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PREFACE

This volume is the third in a publications series that
documents the findings of researchers on bean (Phaseolus
vulgaris) in Africa. These proceedings form part of the
activities of the pan-~African bean research network, which serves
to stimulate, focus and cc-ordinate research efforts on this
crop.

The network is organized by the Centros Internacional de
Agricultura Tropical (CIAT) through three interdependent regional
projects, for the Great Lakes region of Central Africa, for
Eagstern Africa and, in conjunction with SADCC, for the Southern
Africa region.

Publications in this serles include the proceedings cof
workshops held to assess the status, future needs and
methodological issues of research in celected topics that
constrain production or productivity of this crop in Africa.
Publications in this series currently comprise:

No. 1 Bean Fly Workshop, Arusha, Tanzania, 16-20 Novembper .986.

No. 2 Bean Research in Eastern Africa, Mukono, Uganda, 22-25
June 1986,

No. 3 Soil Fertility Research for Bean Cropping Systems in
Africa, Addis Ababa, Ethiopia, 5-9 September 1988.

Support for the regional bean projects and for this
publication comes frcm the Canadian International Development
Agency (CIDA), the Swiss Development Co-operation (SDC) and the
United -.tates Agency for International Development {(USAID).

Further information on regional recearch activities on beans
in Africa is available from:

Regional Co-~ordinator, SADCC/CIAT Regional Programme on
Beans in Southern Africa, P.O, Box 2704, Arusha,
Tanzania.

Regional Co~ordinator, CIAT Regional Programme on Beans in
Eastern Africa, P.O, Box 67, Debre Zeit, Ethiopia.

Coordinateur Regional, CIAT, Programme Regional pour
1’Amelioration du Haricot jans la Region des Grands
Lacs, B.P. 259, Butare, Rwanda.
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Opening Address

Dr. Seme Debela

General Manager, Institute of Agricultural
Research Ethiopia

It is a pleasant experience for me to be given the opportunity
to make an opening address on the occasion of this workshop on
soil fertility research for bean cropping systems in Africa.
I thank the workshop organizers for providing me with this
unique privilege.

It is only fitting to start my brief address by
welcoming each and every one of you to Ethiopia. You are now
in the capital city of one of the ancient nations in the
world. With an area of 1.25% million sq. km, Ethiopia is a
relatively large country by African standards. 1Its current
population is estimated at over 47 million and 1is growing at
an annual rate of 2.9%. This makes it the third largest
country in Africa, after Nigeria and Egypt.

Population growth has a major impact on land utilization
and land degradation. Population pressure 1leads to the
exhaustion of fertile agricultural lands and the progressive
utilization of enviromentally sensitive marginal areas.
Thus, in the Ethiopian context, enviromental degradation as a
result of deforestation, overgrazing, salinization,
alkalization and cultivation of marginal lands already are,
or are rapidly becoming, serious problems closely associated
with population growth.

Agricultural activities are basically aimed at
efficiently and effectively exploiting the environment.
Plant breeders’ main aims are related to the development of
genotypes that are efficient in extracting water and
nutrients from the soil, Such activities naturally and
eventually lead to soil exhaustion, unless soil fertility
improvement schemes are conciously and deliberately planned
into the agricultural development process. Such plans can be
based on biological and non-biological means, or on a
convenient combination of both.

For resource-poor countries 1like Ethiopia, a non-
biological approach to soil fertility is not an
idealsolution, although we are well aware that we may have
very little choice, at 1least in the short term. The use of
artificial fertilizer, despite their great advantages, has
major implications for |us. As all our chemical fertilizers
are imported, the task of providing the farming community
with - all its fertilizer needs 1is beyond our national
capacity. It is believed that, on the average, the annual
rate of chemical fertilizer application 1is between 20-30
kg/ha. .



The other major implication associated with fertilizer
is its impact on the natural enviroment. Unrestricted
chemical fertilizer application has been reported to lead to
pollution of underground water and the reduction of essential
biological activities in surface waters. Such phenomen are
more of a problem in developed countries; however, it 1is a
problem that must be noted. In fact, 1in the Ethiopian
context, state farms are an advanced agricultural scheme and
their use of modern agro-chemicals, including chemical
fertilizers, 1is reaching a stage where close monitoring may
be needed.

Thus, the search for an alternative system of
maintaining and even improving soil fertility becomes an
important subject. I am glad to note that this workshop
deals with this important topic. Traditional schemes such as
the use of animal manure and green manuring as well as the
more modern concept of agro-forestry are to be discussed’
during the course of this workshop. Our traditional farmers
can not afford to practice green manuring schemes. In fact,
the idea is not palatable in economic terms even on our state
farms. Crop rotation, with an appropriate selection of
legqume crops, is preferred, although our state farms have not
fully developed such schemes on the grounds that they don’t
have suitable legume varieties to adequately fit their
productivity level in terms of economics. This, of course,
is a challenge to our breeders.

It is 1in this context that scientific workshops like the
one we are opening this morning become relevant. Scientific
information and experiences gained in such workshops can
become effective tools to advance agricultural development
efforts. Regional and international cooperation in such
efforts increases our critical mass not only in scientific
manpower but also in technical facilities. Because of the
mutual benefit associated with such cooperations, the
Institute of Agricultural Research as well as the Ethiopian
government are totally commited to such cooperative efforts.

Over the past several years, the IAR has been doing its
best to increase its contact and improve its working
relationship with international agricultural research centres
like CIAT. 1In fact, at this time we have close relations
with nine of the thirteen centres under the CGIAR system.
Four of the centres have staff stationed ain E:chiopia, and
CIAT was among the first to take this constructive step. The
fact that this workshop is being held in our capital city
testifies to our good relations with CIAT.

We are well aware that the benefits accruing from our
relations with the International Agricultural Research
Centres very much depend upon our national capacity to use
the IARC’s potentials effectively. This calls for a strong
national research system with clearly defined scientific and
technological targets endowed with the necessary manpower,
support facilities and finance. Despite all good intentions,



the IARC’s cannot substitute for the NARS; however, they can
play a crucial role in strengthening it. It 1is with this
recognition that we in the IAR have bLeen trying hard to
strengthen our national programme, while working <closely with
"the IARC’S.

I am tempted. to say a lot more than this in order to
introduce you to our objectives, goals and research
programmes in the IAR. In the interst of time, however, I
will restrain myself rrom going any further, especially aware
of the fact that there are several IAR staff members amongst
you who can brief you on as many details as you care to
know. Your workshop coordinator, Dr. Kirkby, is also on hand
and can be relied upon to adequately keep you informed. If
you still need to know more, you are welcome to call upon me
during the course of your stay in Ethiopia. Finally, I would
like to again thank Dr. Kirkby for inviting me to make this
inaugurual address. I wish you workshop participants success
in your deliberations and a pleasant stay in the country.



Background and objectives of the Wworkshop
Roger A. Kirkby

CIAT Programme on Beans in Eastern Africa

Production of beans and other food crops in Africa are
falling to keep up with population growth. We are in the midst of
a viclous spiral in which crop ylelds are declining as a result
of so0ll fertllity decline In some of the most densely 1inhablited
reglons, whlile the productivity of labour is too low to provide
good incentlves for farmers to Intensify. Easy aolutlions are not
apparent: after 30 years of applied research 1In Africa on
Inorganic fertllizers, the average rate of nltrogen application
to cropland is only 5 kg/ha (Hauck, 1988), concentrated mostly in
thz four countries of Kenya, Nigeria, Zambla and Zimbabwe.

This workshop brings together soil sclentists and bean
agronomlsts from eleven countries of Eastern and Southern Afrlca,
as well as the agronomy staff of the three regional bean
programmesg. Our objectlves are to document and assess current
knowledge of soil fertility research as applied to systems ' In
which beans are important, and to Identify needs and " priorities
for future research.

Our flxst sesslion reviews farmers' traditional methods for
soll fertllity malntenance and will address the question of how
well these methods are still meeting the needs of the present
generatlion and of the future. The second session Is devoted to
dlagnosis of soll fertility: techniques for carryling out
dlagnostic studles, and some results from their application. The
third session reviews nutrient requirements of the bean crop.
Session Four, Flve and Six examlne past and potentlal
contributions to the improvement of soil fertility by means of
fertlillzers, cropplng systems and organic matter. Contributors
are lnvited to be stimulating and not necessarily comprehensive.
Each session will Include remarks by an invited discussant, and
working groups on selected themes will meet later in the week.
One component of soll fertility research, blologlcal nltrogen
fixation, 1s not belng treated speclflically here because its
importance to bean breeders and microblologists 1led to thelir
meeting last year in Rwanda.

We reallze that beans are of secondary importance in many
farming systems; perhaps only In the Great Lakes reglon can we
really say that cropping systems are based on beans. CIAT for
this reason has 1long followed a low-input strateqy to bean
improvement. Any consideration on soil fertility needs to take
into account the other crops grown, and our ultimate objective is
to stimulate research by natlonal programmes that is well
focussed wupon the development of sustalnable systems managed by
small farmers. A systems perspective lis especlally important for
sclentists who f£ind themselves organlzed by crop commodity or by



disclpline. We are therefore particularly pleasad to  have
participation also by the International Councll for Research in
Agroforestry (ICRAF).

Reference

Hauck, R. D. 1988. A human ecosphere perspective of agriculcural
nltrogen cycling. In: J. R. Wilson (ed.) Advances 1In Nitrogen

Cycling in Agricultural Ecosystems. C. A. B. International. pp
3-19



Traditional Forms of Soil Fertility Maintenance
0.T. Edje, J.M.R. Semoka and K.L. Haule

SADCC/CIAT Regional Programme on Beans in Southern Africa,
Sokoine University of Agriculture, Tanzania and
National Soils and Fertilizer Use Research Programme, Tanzania

Introduction

Traditionally, farmers in the tropics were organic farmers
(Singh, 1975) that is, they used neither chemical fertilizers nor
pesticides. Instead, they used a system of bush fallow or
shifting cultivation. In this system, man developed a stable
agro-ecological system in which he, crops, fruit trees, trees,
and animals lived in harmony. Trees such as Acacia albida, and
Gliricida sapium were selectively retained as a soil fertility
restoration technique. Fuelwood; fruits; medi:ine from herbs,
shrubs, and trees; building materials; animal products and honey
were obtained at no cost while maintaining the fertility and the
productivity of the soil.

With increasing population pressure on the static or shrink-
ing land resource, the ratio of the fallow to the cultivation
period declined, and so did the fertility and the productivity of
the lard. The era of cheap fertilizer and pesticides also led to
the decline in the use of the bush fallow method. Forests were
cleared on a large scale to open more land for cultivation.
Mechanization and mono-cropping, which discouraged intercropping
with trees, became the norm. Urban areas were opened without
provision for fuelwood needs for its dwellers. A1l these led to
deforestation and consequently: desertification, increased
erosion, floods and droughts as well as silting of streams,
rivers and lakes; and increased salinity. These attendant
problems have made most of the soils in Africa more vulnerable,
more fragile and less fertile. Some of the indigenous methods of
maintaining soil fertility through regenerative agriculture are
fast becoming history.

In this paper we review some of the traditional methods of
maintaining soil fertility in bean based cropping systems.
Because of the complexity and perhaps the location specificity of
some of these methods, it has not been possible to describe and
discuss every system. We have included variants of the commoner
methods.

Visoso

Visoso, also known as shifting cultivation, is a land-use system
characteristic of areas with 1low human population density and
abundant 1large trees. Hartman (1981) reported that about 300
million farmers practived shifting cultivation and related bush
fallow as a means of restoring soil fertility (Hauck, 1971 and
Clements, 1933).



