur between 60 and 90 cm of the surface and underlain intermittently by
coarse fragments of soft clayey weathering rock material, below which
some medium and coarse roots were found.

In higher lying areas ground-

water table was not observed within 2.5 m of the surface.

However, in low

lying areas receiving seepage, as in the immediate vicinity of swamps,
these soils were affected by the fluctuating perched water-table.
problems could be anticipated here.

Drainage

Because of some soil depth limita-

tions, these soils were considered suited to irrigation for the proposed
crops except for cotton which requires deep soils. The soils were classified as plinthic Luvisols.
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(d) Class IV: This class includes dark greyish brown, dark brown and
dark reddish brown, imperfect to poorly drained shallow soils and clay
coated concretionary (mostly discontinuous) plinthite and rock fragments
within 60 cm of the surface.

They normally occupy flat, depressed or

dissected lands. These shallow soils were not suitable for irrigation of
most crops except for some localised pockets with deeper soils which could
be used for vegetable cultivation.
of 20 cm, underlain by murram.

This soil generally had solum depth

This class includes Lithosols, petroferric

phases of Luvisols and gleyic phaeozems.

Infiltration
The depth of infiltration (Y) was plotted against opportunity
time (to) and the corresponding Kostiakov's infiltration function obtained
for the four classes of soils are shown in Table 1.

Infiltration on all

the four soil types was moderately high notwithstanding the fact that the
relevant tests were conducted when the initial moisture content in the
soil profile was very high due to the heavy rains that had occurred during
the preceeding days.

This was confirmed by the high values of intercept

C in Kostiakov's function in Table 1.

The exponent n values were modera-

tely high which helped to conclude that there were no real impermeable
layers nearby

that could trap the soil air which in turn could have caused

reduction in value of

n.

High values of

n

show that the role of

gravity component of total potential was significant in the process of
infiltration.

This was because of high initial moisture content in the

strata through which the infiltration was taking place.
As being proposed, sprinkler method of irrigation would perform well
in this area without causing runoff or drainage problem under normal application rates possible for the system.

This method could help apply controlled

depths of irrigation depending upon crop's growth stage and its consumptive
use requirements.
Hydraulic conductivity
The hydraulic conductivity (K) results for various tests are
furnished in Table 2.

The range of K obtained for this area was 1.23

cm/hr to 56.0 cm/hr which means that the corresponding percolation rates
that these layers could allow to pass through are 29.52 cm/day and 1344
cm/day respectively.

Looking at the raiinfall pattern of the area, expected

deep percolation below the rootzone (ii: any), under irrigation should not

- 79 -

Table 1.

Kostiakov's infiltration functions for the four classes of soil.

Soil Class
(No murrain within 125cm)

II

(Compacted clay at 10O-110 cm)
(Soft murrain between 90-125 cm)

III

IV

0.60
Y = 1.35t,3
y = 0.50to'0.99
Y = 2.33t( 0.76
Y = 1.25t, 0.75

to <

12 min

to > 12 nin
site A
site B

(Soft murrain plus rock
fragments between 60-90 cm)

0.67
Y =• 2.45t,

(Murrain within 50-60 cm depth)

Y = 2.12t,

0.88

exceed even the minimum value of 29.52 cm/ day that the compact clay
layer in soil II can allow to pass through it. With the controlled
irrigation applications that are possible through sprinklers these layers
should not create a drainage problem.

CONCLUSION
Soil investigations show that the deep well drained soils of class
I and II were dominant and comprised more than 330 hectares.

These soils

were well suited to irrigation of the proposed crops under sprinklers and
would not necessitate special drainage measures. Class III soils, although
moderately deep (intermittent weathering rock fragments and loose plinthic
gravel within 60-90 cm surface) were also generally well drained with
satisfactory root and water penetration.

These soils therefore also were

well suited to irrigation of most crops with the exception of cotton in
the vicinity of swamps where drainage problems could be anticipated due
to perched water table.

The infiltration and hydraulic conductivity

tests on these irrigable soils did not indicate drainage problems with
the proposed irrigation application and management.

On Class IV soils

found in narrow pockets along swamps and flat lands digging of deeper
trenches along the main roads and deepening of the natural drainage
channels would alleviate the seasonal surface runoff, if any.
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Table 2. Hydraulic conductivity of the four types of soils.

Soil Class

Depth at which sample
was collected
(cm)

I

10 to 15

9.30

85 to 90

8.70

10 to 15

10.57

45 to 50

10.23

II

Site A

Site B

III

IV

Hydraulic conductivity K
(cm/hr)

100 to 110

1.23

lOO to H O

1.56

45 to 50

18.30

120 to 125

56.OO

40 to 45

9.17

85 to 90

1.51

10 to 15

8.75

60 to 65

12.22

60 to 65

18.34

- 60 to 65

21.54

DISCUSSION
Mrs. S.M. Mugambi; Where was the location of the Irrigation Scheme?
Mr. A K. Katyal;

Mitunguu, Meru District.

Mr. T. de Meester:

Do the farmers have the necessary resources for buying

sprinkler irrigation systems used in the study?
Mr. A.K. Katyal: Initial costs in buying the equipment would be done by
the Kenya Government.
Mr. F.N. Muchena:

Hydraulic conductivity tests should be done in the

field rather than in the laboratory.

Were these tests conducted on

disturbed or undisturbed soil samples?
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Mr. A.K. Katyal:

Infiltration tests conducted in the field related well

with the laboratory hydraulic conductivity tests for which a core sampler
was used for taking the soil samples.
Mr. Njogu Njeru;

On what basis were the recommended crops chosen for the

different soil textures in the scheme?
Since the soil with a high murrain content had not only a high
percolation rate but also a low water retention capacity, would it be
economical to irrigate as the frequency of irrigation would be high?
Mr. A.K. Katyal: Cotton and tobacco are the two main crops for the area
and these had been decided upon before the soil study was undertaken.
The murram layer was at 125cm below the soil surface or even
deeper in some cases. The water retention capacity of the overlying layer
was quite high, approximately at 140 mm.
Mr. J.O. Mugah: The procedure for surface irrigation is to start off
with a large stream size which is then cut back to minimize runoff at the
tail end of the furrow or border.
size throughout.

In your case you just used one stream

This could cause excessive deep percolation at the head

end if the stream is too small or excessive runoff at the tail end if the
stream is too large.
Mr. A.K. Katyal; The stream size was fixed by the designer.
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SOILS WITH SANDY LAYERS COULD PRESENT DRAINAGE PROBLEMS

C M . Njihia*
INTRODUCTION
Poor drainage is usually associated with soil layers having poor
water transmitting properties.

In general, coarse textured soils (sandy)

have higher saturated hydraulic conductivity values than clay soils.
Sandy soils are therefore naturally better drained.
In layered soils, when a sandy layer underlies a clay layer, root
development is observed to be obstructed by the sandy layers. The obstruction has been attributed to unfavourable conditions in the sandy
layer which are absent in the overlying clay layer.

An unfavourable

soil condition given prominence is mechanical impedance as the sandy
layer has high bulk density and therefore low porosity (Hidding and van
der Berg, 1960).

Low water and nutrient holding capacities of the sandy

layer are also considered unfavourable factors.
Excess water in the sandy layer is also undesirable as it gives
rise to poor drainage and therefore poor soil aeration in the root environment.

This sandy layer could influence the moisture retention in

the overlying layer. These are the subjects of this paper.

OBJECTIVES OF DRAINAGE
There are two types of drainage, namely surface drainage which
is the removal of excess water from the land surface, and internal
drainage which is the removal of excess water in the soil by downward
flow of water through the soil.

Drainage of agricultural lands is nece-

ssary to facilitate accessability and workability of the soil, enhance
aeration of the soil (CO» suffocates plants if

allowed

to accumulate),

hasten warming up of soils, stimulate biological activity and promote
the development of a large root system of the plant.

*

National Agricultural Laboratories, P.O. Box 14733, Nairobi, Kenya.

- 83 Surface drainage as the name implies is effected through a network of surface drains.

In internal drainage as water moves down through

the soil the layerings are bound to affect the drainage as far as the
root environment is concerned.
DOWNWARD FLOW OF WATER THROUGH A LAYERED SOIL
Detailed work on the effects of soil layering on moisture movement
has been conducted by Miller and Gardner (1963) using artificial materials.
When the wetting front reached a material of either a larger or smaller
pore-size than that through which it had been moving an effect on infiltration rate was observed.

Where a less permeable layer (small pores)

overlied the more permeable layer (large pores), the wetting front on
reaching the more permeable layer, did not move across the boundary
immediately because the soil suction in the top layer was too high to allow
water to be drawn into the larger pores. Since the larger pores have to
be drained of water at the suctions prevailing in the top layer for the
wetting front to advance, the soil suction at the boundary must decrease
until it is low enough to allow the pores of the lower layer to fill with
water.

The decrease in suction means a decrease in water potential

gradient over the wetted soil column or in other words an increase in soil
moisture content in the top layer.
If the layer with larger pores (sand) is in turn underlain by a
much less permeable layer, there is a possibility of water stagnating
in the sandy layer which could prevent root growth.

Even without a

restricting layer below the sandy layer assuming the sandy layer is substantially thick) the accumulated water in the top fine pored soil could
be held at such low suctions (filling most of the larger pores) as to
make the root environment in the layer unfavourable.
Moisture retained at — bar suction, our arbitrary point for field
capacity in the time-drainage curve, may be exceeded in soil layers that
are underlain by coarse soil layers (sand, gravel).

This has been noted

by Nelson and Baver (1941), Robins (1959), Miller and Bunger (1963) and
Eagleman and Jamison (1962), among others. The latter experimenting
with a silt loam underlain by sand found that the silt loam drained from
a moisture content of 44% to a constant moisture content (field capacity)
of 40% by volume within 14 days.

The moisture content of the silt loam

at — bar suction was only 26.6%.

The moisture content of 40% in the silt

loam layer corresponded to the maximum suction developed in the sand of
60 mbar (60 cm H 9 0 column).

Sensitive crops may be affected by this
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excess water in the soil.

The excess water has to be removed by drainage

although eventually it will be lost through.évapotranspiration but after
having done damage to the plants.
For the control of groundwater table, recent work shows that if
possible, drains should be placed at the interface or in the top of the
high conductivity layer (Tang and Skaggs, 1980).
groundwater a solution has still to be found.

For the soils without

In many cases when desig-

ning irrigation schemes soils layering and drainage have been ignored
which may give rise to problems later.

GARISSA CASE STUDY
Some investigations were carried out to find out the cause of
yellowing and dying of pawpaw plants at the ADC farm in Garissa during
1979/1980.

The farm is located about 2 km north of Garissa Town along

the left bank of Tana River.
Plant and soil samples were analysed for pathogens which were not
found.

Soil testing showed that the soils were deficient in nitrogen

and this was considered a possible cause for the yellowing of the leaves
of the plants. Leaf Ca and Mg levels were high while Fe was possibly
toxic.

The pawpaw problem was then considered as nutritional having

nitrogen deficiency.

The farm was advised accordingly.

However, the

problem continued and intensified resulting in death of some plants.
Further investigations were, therefore, initiated.
The results of the

investigations have been summarized in a

Special Report (Njihia, 1981).

The soils of the 6 ha pawpaw plantation

are stratified with light (sandy) and heavy (clay) textured soil layers
in a more or less alternating pattern.
1.12 to 1.43 g/cm

The bulk densities varying from

in the clay layers and 1.42 to 1.46 g/cn

layers were considered normal.

in the sandy

Porosity values varied between 45 and 58%

and were also considered normal.

Prevention of root growth due to mecha-

nical resistance of the soil was therefore, considered not important.
According to Veihmeyer and Hendrickson (1948) root growth is prevented
at bulk density values between 1.45 and 1.65 g/cm
between 1.7 and 1.8 g/cm

in clay soils and

in sandy soils. However, it was observed that

roots did not want to enter the sandy layer.
/•/

Some soil physical and chemical characteristics of the pawpaws

afield are given in Tables la/lb and 2a/2b for two different sites, each
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site having two soil profiles. The soils of the entire farm have been
described in detail in a Kenya Soil Survey Report (Sogomo et al., 1980).
In Table la, field moisture (as per date of sampling) was retained
between — and 1 bar suction.
whole soil profile sampled.

The suction was nearly continuous over the
In this profile, however, pawpaw roots were

observed to evade the loamy sand layer. Although the layer did not seem
to be poorly drained, the high concentration of available P (234 ppm
versus 13-90 ppm in other layers), Table 2a, seem to indicate conditions
of water stagnation in the'layer.

The pawpaw plant at the profile had

been stumped when it showed signs of dying but the stump regenerated.
In Table lb, field moisture was retained at 1 bar suction in the
top layer (less permeable),

between saturation (or zero suction) and

0.1 har suction in the sand layer, and between 1 bar and 5 bar suction in
the next layer, which was practically impervious when wet.

In this profile

the suction was not continuous. The field moisture in the sand layer, 35%
by volume, was well above the laboratory determined field capacity at —
bar suction, which was only 17%. Table 2b shows that both the sand layer
and sandy loam layer in the profile have high concentrations of available
P (16O-200 vs. 14 and 15 ppm in other fine textured soil layers).
is also indication of water stagnation in these two layers.

This

In this

profile root rot of the pawpaw plant was observed.
The reasons for high concentration of available P in the sandy
layers needs some explaining.

It appears that P is leached from overlying

clayey layers moving with the water to the sandy layers. There was little
water movement from the sandy layers and consequently the layer was
enriched with P.

The fact that there was 'little water movement out of the

coarse soil layers means that water was in a state of stagnation in those
layers.

It is also known that dilution of soil with water causes a

greater amount of P in solution.

Dilution was achieved by the state of

stagnation.
The data presented in the two soil profiles shows great variability
but corraborates one another as far as soil layering, water retention
characteristics and root growth habits are concerned.

The electrical

conductivity (EC) and the exchangeable sodium percentage (ESP) are variable.

In one profile EC is high (ECe = 3 . 5 mmhos/cm) below 35 cm while

ESP is low throughout

the profile, Table 2a.

In the other profile EC
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Table la.

Some soil physical characteristics of the pawpaw field,
ADC Farm, Garissa.

Depth, cm

Pit. 1.

0-16

Northern end of the plantation

16-35

35-52

52-80

8O-100

Texture
Sand %

50

84

28

20

24

Silt %

24

4

34

34

32

Clay %

26

12

38

46

44

SCL

LS

CL

1.34

1.42

1.20

49

46

55

Class

Bulk density, g/cnT
Total porosity, %
Saturated hydraulic
conductivity (K)
m/day

1.12

1.30

58

51

2.148

1.217

0.533

0.979

0.199

26.5

14.5

35.4

43.9

36.9

pF 0

54.7

48.8

62.4

67.5

64.1

pF 2.0

40.0

25.7

45.8

51.2

47.8

pF 2.5

30.4

16.1

39.1

44.2

39.4

pF 3.0

25.8

14.0

34.0

39.6

36.1

Moisture content Vol.%
Field moisture*

i

pF 3.7

20.9

8.5

23.4

27.6

29.2

pF 4.2

15.9

7.8

20.0

24.3

23.9

*

Field moisture = moisture as at sampling date.
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Table lb.

Some soil physical characteristics of the pawpaw field,
ADC Farm, Garissa.

Depth, cm

Pit. 2.

Middle of the plantation.

0-53

53-68

68-100

Sand %•

14

92

38

64

Silt %

26

14

24

Clay %

60

48

12

100+

Texture

SL

Class

Bulk density, g/cm~

1.43

1.25

1.46

53

45

Saturated hydraulic
conductivity (K)
m/day

0.024

0.970

O.OOO

Moisture content Vol. %
Field moisture*

45.0

34.9

38.3

Total porosity, %

46

57.3

pF O

60.6

pF 2.0

51.0

34.6

50.4

pF 2.5

47.2

17.1

47.3

pF 3.0

45.4

14.0

44.6

pF 3.7

35.6

5.6

31.2

pF 4.2

30.9

5.6

28.0

*

Field moisture = moisture as at sampling date.
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Table 2a. Some soil chemical characteristics of the pawpaw field,
ADC Farm, Garissa.

Depth, cm

Textural Class

Pit 1.

Northern end of the plantation

0-16

16-35

35-52

SCL

LS

CL

7.8

8.2

7.8

7.8

7.8

0.23

0.18

1.20

1.50

1.55

3.50

5.00

3.50

52-80

80-100

pH-H20
(1: 2*5 suspension)
EC (mmhos/cm)
(1:2h suspension)
ECe (mmhos/cm)

Organic carbon %

0.70

Available nutrients:
Na, m.e%

0.40

0.34

0.66

1.14

2.O0

K, me%

0.86

0.56

0.66

0.14

0.26

Ca, m.e%

18.5

6.8

27.5

31.0

27.5

Mg, m.e%

7.2

2.3

9.5

9.2

9.3

Mn, m.e%

0.68

0.42.

0.76

0.74

0.97

45

234

92

13

Cation Exchange
Capacity, CEC, m.e/lOOg

21.6

8.0

26.8

37.7

32.0

Exchangeable Cations
Ca, m.e/lOOg

11.9

8.8

32.7

37.7

27.9

Mg, m.e/lOOg

l.OO

2.10

11.0

13.50

K, m.e/lOOg

0.16

0.82

1.84

0.88

0.67

Na, m.e/lOOg

0.20

0.40

1.45

2.20

2.45

1.7

4.6

4.4

5.8

8.8

++

+++

P, ppm

Exchangeable Sodium
Percentage
Qualitative CaCOß

90

1 0 . OO
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Table 2b.

Some soil chemical characteristics of the pawpaw field,
ADC Farm, Garissa.

Depth, cm

Pit 2.

0-53

Middle of the plantation.

53-68

68-100

Textural Class

SL

pH-H20
( 1:2h suspension)
EC (mmhos/cm)
(1:2*5 suspension)

100+

7.4

8.2

7.6

7.9

0.35

0.08

0.40

0.55

ECe (mmhos/cm)
Organic carbon %

0.41

Available nutrients
Na, m. e. %

0.90

0.32

2.15

0.16

K, m.e.%

0.26

O.IO

0.14

0.12

Ca, m.e.%

16.5

5.0

11.8

6.6

Mg, m.e.%

9.4

2.1

9.4

4.5

Mn, m.e.%

0.58

0.39

0.54

P, m.e.%

15

160

14

200

Cation Exchange Capacity
C.E.C. me/lOOg

41.2

3.8

32.5

7.2

Exchangeable Cation
Ca, m.e./lOOg

26.5

3.3

20.5

7.8

0.50

Mg, m.e./lOOg

10.25

1.40

9.00

3.85

K, m.e./lOOg

0.70

0.12

0.54

0.17

Na, m.e./lOOg

1.95

0.35

4.45

2.20

9.2

13.7

30.6

Exchangeable Sodium Percentage
Qualitative CaCQ3

4.7
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is low (< 0.40 mmhos/cm) throughout the profile while ESP increases with
depth to sodic levels below lOO cm.

Auger hole samples at various points

and depths elsewhere in the field showed similar variability (EC 0.35 to
2.35 mmhos/cm, ESP 3 to 21) and varying amounts of CaCO.,.

In this field

therefore, the possibility of salinity and/or sodicity problems in some
pockets exists.
Pawpaws requires a warm climate.

This condition obtains in

Garissa with a mean annual temperature of 28.5 C.

Adequate water supply

was ensured through a sophisticated irrigation system at the rate of
250 m /acre or 62 mm/week.
harmful.

Excess water, on the other hand, could be

Wallace (1948) has pointed out that stagnant water in the soil

can easily dispose the trees to root rot.

Soil layering at the pawpaw

plantation has been shown to promote water stagnation or excessively
high moisture concentration at certain soil layers, thus causing root rot.
CONCLUSIONS
Although this paper has not disputed the theory of mechanical
impedance of sandy layers in the soil to root development and growth, it
has shown that drainage and aeration of the soil particularly at the
interface of the two layers is affected by the underlying sandy layer.
The prevention

of root growth into these layers could also be considered

a drainage problem.

For irrigation purposes, soil layering

needs to be

studied further to find a solution.
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DISCUSSION
Dr. F.J. Wangati: The case of dying pawpaw trees seem to have a parallel
with the 'sugarcane yellow wilt' which was eventually traced to the death
of roots due to a fluctuating water table.
systems and rescheduling

Redesigning the drainage

irrigation may offer a possible solution.

Mr. C M . Njihia: Agreed but the problem of flooding due to occasional
rainstorms would be difficult to deal with.
Dr. T. de Meester:

Deep ploughing to at least a depth of one meter and

installing a drainage system at depths below one meter should also be
tried to overcome the problem.
Dr. A.O. Ridley:

Deep ploughing to overcome cropping problems caused by

a stratified soil has been tried successfully in Menengai area of Kenya

- 92 -

where a clay-loam layer of about 20 cm

overlies a coarse layer of low

bulk density pumice which goes down to about 60 cm.
layer is again encountered below the pumice.

A fine textured

Farmers deep plough to

depths of 60-70cm and mix the layers. A farmer has claimed 30% increase
in wheat yields since he started the practise.
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ANALYSIS OF SOIL PARAMETERS AFFECTING FIELD AND NOMOGRAPH DETERMINED
ERODIBILITY FACTORS OF MLINGANO SOILS

E.N.L. Ngatunga

ABSTRACT
Annual soil loss A (ton/ha) and rainfall erositivity index R
(ton-meter/ha) were used to compute field erodibility factor Kf (ton/ha/R).
Wischmeier nomograph erodibility factor Kn was also estimated.

In the

3 sites studied at Mlingano Kf was found to be higher than Kn.

While Kf

ranged from 0.121 to 0.176, Kn varied between 0.085 and 0.110 ton/ha/R.
Kf was highly but negatively correlated with % water stable aggregates
and gravel content >4mm, % clay, dispersion ratio, M-parameter and % silt
+ v. fine sand fraction.
with these parameters.

Kn was also highly and positively correlated

Under normal conditions both factors are expected

to be influenced equally by these parameters. The anomaly was explained
by the fact that laboratory determined textural properties whose effects
are overshadowed in the field by water stable aggregates and gravels of
various sizes and quantities are used in estimating Kn.
staking and crusting,

High rates of

rapid dispersion and the fine aggregates in oxide

enriched Mlingano soils increased their susceptibility to erosion.

Results

of two rainy seasons indicated that Kn underestimated the erodibility
of the soils. For correct assessment, Kf was suggested to be a better
measurement.

INTRODUCTION
The soils of parts

of the Usambaras and surrounding uplands are

known to be susceptible to erosion (T.W.M.P., 1976, Watson, 1973).

The

inherent susceptibility of a given soil to water erosion is quantitively
expressed by the erodibility factor K of the Universal Soil Loss Equation,
U.S.L.E. (Wischmeier and Smith, 1965).

It is expressed in tons/ha/R

where R is the annual rainfall erositivity index and is based on actual
measurement of soil loss from selected natural sites over such long period
of time as to allow occurrence of varied rainstorms and antecedant soil
moisture conditions (Wischmeier and Smith, 1961).

It can also be based on

*
Agricultural Research Officer (Soils), National Soil Service, P.O. Box
5088, Tanga, Tanzania
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measurements under simulated rainstorms (Meyer and Mc-Cune, 1958).

A

third approach is to compute K values using predictive equations or nomographs that are strongly correlated with erodibility (Wischmeier et al.
1971; Wischmeier and Mannering, 1969).
Little is known about properties that determine soil erodibility
in the tropics.

Similarly knowledge on the evaluation of the applica-

bility of the. available prediction equations and erodibility nomographs
is scarce. Of particular interest is whether K obtained by actual
field measurements of soil loss under natural rainfall differs from that
estimated by the famous Wischmeier erodibility nomograph.
Recently erosion plots designed to monitor erosion rates and
factors influencing erosion were established at Mlingano (Ngatunga, 1981).
In this paper data collected from two rainy seasons is used to analyse soil
properties that influence erosion.

MATERIALS AND METHODS
Plots were installed at 3 sites with natural slopes of 10, 19
and 22% in September, 1979 before the onset of short rains. Each site
had two runoff plots. The plots were cleared of natural vegetation,
hoed, harrowed and raked to provide a fine tilth necessary for erosion
potential from the soil (Wischmeier et al., 1958- FAO, 1965).

The plots

were enclosed by corrugated iron sheets, 15cm into the ground and 25cm
above it so that runoff and soil loss from outside could be prevented
from running into the plots. Towards the end of the plots the sheets
were attached to troughs which diverted runoff and soil sediments into
storage tanks installed at the lower end of the plots. Stakes were used
to keep the retaining walls in firm position.

The plots were kept free

of weeds.
After each erosive rainstorm, the volume of runoff and soil
sediments collected was determined by inserting a pre-calibrated
(Volume vs. depth) measuring rod to estimate soil loss.

A sediment sus-

pension of 1 litre was drawn after thorough stirring with wooden planks.
A subsample of 200 ml. was oven dried to determine the sediment density.
Soil loss per plot (in g) was calculated from t x lOOO x P where t is
the total runoff in litres and P is the weight of soil in the 200 ml
subsample and converted to soil loss per hectare.
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Water stable aggregates (WSA) were determined by taking a sample
of 200g of dry soil (before erosion) which was slowly soaked with water
by a pipette and placing in the top of a nest of sieves of sizes 4.0,
3.5, 3.O and 2.5 mm.

Shaking was done by hand in a wide trough of

water at the rate of 50 immersions per minute for 20 minutes. The wet
stable aggregates remaining in each sieve were carefully transferred
in weighing dishes and oven dried at 105 , cooled and weighed.

This

operation was repeated four times. The water stable aggregates in each
of the sieves were thoroughly washed with water to remove all the
adhering soil particles. The remaining gravels (GC) were oven dried,
cooled and weighed.

Particle size distribution was determined by the

pipette method as outlined by Day (1965).

In addition, different sand

size fractions were determined through dry sieving.
tion of particle

A second determina-

size distribution was made using untreated samples

for calculating dispersion ratio (DR), clay ratio (CR) and erosion ratio
(ER) which were computed as follows:-

po

_

%(silt + clay)
% (silt + clay)

untreated sample
treated sample

_

% sand
% (silt + clay)

_

Dispersion Ratio
Colloidal content/moisture equivalent

where colloidal content is the sum of % (organic matter + clay)
and moisture equivalent is moisture content held at field capacity
(1/3 bar moisture).
The M-Parameter known to be efficient in predicting the susceptibility of a soil to erosion was computed as a product of % (Silt + v.
fine sand) times % (Silt + v. fine sand and Sand >0.1 mm).