In this system, land was cleured with simple LOG1S Such as &
Cutlass, axe or hoc; LSeru)l Lroes wero et standing and other
Lrees and shrubs’ were pruncd down Lo stumps tor fast roycnsri-
cion, e dobris was burnt and seeds planted on the flat or
lightly tilled mounus For three to five yedars, Crops were
pPlanted in mixaa stand as a stratwyy For incroasing crop yiolus,
AIversity and stabitily on o subsistence scalo (Gomez and Gomaz,
TYus).  AS vields dsalined wnl wouds DeCuame a problem, espucially
in the toresc zonus (Nye and dreonlana, 1900), the larmér rotateéd
Nis land Dy woving LY another locution; Lhe wnole stasn-burn-
Plant process was réepeated until yiclas aaclined rapidly ana
vuGds Dacame rampant again. ANA 50 a shore cropping puriod of u-
5 ywars alternated witn a long period of fallow fOr 15 0Or more
yeurs., ODuring this fallow periog, s0il farctility was restorau
Lhrough Fforeést shrub and grasslang vegetation (Ruthenbarg, 1970).

Cnitamene

The term, Chitemenu is a Bembu word derivod From thz verd Lo
cut”™.  Chitemene lana-use system is a modification of an inten-
Sive Torm of shifting cultivation whicn is found mostly in
NOrtnern Zambra, southérn Sudan and Southarn Zaira, The system
depends on the lopped and burnt Hrachystéegla (miombo) woodland
fur the maintenancoe of soil forcility (allan, 1965; Hauy, 194i;
veaela, 1961),

Thers awre Five types of chitamenad: lLarye scale, small
scale, bDlock chicemene, mwiniluya Syston and Jseokad system. Tne
Classification is Duscd on the (0110Wing Characlériscics:
== Ruvio petwean clearcd and cultivated land,

TT Shape and size of cleared and cultivated land,
== Ration betwien cropping and Fallaw pariod,

-- Crop sequence, '

-~ Staple crop.

In thoe lurge scale chitemene the ratio of cleared to culty-
vated lund s between 1:5 Lo 110, Tha small-scale chitemena has
a ratio of 1:10 vo 1:20. Uobh systems nave circular shape. Tne
Shape of vlock chitemené is square., Tne cropping period of
lurge-scaly chitemans 18 longer tnan that of the small scale ana
the Dlock., The large-scale chitemenc has a shorter fallow period
thdan tnoe others. The 1soka system is a comBination of the large-
scula cnitemens und cutlle-rearing. However, the mwinlungd 1s a
Lransition Lo semi-permanegnt cultivation (Haug, 1901). In this
saction only the luryo scale cnitémena will Lo disScussed.

Laryg Scale Chitemenu

In tne rirse year, f1elas aro scicoted.  Thoe choice 15 guided Dy
the biomass and uge OF Lhe Lrees as weldl as that of tall Jrass
mpumpo. - Than the Lrees arc lopped or cul and piled up in tne
centre of (he cleared aréa LU wooul | om nigh. -The urea Lhat is
Clearea or lopped 15 aboul 0.5-10 Limes cne culbivated ono.-  In



early November, the pile is burnt.. Planting is confined to the
burnt area where the ash layer is rich in nutrients, especially
phosphorus, calcium and potassium. In early December, finger
millet is broadcast over the burnt area. Other crops such as
maize, sorghum, pumpkin (along the edge of the field), cassava or
bulrush millet may bw planted.

In the second year, groundnuts or finger millet may be
planted. In year 3, ridges are made over grass and beans planted
in January/February. In the following year (ysar 4), beans are
planted in November and harvested in January. Beans may be
planted in February/March and harvested in May/June. In the
fifth year, the year 4 pattern is repeated for another 2-3 years.
In some cases, beans may be planted for 5 years before the field
abandoned (Vedeld, 1981).

While the chitemene land-use system has been used to
maintain soil fertility, it has rather low carrying capacity of
2-4 persons/sq km (Haug, 1981).

The effect of chitemene on soil chemical and physical
properties are similar to those reported by Abebe (1981) on guie
in Ethiopia, namely, increase in phosphorus and bases from miner-
alization, increase in soil pH and improvement in the soil
‘structure. The clearing process also reduces weed population.
Consequently the chitemene system has been reported to give
higher crop yields than hoe cultivation (Table 1). Trials phave
also shown that the increase in seed yield were due to a combi-
nation of ash and heat and not only ash as fertilizer (Table 2).

Some of the disadvantages of the system include the low
carrying capacity (2-4 persons/sq km), the destruction of trees
and the attendant problems of deterioration of the fragile eco-
system, the low rate of tree regeneration (22-25 years), the high
ratio of cleared to cultivated 1and and the danger of falling
from trees during lopping.

One possible alternative is the use of fast growing legume
trees (e.g. Leucaena). The trees can be lopped or cut, and left
in situ. Instead of burning, as is the case with chitemene, the
branches can be allowed to rot or left to the action of termites
as is practised by the Dinkas of Sudan. The Leucasna could ue
planted in wide alleys and lopped periodically. Other trees that
could be investigated for inclusion in an alley cr¢=ping system
or a variant of it are those indigenous ones recently identified
by Mr. S. Lungu (P. Comm., 1987) at Misamfu Regional Research
Station, Kasama. These are: Acacia polysantha, Acacia
sieberana, Bauhinia petersiana, Cassia obtrusifolia, Cassia
petersiana, Cassia singuena, Crotalaria sp., Entada abyssinica,
Sesbania macrantha and Tephrosia vogeli.

Ngoro (Matengo Pit)

Ngoro is the traditional land use system of the Wamatengos in



Mbinga District, Ruvuma Region, Tanzania {Allan, 1965; Stenhouse,
1944; and Kapinga, 1977).

The Wamatengos occupy the highlands between the Ungoni
Plateau and Lake Nyasa in Mbinga District. They cultivate small
highland areas ranging from 1280-1950 metres above sea level with
rainfall of 991-1194 mm and population density of 30-100 inhabit-
ants per sq km (Ludwig, 1968; Stenhouse, 1944). At one time,
they occupied broader lands. When the Germans first visited the
area in 1890 (Allan, 1365), the wamatengos were already practic-
ing this unique land-use system. However, the arrival of the
Wangonis (of Zulu-Swazi origin) and constant raiding by slave
traders drove them into caves, which could be defended or into
the most inaccessible mountain-tops.

The Wangonis raided the Wamatengos for foodstuffs and women
{(they had no cattle). The women were protected in the caves and
on the mountain tops. Foodstuffs were made readily available to
the raiders in the most accessible and fertile valley bottoms.
As long as foodstuffs lasted at the valley bottoms, the crops in
less accessible mountain-tops were left alone. Thus the
Wamatengos cultivated twice as much land as was needed; half was
expected to be lost to the raiders and the other hailr was for
their own use.

The drain on the scanty soil resources was therefore severe,
The problem of how to maintain soil fertility and prevent erosion
had to be tackled. Condemn~ad to increasing land shortage with no
option but to cultivate tho steepest slopes or starve and with no
cattle to provide manure, the Wamatengos evolved an admirable
system of agriculture which ircluded crop rotatin, maintenance of
soil fertility by composting jrass, weeds and crop residue; and
systematic use of grass fallows.

One of the authors of this paper (0.T. Edje) visited Messrs.
Pirimin Nduna {(Lipumba village, altitude 1208 masl) and Joachim
Kinunda (Kigonsera village, altitude 1150 masl) in Ruvuma Region
on 27 April, 1988, and had an opportunity to see the ngoro system
of land-use anc its preparation.

Briefly, men prepare land by clearing the grass in February
and March. This is known as kukyesa. The grass is allowed to
dry and thereafter is collected and laid down in rows forming a
grid all over the land intended for cultivatiosi. One set of rows
is across the s e, running roughly along the contour; and the
other set of rows runs up and down the slope at right angles to
the first. This process is known as kubonga.

The next stage is kujali wherein the grass is covered with
topsoil which is exhumed from the square area bounda2d by the
grass grid. These holes are referred to as ingolu. Sometimes,
the ngoro. is called ingolu (pot holes?). After the grass has
been covered completely, seeds (beans, peas, maize or wheat) are
sown usually in pure stand. The seeds are covered with sub-soil
(kuku). Weeds are thrown into the ingolu where they form compost

10



with accumulating silt. At the end of the season, crop residues
are also placed in the pits. The old "soiloeds" are split and
new beds formed over the old pits using the composted grass. New
pits occupy the place where old beds intersected, ana maize 1is
planted in October/November.

The rotatior followed is maize/becan (or peas). This simple
rotation is followed until fertility declines and the land is
fallowed to natural grass. Fallow periods range from 8-10 years
(Stenhouse, 1944). This ngoro land-use system is also effective
in soil erosion control as an overflow from one ingolu is trapped
by the next. Table 3 shows the dimensions and plant density of
two farms which were observed (by O.T. Edje) on 27 April, 1988.

The soil fertility improvement of the ngoro land-use system
was ijllustrated from a trial that was conducted at a regional
research centre in Tanzania for a six-year period (1950~1955).
The trial was on a rich and stable volcanic loam of moderate
slope, with an average rainfall of 925 mm. The Ngoro land-use
system was compared with flat cultivation, constructed bench
terraces, formed bench terraces, narrow-based contour banks and
ridges (Allan, 1965). The test crop was maize. The ngoro system
gave the best results over the period of the trial. In 1951 (a
very wet year) the yields from the ngoro system were much more’
superior to those of ridging and flat cultivation (Table 4).

Maingu and Nzao (1987) working on the effect of cultivation
systems at Morogoro on the growth and development and seed yield
of Phaseolus beans reported that the ngoro system significantly
out performed conventional systems in seed yield and other
agronomic attributes.

It is 1ikely that the ngoro land-use system will continue.
This 1is suggested from the fact that Wamatengos, who have
recently migrated from Mbinga to other districts of Ruvuma (where
the ngoro system was not practised), have begun to practise the
system in their new homes. However, three farmers (though a
rather small sample) in Lipumba and Kigonsera villages said that
ngoro was a back-breaking land-use system. As a matter of fact
Mr. Nduna of Lipumba village said that he had too much grass for
ngoro cultivation (because the size of the bank over the grass
is a function of the volume of dried grasses, the more dried
grass, the more volume of soil exhumed from the pit to cover the
grass). Consequently, he burnt some zund made ridges over others.
According to Stenhouse (1944) and Pike (1938) some of the
Wamatengos, with the advent of British rule, migrated to more
fertile land and were less inclined to practise to the ngoro
method. The younger Wamatengos who had migrated were adopting
"lazier methods of cultivation.”

Manibwe Land-use System of Northern Zambia

The mambwe land-use system also known as fundikila is practiced
east of Mbala and along the border with Tanzania. This land-use
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system is an extension of the large scale chitemene following the
destruction of the forest as a source of nutrients for crops.
The mambwe system is essentially one of composting grass in
mounds similar to the fipa land-use system in south west Tanzania
(Lunan, 1950) and the tumba system in Sumbawanga, Tanzania
(Smithsorn and Edje, 1988).

Grass, mostly Hyparrhenia, is cuc in February/March and
piled in heaps, buried and allowed to rot as compost in mounds.
Usually the size of the mound is a function of the amount of
biomass available for composting. Because large quantities of
biomass from tall grass and bushwood would require considerable
amount of soil and labour for composting, part of the bulky
biomass is piled in circles and burnt.

The diameters of the mounds range from 1.56-2.0 m and the
distance between one mound and the next is 63 cm (Edje, 1987).
Haug (1981) reported that the mounds ranged from 1.8-2.4 m 1in
diameter.