Wischmeier

and Smith (1978) have reported that where the silt fraction does not
exceed 70%, erodibility varies approximately as the 1.14th power of
this parameter.
Field erodibility factor K f for the 3 sites was computed using
the U.S;L. Equation of Wischmeier and Smith (1965) which is in the form
A = RKLSCP where A is the weight of soil lost per unit area, R is the
rainfall factor, K is the soil erodibility factor, LS is the length of
the slope factor, C is the crop management factor, and P is the factor

- 96 related to erosion control practices. These factors are usually
derived from long term erosion studies on unit plots 22m long with
an area of 0.004 ha and a uniform slope of 9%.

Both ploughing and

harrowing are done parallel to the slope. When the plots are bare,
free of weeds and with no erosion control practice

the factors C, P

and LS assume a value of unity (Wischmeier et al, 1958).

The annual

Soil loss (A) is then a function of the rainfall factor (R) and the
erodibility factor K i.e. A = RK.

When other plot dimensions are

used the U.S.L. equation a.llows adjustment of the data by an LS factor
available from published tables or nomographs of LS factor (Wischmeier
and Smith, 1978).

The K factor is then calculated from the relation

K = A/LS x R ton/ha/yr/R.
Computation of the Rain erosivity factor R were based on
information of erosive rainstorms extracted from rainfall charts from
the period August 1979 to July 1980. Since the 3 sites were situated
within a radius of 2 km from the recording raingauge it was assumed
that all recorded rainfall data was applicable at these sites. Annual
R is the sum of EI
EI.

values of all the erosive storms in the year. The

index of a particular rainstorm was computed as a product of

kinetic energy (E) of the rainstorm following the procedure detailed
by Wischmeier and Smith (1978).

RESULTS AND DISCUSSION
Soil properties which influence field determined erodibility factor, Kf
Table 1 shows soil parameters considered to influence erosion
(El-Swaify,. 1977).

These parameters mostly reflect the textural and

structural condition of the soils. Table 2 shows the field determined
erodibility factor (Kf). Results of simple regression analysis between
Kf and each of these parameters are presented in Table 3. These show
water stable aggregates >4mm (r = 0.98**), gravel content >4mm (r=0.93),
DR (r=0.98**), % clay (r=0.91), M-parameter (r=0.94) and % silt plus
% v. fine sand (r=0.73) were highly and negatively correlated with Kf.
Various researchers have found that soils with higher values of dispersion ratio, clay ratio, erosion ratio, % (silt + v. fine sand) and the
M-parameter are more erodible than those with low values (Middleton, 1930;
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Middleton et .al.,, 1932: Bouyoucos 1935; Wischmeier et al. 1971; ElSwaify, 1977).

The negative relationships of these parameters with

Kf was unexpected.

However, field observations showed that the soil on

the 22% slope which had the lowest K f (0.12 ton/ha/R/year) also had tüe
highest values of % water stable aggregates >4mm and % gravel content
>4mm.

Since parameters which correlated positively with Kf have low.

regression coefficients, it is reasonable to infer that they have little
influence on-K f and that water stable aggregates and gravel content >4mm
have significant influence on field erodibility.;
r ,

•

Table 1.

:•.;

;

'

'

.

.

.

•

•

•

•

•

.

.

•

Soil parameters (0-30cm) which influence Erosion

Soil parameter

Site 1

Site 2

Site 3 -'•

23.08

-.-...16*15

31.19

1.

% Water stable Aggregates > 4mm

2.

% Gravel content

0.50

1.51

17.74

3.

Dispension Ratio

0.95

0.99

1.11

4.

% Silt -+ % very- fine sand

16.82

15.45

19.71

5.

M-Parameter

841.84

869.06

1137.27

6.

% Sand

36.40

44.80

42.40

7.

% Silt . .„

13.22

10.75

14.31

8.

% Organic Carbon

2.28

2.63

2.40

9.

Bulk density .(g/cc)

1.12

1.15

1.12

65.05

50.85

60.18

10.

% Dry Sieved Aggregates > 4mm

Table

2.

Field determined Erodibility factor, K f , for the three sites

Site

Annual Soil
loss (ton/ha)

1.

10% slope.

2.

19% slope

3.

22% slope "

37.8
-92.8

—

- -

88.2

Soil parameters which influence

Rainfall erosivity factor (R)

Slope (Ls)
factor

Erod. factor K f
ton/ha/R

275.8

0.78°

0.176

275.8

2.20

- 0.153

275.8

2.65

0.121

Nomograph estimated Kn -

Wischmeier nomograph estimated erodibility factor Kn for the 3
sites is shown in Table

4.

The results of regression analysis of Kn with
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Table

3.

Simple Correlation Coefficients(r) and Regression Equations
of various soil parameters with field erodibility factor

Soil Parameter

r

Kf

Regression Equation

1.

% Water stable aggregates >4mm

0.98**

K f = -0.021 x + 0.392

2.

% Gravel content

0.93

=-0.003 x + 0.167

3.

Dispersion ratio, DR

0.98**

=-0.326 x + 0.481

4.

% Silt + very fine sand

0.73

=-0.009 x + 0.311

5.

M-parameter

0.94

=-0.002 x + 0.311

6.

% Sand

0.62

=-0.006 x + 0.314

7.

% Silt

0.39

=-0.004 x + 0.225

8.

% Organic carbon

0.25

=-0.038 x + 0.244

9.

Bulk density

0.09

= O.150 x + 0.020

10.

Dry sieved aggregates >4mm

0.25

= O.OOl x + 0.094

11.

% Clay

0.91

= 0.006 x + 0.129

x = respective soil parameter in above equations

above soil parameters show that Kn is highly and positively correlated
with water stable aggregates >4mm (r = 0.96**), % gravel content
(r = 0.97*), DR (r = 0.91), % silt + v. fine sand (r = 0.99**), M-parameter
(r = 0.96*) and % silt (r = 0.86), Table 5. Positive correlations indicate
that Kn increases as the values of these parameters increase.

Percent

organic carbon and bulk density were negatively correlated with Kn and
had low correlation coefficients.

Table

4.

Nomograph estimated erodibility factor Kn for the 3 sites

% Org. C

Site

%Sand

% Silt +
. fine sand

V

Kn
ton/ha/R

1.

10% slope

3.9

32.8

16.8

0.090

2.

19% slope

4.4

40.1

15.5

0.085

3.

22% slope

4.1

37.0

19.7

0.110
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Middleton et al., 1932: Bouyoucos 1935; Wischmeier et al. 1971; ElSwaify, 1977).

The negative relationships of these parameters with

Kf was unexpected.

However, field observations showed that the soil on

the 22% slope which had the lowest K f (0.12 ton/ha/R/year) also had the
highest values of % water stable aggregates >4mm and % gravel content
>4mm.

Since parameters which correlated positively with Kf have low

regression coefficients, it is reasonable to infer that they have little
influence on K f and that water stable aggregates and gravel content >4mm
have significant influence on field erodibility.
Table 1.

Soil parameters (0-30cm) which influence Erosion

Soil parameter

Site 1

Site 2

Site 3

23.08

16.15

31.19

1.

% Water stable Aggregates > 4mm

2.

% Gravel content

0.50

1.51

17.74

3.

Dispension Ratio

0.95

0.99

1.11

4.

% Silt + % very fine sand

16.82

15.45

19.71

5.

M-Parameter

841.84

869.06

1137.27

6.

% Sand

36.40

44.80

42.40

7.

% Silt

13.22

10.75

14.31

8.

% Organic Carbon

2.28

2.63

2.40

9.

Bulk density (g/cc)

1.12

1.15

1.12

65.05

50.85

60.18

10.

% Dry Sieved Aggregates > 4mm

Table

2.

Field determined Erodibility factor, K^, for the three sites

Site

Annual Soil
loss (ton/ha)

Rainfall erosivity factor (R)

Slope (Ls)
factor

Erod. factor Kf
ton/ha/R

1.

10% slope

37.8

275.8

0.78

0.176

2.

19% slope

92.8

275.8

2.20

0.153

3.

22% slope "

88.2

275.8

2.65

0.121

Soil parameters which influence

Nomograph estimated Kn

Wischmeier nomograph estimated erodibility factor Kn for the 3
sites is shown in Table

4.

The results of regression analysis of Kn with
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Table

3.

Simple Correlation Coefficients(r) and Regression Equations
of various soil parameters with field erodibility factor

Soil Parameter

r

Kf

Regression Equation

1.

% Water stable aggregates >4mm

0.98**

K f =-0.021 x + 0.392

2.

% Gravel content

0.93

=-O.0O3 x + 0.167

3.

Dispersion ratio, DR

0.98**

=-0.326 x + 0.481

4.

% Silt + very fine sand

0.73

=-0.009 x + 0.311

5.

M-parameter

0.94

=-0.002 x + 0.311

6.

% Sand

0.62

= -0.006.x + 0.314

7.

% Silt

0.39

=-0.004 x + 0.225

8.

% Organic carbon

0.25

=-0.038 x + 0.244

9.

Bulk density

0.09

= 0.150 x + 0.020

10.

Dry sieved aggregates >4mm

0.25

= O.OOl x + 0.094

11.

% Clay

0.91

= 0.006 x + 0.129

x = respective soil parameter in above equations

above soil parameters show that Kn is highly and positively correlated
with water stable aggregates >4mm (r = 0,96**), % gravel content
(r = 0.97*), DR (r = 0.91), % silt + v. fine sand (r = 0.99**), M-parameter
(r = 0.96*) and % silt (r = 0.86), Table 5. Positive correlations indicate
that Kn increases as the values of these parameters increase.

Percent

organic carbon and bulk density were negatively correlated with Kn and
had low correlation coefficients.

Table

4.

Nomograph estimated erodibility factor Kn for the 3 sites

Site

% Org. C

%Sand

% Silt +•
. fine sand

V

Kn
ton/ha/R

1.

10% slope

3.9

32.8

16.8

0.090

2.

19% slope

4.4

40.1

15.5

0.085

3.

22% slope

4.1

37.0

19.7

O.llO
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Table 5.

Simple Correlation Coefficients (r) and Regression Equations
of various soil parameters with Nomograph estimated Kn

Soil parameter

r

Regression Equation

1.

% Water soluble aggregate >4mm

0.96*

K n = 0.002 x + 0.055

2.

% Gravel content

0.97*

= O.OOl x + 0.086

3.

Dispersion ratio DR

0.91

= 0.144 x - 0.052

4.

% Silt + v. fine sand

0.99**

= 0.006 x - 0.009

5.

M-parameter

0.96*

= O.OOl x + 0.021

6.

% Sand

0.86

= 0.006 x + 0.016

7.

% Silt

0.05

= 0.0002 x 40.088

8.

% Organic carbon

0.36

= 0.027 x + 0.160

9.

Bulk density

0.65

=-0.500 x + 0.660

10.

Dry sieved aggregates >4mm

0.36

= O.OOl x + 0.056

11.

% Clay

0.46

= 0.002 x + 0.167

x = respective soil parameter

in above

equations

Long term erosion studies elsewhere have shown that Kn decreases as
% water stable aggregates and gravel content increases.

By way of infe-

rence it can be said that the above soil parameters received less
emphasis in the estimation of Wischmeier's nomagraph KJJ and more emphasis
on laboratory determined textural properties, i.e. % silt, % clay, % very
fine sand and % sand whose effects in the field are overshadowed by those
of water stable aggregates and gravels of various sizes and quantities.

Comparison of Kf and K n values of Mlingano soils
The field determined Kf (Table

2) and the Wischmeier's nomo-

graph estimated Kn (Table 4) values were compared.

It was observed

that Kf values were higher than those of Kn. For sites 1 and 2 the Kf
values were almost twice that of Kn.

For site 3 the difference was

small as the site had the highest Kn value.

These results show that

nomograph factors underestimate the erodibility of Mlingano soils.
Similar observations have been made in erosion studies in Hawaii and
West Africa (El-Swaify and Dangler, 1976; Lai, 1976; Roose, 1977).
underestimation of erodibility could be

due

to rapid slaking.

This
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sealing and crusting of these soils under the influence of intense
rainstorms and high temperatures with their desicating effects (Khatibu,
1981).

These render the soils more susceptible to erosion especially

when infiltration is drastically reduced.
are

Moreover, Mlingano soils

known to be easily dispersed due to the presence of high amounts

of K in the surface soils (Ngatunga, 1981).

The dispersed particles

can clog both air and water passages of the soil thus facilitating
sealing and hence reducing infiltration rate.
Another possible reason could be the clay behaving as silt in
the field.

Both summit soils (rJiodic Ferralsols) and those on steep

slopes (chromic/ferric Luvisols) at Mlingano have substantial quantities
of sesquioxides.

These soils also have moderate to high amounts of

organic matter content (Anonymous, 1980; Ngatunga, 1981).

While medium

sized soil aggregates cemented by organic matter and sesquioxides cannot
withstand the disruptive effects of wetting and the raindrop impact,
sand and silt-sized particles are less susceptible to dispersion as
can be seen in Table

6.

This is why field texture of many tropical

soils feels coarser than the laboratory determined texture (Ahn, 1979;
Lal, 1979).

Unless sesquioxides and organic matter contents are suffi-

ciently destroyed as was done in the treated samples, Table

6, clay

particles in the field remain cemented and behave as silt-sized micro
aggregates being easily transported by the sheer force of runoff.

Table

6.

Particle size analysis of treated (T) and untreated (UT)
soil samples from the 3 sites.

Site

1.

2.

3.

Horizon

% Sand

Depth ( cm)

% Clay

% Silt

T

UT

T

UT

T

UT

Ap

0-20

37

40

13

32

50

28

Bl

20-70

29

38

10

37

61

25

Ap

0-16

46

46

11

25

44

30

Bl

16-40

32

42

8

40

60

18

Ap

0-14

43

47

14

36

42

27

Bl

14-28

31

33

14

30

55

37
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SHORT NOTES ON THE ACTIVITIES OF THE TRAINING PROJECT IN PEDOLOGY
(TPIP) AT KILIFI, KENYA

*
T. de Meester and H. Waaijenberg

INTRODUCTION .
The Training Project in Pedology (TPIP) is a project of the
Agricultural University of Wageningen, the Netherlands.

It previously

operated for 6 years at Kisii, Nyanza Province and since September 1979
is at Kilifi in the Coast Province.
The programme includes soil surveys at various levels of detail
and investigations on soil formation, hydrology, erosion, soil conservation, vegetation and land use, crops and farming systems.

Compilation

of results is aimed at a realistic land evaluation in terms of suitability
for relevant land utilization under various levels of management.

The

close cooperation with the National Agricultural Laboratories and the
Kenya Soil Survey will result in the production of one map sheet (sheet
198) on scale 1:100,000 as part of the systematic reconnaissance mapping
for the whole of Kenya.

The project also cooperates with the Coast

Agricultural Research Station, Mtwapa and other Governmental Institutions
at the district level.
Links with the University of Nairobi (Departments of Soil Science
and Crop Science) have resulted in the participation of Kenyan postgraduate (MSc) students in our project.
The. Project headquarters is at Bofa-area Kilifi.

There are also

semi-permanent tented camps on government's compound at Kizurini near
Kaloleni and at Ganze. The Project will terminate its activities in
September 1982.

ACTIVITIES
1

Soil surveys
The survey-programme was started by producing a Preliminary Reconnaissance Soil Map at scale 1:100,000 of the Kilifi area, (approximately

Principal and Graduate Student, Training Project in Pedology, Private
Bag, Kilifi
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200,000 ha) including a report which was distributed in November 1980
as preliminary Report No. 1 (Kilifi Series), after the fieldwork was
completed by December 1979 (Floor et al 1980).

This preliminary

survey, which must be regarded as a general inventory, served as a
basis for selecting sample areas

for more detailed surveys. The follow-

ing sample areas have so far been surveyed (see Figure 1).
Kaloleni Sample Areas (approx. 10,000 ha).
Mapped at scale 1:12,500, later reduced to 1:20,000.

Internal

Report completed.
Mazeras Sample Area (approx. 3,000 ha)
Mapped at scale 1:12,500.

Draft Internal Report completed.

Mtwapa Sampel Area (approx. 5,600 ha)
Mapped at scale 1:20,000.

Internal Report completed.

Coast Agricultural Research Station/Farmers Training Centre (550 ha)
Mapped at scale 1:5,000.

Internal Report completed.

Dzitsoni Sample Area (approx. 2,500 ha)
Mapped at scale 1:10,000.

Report in preparation.

Bamha Sample Area (approx. 1,500 ha)
Mapped at scale 1:12,500 with special map 1:2,500 of Bamba
experimental station.
Ganze Sample Area

Draft Internal Report completed.

(7,000 ha)

Mapped at scale 1:20,000.

Draft Internal Report completed.

Tezo Sample Area (approx. 8,000 ha)
Mapped at scale 1:20,000.

Report not yet completed.

East - West Sample Area (approx. 10,000 ha)
Cross section mapped as a special study.

Report not yet completed.

After completion of the Sample Area Surveys a start has been
made to survey the Kilifi-mapsheet area at scale 1:50,000 which will
result in a revised and final Reconnaissance Soil Map at scale
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1:100,000.

This soil map together with an elaborate report will be

published in cooperation with the Kenya Soil Survey as a part of their
Reconnaissance Soil Map Series. The fieldwork for this activity will be
completed by March 1982.

2

Research
All research as part of the project programme is related to the
collecting of relevant data for land evaluation.

Investigations are

therefore, concentrated on land qualities, requirements of crops and/or
land utilization types, and on climatic and socio-economic conditions.
The following subjects have been studied so far:-

Natural vegetation
A general inventory of the present natural vegetation has been
carried out. This has resulted in a Land use and Vegetation Map, scale
1:50,000, of the Kilifi Area (which will be reduced to scale 1:100,000
for publication), and an extensive report on the botanical composition
of the vegetation units. The report is not yet completed.
Related investigations were carried out-on the influence of
human activities (such as clearing, charcoal burning, grazing and browsing)
on the natural vegetation.

In

addition to this, special studies were

carried out on the carrying capacity for cattle, sheep and goats in the
grazing and browsing areas.

Available moisture
Soil-moisture was monitored with a neutron-probe at some twenty
soil profiles scattered over the major soil units, during a period of
two years.

Soil moisture retention-curves were also compiled for every

horizon of each profile.

Climatic data of all available weather stations

in the area were statistically analysed to obtain probability levels of
precipitation in different seasons.

It is hoped that these studies will

lead to evaluation of moisture availability for both annual and perennial
crops growing under different climatic zones and in different soils.
Soil fertility
Tentative investigations have been carried out to check the natural
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fertility of the major soil units in the area. This was done in 1980 by
the Micro-plot method.

In the long-rainy season of 1981 a conventional

NPK fertilizer trial programme was carried out on six different soil
units.

The trials will be continued in 1982.

Soil erosion hazard
In 1980, studies were carried out to estimate erosion hazard in
soils developed on Jurassic Shales. The results were tentative due to
lack of heavy rain.

The trials will be repeated in 1982.

Crop requirements
In 1980 studies were carried out, in cooperation with Coast Agricultural Research Station (Mtwapa), on the productivity of coconut-trees
in relation to the type of management and soil condition.

Studies on

productivity of other food and cash crops under different management
practices have

also been carried out.

Farm-management and landuse
Farm-management and landuse studies were carried out in 1980 and
1981 in the Kaloleni area over a period of one year.

In 1981, similar

investigations were made in the Coastal Plain during the long-rains.
At present the drier N.W. area of Kilifi mapsheet (Ganze-Bamba Area) is
under study.

The main purpose of these studies is to identify and

describe the constraints to resource development in the area.

Miscellaneous subjects
Root-development, biological activity, crusting in grazing area,
geomorphology and soil formation have also been studied.

SOIL CONDITIONS
Soils of the Kilifi area are shown in Figure 2. These differ
widely in depth, texture, physical and chemical properties, mainly due
to differences in parent material. Moreover, soil forming factors like
climate, topography and time play an important role.

The area can be

divided into two main physiographic units, Plains (Coastal Plain and
Bay Plain) and Coastal Uplands. Other physiographic units of minor
importance not described in this paper are: Bottomlands, River Terraces
and Floodplains, Minor valleys, Hills and Minor scarps, Tidal Flats and
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Swamps, Beaches and Dunes.
The Plains
The soils of the Coastal Plain

can be subdivided into:

Soils developed on coral limestone (unit PL)
These soils are generally well drained and of loamy sand to sandy
clay texture. The soil depth ranges from shallow to deep, but never
very deep. The soil depth differs greatly over relatively short
distances.

This is mainly due to the original relief of the coral

limestone.

The soils are considered to have developed from the coral

rock, but allochthone sand admixture are present as well.
These soils are mainly Lithosols and ferric Acrisols.

Soils developed on coastal sands (Kilindini sands), (unit PA)
These soils are well drained and are generally very deep.

A part

of the unit is sand to sandy loam and is subdivided on the basis of
colour.

The other part has a sandy clay-loam subsoil.

In the South

Eastern part (Vipingo mapsheet) these soils have a sandy clay subsoil,
and their drainage condition varies from well drained to poorly drained.
The soils are reddish in colour.

The coastal sands are partially derived

from the hinterland (Magarini sands).

This accounts for the low chemical

fertility of the soils. The clayey soils have poor physical properties,
and hence poor workability.
Generally, profile development and horizon differentiation
increase in western direction, as a result of increasing age of the
different coastal levels. These soils are mainly ferric or chromic
Acrisols, albic Arenosols, ferric Luvisols and gleyic Luvisols (in the
bottomlands).
The Bay-Plain (unit PbA) has sandy and clayey soils developed on
Pleistocene Bay-sediments.
They comprise of various units, ranging from excessively to
imperfectly drained.

The sandy soils are non-saline.

The soils with a fine sandy topsoil on sandy clay loam to clay,
are strongly saline and sodic in the subsoil. The dominant soils in the
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plain are heavy clay soils which sometimes have a calcic horizon underlying a shallow sandy loam topsoil.

Due to the presence of significant

amounts of salts and a Na-dominated adsorption complex, these soils are
at the

moment covered by salt tolerant vegetation only.

The latter

soils are mainly gleyic Luvisols.

The Coastal Uplands
The soils of the Coastal Uplands, are grouped according to their
parent material:Soils developed on Magarini sands (unit UA - mag)
These are excessively drained to well drained, very deep soils,
with a sandy clay loam subsoil on the higher topographical positions. Their
physical properties are quite favourable but chemically they are poor. The
strongly weathered parent material was derived from weathered sandstones
in the hinterland (Duruma sandstone and Basement Complex).
These soils have been subject to weathering since late-Pliocene
times, and are the "oldest" soils in the survey area.
concentrated as cutans around the sand grains.

Iron is mainly

In places, where there are

small depressions slightly indurated iron bank can be seen.

These soils

are mainly rhodic Ferralsols.

Soils developed on Jurassic shales (unit UT)
These are very heavy clay soils. The soils are deep to very deep,
in the southernmost part of the area, and moderately deep in the strongly
dissected northern area.

The soils are shallower on the slopes.

their heavy texture and their poor physical properties

Due to

water penetrates

very slowly in the subsoil.
Tillage is difficult on these soils and there is a rather high
susceptibility to gully erosion, especially where the land is ploughed
by tractor over a large area.

Several hilltops are covered with Magarini

sands. These are cultivated more intensively than the low-lying surroundings.

The soils are mainly chromic Vertisols and gleyic or vertic

Luvisols.

Soils developed on Kambe Limestone (unit UL)
These are well drained, generally very deep, red, silty-clay soils
with reasonable physical properties. Many soils have sand admixtures of
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a former Magarini sandcover or Mazeras colluvium.
clay, with admixtures of ferruginous gravel.

Such soils are sandy

A remarkable feature in

the landscape is the occurrence of karstic limestone outcrops, which
restricts tillage.

The soils are mainly eutric Nitosols.

Soils developed on Mazeras sandstone (unit US-maz)
There is a great variation in the soils on the Mazeras sandstone.
On the steeper slopes in the southern part and to a larger extent in the
northern area the soil depth ranges from shallow to very deep, and the
soils are generally sandy.

North of Kaloleni soil profiles grade from

a loamy sand topsoil to a sandy clay subsoil on the upperslope and
plateaus.

The middle slope profiles have been truncated, so they have

a sandy clay loam topsoil which may give rise to surface sealing and
erosion.

Some minor parts are heavy clayey soils with the same proper-

ties and hence the same agricultural restrictions as the Jurassic shales.
These soils are mainly orthic Luvisols and eutric Cambisols.

Soils developed on Mariakani sandstone (unit US mar)
The Mariakani sandstone also has different soils. A large part
of the northern area has very deep, well drained soils developed on
medium to fine grained sands with a, very low clay content.

Other parts

have soils with a sandy loam or somewhat heavier subsoil, mostly with
a porous massive, strongly coherent structure, or sandy profiles that
are rather abruptly overlying sandy loam to clay.

US-Mar soils have

somewhat better moisture conditions than the coarse sandy US Maz, soils.
They are mainly ferric Acrisols and albic or cambic Arenosols.

4.

AGRICULTURE
Five agricultural zones can be distinguished from East to West,
most of which show gradual changes from South to North, mainly due to a
decrease in the amount of rainfall in the same direction.
The Coastal Plain displays a large variation in population density
which is due to the spatial distribution of three distinct farming systems:Large scale farms occupy about

30% of the area.

Vipingo Sisal Estate

(7300 ha) and Kilifi Plantations (2600 ha) are the two largest ones.
Their main products are sisal, milk and beef.
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Medium scale farms (25-100 ha)

occupy about 10% of the area.

Most of

them are situated around Mtwapa and along the tarmac road from Mombasa
to Kilifi. Their main products are vegetables, fruits, milk, poultry and
coconuts.
Small scale Mijikenda farms (average size 5 ha) occupy about 60% of the
Coastal Plain.

Most of the area is within the settlement schemes which

have been established since 1962. The main products are maize, simsim,
cowpea, cashewnut and coconut.
1200 kg/ha.

The average maize yield in 1981 was about

Even though the average area under maize is 2.3 ha per farm

with an average of 12.4 persons per household the Coastal Plain is hardly
self sufficient in mai2ie. Many people find an additional income in offfarm jobs.

An Internal Report on the Farming Systems has been compiled

by Lieshout and Straver (1981).
Most of the Magarini Hills is under small scale.farming.

Parts

of the area are occupied by Vipingo Sisal Estate and a large Cooperative
cattle/cashew ranch.

Sokoke Forest also occurs in these hills. Cashew

is the dominant tree crop in these hills.

Small scale farming in the

Magarini hills north of the Kilifi Creek strongly resembles that in the
adjacent Coastal Plain.