After the mounds have been constructed, beans are sown in
(March). Mounds that are made late in the season are not planted
until November/December when they will be flattened and planted
to maize. At the onset of the rains (November/December) the
‘mounds are flattened and the compost is spread. Weeds are also
removed at this time and worked into the compost mixture. Maize,
finger miliet or sorghum may be planted on these relatively
fertile soils. In the third year, mounds are re-made and beans,
millet, groundnuts or maize are planted. The mounds are not
leveled again until the fourth year when maize or finger millet
may ba planted. A crop of maize or sorghum maize be harvested in
the fiftnh year before the land is allowed to fallow for 4-10
years (Allan, 1965), although Mansfield (1973) stated that 15-20
years were needed for the soil to recover fertility. Trapnell
(1953) reported that the land is considered ready for reculti-
vation when weeds from the previous cultivation have disappeared
and Hyparrhenia filipendula has become dominant.

Schultz (1976) reported that, based on the freguency and the
area cultivated, maize was planted most (100%) in the system
followed by beans (92%). Cassava was planted the 1least (62%)
(Table 5). Haug (1981) reported that the critical human populat-
ion density of the mambwe system was 20-40 persons/sq km as
compared to 2-4 persons/sq km.

As stated earlier, the predominant source of plant material
for the mambwe compost is Hyparrhenia filipendula. It is tufted
perennial grass commonly found in the savannahs of Africa and is
Jow in plant nutrients (Gohl, 1975). Therefore; large quantities
need to be composted in advance to allow for decomposition and
release of nutrients during the growth period of the crop. One
possible substitute might be fast-growing, nitrogen-fixing and
easy to eradicate pasture legume crop (e.g. Crotalaria
zanziberica) which is richer in plant food than the grass as
compost material.
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The practice might work as follows: Seeds of fast growing,
nitrogen-fixing, easy-to-eradicate pasture legumes are broadcast
in November/December and worked slightly into the soil with a
hoe. The emerging seedlings are allowed to grow until
February/March when they are buried in mounds to compost and
beans p]antnd on the mounds. Since the composting of grass in
mounds is already popular with farmers, the use of a legume
instead of the former should not pose much problem except for the
nrovision of seeds and plant establishment.

The mambwe system 1is similar to ridge cultivation in parts
of Malawi. Here weeds are allowed to grow ivllowing the onset of
rains in October/November. The weeds are buried in ridges in
January/February and beans or sweet potato (Ipomea batatas) are
planted on them.

Edje (1983) compared the agronomic effectiveness of weed
compost and Leucaena prunings on maize and bean yield. The pre-
dominate weed in the field for the trial was Rotboe7?1a exaltata.
Fresh and dry weights of weeds in the fielad at "decomposting were
4744 and 2037 kg/ha, respectively. Mean weed height was 45 «cm.
He reported higher, but non-significant maize seud yield from
plots that were planted to weed compost as compared to control.
Leucaena pruning of 15 tonnes/ha had comparable yields with 52

kg/ka N and 17.5 kg P. 05 In the same trial there was significant

response of maize to compost from Leucaena prunings. Similar
results have been reported by Kang, Sipkens, Wilson and Nangju
(1981) using teucaena prunings and by Temu (1986) from compost of
Crotalaria zanziberica.

Mounds of the Wafipas

The mounds of the Wafipas of southwest Tanzania are similar to
those of the mambwe land-use system. The Wafipas (who are
pastoralists) occupy an area with an average altitude of 1000-
1950 msal, with a mean annual rainfall of 787-1194 mm and a
population density of 10-100 persons/sq km (Ruttenberg, 1980;

Lunan, 1950). The land of the wWafipas is covered with tall grass
(presumably Hyparrhen1a) and scattered trees. In each dry
season, the tall grass is burnt to provide fresh grass and also
to control ticks. Although they are pastoralists, they do not
add manure to their soil but rely on compost as a source of plant
food for their crops.

The land-use system of the Wafipas consists of a rotation
system that begins with mounds followed by flat cultivation,
rough mounds, flat cultivation and finally ridging.

The land preparatxon begins in February/Apr1] when the grass
is cut and placed in small heaps. Sod is cut with hoe and piled
in neat circular mounds over the grass. Mounds are about 1 m ir
diameter, 60-65 cm tall with the distances from one mound to
another, 45-60 cm. A man can make about 100 mounds a day.
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The customary crop on the mound is beans (Lunan, 1950).
women plant 10-15 seeds on top of each mound. Other crops such
as potato (Ipomea batatas?) ur cassava may also be planted.
Waeding begins in (October/November and the mounds are brokKen and
sprcad in the field. Maize or finger millet may be planted on
the land. After harvest of maize or finger millet in June/July,
small rough mounds are made, cuvering heaps of weed and crop
residue. The mounds are lett until January for decomposition
when tney are broken down and spread and the field planted to
Yinger millet. The finger millet 1is harvested in the following
June, ang the field is left 1in flat condition. The following
Doecember, the land is ridged and planted to maize 1interplanted
with beans, groundnuts oOr bambara nuts. This rotation may be
rapeated several times until the soil i3 exhausted and the field
is reverted to fallow of grass and weeds.

in areas where there are trees, during tre first round of
mound preparation, the branches (in case of large trees) or the
entire trse (small tress) are cut, heaped around the base of the
tree and burned. Unlike the chitemens system, the ashes are not
spread and there is no burning of trees outside the cultivated
area to accumulate ashes.

According to Luman (1950) the mound cultivation of the
Wafipas is conducive to erosion control since the mounds are made
in March/April when the season's rainfall is over. Erosion can
also be controlled by joining the mounds to form ridges. This
system also increases soil fertility because weeds are composted
to humus instead of being burnt yearly.

Tumba Land-use System

This is another mound cultivation system found in southern
Tanzania. Like the mound cultivation system of the Wafipas, the
grass is cut and arranged in circular heaps about March/April,
This is generally aone on fairly heavy soils. Soil between the
grass heups is piled neatly over the dried grass. Mound dimen-
sions are 114 cm (diameter), 43 cm (height) and 176 cm (distance
between crests of adjacent mounds). However, unlike the Wafipas
who plant beans and other crops Oni the mounds shortly after
preparation, the Tumba mounds are left to decompose until
November/December of the same year when they are flattened and
planted to maize in pure stand or maize/bean association
(Smithson and Edje, 1988), In areas with tall grasses and small
trees, the bulky biomass is gathered in a circle and surrounded
by a ring ridge (3.7 m in diameter) and burnt. The ash from the
burnt grass and trees may be spread in November/December when the
mounds are being flattened, or crops such as cucurbits may be
planted over the ash.

By combosting organic matter, soil fertility 1is enhanced.

Since these soils are relatively heavy, the decomposition of
organic matter could also improve soil aeration, water holding
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capacity and root development of otherwise relatively unproduc-
tive land in a manner similar to that of guie in Ethiopia (Abebe,
1981).

Guie

Guie, or soil burning, is a traditional system of soil management
for crop improvement in the central highlands of Ethiopia. In
this system, unlike in shifting cultivation where dried organic
matter (stems, branches, brush, grasses, etc) is burnt, the soil
itself 1is burnt. This system according to Abebe (1981) is used
by smallholder farmers when cultivating fallow land with heavy
clay soil and a hydromorphic horizon.

Guie soils covering about 540,000 ha are found between 2000-
3000 masl with an annual rainfall of 1100-1500 mm and annual mean
temperature of 14,5°C. According to Murphy (1959) quoted by
Abebe (1981) the soils are fertile but are hydromorphic. Conse-
quently, they have low productivity because of internal drainage,
poor aeration and infiltration; and hence low yield. The
practice of guie was initiated in antiquity in the hope of
improving the productivity of such soils.

During the short rains of February-April, fallow land that
has been grazed is ploughed repeatedly in a criss-cross
direction. Soils to which sod is attached are collected into
heaps with the sod towards the centre on which loose soil is
heaped and packed on the outside. According to Abebe (1981),
there are about 850-1630 (mean 1230) heaps per hectare and each
heap is about 80 cm in diameter and 60 cm high. The heap 1is
lighted by introducing a burning cattle manure into the centre of
the heap which then burns slowly for 10-15 days, The centre of
the heap has the highest heat intensity (650°C) and is burnt
completely while the outer layers are less ashed. The burning
process creates distinct layers that are demarcated by colour
differences (Wehrmann and Legesse, 1965).

After cooling, the soil in the heap is spread with shovel
and ploughed so as to mix the burnt soil with the rest of the
soil in the field. Barley or wheat is planted in June. Farmers
can obtain two to three crops before the field is abandoned and
allowed to fallow for 10-15 years after which guie is repeated.
Usually the highest yield is obtained in the first year; yield
begins to decline in subsequent years.

Tables 6 and 7 show the effects of guis on some physical and
chemical properties of soil. Of interest is the change in soil
pH of 5.85 in unburnt soil to pH 7.10 in burnt soil. Zake and
Nkwiine (1981) reported that ash raised soil pH to the level
wher2 liming was not recommended. The ash also contributed
several bases (Table 8). Also there was a five-fold increase in
available phosphorus. Zake and Nkwiine (1981) have reported
similar results, The increase in P 1is attributed to mineral-
isation of organic phosphorus during burning (Wehrmann and
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Legesse, 1965). The process of burning causes a false change in
texture due to fusion of the ciay and silt fractions 1into
particles of sand size. This increases aeration and permeability
in the burnt soil (Table 6). However, the process also causes a
drastic reduction in organic matter which is likely to have
adverse effects in the long run.

Mafuku in Zaire

Mafuku is a land-use system in which dried grass placed in mounds
is burnt in order to improve soil fertility. The mounds are
Joined by ridging, and crops such as cassava and beans are
planted. Briefly the land preparation is as follows. The dried
grass is cut at the base using a hand hoe. The cut grass and any
adhering soils are placed in mounds about one metre high in rect-
angles of variable sizes. The soil between the mounds is
loosened by hoe and placed over the dry grass. More soil is
placed on the vegetation until it is firm but with adequate space
for slow burning. Thereafter, the mound (grass and soil combin-
ation) is lighted. The mound may burn from 2-7 days. Any
unburnt grass is gathered, placed on the heap and burnt again.
The resulting ash and soil mixture is left until the beginning of
the rainy season. After the first two or three showers, the
mounds are joined through ridging to form a continuous ridge. In
areas where ridging is not practised, the mound is left and
cassava 1is planted directly. However, 1in places where farmers
grow crops on ridges, cassava is planted throughout the ridge.
But since farmers know that the site of the mound is more
fertile, crops such as maize, beans or tomato are intercrops on
the mound site.

When one of the authors (0.T. Edje) visited the Zaire
National Cassava Programme (PRONAM) at M'Vuazi in 1986, he
observed that cassava growing on the mounds had higher vigour and
was greener. The factors contributing to the higher observed
vigour are not quite understood but could be attributed to
increase in soil fertility and physical characteristics (Abebe,
1981; Wehrmann and Woldeyohannes, 1965; Zake and Nkwiine 1981;
Haug, 1981; Nye and Greenland, 1960; Landu and Brockman 1983).

A system similar to mafuku is also used in Malawi for the
production of tobacco seedlings (and after transplanting of
tobacco seedlings, beans and other early maturing crops may be
sown on the seedbeds). However, unlike in marfuku where the grass
is buried and ignited, maize stover is piled on seedbeds and
ignited. Briefly, the system of tobacco seedbed preparation is
as follows: A suitable nursery site is chosen. One 1important
criterion is proximity to reliable water source for the tobacco
seedlings. The smallholder farmers who plant dark-fired tobacco
normally choose their nursery sites close to dambo (hydromorphic
soil) margins in order to ensure the supply of water. However,
dambo soils are generally heavy because of their clay content.

Once the site has been chosen, the soil 1is dug up in
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August/September. Beds, (1-12m) are constructed with paths about
0.5 m between them. About 8-~9 beds are needed to raise seedlings
for one hectare of tobacco field. The tobacco seedbed 1is
prepared to very fine tilth because of the small size of tobacco
'seeds. Thereafter, maize stover is piled on the bed 0 about one
metre high, The maize stover 1is ignited and allowed to burn
gently for effective soil sterilization. The ash is then scraped
off the pbed. Tobacco seeds are placed in a wataering can contain-
ing water, and sowing is done by watering the seeds on the beds,
No fertilizer is used.