Landuse is however, somewhat less intensive.

South of the Kilifi Creek the hills are rather steep with narrow
tops.

Here the houses- are concentrated along the roads on the hill tops.

Most of the upper slopes and the hill tops are covered by cashewnut trees.
Some arable cropping takes place on the lower slopes. However, most of
the farmers have land in the adjacent fertile "Shale Area", where they
grow

their arable crops, maize being the most important.

The average

maize yield on the Magarini hills in 1981 was llOO kg/ha compared to
2000 kg/ha in the shale area.

Some 50% of the farmers grow rice on the

valley bottoms between the Magarini hills and the shale
are generally low, although exceptions occur.

area. The yields

Many people in the hills

are also engaged in temporary or permanent off-farm work.

The Shale Area

although fertile supports a very thin population, less

than 50 persons/kmz compared to 100-200 persons/km
areas.

in the above described

Most farmers prefer to live on either the Magarini hills in the

East or in the adjacent parts of the "palm belt" in the West although
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owning shambas in the shales because of lack of transport in the latter
area.

In the northern part the agricultural potential is limited by low

rainfall (800-900 mm annually).

The important types of land use are

grazing (browsing) and fallow cultivation, maize and cassava being the
main crops.
In the Southern part which receives more rainfall, cultivation of
arable crops is catching on especially since the introduction of tractor
ploughing.

A "corn belt" in the Kilifi district is emerging as

on

tractor ploughed land maize yields of upto 2000 kg/ha can easily be
obtained.

With proper management and ample rainfall the yields can rise

to 300O kg/ha.
The yields of other crops appear to be higher also than elsewhere.
This implies that in years to come the Southern Shale Area could produce
large crop surplusses provided the rains do not fail.

Landuse in the Limestone-Mazeras-Mariakani zone

passes from dominantly

coconut growing in the South (Mazeras - Ribe) via diversified tree/annual
crops farming around Kaloleni into dryland maize/livestock farming in
the severely degradated
Bamba.

Brachystegia bushed woodland south of Ganze-

The first two areas form the densely populated "palm belt", of

which the western and northern boundaries roughly coincide with the
lOO mm annual rainfall line (Brom, 1981).
Around Kaloleni coconut, cashew, citrus, mango, banana, maize,
cowpeas and rice are the dominant crops.

A common toposequence is

coconuts on the hill tops, arable crops (maize) on the slopes, coconuts,
bananas and sugar cane at the foot of the slopes and rice on the valley
bottoms.

However, the yields are low, for example the average maize yield

in 1981 was about lOOO kg/ha.

The diversity of crops contributes to a

stable income for the farmer which often is supplimented by off-farm
work.

In the Mazeras-Ribe area the agriculture is less diversified.

Cashews are of less importance and intercropping of annual crops between
the coconut trees is not very prevalent.

This might be partly due to

the high tree density and partly to the fact that many farmers have more
or less permanent off-farm jobs in nearby Mombasa.
It should be mentioned again that many farmers in the palm belt,
especially those living in the limestone zone, have land in the Shales.
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This makes them less dependent on arable cropping
itself.

in the palm belt

The Ganze-Bamba area is dry and thinly populated as agriculture

cannot sustain life even when the forest is exploited for timber and
charcoal.

Maize yields are generally lower than 700 kg/ha and cattle

is owned only by a few farmers.
or more

This forces most households to send one

members for off-farm work in Kilifi or Mombasa for at least part

of the year.
On the Bay Plain 'the possibilities for agriculture are restricted
by low rainfall and poor physical and chemical properties of the soils.
Most of the area is covered by Acacia-Euphorbia bushland.

Ranging

(grazing/browsing) which may be partly organised within group ranches
and the growing of subsistence crops (maize, cassava) are the dominant
forms of land use.
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DISCUSSION
Mr. N.N. Nyandat:

Intensification of land use at the Coast will have

an influence on marine life in the sea.

There is some concern as to how

'to control pollution of marine life.

Dr. T. de Meester:

Currently only little quantities of fertilizers and

pesticides are being used at the Coast.

It will take quite some time

before these activities affect the surface waters to pollute the marine
life.
Dr. F.J. Wang'ati: The decision on the use of fertilizers and pesticides
depends on whether one dies of hunger or pollution.
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Fig. 2: Generalised Soil map of Kilifi area
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Mr. A.J. Shayo-Ngovi:

Pollution hazards have been over emphasized.

More

work is required on the effects of fertilizers on land with little moisture
regimes.
Dr. J. Zake: There was response only' to N and P fertilizers for the short
time period.

For long time, would K response be expected also?

Dr. T. de Meester:

Probably yes.

Moreover water is a limiting factor.

With ample rainfall use of fertilizers can raise the low maize yields, of
590 kg/ha in long rains and 200 kg/ha in short rains, to 3000 kg/ha.
Mr. J.O. Mugah: Water is in fact the primary limiting nutrient.

We can

construct response surfaces between water and phosphorus, water and
nitrogen and phosphorus and nitrogen.

By increasing the amount of water

we can decrease the amount of phosphorus required to arrive at the same
yield.
Mr. R. Barber:
Dr. T. Meester:

Did coconuts respond to potassium?
This needs a long period in which to assess response to

K through yields.
Mr. A.M. Chege:

The P trial was done on sandy soils. Were the soils not

rich in K?
Dr. T. de Meester: Yes.
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SOME PARAMETERS OF POTATO GROWTH AS INFLUENCED BY SOIL WATER
POTENTIAL AND SOIL TEMPERATURE

C.L. Coulson*
ABSTRACT
Two varieties of potato were grown and their yields related to
leaf area duration (LAD)" and net assimilation ratio (NAR).

Kerrs Pink

yielded 25.1 t/ha of tubers with a maturation period of 10.5 weeks
while Anett matured in 14.6 weeks and yielded 14.5 t/ha of tubers. The
higher yield of Kerrs Pink in spite of shorter duration was due to a
larger leaf area developed quickly in the life cycle.
2 - 1
2 - 1
4171 cm wk
compared with 2531 cm wk
for Anett.

Its LAD was

The importance of quantifying environmental factors as they
relate to ecological suitability for potato growing is discussed with
particular reference to soil moisture and temperature.
INTRODUCTION
Two of the main ecophysiological constraints on potato growing in
Kenya are the supply of water and soil temperatures.

They may affect

yield through a variety of plant processes although the limits set by
these factors are difficult to define.
The supply of water to a plant and the resulting plant water
status is dependent on a variety of factors which can be grouped together
as plant or environmental factors. Plant factors include such things
as leaf area and leaf morphology, root distribution and morphology, the
resistance to water or water vapour of various parts of the plant and
the actual transpiration rate. The environmental factors include wind,
solar radiation, humidity, temperature, available soil moisture, soil
temperature, soil aeration, the matric and osmotic components of the soil/
soil solution and the hydraulic conductivity.

These factors can be

dependent on various other parameters, e.g. soil temperature is dependent

*

Department of Crop Science, University of Nairobi, P.O. Box 30197,
Nairobi, Kenya.
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on solar radiation (short wavelength reflection, long wave length
emission from the surface, and longwave length conductance - thermal
conductivity - into the soil), specific heat, evaporation of water
(dependent on solar radiation, soil type, moisture content windspeed,
air temperature and humidity) and crop cover.

Many of these factors

are interlinked for example crop cover on one hand shading the ground
from the evaporative effects of solar radiation but on the other hand
the crop depletes the soil moisture depending on soil moisture status and
the crop coefficient at the time.
Since plant processes are influenced directly by the plants

water

status which results in turn from the soil/atmosphere relationship it
would be useful to outline the forces and resistance which operate.
The flux of water (Jw) is dependent on the driving force (the
difference in water potential between the soil and air, Aijj) and the
resistance (r) in the pathway
JW = M
r

. ML
r

r
r
r
r
soil+ root+ xylem+ leaf+ atm

The magnitude of AIJJ 'is dependent on atmospheric conditions and
soil type, moisture content, etc.

The total resistance (r) is the sum

of several resistances, r soil (hydraulic conductivity), r root is the
resistances of the root cortex intercellular spaces, cell walls and
protoplast in parallel and the resistance of the Steele in series with
these, r xylem is the resistance of the xylem, r leaf results from the
mesophyll intercellular space resistance, cell wall and protoplast
resistance in parallel coupled in series with the parallel resistances
of the cuticle and stomata, r atm is the resistance of the atmosphere and
depends on the diffusion coefficient of water and the boundary layer
thickness next to the leaf (see Fig. 1).
The

water potential of a system is the sum of several components

ty = ^p+ij'TT

+ ijrai + ip g

Where ijjp = pressure potential, ipTT = osmotic potential ljrai = matric
potential, \J;g = the potential resulting from gravitational forces.
Of these terms i|mi is the major contributor to soil water potential (ips) being a function of cohesive and adhesive forces
ting from the pore size and pore material of the soil.

these resul-

Atmospheric
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water potential (i|&tmos) is a function of humidity which when very low
can result in ty atmos being thousands of bars, for example 20% R.H.
approximately -2000 bars (Bars = antilog ioP F AOOO
As AiJ> increases the flux of water through the plant increases.

If

there are no limits imposed by the resistance in the system the plant could
maintain its water status since water would be entering the plant as fast as
it is leaving.

As Aij; increases more the plant reduces the flux of water

(transpiration) by increasing the stomatal resistance (rsT) i.e. it starts
to close its stomata (some plants also increase ra by rolling their leaves
which increases the thickness of the air boundary layer).
reases further and the

If however_Aip inc-

water loss from the leaves can no longer be controlled

and the other resistances are such that water cannot enter the plant fast
enough the plant wilts. This is the outward sign of water stress and is the
result of not only the soil water potential but also of the water potential
of the atmosphere. Thus depending on the atmospheric water potential a plant
may wilt in either moist or dry soil, indeed even in aerated culture solutions.
Thus attributing a temporary or reversible wilting point values to soils is
not correct.

In Kenya conditions are such that Aty is liable to be high,

increasing the likelihood of stress.
It is very obvious that a crop wilted for a good proportion of
its life will not thrive.

It is quite apparent however that before obvious

signs of water stress appear (wilting) various plant processes have been
affected and these may in turn have a long term effect in terms of final yield.

EXPERIMENTAL, RESULTS AND DISCUSSION
An experiment recently conducted at the University Field Station at
Kabete can be used to illustrate how two aspects of growth in the potato
are linked.
Two potato varieties (Kerrs Pink and Anett) were grown and weekly
measurements of various parameters were made. Fig. 2 shows the relationship between leaf area and plant dry weight up to maximum leaf area and
-2
-1
it is apparent that the net assimilation rate (NAR, g cm
week ) is
slightly higher for Anett than Kerrs Pink.
values for NAR.

Table 1 gives the calculated

Kerrs Pink was badly affected by blight and the shoot had

died 10.5 weeks after planting, the normal maturity period being 12-14 weeks.
Anett was harvested 14.6 weeks after planting the normal maturity period being
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the same as Kerrs Pink.

The tuber yields were Kerrs Pink 25.1 tonnes/ha

and Anett 14.5 tonnes/ha.

An obvious reason can be found for this in the

leafleaf area (LA) and leaf area duration (LAD) which is the area of leaf
2
-1
maintained over a given period e.g. cm week . Despite the early death
of Kerrs Pink its large leaf area which was quickly developed gave an
2 - 1
2 - 1
LAD = 4171 cm

wk

while that of Anett LAD 2531 cm

wk

. Thus the

large leaf area of Kerrs Pink offset its relatively short duration and
any difference between the net assimilation rates of the two varieties.
The differences in final yield can be appreciated from the basic equation
Yield = NAR x LAD
Over a range of C_ crops the NAR is not greatly different and differences
in yield have been attributed to leaf area duration differences (Evans,
1972).

In the case of this experiment the results were probably due to

the physiological state of the seed potato rather than other factors
which could have affected the yield in other situations, for example,
environmental factors reducing leaf expansion in one variety compared to
the other.
The potato is a crop which is sensitive to water stress, many
processes being affected by relatively small water potentials. Yield
restriction has been found at greater than -0.5 bars at 15cm (Fulton
1970) which is only just below field capacity.

Measurements at Kabete

field station on recently ploughed land gave 0.2 bars as field capacity.
The potato tends to be shallowly rooted obtaining 74% of its water from
the top 70cm of soil (Harris 1978) the upper layers of which will have
larger water potentials than lower in the' profile.
Data from Lenga (1979) shows that following the short rains in a
21 day period when 12.2 mm of rain fell the water potential of soil under
a potato crop fell from O to -4bars at 20 cm.
Leaf elongation is reduced in potato at a leaf water potential
of -3 bars and ceases at -5bars (Gandav and Tanner 1976).

At Sutton

Bonington UK, leaf expansion was stopped after a few summer days without
rain (Harris, 1978).

Thus at relatively small water potentials the

development of the plants photosynthetic area can be reduced

and if the

stress is great enough or long enough this could be reflected in the final
yield.

- 121 Photosynthesis can be reduced in the potato by leaf water
potentials of about -5 bars whereas some crops do not show a reduction
until the leaf reaches lower water potentials (Moorby et al_., 1975) .
Thus leaf water potentials in the potato of -3 to -5 bars could reduce
both leaf expansion and photosynthesis.