It has been observed that seedlings produced by smallholder
farmers using this method are much more vigorous, grow faster,
and have higher quality than seedlings from seedbeds sterilized
with ethylene dibromide (EDB) or methyl bromide. Large-scale
tobacco farmers who use chemicals for soil sterilization of
tobacco seedbeds use an N-P-K (6-7.8-5) compound fertilizer.
Smallholder farmers who sterilize their seedbeds with maize
stover do not use fertilizer.

The higher vigour, quality and faster growth observed on
small holder tobacco nurseries near dambos sterilized with maize
stover could be explained on the basis of trials conducted by
Abebe (1981) and Zake and Nkwiine (1981). They reported increase
“in the ava11ab111ty of phosphorus following burning. Abebe
(1981) reported increase in aeration, permeability and yield
fo]]ow1ng guie. The aeration and permeab111ty were attributed to
increase in sand fraction and decrease in clay fractions.

After tobacco transplanting, some farmers have been obseived
weeding the seedbed to remove remaining seedlings in order to
plant beans or any other early maturing crop.

Farmers are being discouraged from the use of maize stover
for soil sterilization because of the adverse effects of burning
as explained by Abebe (1981). The use of ethylene dibromide (by
injector guns) or methyl bromide (by special plastic sheets) has
been introduced on tobacco estates (hired-labour managed and
tenant farmer system), However, the adoption rate of chemical
use by the smallholder farmer has been rather slow, presumably
because of increased cost of production arising from the purchase
of chemicals and application facilities. Since most smallholder
farmers re]y on water from very shallow wells (really holes) on
dambo margins and heavy soils for seedling production, they are
1ikely to continue to use maize stover for soil sterilization.
The observation that better seedlings were prodiuced on dambo
margin maijze-stover-sterilized soil rather than on chemically
sterilized soils should not be ignored.

Termite Mounds
Termitecs or white énts are amongst the most destructive insect

pests that feed vigorously on cellulose either in its natural
state as deao and dying trees, herbs, grasses, etc. or on
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manufactured articles (Harris, 1940). According to Harris
(1941), there are 77 species in East Africa where they do untold
damage.

In spite of the damage that they cause, they break down
organic matter for crop use and also move soil, thus increasing
aeration and water infiltration. This unique attribute of
termites to breakdown organic matter has been recognized by the
Dinkas of Sudan in a modified chitemene land-use system. In this
system, trees are lopped and the branches with the leaves are
stacked to about 60 cm high.. Instead of burning the stack, as is
the case with the chitemaene system, the pile of wood and leaves
is left to the action of termites. The activity of termite is
quite rapid; by the end of the dry season, the wood, branches and
leaves have been reduced to a surface mulch of dust and the land
is ready for planting. According to Allan (1965) poor soil on
which grass cannot grow can be restored to fertility in a few
months,

Nyamapfene (1986) in his review paper on the nature and use
of termite mounds reported that farmers in Zimbabwe realize
termite mounds as an agronomic resource. They generally plant
crops which require good water supply and high nutrient levels,
particularly of Ca and K almost exclusively on ant hills.
Because of the high fertility status of termite mounds, their
planting densities are much higher than on surrounding soils.
Also, because of high moisture content, farmers plant maize on
termite mounds as an insurance against drought,

It has been observed in Malawi (Central Region) that some
farmers dig soil from termite mounds and apply it 1in band form.
Thereafter, small ridges are made over the band and maize or
tobacco is planted. Where the quantity of soil from terminte
mounds 1is small, the soil is applied in "doilop"” form close to
the base of the crop. The agronomic importance of termite mounds
may explain why some peasant farmers are reluctant to destroy
their termite mounds.

Agroforestry .

Agroforestry is a land-use system that intagrates the production
of woody perennials (trees and/or shrubs) with agricultural crops
(food, fodders, fibre crops etc) with or without 1ivestock simul-
taneously, sequentially, zonally or in a relay on the same unit
of land. The aim of this land-use system is to maximise the
multipurpose production of the socio-economic needs of the farmer
from a limited resource base with low levels of technology in a
sustainable manner from a unit of farmland (King and <¢handler,
1978; Bene, Beall and Cote, 1979; Wiersum, 1981; King 1979;
Meydell, 1979; Wilson, 1981; Edje, 1982).

In this land-use system, trees such as Acacia albida, Acacia
bateri. Macrothylum spp. and Gliricidia sepium are selectively
retained (Wilson 1981). This system recycles nutrients, fixes
nitrogen, reduces soil erosion, intercepts fog drip, lowers soil
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surface temperature and provides organic mulch and humus (Myers,
1980, and Douglas, 1972). The trees also provide animal feed,
shade for livestock, fuelwood, medicine, etc. (Chavunduka, 1981).

Agroforestry is an old land-use system but a new technical
field with elements of logical extension and application from

shifting cultivation. In present day agroforestry, wild species
are being replaced by their domesticated relatives to fulfill the
socio~economic needs of the farmer. Nevertheless the potential

of Acacia albiga, an indigenous tree 1in Malawi (Edwards, 1982)
deserves special mention.

Acacia albida, also known as "miracle tree", winter thorn or
nsangu is a legume (Binns, 1972). It is medium to large in size
(up to 30 m) and a deciduous tres but loses its leaves during the
wet season. It has a wide altitudinal range from 270-2500 masl.
The agricultural value of Acacia albida stems from the fall and
decomposition of its leaves tall at the beginning of the rainy
season, releasing nutrients to the soil at the time of planting.

Edwards (1982) in reviewing the importance of this tree,
stated that it was indigenous to Malawi and had high agroforestry
potential because it was deep-rooted and an efficient nutrient
pump. Since it sheds its leaves during the rainy season, it does '
not shade crops growning under it. He reported that the tree has
been known to increase organic matter and organic nitrogen by up
to 200% and 600%, respectively (Table 9). In Ethiopia, cereal
yields have been reported to increase by 35~55% when grown under
the tree (Poschen, 1986). Soils under the tree also tend to have
higher water-retaining capacity. The tree ameliorates micro-
climate through moderate shade during the dry season and light
shade from the bare branches which reduces the extremes of
maximum and minimum soil temperatures. Consequently, yields of
crops, non-legumes in particular, have been reported to be higher
under~ a light canopy of Acacia albida.

In Salima District (Malawi), where farmers are already aware
of the importance of Acacia albida in maintaining soil fertility,
the tree is not felled when opening a new field. Because of this
the Wood Energy Programme in Malawi included it in their nursery
of tree seedlings for farmers in Salima District and had
difficulty in meeting farmers’ request for the seedlings (J.H.
Cassey, 1982, pers. comm.).

Relay Intercropping Systems

The relay intercropping system is a multiple cropping system
where two Or more crops are grown on the same piece of land
within a growing season. This land-use system is common in areas
with bimodal or prolonged rainfall, for example, in parts of
Southern- Region (Blantyre, Cholo) and Northern Region
(Nchenachena and Misuku Hills) of Malawi, the southern highlands
of Tanzania (Rukwa, Ruvuma, and Iringa Regions) and in Northern
Province of Zambia.

19



As the name of the system implies, one crop, say maize, is

planted at the beginning of the season (October/November). A
second crop (beans, peas or wheat) is planted when the maize has
attained physiological maturity. In other words, the land is

passed on (relay) from maize to beans, peas or even maize (Kiambu
District, Kenya).

Brierly, the system as practicad in Malawi is as follows:
Ridges .bout 90-100 cm apart are made and planted to maize in
October/November. In March/April when maize is at physiological
maturity, the senescing lower leaves (4-5) are stripped off the
plant and Taid on the furrow. In some cases the leaves above the
cob (3-4) may also be removed and buried. The leaves together
Wwilh weeds are then covered with soil from the ridge. The field
Lthereafter looks flat except for mounds of soil around the majze
hills. Then beans, peas or vheat are planted at random on the
flat. The maize plants may remain standing in the field until
Tull flowering or early pod filling of the beans before the maijze
is harvested. After maize harvest, the stover may. be removed
leaving the appearance of a bean monoculture (Spurling, 1973).

Although there are no quantitative estimates of the
agronomic effectiveness of this system, farmers in parts of
Malawi recognise the manurial effects of buried maize leaves on
bean yield.

In areas wnere termites are a problem and relay intercrop-
ping is practiced, farmers have been known to delay weeding, The
weeds are then laid on the furrow as a diversionary tactic away
from the maize plants. Organic matter is broken down before the
lower (and sometimes top) leaves of the maize are buried to
provide nutrition for the relay bean, pea or wheat crop.

A possible alternative to reliance on maize leaves for soil
fartility maintenance in a maize/bean relay system is the inclus-
ion of & fast-growing, nitrogen-fixing, easy-to-establish and
gradicate forages legume. The forage legume can be planted
(broadcast) following the second weeding of maize. The objective
would be to enrich the resulting compost, especially, with
nitrogen. Another possibility is to bury trhe maize leaves before
all their nitrogen is translocated into the maize stover. This
woulu be especially effective on farms where the crop residus is
not returned in the form of farm yard manure (bedding for live-
stock) or buried through soil incorporation.

Coffree-bununa-bean Cropping System of the Wahayas of Bukoba

Coffeco is one of the most impcrtant crops in Tanzania. In
1981/82, 95% of the total area of 220,336 ha was found on small
holder farms interplanted with banana. The coffee-banana field
is known as kibanja in Kagera Region (Tibaijuka, 1983). The
kibanja is also interplanted with other crops such as beans:; thg
second most important food crop after banana.
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The coffee-banana-bean cropping system occurs in an area
with rainfall of 2000 mm (at Bukoba) on soils that have been
described as leached, 1light, non-retentive and empty of
nutrients. The soils are so poor that under arable conditions
without manure thsy are used only for one crop of bambara nuts
followed by fallow of 7-10 years (Allan, 1965). However, the
Wahaya of Bukoba were able to maintain islands of fertility in
their kibanja through the use of cattle manure (when available),
banana peelings, and mulch from banana stems and grasses.

Removal of Maize Tassels

It has been observed in parts of northern Malawi that farmers who
grow maize on poor soils with 1ittle or no fertilizer application
generally remove tassels presumably to reduce competition for
photosynthate and divert nutrients to the cob. The effects of
tassel and leaf removal on maize yield has been conflicting.
Tassel removal has been reported to increase seed yield (Hunter
et al., 1969 and Edje, 1984). However, Wigham and Wooley (1974)
reported that detasselling reduced seed yijeld. Grogan (1956)
concluded that detasselling increased seed because of lack of
competition between developing tassels and cobs for photosyn-
‘thate. Van Lanen, Tanner and Pfeiffer (1946) reported that the
maize tassel contained 18.3% protein, 6.9% fat and 4.5% ash and
that the total protein content in the tassel was two or more
times higher than in the seed. The removal of this strong sink
at an appropriate stage of its development could be one means of
conserving and diverting nutrients to maize cobs.

Besides being a strong sink, the tassels, which die shortly
after pollen shedding but remain on the plant have been reported
as obstructions to light penetration. A single tassel may cast
as much shadow as 114-153 sq cm, resulting in 19.4% maize seed
reduction (Duncan, Williams and Looms, 1976).

Storage of Nutrients in Weeds

Storage of nutrients in weeds is also a method farmers use for
the maintenance of soil fertility. Some farmers in Arusha Region
(Tanzania) have been observed to allow weeds, especially Nicandra

physalodes to grow to about 60-75 cm tall. They are then weeded
and worked into the soil with a hoe; 7-10 days after weed
incorporation, beans are planted. The farmer who was observed

using this method stated that it was a traditional system of
growing beans without the application of inurganic fertilizer.

Briefly, the description of the system is as follows: Land
is ploughed or dug up with a hoe in November/December., Majze may
be planted in associaton with beans on a portion of the field and
beans as a pure stand on the other. Maize planting is done in
February-March, depending on the rainfall, and beans planted
between rows of maize after the first weeding of maize. The
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weeds are spread on the field as green manure and not heaped on
bunds or a central location to rot. In late March or early
April, the land for the pure beans is weeded. At this time the
weeds which have stored some of the available nutrient,

especially from nitrogen flush (Birch, 1964), are cultivated.

After a day or two they are cut with a hoe and buried while they
are still succulent for ease of decomposition. Beans are then
planted 7-10 days after weed incorporation. Fairhead (1987)
reported that farmers in the Kagara zone of North Kivu in Zaire
used a similar practice as a means of maintaining soil fertility
for bean production.

Other Methods

Other traditional methods of soil fertility maintenance include
nitrogen fixation (Agboola and Fayemi, 1972) and the use of
compound gardens where household waste, mulch, chicken manure,
etc. decompose and form an excellent source of nutrients,
especially for multipurpose bean cultivars where both leaves and

green pods are used for relish (Allan, 1965), Such compound
gardens are so popular in some countries that a check- 11st of
crops, including fruit trees, is sometimes as high as 12-15.

Alley cropping (Kang, Wilson and Lawson, 1984), contour, crop -
- rotation, etc. are among some of the variants of traditional
methods in use for soil fertility maintenance.

Conclusion

In this paper, we have described some of the traditional forms of
soil fertility maintenance for bea--based cropping system or for
systems in which beans were a part. It is evident from the
literature that, traditionally, farmers who produced beans and
other crops depended on standing trees and bush vegetation as a
storehouse of nutrient for the restoration of soil fertility and
productivity. In addition to providing nutrients. through ash and
burning, the vegetation also provided cover for the fragile
tropical soils.

Perhaps the oldest form was shifting cultivation (visoso)
and its variant, the Chitemene. While nutrients were restored
almost effortlessly and "cost free"” through fallow, these systems
were inefficient, destructive, to some extent dangerous (men
falling off trees) and had low human carrying capacity. With a
reduction in fallow period the mambwe or mound cultivation system

evolved wnereby green manure was composted. The era of cheap
inorganic fertilizer discouraged the dependence on regenerative
agriculture. However, the oil crisis in the mid 1970s and the

high attendant cost of agro-chemicals shifted emphasis to
agroforestry, an alternative to shifting cultivation. We are now
back to one variant of the traditional forms of soil fertility
maintenance with some modification to adapt it to present day
circumstances.
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It is hoped that the various traditional forms descrited
(not an exhaustive list) will contribute to the present interest
by natural and social scientists to document, adapt and adopt
indigenous knowledge of the means of enhancing soil fertility and
productivity.

References

Abebe, M. 1881. Soil burning ir Ethiopia. Ethiopian Journal of
Agricultural Science 3: 57-74,

Agboola, A.A. and Fayemi, A.A. 1972, Fixation and excretion of
nutrition by tropical legumes. Agronomy Journal 64: 407-412.

Allan, W. 1965. The African Husbandman. Oliver and Boyd,
London.

Bene, J.G., Bealle, H.W. and Cote, A. 1979. Trees, food and
people: Land management 1in the tropics. Publication 084e.
IDRC Ottawa, Canada.

Binns, B. 1972. Dictionary of plant names in Malawi. University
of Malawi Publication. Govt. Printer, Zomba.

Birch, H.F. 1964. Mineralization of plant nitrogen following
alternate wet and dry conditions. Plant and Soil 20: 43-49,

Chavunduka, G.L. 1981. The social effects of destruction of
wcndland., Zimbabwe Agriculture Journal 78:81-82.

Douglas, J.S. 1872. Tree crops for food, forage and cash. World
Crops Jan/Feb: 15-19.

Duncan, W.G., Williams, W.A. and Loomis, R.S. Tassel and the
productivity of maize. Crop Science 7: 7-39.

Edje, O0.T. 1987. Trip Report to Zambia, SADCC/CIAT Regional
Programme on Beans in Southern Africa, Arusha, Tanzaniu.

Edje, O.T. 1984, Effects of tassel removal and defoliation of
maize on yield of maize and bean grown in monoculture and in
association. Research Bulletin of Bunda College of
Agriculture 12: 69-85.

Edje, O.T. 1983. Response of maize and beans to Leucaena
prunings. Paper presented at the ....... 28 June-1 July,
1983.

Edje, O.T. 1982. Agroforestry: An integrated land use system
for increasing agricultural productivity. Paper presented at
a conference on development in Malawi in the 1980°’s.
Progress and Prospects, Zomba, Malawi 12-14 July, 1982,

23



Edwards, I.F. 1982. Acacia albida: A useful tree for
agroforesty in Malawi. Forestry Research Institute, Zomba.

Fairhead, J. 1987. ........ Paper presented at a regional seminar
on the production and improvement of Lzans in the countries
of the Great Lakes, Kigaii, Rwanda, Nov. 17-21, 1987,

Gohl, B. 1875. Tropical feeds. Feeds information summaries and
nutritive values, FAQ, Rome.’

Gomez, A.A. and Gomez, K.A, 1983, Multiple cropping in the humid
tropics of Asia. Ottawa, Canada.

Grogan, C.0. 1956, Detasseling responses in corn. Agronomy
Journal 48: 247-249.

Harris, W.V. 1940. Termites in East Africa. I. General biology.
The East African Agricultural Journal Oct.: 62-66,

Harris, W.V. 1941, Termites in East Africa. III. Field key and
distribution. The East African Agricultural Journal
April: 201-205.

Hartman, E.H. 1981, Land developnent and management in tropical
Africa. IITA, Ibadan, Nigeria.

Hauck, F.W. 1971. Soil fertility and shifting cultivation. In:
Improved soil fertility in Africa. FAOQO, Rome.

Haug, R. 1881. Agricultural crops and cultivation methods in the
‘*Northern Province of Zambia. Zambian SPRP Series Occasional
paper no. 1.

Hunter, R.B., Daynard, T.B., Hume, D.J., Curtis, J.D., Tanner,
J.W. and Kennegerg, L.W. 1969. Effects of tassel removal on
grain yield of corn. Crop Science 9: 405-406.

Kang, B.1., Sipkens, L., Wilson, G.F. and Nangju, D. 1981.
Leucaena (Leucaena leucocephala Lam de wit) prunings as
nitrogen source for maize (Z2ea mays L.). Fertilizer

Research 2: 279-287.

Kang, B.T., Wilson, G.F. and Lawson, T.L. 1984, Alley cropping,
a stable alternative to shifting cultivation. International
Institute of Tropical Agriculture, Ibadan, Nigeria.

Kapinga, M. 1977. Daily News of Tanzania. 10 Nov, 1977,

King, K.F.S. 1979, Concepts in agroforestry. In: Proceedings of
an international cooperation in agrofoirestry. ICRAF,
Nairobi, Kenya 16-21 July, 1979,

King, K.F.S. and Chandler, M.T. 1978. The wasted 1lands. The

programme of work of the International Council for Research
in Agroforestry. Nairobi, Kenya.

24



Landu, K. and Brockman, F.E. 1983, Zaire national cassava

program. In: International Institute of Tropical
Agriculture, 1984. Annual Report for 1983. Ibadan,
Nigeria.

Ludwig, D.H. 1968. Permanent farming in Ukara. In Rutenberg, H.
(ed) Smallholder farming and smallholder development.
Welforum Verlag, Munchen.

Lunan, M. 1950. The East African Agricultural Journal. Oct:
88-89,

Maingu, 2.E. and Nzao, P.T.N., 1987, Effect of cultivation
systems on the growth and development, seed yield and
components of seed yield of Phaseolus vulgaris. Bean
Research 2:143.

Mansfield, J.E. 1973. Summary of agronomic research findings in

Northern Province, Zambia. Land Resources Division,
England.

Meydell, H.J. 1979. The development of agroforestry in the
Sahelian zone of Africa. In: Proceedings of an
international cooperation 1in agroforestry. ICRAF, Nairobi,

Kenya, 16-21 July, 1979,

Myers, N. 1980. The conversion of tropical forecasts.
Environment 22: 6-13.

Nye, P.H. and Greenland, D.J. 1960. The soil under shifting
cultivation. Technical Communication No. 51. Commonwealth
Bureau of Soils, Harpenden.

Nyamapfene, K.W. 1986. The use of termite mounds in Zimbabwe
peasant agriculture. Tropical Agriculture 63: 191-192.

Pike, A.H. 1938. Soil conservation among the Matéhgo tribe. In:
Tanganyika Notes and Records No.6.

Poschen, P. 1986, An evaluation of the Acacia albida-based
agroforestry practices in the Hararghe highlands of Eastern
Ethiopia. Agroforestry Systems. 4: 129.

Ruthenberg, H. 1976. Farming systems in the tropics. Clarendon
Press, Oxford.

Singh, A. 14/5. Use of organic materials and green manure as
fertilizer in developing countries. In: Organic materials as
fertilizers. FAO Soil Bulletin 27: 1930.

Smithson, J.B. and Edje, O.T. 1988. Trip report to the southern

highlands of Tanzania. SADCC/CIAT Regional Programme on
Beans in Southern Africa, Arusha, Tanzania.

25



Spurling, A.T. 1973. Field trials with Canadian Wonder beans in
Malawi. Experimental Adriculture 9: 97-105.

Stenhouse, A.S. 1944. Agriculture in the Matengo highlands. The
East African Agricultural Journal , July: 22-24,

Temu, A.E.M. 1986, Effect of Crotalaria zanziberica as a
previous crop on grain yield of maize. The Uyole Agricultural
Bulletin 1: 7-14,

Tibaijuka, A. 1983. Competition between bananas and coffee on
smallholder farms in Tanzania: A case study of the Kagera
Region. Proceedings of a regional workshop on banana

production and research in Eastern and Central Africa.
Bujumbura, Burundi 14-17 December, 1983. pp. 89-100.

Trapnell, C.G. 1953, The soils, vegetation and agricultural
systems of north-eastern Rhodesia. Government Printer,

Lusaka.

Van Lanen, J.M., Tanner, P.W. and Pfeiffer, S.E. 1946.
Composition of hybrid corn tassels. Cereal Chemistry 23:
428-432,

‘Wehrmann, J. and Legesse, W. 1965, Effect of "guie" on soil
condition and plant nutrition. African Soils 10: 129-145,

Wiersum, K.F. 1881. Observations on agroforestry in Java,
Indonesia. Forestry Faculty, Gadjah Mada University,
Indonesia.

Wilson, G.F. 1981. Bush fallow and the agroforestry concept.
Sylvia Africana 10: 4-5.

Wigham, D.K, and Wooley, D.G. 1974. Effect of leaf orientation,
leaf area and plant density on corn production. Agronomy
Journal 66: 482-486. h

VYelded, T. 1982. Socio-economic and ecological constraints on
increased productivity among large scale chitemene
cultivators in Zambia., Zambian SPRP Studies. Occasional
paper No., 2.

Zake, J. and Nkwiine, C. 1981. The effect of ash, calcium
carbonate and inoculation on nitrogen fixation and yield on
beans (Phaseolus vulgaris) Variety K 20. Proceedings of the
5th Annual General Meeting of the Soil Science Society of
East Africa Nov. 30-Dec 2, 1981, Njoro, Kenya.