Although photosynthesis reduction

could be due to stomatal closure evidence suggests photosynthesis itself
may be affected by water stress. The reduction in carbon fixation could
be compounded"since in sorghum and sunflower respiration for growth is
reduced more than respiration for maintenance under water stress (Me Crée
and Van Bavel, 1975).
The actual to potential transpiration is reduced at -lbar leaf
water potential (Endrodi and Rijteman, 1969).

The closure of stomata

results in the reduction of transpiration and the rate of influx of CO„
into the leaf with the resultant reduction in photosynthesis.

At what

stomatal resistance reduction in transpiration and photosynthesis take
place is an interesting question.

Examining the leaf resistances shown

in Fig. 1 we can further subdivided these, see Fig. 3. The pathway for
carbon dioxide has more resistances than that for water and these extra
ones (rCO C L, rCO PM, rCO

CWM, Fig. 3) are greater (Nobel, 1974).

Thus as stomatal resistance increases a point should arise when water
eflux is reduced more than C0„ influx leading to higher water use
efficiency.

However in real terms this could prove to be small and

of little practical value. The data of Brix (1962) indicates that photosynthesis and transpiration are reduced to the same extent by water stress.
The effect of reducing transpiration by stomata closure is to
obviate the cooling effect of water evaporation (heat of vapourization
582 cal g

at 25 C) and cause *)~G leaf temperature to rise. A rise of

2-5 C has been found in wilted 1. îves though in single plants convection is a cooling factor which is less apparent in crop stands. Indeed
o
leaf temperatures of 40 C have been recorded in Israel at air temperatures
of 30-32 C.

Various leaf processes could be detrimentally affected by

such high temperatures which have arisen initially from water stress
conditions.
The data of Winkler (1960) shows that the optimum temperature
for photosynthesis varies with light intensity.
5 x lo

ergs cm

sec

At an intensity of

the optimum is around 21 C and at this intensity

the rate of photosynthesis falls quite rapidly as the temperature is
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raised above the optimum.

The calculated light intensities from the

Kenya Meteorological records 1963-1970 for Kericho, Kisii and 01 Joro
Orok stations (all in established potato growing regions) and their
average and maximum temperatures are shown in Table 2. The mean radiant
energy at these stations over the two growing periods is very similar
to Winkler's maximum light intensity curve for photosynthesis versus
temperature i.e. 5 x 10

ergs cm

sec

where the optimum is about 21 C.

From Table 2 it can be seen that some of the mean temperatures are
above 21 C and some 'highs' well above. From Winklers data a temperao
ture of 30 C could cause about a 35% decrease in photosynthetic activity.
Indeed extrapolating his data 40 C would produce about zero gross
assimilation rate.

Thus in Kenya perhaps the combination of high radiant

energy, high air temperatures and water stress could lead to reductions
in the potato growth rate on the grounds of reduced photosynthetic
activity.

A further consequence of high leaf temperatures

during the

day would be that photorespiration would increase, removing the products
of photosynthesis and reducing their benefit for the plant.
The paritioning of photosynthetic assimilates (i.e. their movement from the leaves to other parts of the plant) occurs in the phloem.
Although the evidence for water stress directly affecting the translocation process is difficult to assess being sometimes contradictory between
plant species the metabolic activity of the source (region of photosynthate

production) and sink (region of photosynthate use, storage

etc.) is important.

It has been demonstrated in sugar beet (Fick et al.,

1973) that as the relative water content of the leaves is reduced the
relative growth rate of the tops, structural beet and fibrous roots is
altered such that as water stress increases the growth of fibrous roots
is favoured.

Thus the effects of stress on partitioning are of interest

since food plants are grown usually for one particular part.

In the

potato not all potential tubers develop, some (active sinks) develop at
the expense of others (weaker sinks).

Water stress and high temperatures

22-27 C inhibit the growth of tubers.

If the stress is relieved the

part of the tuber which was inhibited does not start growing again but
new growth areas appear in the tuber producing a "knobby" growth.

Starch

synthesis does not restart in the inhibited tuber when the stress is
relieved.

These changes in tuber growth can be caused by leaf water

potentials of -5bars (McCorquodale 1966; Sabalvora 1965).
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One of the major influences of soil temperature on potato yield
is via tuberization (tuber formation) 15-18°C being about optimum.
higher soil temperatures tuberization is reduced.

At

This limits the yield

in areas where soil temperatures are high during this developmental stage.
Soil temperatures in a mid afternoon about 1 month following the planting
of Kerrs Pink and Anett at Kabete were 24.3, 21.3 and 20.3°C at the soil
surface, 15.cm and 30 cm depth.

At the coast soil temperatures have

been found to be a few degrees higher than the minimum air temperatures
with monthly afternoon soil temperatures for April and May being 31.4 C
o
and 28.9 C respectively. The sandy soils fail to cool at night to the
minimum air temperatures. These temperatures are* a major factor limiting
the yield of potatoes in this area (Holler 1973).

High soil temperature

can also cause internal brown spot in tubers, a physiological disorder
which is characterized by brown blotches scattered through the tuber
flesh.
Burton 1964 estimated that raising the soil temperature of the
underground parts of the potato from 17.5 to 20.3 C would result in
their increased respiration of about 25% in mature tubers and 60% in
immature tubers. When immature tubers are harvested at high soil temperatures their respiration rate can be very high, 60mg CO
(Burton 1964).

kg

hr

The data from the Kabete experiment suggests that loss

in dry weight of tubers occurred prior to harvest.

Unfortunately this

could not be quantified with certainty but loss could have been due to
high soil temperatures increasing respiration prior to the full development of the tubers periderm and/or the onset of dormancy.
In this paper I have briefly

tried to present two soil parameters

which can affect the yield of potatoes.

Other factors are obviously

important and the influence of such factors on yield is not limited to
the potato crop.
In terms of water stress it is apparent that in classifying land
for crop use not only might it be useful to have data on the time/soil
water potential relationship but the atmospheric conditions have to be
taken into account since it is the relationship between the two that
usually causes stress.
The level at which these factors start to influence yield,
perhaps irreversibly, is important and in some cases small variations
may cause long term effects on yield.
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Most of our physiological data on crops comes from other countries
and extrapolating the results to countries such as Kenya can be difficult
due to different climatic conditions and agricultural practices.

Table 1.

Values of NAR (Net Assimilation Rate, g cm

-2

wk

-1

) for Anett

and Kerrs Pink up to maximum leaf area.

NAR

=

2

1

x

T
NAR

log La„
2
e La
2

- Log
"e
- La 1

La

i

Y
= LAD
NAR

NAR

1-2

0.00166

0.00162

2-3

0.00801

0.00726

3-4

0.0O494

0.00526

4-5

0.00369

0.00371

Harvest
Anett

M

0.00458

+

Kerrs Pink

M
+

0.00266

0.00446
0.00239

1-2

0.00381

0.00356

2-3

0.00385

0.00393

3-4

0.OO276

0.00277

M
+

0.O0347

M
+

0.00062

0.OO342
0.00059

Table 2. . Data from three Meteorological stations for years 1963-1970.

Station

Kericho

Kisii

01 Joro
Orok

Height
metres

2134

1707

2378

Months

Radiation
ergs cm-2
sec--1-

Mean
Temp.

High
temp

°C

°C

4.5xl05

22.3

28.5

Oct/Dec

5

4.3xl0

22.3

27.3

March/June

4.7xl05

25.8

32.0

Oct/Dec

5

4.9xl0

26.0

35.0

March/June

4.5xl05

22.0

29.3

5

20.7

25.8

March/June

Oct/Dec

4.3xl0
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It would seem that physiological studies could help in elucidating
factors in the plant environment which limit yield and perhaps for
example agronomic practices could be modified to ameliorate some
limiting factors.
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DISCUSSION
Mr s. S.M. Mug*™M;

Referring to your concluding remark on the role of

agronomic practices in reducing some limiting factors to potato yield,
could I cite the importance of mulching in keeping down soil temperature?
Dr. C.L. Coulson;

Not only mulching but orientation of ridges in

relation to the direction of insolation.
Dr. F.J. Wang'ati:

It appears that Dr. Coulson seeks to know the soil

characteristics that
Dr. C.L. Coulson:

influence the water holding capacity or pF curve.

In fact the relation between soil moisture content

and soil water potential.

Whereas the soil scientist talks about soil

moisture content the plant physiologist is concerned with soil moisture
stress measured in bars.
Dr. H. Ssali: Did you measure soil temperature?
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Dr. C L . Coulson:

Yes, at 4-5 depths with thermisters.

At Kabete the

soil temperature declined from 24.3 to 20.3 C from the surface to 30cm
depth (whereas the optimum temperature for tuber formation is 15-18 C
Dr. H. Ssali:

Is it the surface temperature or the depth temperature which

is important for tuber formation?
\
Dr. C L . Coulson : Tuberisation occurs at 20cm depth although the roots
penetrate deeper.
Dr. H. Ssali: You don't favour ridging?
Dr. C L . Coulson:
conditions.

It is a European practice not always suited to tropical

Here, one side of the ridge gets heated up more than the other.

Dr. F.J. Wang'ati: Tubers can be burned by the sun on one side of the
ridge.
Dr. C L . Coulson : Not only the ridge but the canopy can have an effect.
Mr. C M . Njihia:

Referring to Mr. Mugah's concept of allowable depletion

in terms of soil water potential, at a soil moisture tension of 5 bars
(pF 3.7) the soil is 75% depleted of water so that plants are subjected
to very high moisture stress.
Dr. C L . Coulson: At a soil moisture tension of 0.5 bar we start to get
yield reduction; at a tension of 0.3 bar leaf expansion ceases.
Dr. F.J. Wang'ati: You have not mentioned évapotranspiration.
Dr. C L . Coulson : No, we are considering allowable depletion in terms of
percent change in matric potential, i|/m with time.
Mr. C M . Njihia:

But pF curves don't tell you how much water to apply?

Dr. C L . Coulson : The use of a soil psychrometer enables you to investir
gate profiles of change in matric potential over time.
Mr. Njogu Njeru:

You have shown that yield differences in C

largely due to differences in leaf area duration.

crops are

Since Kerrs Pink was

blighted 10.5 weeks after planting and therefore its leaf area duration
was shorter, what was the explanation for its higher yield than Anett?
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Dr. C L . Coulson:

The higher yield or Kerrs Pink, nearly double that

of Anett was due to its rapid leaf expansion from a well sprouted state
during the early stages of growth when sufficient moisture was available.
The large leaf area of Kerrs Pink offset its relatively short duration
and as a result of the homeostatic feedback between source and sink in
potatoes led to the formation of more and bigger tubers.
Mr. A.O. Moshi: The traditional practice of cutting up potatoes and
dusting them with ash before planting is reputed to give higher yields.
Dr. C L . Coulson; This may be so if you cut them into sprouting portions
each with one or several eyes.
Mrs. S.M. Mugamhi:

If you had started off with Kerrs Pink and Anett at

the same state of sprouting what results would you have got?
Dr. C L . Coulson:

Don't know.
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SOME OF THE EFFECTS OF SOIL AMENDMENTS ON THE ENVIRONMENT

N.N. Nyandat*
INTRODUCTION
In many people's mind the word environment has been defined rather
narrowly, being identified with pollution.

The concept of environment

is however an all encompasing term which includes ecological as well as
socio-economic matters such as population, infrastructure, deforestation,
irrigation, soil erosion and others.

In the last decade there has been

a growing realisation that important relationships exist among people,
development, resources and the environment.

It has also been realised

that with increasing scale of human activity, irreversible trends may
be created.
One of the results of technology during the first half of this
century was a reduction in the vulnerability of the biosphere and of
the society to environmental stress.

For example agricultural yields

became less dependent on environmental factors because of the use of
fertilizers, pesticides and herbicides, and through the construction
of irrigation and flood control systems. Although vulnerability to
traditional environmental stresses may be declining, new stresses are
continually emerging, sometimes because of the very technologies
applied to protect the biosphere and society from environmental stress.
An example of this is the gradual salinization of the soils following
the introduction of an irrigation system.

Furthermore the biosphere and

society may be losing some of their resilience to absorb shocks. This
could be due to either technological or cultural changes.
The main issue is how to resolve the apparent conflicts among
population, resource management, the environment and development.

In

other words how can the resource be best utilized to improve the future
lifestyle of mankind without destroying the very resource on which the

*

Deputy Director, National Environmental Secretariat, P.O. Box 30126,
Nairobi, Kenya.
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life depends. Several natural and man-induced processes are contributing
to the steady loss of agricultural land and to the decline in soil
fertility.

For example the replacement of organic nutrients by chemical

fertilizers sometimes leads to déni tarification and soil erosion.

The

excess use of fertilizers is also a fundamental mistake which has been
repeated almost endlessly.

Currently most strategies to increase crop

yields place major emphasis on energy - intensive inputs and technologies
such as chemical fertilizers, herbicides and irrigation without concomitant emphasis on the long- term implications of continued use of such
policies.

It is against this background that the soil amendments with

respect to the effect on the environment is discussed in this paper.

THE SOIL AMENDMENTS OF CONCERN TO THE ENVIRONMENT
The rate of production of chemicals is rising steadily and the
uses for these compounds is increasing.

UNEP reports that some 4 million

identifiable chemicals are currently in use with 500 to lOOO new chemicals
entering the market annually.

Moreover, the use of livestock wastes as

soil amendments is also increasing.
Many of the soil amendments are believed to be harmless to human
health and the biosphere.

However a few may have unintended cumulative,

synergistics or congenital effects on man's health or well being.
addition there is the problem of chemical waste disposal.

In

This is

proceeding without regard to future risks, for example to the groundwater, which by the time is detected may be prohibitively expensive or
technologically impossible to correct.
The three main soil amendments applied to soil to supplement
nutrients already in the soil are nitrogen, phosphorus and potassium
fertilizers.

Only negligible proportion of fertilizer phosphate is

leached from soils into drainage water since it is very immobile in most
soils.

Fertilizer phosphate will, however, be carried into rivers if

absorbed on any soil particles which are carried off the land by soil
erosion and as soluble organic wastes via fodder plants and the bodies
of livestock.

Contamination of soil with heavy elements, particularly

cadmium has been known to arise from phosphate fertilizers (Kjellstrom
et al. 1975).

Only a small portion of fertilizer potassium can be lost

by leaching because most soils hold added potassium sufficiently strongly
for only little to enter the soil solution.
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Nitrogen compounds are' the most important chemicals from the point of view of the effect on environment due to the mobility of the nitrate
nitrogen.

Studies indicate that ammonium and nitrite forms constitute

insignificant portions (often less than.1%) of the total nitrogen leached
to the ground water. The low nitrite level can be attributed to rapid
oxidation to nitrate

while the low ammonium level may be attributed to

its fixation by the soil exchange complex or oxidation to nitrate.

The

nitrate which results -from the nitrification process and which constitutes
almost

all the nitrogen in leached waters, has the general reputation of

being quite

mobile in soils and ground water.

It may be removed from

the soil in various ways: it may be taken up by the crop; it may be taken
up by the soil micro-organisms and converted into humus; it may be washed
out of the soil as nitrate; or it may be denitrified and lost to the
atmosphere either as nitrogen gas or as oxides of nitrogen, mainly nitrous
oxide.
The three main pesticides of importance in relation to the environment are : the organochlorines because of their persistence in the environment; the organophosphorus because of their relative mobility and the
carbamates because they are relatively new and not much is known about
their behaviour in the environment. These pesticides are toxic to human
beings and animals despite the low solubility of some of them like the
organochlorines.

It has been established that organochlorine pesticides

can move via leaching or they can also move with soil particles since they
are known to be strongly absorbed on soils. Another aspect of concern is
the movement of toxic substances through the food chains from sources to
receptors.

This is of particular importance with regard to the heavy

metals (e.g. mercury) and pesticides like the DDT that accumulate in
living tissues. Poisoning from alkyl mercury fungicides has been known
to occur.

In 1971 over 50O deaths were recorded in Iraq while about 6,000

people were hospitalized (WHO, 1976).

THE

ENVIRONMENTAL EFFECT OF THE SOIL AMENDMENTS
As far as fertilizers and pesticides used in increasing agricultural

yield are concerned, the environmental impacts stem mainly from their more
intensive use.

The consequences of increased fertilizer use are expected

to be more serious for aquatic system than terrestrial system.

The adverse

impacts may occur from the leaching of fertilizers to rivers, lakes and
coastal systems.
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Excessive use and leaching of fertilizers can also lead to
eutrophication of inland waters. Simple aquatic plants may multiply
rapidly on the surface of the water giving a green scum which drastically
reduces the amount of light penetrating the water layers below the surface.
When these plants die their organic remains sink into the sub-surface
waters or fall on to the bottom where they are further decomposed by
bacteria.

This sets up severe anaerobic conditions in the water and leads

to the formation of undesirable products

of biological reduction processes.

The aquatic animals are thus placed in danger.
The heavy use of nitrogen fertilizers on crops when leaf is
consumed can have undesirable effect.

At high dressings some of the

nitrate taken up by the plant is translocated to the leaf and concentrates
in the leaf petioles, possibly because the biochemical processes for
reducing nitrate and incorporating the nitrogen into amino-acids cannot
keep pace with the translocation from the soil.

When the leaf is consumed,

undesirable effects on human health can result when the nitrate may become
reduced to nitrite in the oral cavity, gastro-intestinal tract and the
urinal bladder and which when not detoxified may combine with the haemoglobin thus reducing the blood's capacity to transport oxygen.
It is also known that nitrous oxides from fertilizer

applications

can deplete the ozone layer in the stratosphere and this in turn will
make it possible for ultra violet light to reach the earth.

The effect

of increased ultra violet light is associated with skin cancer.
SOME OF THE MANAGEMENT ACTIONS REQUIRED
In view of the trends of increased production of synthetic
chemicals and their more intensive use in agriculture and other development sectors, more attention must be paid to assessing the significance
of trends in pollutant releases, pathways and effects in order to
determine alternative courses of action to reduce threats to the environment.

Undesirable effect of fertilizers can be minimized if fertilizers

are used with the maximum efficiency on the farm for this will reduce
the tendency for their over-use.

Soil amendment recommendations should

take into account the undesirable effects of their irrational use
particularly excessively high use on farms where intensive livestock
husbandry is also practised.

More attention needs to be paid to the
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due to the increased use of soil amendments. Two problems in particular
need attention: the effect of such change on the level of soil organic
matter and on the disposal of animal wastes when a more intensive system
of livestock husbandry is introduced.
The difficulties could in theory be reduced with regard to
nitrogen fertilizers if fertilizer could be developed in which the
nitrogen was held in an insoluble form in the soil but which released its
nitrogen as nitrate into the soil solution during the growing season at
a rate comparable to the needs of the crop for nitrate,- Sewage sludges
may contain sufficiently high levels of heavy metals for their repeated
use to poison the soil.

Thus it is essential that if a policy of the

use of sludge as soil amendment is to be adopted then all industrial
electrolytic wastes and other wastes containing potentially toxic elements
in a soluble form must be treated separately from normal town sewage.
More research needs to be undertaken to establish the levels in
soils and plants at which some heavy metals present in electrolytic and
other industrial wastes become toxic to human, plant and animal life and
to develop methods for minimizing the harmful effects of any of these
metals should they begin to accumulate in the soil due to the use of
sewage sludge or from any other causes.

^

SUMMARY
As far as the various soil amendments such as fertilizers and
pesticides used to increase agricultural yield are concerned, the environmental impacts stem mainly from their more intensive use. The consequences
of increased fertilizer use are expected to be more serious for aquatic
system then terrestrial system.

The adverse impacts may occur as a

result of eutrophication which stem from the leaching of fertilizers
to lakes, rivers and coastal systems.
Nitrogen compounds are the most important fertilizers from the
point of view of effect on the environment because of their mobility.
Nitrate are potentially the greatest contributor to eutrophication which
has harmful effect on aquatic animals. Moreover, nitrous oxide produced
from nitrogen fertilizer application, could deplete the ozone layer in
the stratosphere necessary for blocking the ultra violet light which is
associated with skin cancer from reaching the earth.

A high concentra-

- 137 tion of nitrates in drinking water causes undesirable effects on human
health.

Phosphatic and potassic fertilizers do not have a significant

effect.
The three main pesticides of environmental importance are the
organochlorines which are very persistent, the organophosphorus which
are mobile and the relatively new carbamates whose behaviour is not known
completely 'can be highly toxic to human beings and animals. The position of the heavy metals is similar to that of the pesticides.
The importance of soil amendments for agricultural production
warrants support being given to a continued monitoring of their effect
on the environment so that should any unforeseen undesirable consequences
arise, suitable action can be taken to minimize them.
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DISCUSSION

,

Mr. J.O. Mugah:

You have talked about the harmful effects of soil amend-

ments that find their way

into the environment around the soil, e.g.

oceans, atmospheric air, etc.
wasted with

Geneva.

We know for sure that what appears to be

respect to a given set of conditions may become useful in

another set of conditions within the environment.

For instance, excess
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fertilizer that may be leached into the ocean support sea plants which
in turn support the fish on which man feeds. Would you therefore agree
that there are certain aspects and levels of 'pollution' that could be
beneficial?
Mr. N.N. Nyandat:

That is partly right, but at least from the economic

standpoint, and from the stand point of plant growth, excessive amounts
of soil amendments are always disadvantageous and should be discouraged.
Mr. J.P., Mugah:

You mentioned that you have been observing that nitrogen,

phosphorus and potassium are constantly applied to soils as amendments.
Till this moment, we are really not aware of any outbreaks that have been
caused by these chemicals (at least in Kenya).

Don't you think that you

are raising an alarm over an issue that is not yet a big problem in our
country?
Mr. N.N. Nyandat:
breaks.

It would be wise to do

something now and avoid out-

-N
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Appendix Table

Pesticides

Suspected Health Hazard

Approximate lethal
doze (in concentrated
form)

Aldrin

Cancer, damage to fetus,
nervous disorders

Teaspoon

BHC

Cancer

Teaspoon

Chlordane

Cancer

Teaspoon to a tablespoon

DBCP

Cancer, male sterility

Teaspoon to a tablespoon

DDT

Cancer, nervous disorder

Teaspoon to a tablespoon

Heptachlor

Cancer

Teaspoon to a tablespoon

Kepone

Cancer, nervous disorder

Teaspoon to a tablespoon

Parathion

Damage to fetus, nervous
disorder

A few drops

Paraquat

Damage to fetus, damage
to respiratory system

Teaspoon to a tablespoon

Nitrofen

Cancer, birth defects,
female sterility

One-half pint

Toxaphene

Cancer

Teaspoon

2,4,5 - T

Cancer, birth defects

One ounce

Source :

Toxicology branch of the Centre for Environmental Health,
US Centre for Disease Control.
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A REVIEW ON IRRIGATION PROGRAMMING BY THE WATER BALANCE PROCEDURE

Joseph O. Mugah*

INTRODUCTION
Irrigation programming is a means of supplying water to a crop
in quantities and at intervals that match the requirements of the crop
within limitations of available water and those of the programmer's
objectives.

Crop irrigation requirements and crop responses to irriga-

tion vary with soils, type of plant, growth stage and the prevailing
weather conditions.

It is therefore not possible to recommend a

universally applicable irrigation programme and, from a farmer's point
of view, an optimum irrigation programme is one which is most profitable.
Three guiding approaches are commonly used in irrigation programming,
viz:
i)

Visual observations of plant water deficits:
The most obvious and frquently observed symptom of water stress

is wilting of part or all of the plant.

In many plants, a darkening

of colour and loss of shine are observed as water stress increases.
However, in most crops, by the time water stress symptoms are observed
the plant's productivity has been impaired.

Besides, wilting signs do

not give an indication of how much water has been depleted from the soil
(and hence how much should be applied) so the approach is, at best, only
a crude guide.

ii)

Soil Appearance and Feel:
Noting the appearance and feel of soils at various depths in the

field (by means of a probe or a shovel) is sometimes used as a guide
for irrigation programming which requires a lot of judgement and
experience.

iii)

Water Balance:
Irrigation programming by the water balance approach involves

quantifying the components in the water balance relationship:

. Research Officer, KARI (ARD), P.O. Box 30148, Nairobi, Kenya
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AW = ET + RO + DP + DSW (equation 11 where
AW = applied water from irrigation or precipitation, ET = évapotranspiration, RO = runoff, DP = deep percolation and DSW = net change in soil
water.

Minimising RO and DP the equation reduces to
AW = ET - DSW

Methods of measuring applied water from different irrigation systems
have been described by Scott and Houston (1977) and Merriam and Keller
(1978).

Soil water storage can also be assessed (Gardner, 1966; Rawlings

1976) so that ET in the equation can be calculated.
Measuring soil water storage
For purposes of irrigation programming, the soil water is
expressed in terms of depth per unit of soil depth (e.g. inches per foot)
or depth per unit area (e.g. acre-feet).

Three of the more common

techniques currently in use are: gravimetric method, neutron scattering
procedure and tensiometers and resistance units.

The gravimetric method

is widely accepted as a standard procedure. A predetermined weight
of soil is oven dried at temperatures between 105 C to 110 C for 24
hours or longer.

Knowing the bulk density of the soil, the gravimetric

water content can be expressed volumetrically as follows:
*
-,
weight of water
, __
. ,, ,
._
,. ..
% of water, by volume = — r 2 ;
-r
— — x lOO x bulk density of soil
weight of soil
= % of water by weight x bulk density
Conversion from percent by volume to depth per unit depth of soil leads
the above equation to depth of water
depth of soil
The destructive nature of the gravimetric procedure, coupled with the
enormous amount of time and labour required in securing representative
soil samples renders it unsuitable for the routine measurements in
irrigation programming.

Nevertheless, this technique is quite handy

in calibration of some of the faster and less destructive methods, such
as the neutron scattering procedure where measurements can be made
repeatedly at the same site with minimum soil destruction.

Gardner

and Kirman (1952) give a detailed procedure for determining soil moisture by the neutron scattering technique.

However due to the high cost

of the equipment and the level of skill required in its maintenance and
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use the technique is not as commonly used as the gravimetric method.or the
tensiometers and resistance units.
Concept of soil water potential
A more recent concept, soil water potential has replaced the
earlier groupings of soil water which were based on the ease with which
water was removed due to gravity or plants. These were gravitational
water, capillary water and hygroscopic water.
Energy is required to move an incremental volume of water from a
specified reference level, commonly taken at the flat water-air interface of pure water at a given temperature, elevation and pressure.

This

energy is referred to as total soil water potential and is expressed thus :
\\)T =

ijjg + ijnn +

l/;T =

total soil water potential

ijjg =

gravitational potential; its magnitude is determined by

tjjos +

iK/ (Equation 2) where

elevation above the reference level and acceleration due
to gravity, i.e. tyq = zg.
ijnn =

matric potential, which arises from adhesive forces between
water molecules and soil particles, as well as cohesive
forces among water molecules.