26



Table 1. Finger Millet yields as affected by fertilizer on
chitemene and hoed seedbeds

Unfertilized
chitemene 1547 1345 1393 1603 1158 1330

Unfertilized
hoed 485 373 493 373 434 538

rFertilized
chitemene 1849 15056 7197 1902 1360 586

Fertilized
hoed 1091 844 762 355 463 389

Table 2. Effect of chitemene, burning
and ash on finger millet yield

System Seed yield
(kg/ha)
Chitemene 1177
Burning alone 944
Ash alone 579
Control 268

Table 3. Ngoro pit width, 1length, depth and plant
density of two farms in Ruvuma Region (1988)

Pit length 146 cm
Pit dept 27 ¢em
Planted area (down slope) 78 sq cm
Planted area (across slope) 78 sq cm
Plants/sq m (planted area) 33
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Table 4. Maize yields (as % of highest) in ngoro
and other cultivation systems (1951)

Cultivatica system Yield (%)
Ngoro 100
Flat cultivation . 49
Constructed bench terraces 44
Ridges 43
Narrow-based contour banks 27
Formed bench terraces 22
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Table 5. Relative cropping frequency and
hectarage (%) in mambwe system,

Crop %
Maize 100
Beans 92
Groundnuts 17
Finger Millet 69
Cassava 62

Table 6. Effects of guie on soil properties

S e s et s T P G P G . ———— 0 ——— S B A —— S - T . ——— > o — = = v -

S0i11 properties Unburnt soil Burnt soil
Soil pH 5.8 - 7.10
Available P (me/100g soil) 3.81 18.45
Total carbonates (%) 0.00 2.00
Organic carbon (%) 2.85 0.31
Percent sand 34.20 78.00
Percent silt 33.00 18.00
Percent clay 33.00 4.00
Apparent textural class Clay loam Loamy sand

S e e e v o e et e . 240 VS G e+ T " " . T - i " o T —— — T o m = -
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Table 7. Effect of guie on soil chemical composition

Analysis Total N Available P Total
and layer % ppm bases
Top soil

0-5 cm . 0.19 0.5 25.9
Heated 0.24 24.0 27.4
Carbonized 0.08 45.0 20.7
Transition 0.05 64.0 15.6
Ashed 0.02 75.0 13.1

Below heap
5-10 cm 0.16 3.0 29.5

Below heap
10-15 cm 0.14 3.5 28.5

Table 8. Analytical results of soil, CaCO3 and ash

P and Bases Soil CaCOgq Ash
Truog’s P (ppm) 11.6 42.5 98.4
Total bases 5.4 38.05 17.71

Table 9. Increase in total organic matter and organic
nitrogen in soil under Acacia albida trees

% increase

Organic Organic
Country District matter nitrogen
Malawi salima 113 125
Niger ? 269 231
Senegal Bambey 192 194
Sudan Jebel Marra 200 600
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Effects of the Tradltional Cropping System on Soil Fertllity
in South Kivu, zZalre

Lunze Lubanga

Institut National de 1'Etude et la Recherche Agronomiques,
Mulungu, Zalre

l1ntroduction

South Kivu 1in the highlands of East Zaire has a high and
Increasing population density of 232 inhabitants per sq km, and
up to 500 per sq km In some areas. Solls are volcanic over
basaltlc subsolls. Potential productlwvity 1c high duc to 1low
absorption capacity, good saturation, low apparent soll density
and, most lmportantly, substantial reserves of alterable minerals
(Mulungulu, 1986).

Desplte these favourable conditlions, the overall 1level of
agricultural production 1in the region and ylelds from major
subsistence crops are often low and will continue to decline.
Froduction of legumes are expected to fall by 20% to 35% and that
of root crops by 45% within the next 25 years. This prospect s
due principally to the high population density resulting in
permanent cultivation without fallowing (or only short fallows),
thus aggravatling the already serious soll eroslon by water due to
geomorphology.

Land Utillzation

Farms 1In this reglon are small (average 0.6 ha per family) and
consist malinly of extensive banana groves Intercropped with
subslistence and commerclal crops and pastures. The main
subslstence crops in descendlng order of importance are banana,
bean, cassava, malze (about 0.3 ha each), sweet potato (0.15 ha)
and sorghum (0.3 ha). Potato, which is becoming important, |is
cultivated by a few farmers (Schoepf, 1982). Only 12% of farmers
raise llvestock (average 1.9 cows and 2.5 sheep per farm), 30
little manure is produced. 1In villages surrounding the Mulungu
research statlon, bean is cultlvated for subsistence by about 25%
of farmers as a sole crop, 56% alternate it with malize or
sorghum, whilst 19% utilize both systems, depending on the season
(Schoepf, 1982). Intercroppling with banana is also practised.

The system of crop rotation may be summarized as follows:
sweet potatoes as a first crop, followed by several legume-cereal
cycles and then a cassava crop before the land is left to fallow.
This traditional rotation (Hecq and Lefebvre, 196la) may be
regarded as rational provided it is not abused. However, due to
population pressure, the cropping cycle ls becoming longer and
the fallow perlod shorter, and fertllity decline is inevitable,
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Maintaining and Improving Soil Fertility

Banana, belng of great lmportance to farmers, ls grown on the
most productive land, usually on gentle slopes in the immediate
vicinlty of the house. This crop receives almost all the manure
avallable as household refuse and by-products.

For other subslistence crops, fallowlng formerly constituted
the sole means of regenerating soil fertility. The current
practlice Involves only working resldues from the previous harvest
Into the soll. This practice, as the bean ylelds followling three

-seasons reveal, has little effect when the crop resldues ukilized
are obtained from the same fileld (Table 1).

Table 1. Bean ylelds from plots treated for three seasons with
varlous types of crop residues,

Type of resldue Yields
kg/ha
None 599
Composting 680
Mulching 660
Working in 612

Although no treatment was statlistlically superlior to the
control from which all residues were removed, plots treated with
compost and mulch produced ylelds 14% and 10% higher, suggesting
that fertility decline mlght have been slower 1f these methods
were employed. .

In an on-goling study, the long term effect of recycling crop
residues 1Is belng evaluated. Observations on plots cultivated
continuously for perlods ranging between 0 and 11 years Indicate
that appagent density og soll at 10-20 cm depth {ncreased from
0.79 g/cm™ to 1.01 g/cm” with a gradually deterioration of soil
structure, The high OM level (6.8% carben) <following a long
fallow period decreased significantly after the first year of
cultivation. The high initial C:N ratio (14) appeared to
diminish, but stabilized after the fifth year. 1In a pot trial,
the productivity of this soill in terms of total dry matter of
sorghum decreased dramatically after the first 2-3 years and
stabilized after 5 years (Table 2). In a related fleld trial,
soll fertility under permanent malze cultivatlion decreased even
more rapldly after a one-year fallow period (Table 3).
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Table 2, Effect of continuous cropping upon total dry atter
vield of sorghum, in a pot trial.

; Years of cropping DM yleld
(mean of 3 cuts, g/pot)

4.49
5.21
4.07
2.65
2.51

WM =O

Table 3. Effect of fallow treatments upon maize ylelds over three
" successlve years, in a field trial.

Previous cropping treatment Malze vield (kg/ha
Year 1 Year 2 Year 3
Natural fallow 2650 2090 2040
Mimosa Invisa 3200 2160 1890
Setaria sphacelata 2700 2180 1390

Source: Hecq and Lefebvre, 1961b

Conclusion

The current system of soil management in this area cannot sustain
the ever-incrrasing demands of a rapidly expanding population.
While a radical alternative to this system is needed, mlneral
fertllizer unfortunately remalns a luxury beyond the reach of the
small farmer.
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Summary of Discussion on Traditional Systems

Rapporteur: J. Muthamla

The reported practlice of soll burning (quie) affects texture
and phys‘cal proper:'es of the soll. Clay particles are changed
to ceramic but aeration is improved. Soll N, P, OM and microbes
are lost, but sowme nutrients may become more available. In order
to evaluate the balance of short term beneficlal effects and the
lony=r term neqative effects, more needs to be known about the
limitations to production in this system. Is low avallability ecr
imbalarce among nutrients a problem?

Chitemere can also be lnoked upon as a destructive system,
not %to be encouraged. Yet it ls reported to increase yields
four-fold.

in each sltuation more than one possible strategy can be
tdentifled. Crop rotatlion or fertilizer use may or may not be
acceptable alternatives to these traditional practices. Ways of
looking at traditional systems should be acceptable to the
people.
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The Distribution and Properties of Major Soils in
Bean- growing Areas of Africa

S.K. Mughogho
Bunda College of Agriculiure, University of Malawi

Introduction

The so0il resources of the African continent constitute a very
wide-ranging subject. In this paper, the discussion is
directed primarily to the subject of soils in relation to
bean production. Efforts to improve soils for bean
production should be based on the inherent soil
characteristics (Lowole, 1985). These soil characteristics
should indicate the natural potentials or limitations of the
soils.

A soil survey 1is a field investigation which is
supported by laboratory data, as a result of which a soil map
is made showing the geographical distribution of different

kinds of soils. Soil surveyors will, therefore, attempt to
provide information that will serve the needs of all
potential users of the land over several decades

(Buol gt al., 1973). This so0il survey information normally
describes, defines, classifies and interprets for use the
different soil types. Lowole (1985) pointed out that the
aims of a soil survey are as follows:

1. Identify the different kinds of soil in the area surveyed
by means of investigations,

2. Show where each kind of soil identified occurs within the
area surveyed (This is the main purpose of the soil map),

3. Give an idea of the relative and absolute size of areas
covered by different soils,

4. 1Indicate the agricultural potentials of the different
kinds of soils mapped and thereby indicate which of the
soils mapped need inputs or other improvements to render
them productive. :

The amount of information needed by the soil fertility
specialist is normally only a fraction of the data that has
been gathered by the soil surveyor, and this 1is because the
soil fertility specialist considers and concentrates only on
the properties of the so-called '"plow layer" and/or the
subsurface immediately below the plow layer which the soil
surveyor considers of 1little importance when classifying the
soil (Buol gt qz. , 1973; Lowole, 1985).

Major Soils
The Soil Taxonomy (Soil Survey Staff, 1975) has been used in

this text. Where necessary, the FAO Legend and local
classification system have used for clarification.
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Figure 1 and Table 1 give the general idea of the
" distribution of the soils 1in the bean-growing areas of
Africa. Though the soils of tropical Africa have always been
termed "not fertile," there are many of these infertile soils
which, once they are well managed, will produce crop yields
&> nigh «s those produced in temperate regicns.

Inceptisols/Entisols

Inceptisols, which are estimated at 70 million hectares
(Table 1), are the soils that have no developed features
diagnostic for other orders, but they have features in
addition to the ochric epipedon. In Ethiopia, for example,
Ustalfs are found in association with Tropepts in the west,
while in the south-west the predominant soils are Tropagquepts
which occur together with Tropaquets. The occurence of
Andepts in Africa is limited to a small but locally important
bean-producing area, namely Ethiopia, Kenya, Uganda,
Tanzania, Rwanda, Burundi and eastern Zaire (Sanchez and
Uehara, 1980). These areas are under intensive production
inspite of the large .quantities of P fixed by Al and by
allophane (Soil Survey Staff, 1975). Torriorthents are found
in the north-east of Uganda in association with Aridisols:;
whereas in the more humid south-west, Andepts are found in
association with the Ultisols.

Alfisols

Alfisols are estimated to be 550 million hectares in Africa
(Table 1). These soils have an ochric epidedon, argillic
horizon and moderate to high base saturation. Ustalfs tend
to form belts between the Aridisols of the warm arid regions
and the Ultisols, Oxisols, and Inceptisols of warm humid
regions (Scil Survey Staff, 1975). Ultic types of Ustalfs
have 75% base saturation (by sum of cations) in all parts of
the arquillic horizon (Buol et aql., 1973). These may fix
great quantities of P.

Alfisols are found in the middle latitudes of Africa and
on the eastern part all the way from Ethiopia to the Republic
of South Africa (Figure 1). They are located in . the
transitional areas between the Aridisols of the desert and
the Ultisols and Oxisols of the humid climates. The main
areas in the bean-growing region where Alfisols are found are
the wustalfs in western Ethiopia, southern Kenya and Somalia,
northern Tanzania and the southern portion of Malawi and
Zarria. These soils have a great potential for bean
production. :

Utisols
The Ultisols are soils that contain an appreciable amount of

translocated silicate clays. Base saturation in most
Ultisols decreases with depth because the vegetation has recy-
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cled the bases (Soil Survey Staff, 1975). The 1low fertility
and low base saturation limit the potential of Ultisols. 1In
Ultisols, the organic matter in the top horizon contains most
of the nutrients, and if this supply is depleted, the soils
become unproductive. The productivity of these soils is
dependent on nutrient recycling by deep-rooted plants for
maintenance of fertility in the surface layers.

There are only about 100 million hectares of Ultisols in
Africa (Table 1), and these soils are concentrated in the
region surrounding Lake Victoria in Uganda, Kenya, Tanzania

and eastern Zaire (Figure 1). They usually produce good
crops for the first few years until the nutrient reserve Iis
depleted. Intensive cultivation may result in erosion,
exposing the sesquioxide-rich B horizon which 1is also an
arquillic horizon. This horizon has very high clay content
and very high phosphorus fixation. Sanchez (1976) has

reported some work in Brazil where it was found that an
Ultisol fixed more phosphorus per unit of iron oxide content
than did the Oxisols. He associated this effect with the
less crystalline oxide forms in the Ultisols in contrast to
more crystalline forms in the Oxisols.

Oxisols

Oxisols are found mostly on gentle slopes on surfaces of
great age, and are composed of quartz, kaolinite, free oxides

and organic matter (Soil Survey Staff, 1975). Without
amendments, Oxisols have low productivity for cultivated
plants. Due to the extreme weathering, very low nutrient

reserves and low exchange capacity of Oxisols, most of the
nutrients of these soils in the natural ecosystem are within
the living or dead plant or animal tissues. Buol et al.,
(1973) pointed out that these soils have unique uses 'and
management requirements, limitations and possibilities
because of their very low nutrient reserves and extremely 1low
native fertility. This 1is associated with their high degree
of weathering, very low active acidity and 1low exchangeable
aluminium, high permeability and low erodibility. These
Oxisols are very extensive with an estimated 550 million
hectares (Table 1l). They are found mostly in central
Tanzania and Zambia where one finds Ustox and in much of
Zaire where Orthox is found (Figure 1).

Soil Acidity

Kamprath (1984) wused the base saturation of a soil as a
criterion for classifying acid soils at the great group level
for Inceptisols and Oxisols, and as a critevion of the

Ultisols (Table 2). As for the great group Eutrorthox, only
the base saturation of a subsurface horizon 1is used for
classification. It should be realised that if the subsurface

horizon is acid, that is a very good indicaticn that the
surface soil 1is acid in its natural state. When the acid has
been limed, it is assumed that with continued cultivation, it
will again be acid with time.
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Figure 1: Soil map of Africa, distribution of orders and
principal suborders

ALFISOLS

2e Udalfs with Troporthents

3a Ustalfs with Tropepts

3b Ustalfs with Troporthents

3d Ustalfs with Ustolls

3j Plinthustalfs with Ustorthents
4b Xeralfs with Xeronthents

>

ARIDISOLS
la Aricdisols with Orthents
1b Aridisols with Psamments

ENTISOLS

2¢c Torriorthents with Aridisols
3Ja Psamments with Aridisols

3d Psamments with Ustalfs

3f Psamments (shifting sands)

HEHEMEN DOOD M5y

INCEPTISOLS

2c Haple~uepts with Humagquepts

2f Tropaquepts with Hydraquepts
2h Tropaquepts with Tropaquets

- HH

OXISOLS

1b Orthox with Tropudults
2b Ustox with Tropustults
2c Ustox with Ustalfs

ULTISOLS

3h Tropudults

3k Tropudults with Tropudalfs
4e Tropustults with Ustalfs

‘accac o0OO0OO0OO0O

Source: Buringh, 1979.
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Table 1: Approximate extent of major soil suborders in the tropics

(million ha)
ORDER SUBORDER AFRICA AMERICA ASTA TOTAL  PERCENT
AREFA
Oxisols orthox 370 380 0 750 15.0
ustox - . 180 170 0 750 7.5
550 550 1500 22.5
Aridisols all 850 50 10 900 18.4
Al fisols ustalfs 525 135 100 760 15.4
udalfs 25 15 _0 40 0.8
550 150 100 800 16.2
Ultisols aquults 0 40 0 40 1.0
ustults 15 35 50 100

udults 85 125 200 410 8.2
100 200 250 550 11.4
Inceptisols aquepts 70 145 70 285 6.0
tropepts 0 75 40 115 2.3
70 220 110 400 8.3
Entisols Psamments 300 0 0] 390 8.0
Aquents ) 10 0 _0 0.2
300 100 0 390 8.2
Vertisols usterts 40 0] 60 100 2.0
Mollisols - all 0 50 0 50 1.0
Mountain areas 0 350 250 600 12.2

Total 2450 1670 780 4900 100.0

Source: ganchez, 1976
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Table 2: Soils in Tropical Regions that are Inherently Acid
or Low in Bases

|Uultic paleustalfs
|ultic haplustalfs
|ultic hapludalfs

|Acid _soils Low CEC and low bases|
|Ultisols Acrustox |
| Haplorthos Acrorthox |
| Haplustox Acrohumox |
| Dystropepts |
| Dystrandepts |
|
|
I

Source: Kamprath, 1984

Ultisols in their natural state will be acid and will
need to be 1limed for intensive agriculture. Similarly, the
great groups with prefixes dystr and hapl can be acid,
ranging from 0 to 35 or 50 to 60% (Kamprath, 1984). Although
the surface horizons of the Alfisol order have high base
saturation, the wultic subgroups have a low base saturation
(<75%) and therefore can have acidity problems (Buol et al.,
1973; KXamprath, 1984). The great group Aer identifies soils
that are highly weathered and have a very low cation exchange
capacity and are also 1low 1in exchangeable bases (Kamprath,
1984).

Hydrogen Toxicity

In most mineral soils, the direct effects of the hydrogen ion
(hydrogen toxicity) on the uptake of other ions and plant
growth are difficult to identify because when the pH level is
harmful, aluminium, manganese and perhaps other elements may
be at harmful concentrations (Islam , 1980). It is

therefore, difficult to separate the direct effects of HL
from the indirect effects associated with the solubility and
availability of various elements affecting plant growth. 1In
organic soils, the exchangeable cation status is also
difficult to describe since different cations are complexed
to various degrees by organic matter (Kamprath and Foy, 1971)
Trivalent cations such as Al and Fe are retained more
strongly than are divalent Ca and Mg cations. It is
interesting to find an appreciable amount of Ca (or Mg) in
acid organic soils even though the pH may be fairly 1low.
This 1is because Ca and Mg are only weakly complexed such that
a greater proportion of these cations is extracted as
compared with Al and Fe which may be strongly complexed.
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Aluminium Toxicity

In some acid soils of tropical Africa, aluminium may be the
dominant cation associated with soil acidity. The reason is
that the hydrogen ions produced by organic matter
¢ .-mporition are unstable in mineral soils because thev
rzact with laycr silicate clays, releasing exchangeable
aluminium and siliceous acid (Coleman and Thomas, 1967).
Coleman and Thomas pointed out that a useful measure of soil
acidity is to calculate the percentage of aluminium
saturation of the effective cation exchange acidity. The
percent Al is calculated by dividing the exchangeable Al
(plus H if present) extracted by normal unbuffered KCl by the
sum of exchangeable Al and exchangeable bases (Coleman and
Thomas, 1967; Bhumbla and McLean, 1965). A neutral
unbuffered salt solution will extract only cations that are
held on the active exchange sites at the particular pH of the
soil, ani the exchangeable acidity that is extracted from
soils witn neutral unbuffered salt is mostly Al13* (Bhumbla
and Mc.ear, 1965). Table 3 gives an example of the relative
amounls of exchangeable Al and basic cations (Ca and Mg) in
an acid Ultisol at different pH values. At pH 5 and below,
over half of the exchangeable cations are Al, while at pH
5.9, the basic cations constitute 94% of the exchangeable
cations.

Table 3: Relative content of exchangeable bases and Al in an
acid mineral soil at different pH values

| | Exchangeable | |
| Soil pH | | Bases x 100 |
| | | | Bases + Al |
[ |_Bases | Al | " |
| | 0.20 | o0.91 | 18 |
| | 0.55 | 0.60 | 48 |
| . | 0.90 | 0.34 | 73 |
| | 1.20 | 0.17 | 87 |
| . | 1.00 ] 0.10 | 94 |

Barnhisel and Bertsch (1982) pointed out that there is
no clear demarcation between the Al that is exchanged from a
s0il which is in equilibrium with an unbuffered salt solution
and that which is concommitantly released from other
nonexchangeable sources. They further pointed out that the
Al in solution following® extraction can be "truly"
exchangeable; it can be that released from clay mineral
structuras; it can be that released from hydroxy polymeric
interlayers; or it can be that released from discrete
noncrystaline Al phases. Singh ard Uriyo (1978) used the bar-
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ium chloride~treithanglamine method in determining soil
acidity, but this extractant removes both exchangeable and
non-exchangeable Al.

Manganese Toxicity

Manganese is found in a number of chemical forms in soils,
including dissolved, exchangeable, reducible (preciptated as
sparingly soluble hydrous oxides), organically bound and
residual manganese. Divalent Mn in the soil solution is the
mosst available form to plants. Exchangeable Mn in
equilibrium with dissolved Mn 1is also an important form
readily available to plants.

Manganese 1is normally very soluble at pH values of lower
than 5.5 (Black, 1967). If this element occurs in large
quantities in an acid so0il, manganese toxicity will occur.
Soils that have a 1large sesquioxide content often contain
high amounts of Mn (Kamprath, 1984). The solubility of Mn
increases with decreasing pH or increases with reduction when
the Mn4* are converted to Mn2% (Sanchez, 1976). There are
certain acid soils that may be low in aluminium but high in
exchangeable Mn. In the five soils that Ssali (1981) worked
with, Karicho soil, an Orthoxic palehumult, had the greatest
part onof its exchange complex occupied by exchangeable Mn of
1.9 meq/100g compared with only 0.2 meq/100g for exchangeable
Ca and 0.2 meq/100g for exchangeable Al. "he Meru soil,
atypic palehumult, contained both the exchang-.able Al and
exchangeable Mn in large gquantities with values of 4.4
meq/100g and 2.32 meq/100g respectively compared with only
0.2 meq/100g for Ca. In acid mineral soils which are high in
exchangeable Mn, liming should be aimed onlv at reducing the
solubility of Mn. Unlike Al, Mn is a plant nutrient, and as
such the aim should not be to eliminate soluble Mn but to
keep it within a range between toxicity and deficiency.
Dobereiner (1966), working with beans in Brazil, found that
even though Al on the acid soils was 1low, the crop still
respondéd to 1lime, and this was attributed to the alleviation
of Mn toxicities.

Phosphorus
Phosphorus Availability

The origins of soil phosphorus are many, the most important
of which 1is apatite. The phosphorus content of a particular
soil will, therefore, depend on several factors amongst which
are the degree of weathering of the soil, the parent material
and the biological population and activities. For many of the
soils in tropical Africa, most of the P is concentrated in
the surface layers of the soil because of the biological
recycling of the P from subsurface horizons (Enwezor and
Moore, 1966). Although the measurement of total phosphorus
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may be a useful indicator of probable P deficiency, it is
less wuseful than other measurements. In most of the soils in
Africa, the levels of total P may be as low as 200 ppm
(Enwezor and Moore, 1966). Beyond the fact of decreasing
total phosphorus with increasing intensity of weathering is
the recognition of a higher proportion of organic and
occluded forms of phosphorus in these highly weathered soils
Mughogho, 1975; Uriyo and Kesseba, 1975).