I/JOS

=

llh, =

osmotic potential, due to solutes dissolved in soil water,
pneumatic potential, due to soil air pressure.

Gravitational potential comes into play during and shortly after soilwetting, when the large interstices between soil particles still hold
some water.

Since the water is above field capacity, it drains out

quickly and is therefore of no interest to the irrigation programmer,
at least from the standpoint of its availability to crops. Osmotic
potential, 4>os, becomes a significant component of total soil water
potential under saline conditions. A major management strategy in
cultivating saline soils is to leach the salts down to a level that will
not impair productivity, so that osmotic potential is only a minor component of i|/T during the irrigation cycle.

Pneumatic potential is ignored

in characterising soil water flow since the air pressure is considered
to be uniform throughout the soil profile.

The only component of 4>T

that is frequently of concern in irrigation programming work is matric
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Tensiometers and resistance cells are used in measuring

matric potential and these have been described by Brown and Van Haveren
(1972) and Rawlins (1976).

A discussion on installation, care and use

of these two instruments is found in Pair et al (1975) and Marsh (1975).
A brief description on each is given below.
Tensiometer
It comprises a porous ceramic cup connected to a vacuum-measuring
device by a plastic tube. For field work. Bourdon vacuum gauges can be
used but when high accuracy is desired mercury manometer is desirable.
The ceramic cup and plastic tube are filled with water and the tube
sealed with a neoprene plastic stopper to make the instrument air-free.
Suction is applied by means of a pump or syringe.

If the instrument is

free of leaks, it should register at least 80 centibars without showing
any air-bubbles. Bubbles occur because of loose connections once a tensio
meter is installed.and the ceramic cup makes firm contact with the soil,
water moves into or out of the cup in response to soil water changes
until hydraulic equilibrium is established between the cup and the soil.
As the soil dries, it exerts a suction on the water through the pores
in the cup.

The Bourdon tube, which is- otherwise

vacuum, is continuous

with the tensiometer plastic tube and is also filled with water. The
suction (or positive pressure for a wetting soil) imposed onto the
ceramic cup by the ambient soil is conveyed to the Bourdon tube, which
it actuates.
In order to obtain data that reasonably reflect the soil moisture
status in the irrigated area, there should be at least one, and preferably
tv.*c, ten si cine te*" i<-><-^-H<->nR for each area of the field that differs in soil
texture, kind of crop or cover, slope and method of irrigation.

At each

location, tensiometers are needed at different depths within the root
zone.

The depth at which the ceramic cup is installed influences tensio-

meter readings due to the pressure head of the water column in the tube.
A vertical water column of lOOO cm is equivalent to 1 bar pressure, so
that for every 10 cm depth, the tensiometer over-estimates soil water
potential by 1 centibar. Vacuum measuring devises can be precalibrated
to cater for the effect of depth on the tensiometer reading.

For this

reason, the maximum depth at which tensiometers can be installed and
still give reliable readings is 300 cm.

Since the rooting zone for most

crops is within the top 3 metres, the potential exerted at the gauge by
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the water column in the plastic tubing does not impose a significant
limit on the use of tensiometers within the root zone. Table 1 gives
values of soil water suction at which water should be applied for maximum
yields of various crops grown under soil conditions that do not limit
root growth.

Table 1.

Soil water suction (for soil depth with maximum root activity)
at which water should be applied for maximum yield of various
crops grown in deep, well drained soil fertilized and managed
for maximum production (adapted from Taylor, 1965)—

Crop

Soil suction (bars)

Crop

Soil .suction (bars)
r

Vegetative Crops
Alfafa
Beans (snap, lima)
Cabbage
Canning peas
Celery
Grass
Lettuce
Sugar cane
Sweet corn
Tobacco

1. 50
0.75 - 2 . 0 0
0.60 - 0.70
0.30 - 0 . 5 0
0.20 - 0.30
0.30 - l.OO
0.40 - 0.60
0.25 - 0.30
0.50 - 1.00
0.30 - 0 . 8 0

Root Crops
Broccoli - early
Broccoli - post-bud
Carrots
Cauliflower
Onions - bulbing
Onions - early
Potatoes
Sugar beets

0.45
0.60
0.55
0.60
0.55
0.45
0.30
0.40

Grain Crops
Corn - vegetative
^Corn - ripening
Small grains vegetative
Small grains ripening

-

0.55
0.70
0.65
0.70
0.65
0.55
0.50
0.60

0. 50
8.00 - 12.OO
0.40 - 0.50
8.00 - 12.00

Seed Crops
Alfafa
Alfafa - bloom
Alfafa - ripening
Seed carrots (60-cm
depth)
Onions (7-cm depth)
Seed onions (15-cm
depth)
Le ttuce-produc tive
Coffee

Fruit Crops
Avocadoes
Bananas
Cantaloupe
Deciduous fruit
Grapes - early
Grapes - mature
Lemons
Oranges
Strawberries
Tomatoes

2.0O
4.00 - 8.00
8.00 - 15.OO
4.00 - 6.00
4.00 - 6.00
1.50
3.00
required short
periods of low
potential to
break bud dormancy , followed
by high water
potential

0.50
0.3O - 1.50
0.35 - 0.40
0.50 - 0.80
0.40 - 0.50
1.00
0.40
0.20 - l.OO
0.20 - 0.30
0.80 - 1.50

1/ Where two values for soil water suction are given, the lower suction
value is used when evaporative demand is high and the higher value
when it is low; intermediate values are used when the atmospheric
demand for évapotranspiration is intermediate.

These values are

subject to revision as additional experimental data become available.
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The tensiometer is accurate in the range O to 0.8 bar; at tensions
in excess of 0.8 bar, some pores in the cup dewater and become sites for
air leakage

into the cup. However, Richards and Marsh (1961) indicated

that about 75% of the available water in coarse textured soils and 25
to 50% in fine-textured soils is extracted at water potentials below
0.8 bar.

Resistance Units
When porous blocks are brought in contact with moist soil, the
two will reach an equillibrium with respect to moisture content, which
depends on soil matric potential and to a lesser extent on the wetting
history of the block.

Use is then made of various properties of the

block to indicate the matric potential of the ambient soil water.

Some

of these properties have been discussed by Davis and Slater (1942) and '.
Richards and Weaver (1943).

The property that is most commonly measured

(directly or indirectly) is electrical resistance of the porous block.
Two electrodes are embedded within a small block cast from plaster of
paris, which even though are less sensitive to changes in the soil unlike
nylon or fibreglass are preferable.

Details on installation of resistance

units are similar to those as for tensiometers, except that the blocks
should be soaked before they are installed.

Readings are taken at two

or three day intervals and converted to suction values by means of
a calibration curve (for suction against resistance).

A graph of suction

vs. time is then plotted to observe the trend in soil moisture status
and hence again some guidance as to when and how much to irrigate.
Gypsum blocks from different manufacturers respond differently as the soil
dries or wets.

Some do not respond at all until tensions of 1.0 bar or

higher are reached, whereas ULIICL» may j."<=5porid to tensions a3 lev cc 0.2
bar.

Most blocks will register tensions up to 15 bars.
In order to quantify available water in the root zone, measure-

ments of "field capacity" and "permanent wilting point" are required.
Measurement of field capacity though not precise since it involves somewhat arbitrary judgement as to the time at which the rate of drainage
becomes negligible can be accomplished by thoroughly wetting the soil
to a depth greater than the total rooting zone for the crop(s) to be
grown and sampling of the soil at one day intervals in each layer and
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drying to determine the water content until the change in moisture content
becomes negligible in all layers.

The soil surface may be covered with

a plastic sheet to minimise evaporation.
In determining permanent wilting point, a standard practice is
to grow sunflowers in the soil in small closed containers.

When the

lower leaves wilt, the plants are placed in a dark humid chamber until
full turgor has been restored.

They are then returned to the light.

This process is repeated until there is no recovery of the lower leaves
when the plant is put in the humid chamber, at which point the soil
water content is determined (usually by gravimetric methods).

Alterna-

tively, use is made of the fact that the water retained by a sieved
sample of soil at a 15 atmosphere tension (in the laboratory) closely
approximates the value obtained in the sunflower test. Available water
(FC - PWP) is obtained for each layer and summed up to obtain the total
storage capacity of the root zone.

Once available water has been

estimated, irrigation schedules can now be calculated.

Calculation of Irrigation Schedules
Approximate irrigation schedules, or Irrigation Guides, can be calculated
from the following formula:
_ ^
,^J_
. . ^ .
' ,*
>
Interval between
irrigations (days)
2
'

=

allowable depletion
-——
rf: r~.
.„„
daily évapotranspiration rates

Allowable depletion is a threshold value of extractable water beyond
which productivity is impaired.
i >_j.

Allowable depletion = K) (—r-—
/
ic
*-»i=l
n

=

It is calculated as follows:-

PWPi

)x

Sbi x di x f (S x P x W x M)

number of soil layers or increments sampled
within the effective depth.

FCi

=

field capacity

PWPi

=

permanent wilting percentage

Sbi

=

bulk density

di

=

depth of soil layer

FCi, PWPi, Sbi and di are all in the ith soil layer,

f(S x P x W x M) is

a function of soil, plant, weather and miscellaneous factors.
maximum (theoretical) value of 1, and may be as low as 0.4.

It has a
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discussed below:

i)

Soil Factors
Any soil factor that affects plant rooting, soil water storage

capacity and availability of this water will influence the programme.
Soil mechanical impedence (largely due to compaction by farm equipment,
fine textured clay and chemical destruction of soil structure) to root
penetration and soil water movement would necessitate frequent irrigation bearing in mind waterlogging hazards as well as runoff losses.
Soil depth and texture determine the total soil capacity for
storing available water and the ease with which water is released to
the crop.

Storage capacity increases with increasing effective soil

depth and total surface area of the soil particles, i.e. the finer the
soil particles, the more water it will store.

The ease with which water

is released to the crop increases with increasing particle size,
(decreasing total surface area of the soil particles).

Thus a shallow,

coarse-textured soil will hold less water and necessitate more frequent
irrigations than a deep, medium-textured soil.

ii)

Plant Factors
The amount of stress that a crop may be allowed to suffer without

impairing productivity varies with different crops and growth stages.
The economic value of certain crops, notably sugarcane, sugar beets
and tobacco is increased by imposing a certain amount of moisture stress
towards the end of the season to increase the percentage of sugar and
nicotine respectively.

Generally, hov:cver, y-ioifl decreases with increa-

sing stress for most crops.
The nature of the rooting system is another plant factor that
determines the magnitude of allowable depletion as illustrated in
Equation 3 below, developed by Gardner (1965)

Tb

- Tr

r

= —•*—
•
4TTk

=

b2
In ( ) J~
r

(Equation 3) where

radius of the root in cm.
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b

-

1/ (nLv)

= average distance through which the water
has to move through the soil to reach the
root surface (cm)

Lv

=

Root-length density, i.e. total length of roots per
unit volume of soil (cm/cm )

Tb

=

Matrie potential at distance b from the root surface.

Tr

=- Matrie potential at the root surface.

q

=

Rate at which water is withdrawn by the root
3
(cm /cm of root per day)

k

=

Hydraulic conductivity of the soil (cm/day)

Rearranging Equation 3 to make q the subject
(Tb-Tr) x 47Tk,

(Equation 4)

in ( b l >
2
r

In a rooting system with a sparse network of roots, b will be large
and therefore necessitates more frequent irrigations in order to offset
the effect of the reduced soil water flux towards the root.

Conversely,

if the rooting system has a dense network of roots then b for any given
root will be small

thus cutting down on the frequency of irrigation

while optimum évapotranspiration rates are maintained.

iii)

Weather Factors
Level of radiation, temperature, sunshine duration, wind speed

and cloud cover all affect évapotranspiration which would govern the
irrigation programming.
iv)

Miscellaneous Factors
The type of irrigation system used is also of some importance.

The amount of time and labour required in operating a laid-out sprinkler
irrigation system is much less than that required in operating any
surface irrigation system.
CONCLUSION
In using the water balance relationship to programme irrigations,
it is very important to realise that in spite of high soil moisture
level the crop may still suffer a stress unless soil, plant and
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weather factors are taken into consideration.

Longer intervals

between irrigations are favoured by a high root-length density, low
ground cover, deep, medium-textured soils, surface irrigation methods
and low levels of sunshine, temperature, radiation and wind speed.
Shorter irrigation intervals (more frequent irrigations) are necessary
under conditions-of shallow and sparse rooting network, high atmospheric
demand for moisture and a dense ground cover.

Due to temporal and

spatial variability in some of the factors mentioned above, criteria
for programming irrigations vary from one situation tö another.
Besides, it should be noted that even though the prevailing soil-plantwater-atmosphere combination may call for a particular sequence of
irrigations, the farmer may adopt a different irrigation strategy depending on the logistics of the situation.
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DISCUSSION
Dr. F.J. Wang'ati: How much information is available on the 'allowable
depletion' for different crops and if it can be quantified easily?
Mr. J.O. Mugah:

Several factors determine 'allowable depletion' such

as ground cover, rooting characteristics, soil salinity and the prevailing
atmospheric demands for moisture.. Knowledge on these factors is limited
as there are no well developed and easy to use methods for quantigying
them.

As such more work needs to be done.
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