In an experiment where Uriyo and Kesseba (1975)
determined the phosphorus fraction in 17 Tanzania soils, they
found that most of the inorganic-P fractions decreased with
depth. Where soils were young or calcareous, or where the
parent materials were rich 1in phosphorus-bearing minerals,

Ca-P was the dominant inorganic-phosphorus fraction. on the
other hand, where soils were highly weathered, Al-P and Fe-P
were the dominant fractions. In most of these highly

weathered soils, aluminium phosphate increases as calcium
phosphate is decreasing with declining pH; iron phosphate
increases as the soil becomes ferruginous in character (Olson
and Engeltad, 1972).

Organic phosphorus of the 13 soils studied by Uriyo and
Kesseba (1975) was found to decrease with depth, except in a
few profiles where the maximum tended to occur in the second
horizon. However, the distribution of organic phosphorus in
the profiles is considered to be a function of climate,
vegetation and parent material. The percent of organic
phos»horus (of total) ranged from as low as 27% in a Spodosol
to as high as 90% in Mollisol in the top 5 to 10 cm of the
profile.

The study by Uriyo and Kesseba (1975) showed that
Oxisols, which occur in large areas in the country, have 1low
levels of organic P ranging from 40 to 150 ppm P. These
soils are freely drained, but due to their low base
saturation they do not support good plant growth and,
consequently, remain relatively 1low in organic phosphorus.
Ultisols, Alfisols and Vertisols, on the other hand, show
fairly moderate organic~phosphorus content, Mollisols,
Spodosols and Inceptisols found in northern Tanzanla, with an
average rainfall of 1400-2000 mm, had high organic matter and
high organic phosphorus contents.

Sanchez (1976) summed up and concluded that Oxisols,
Ultisols and Alfisols are generally 1low in phosphorus.
Andepts, on the other hand, are generally high in total
phosphorus. In Tanzania, of the highly weathered soils, one
Tropaquept had 800 ppm total phosphorus whereas the other
Tropaquept had only 200 ppm total P. This could mean that
the two Tropaquepts were formed from two different parent
materials.

Normally, organic phosphorus accounts for 20-50% of the
total top-soil phosphorus (Mughogho, 1975; Sanchez, 1976;
Uriyo and Kesseba, 1975). Maida (1973) similarly found that
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the organic-P constituted a greater amount of the total P of
the topsoil which ranged from 35% in an Oxisol to a high of
67% in an alluvial soil and 61% in the Lilongwe Ustalf.
Friend and Birch (1960) estimated the organic fraction to be
about 86% of the total soil phosphorus as measured by the
ignition of the soil at 550°C in East Africa. They obtained
a negative correlation between responses to applied
phosphorus and organic phosphorus contents. This may lead
one to doubt whether the ignition method at 550°C and
extraction of the phosphorus by N sulfuric acid really
estimates the organic fraction.

Organic phosphorus mineralisation is very difficult to
quantify because the released HyPO™4 may be quickly absorbed
(fixed) into inorganic forms.

Inorganic Phosphorus Fractions

The distribution of the various forms of phosphorus in a
soil is very important to the soil fertility specialist. The
solid inorganic forms of phosphorus are usually divided into
three active fractions and two inactive forms. The active
forms mainly comprise Ca-P, Al-P and Fe-P, whereas the
relatively inactive P fractions comprise occluded phosphorus
which consists of Fe-P and Al-P compounds surrounded by an
inert coat of another material that prevents the reaction of
these phosphates with the soil solution; and the
reductant-soluble forms that are covered by a coat that may
partially or  totally dissolve under aerobic conditions
(Sanchez, 1976).

In highly weathered soils, most of the inorganic
phosphorus is in the occluded and reductant-soluble form
because of the formation of iron and aluminium coatings.
Except for one soil (Alfisol) where Ca-P was very high, most
of the highly weathered Oxisols and Ultisols in Tanzania were
very high in occluded and reductant-soluble forms of P (Uriyo
and Kesseba, 1973). It is interesting, though, to note that
in the three Oxisols under study, there was no
reductant-solible P observed in all horizons, but instead
most of the inorganic P was found in the iron-bound and
occluded forms. The results by Maida (1973) showed that for
all five Malawi soils under study, the active phosphates were
distributed in such a way that Fe-P > Al-P > Ca-P. Even in
an alluvial soil in Salima which had a pH of 6.4 (H0), the
Ca-P was still much less than the Al-P and/or Fe-P.

Phosphorus Pization

The terms sorption and adsorption are also used to express
the phosphorus fixation concept. Sanchez and Uehara (1980)
have given a very good summary of the general areas where
phosphorus fixation are expected. In general terms, acid
soils that fix large quantities of P are invariably medium to



fine-textured soils high in oxides and hydroxides of Al and
Fe. In most soil survey reports, soil P fixation is not a
classification criterion. In spite of these facts, there are
sevaral broad soil groups that are notoriously high in P
fi. -~“ien capacity: the Andept, suborder, Oxisols and Utisols,
the orders and certain rhodic and oxic Alfisols and
Inceptisols. Any soils classified into these categories that
have a sandy surface texture are excluded.

In acid soils, aluminium and iron are the most abundant
cations and will react with phosphorus to form relatively
insoluble aluminium and iron phosphates. In calcareous
soils, on the other hand, the phosphate ions are precipitated
by calcium and magnesium as relatively insoluble compounds.
In acid soils, the P that is fixed into slightly soluble
forms 1is by two processes, namely by precipitation and
sorption reactions with Fe and Al compounds and crystalline
X~ray amorphous colloids of 1low silica-sesquioxide ratios
present in acid soils (Sanchez and Uehara, 1980).

Exchangeable Al first gets displaced into soil solution
by the basic cations and then gets hydolyzed after which the
hydroxyl Al reacts with phosphate anions forming Al phosphate
precipitates.

Cation exchange:

A13+ calt
1+ ca2+ — . T lca2t + 2a13+
e— N = ——Jca2+
Hydrolysis: N
A13+ + 2H,0 ~——  Al(OH)*, + 2HF

Precipitation:
———— 10—29)

Al (OH)5 + HpPOy Al (OH) oHo POy (Ksp =
—_—

Hsu (1965) believes that this reaction proceeded more
rapidly because of surface adsorption of phosphate on the
amorphous aluminium hydroxides and iron oxides already
present in the soil.

Phosphorus may be adsorbed on hydrous Al oxide
surfaces. As the phosphate concentration and adsorption
increase, more hydroxyl groups will be involved. At
adsorption maxima, the phosphate is replaced by hydroxyl
grouss, (Mokwunye et al., 1986).
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Surface reaction of the phosphate ion with a hydrous Al oxide:

é-//,Hzpo4 ::>A1-H2PO41/2

Al

\\\\\\\\\~OH Al OH1/2 + H* = Al-H,01/2%
Al - Hp01/2%+ 4+ HyP0,1™ = Al - HyP04l/2- + Hy0

The  phosphorus fixation is affected by so0il mineralogy
(Mukwunye , 1986; Sanchez and Uehara, 1980). As
already mentioned, most of the acid soils of tropical Africa
fall in three groups on the basis of their mineralogy, and
these make the soils variable in fixing phosphorus. There
are the Alfisols, Oxisols and Inceptisols that are
fine-textured, oxidic, base-rich and typical of the East
African highlands. There are the Alfisols and Altisols that
coarse-textured kaolinitic can occur in different positions
in a soil catena in different locations.  The third group
includes the stongly acidic, highly 1leached and weathered
Oxisols and Ultisols.

The influence of <clay mineralogy is 1illustrated in
Figure 2 which shows characteristics of four soils from
Malawi in relation to phosphorus adsorption (Mughogho,
1975) . It is quite clear that the four soils differ not only
in the amount of P adsorbed, but also in the slopes of the
adsorption isotherms. It was observed that adsorption maxima
were positively correlated with the citrate-bicarbonate-dith-
ionite (CBD) extractable Fejs=3 percent, NaOH -~ Al;03 percent
and active Al,03 (ug/g). It was negatively correlated with
active Si0;/A1,03. Active Al,03 and Si0; were extracted with
0.5 M cacClj. As shown in Table 4, the adsoption maxima
varied from a low of 187 ppm for an ustalf at Bunda to a high
of 898 ppm P for the Mulanje ustox.

Table 4: Some adsorption data for four Malawi soils

Sorbed P at 0.2

| | |
| soil | Adsorption maxima ppm solution P |
| | ppm I
| Mulanje-ustox | 898 375 |
| Bvumbwe-eutrorthox | 778 205 |
| Dedza-ustalf | 460 115 |
| Bunda-ustalf | 187 27 |

Source: Mughogho, 1975
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These results confirm what has been reported by Sanchex
and Uehara, (1980) that in more highly weathered soils, more

phosphorus will be fixed. Tn kaolinitic soils, aluminium
phosphates will be the dominant forms, but in older soils
ires rhosphates predominate. Even in newly fertilised

fiells, P will first be fixed by Al; then it will be
transformed into Fe-P and/or occluded and reductant-soluble P
with age.

In soils with similar clay mineralogy, normally P
fixation will increase with increasing clay content.

Andepts in the East Africa region are expected to fix
more phosphorus because of their high contents of X-ray
amorphous colloids. In fact, texture is often meaningless in
Andepts because of their high contents ¢. amorphous materials
(Sanchez and Uehara, 1980).

Exchangeable Al is very important in the precipitation of
phosphorus, and this reaction takes place within hours of
equilibriating the soil with a phosphorus solution.
Increased fertiliser use may reduce soil pH, and the hydrogen
ions may exchange with Al increasing the Al concentration.
For example, sulphate of ammonia may have its ammonium
oxidise into NO™3 as follows:
(NHg) 2504 + 405  F——— 2NO~3 + SO™4 + 4H* + 2H,0.

For every mole of NH*; ion that oxidises into NO~3 two moles
of hydrogen are released.

Rescarch Needs

There has been an imbalance of research priorities in most
African countries where beans are grown. Very few funds have
been allocated to soil and agronomic research. Emphasis has
been on breeding new cultivars. When one extrapolates
research findings into farmers’ fields, "it is found that
matching experimental yields, and thus crop requirements, to
soil conditions 1is still in its infancy. In other words,
there is still the problem of knowing the socil conditions and
how we can manipulate them for improved bean production. The
proklem 1is accentuated by the fact that beans are of
secondary importance in many African countries and are .just
"another crop". The main crop 1is normally a non-legume
suchas maize, cassava or banana. Fertilizers, where vhey are
applied, are usually for the non-legume crop.

So0il acidity is known to be one of the limiting factors
to growing beans in most bean-growing areas in Africa, but
little 1is known about how to manage the pH problem,. One
reason is that we do not include Al in determining the
cations or cation balance. * The problem is aggravated by
unavailability of liming materials. The research, therefore,
should be oriented towards an evaluation of indigenous
fertiliser materials such as phosphate rcck which can be both
a liming material and a P source, and the study of the
lime~phosphorus interactions in acid soils.
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SOIL TAXONOMY

ALFISOLS

Aqualfs
Udalfs

Ustalfs
Xeralfs

ARIDISOLS

Argids
Orthids

ENTISOLS

Aquents
Fluvents
Orthents
Psamments

INCEPTISOLS

Andepts
Aquents
Tropepts
Umbrepts

OXISOLS

Aquox
Humox
Orthox
Ustox

ULTISOLS

Aquults
Humults
Udults

Ustults
Xerults

Appendix 1

APPROXIMATE EQUIVALENTS

FAO IEGEND

Gleyish Luvisols

Orthic Luvisols, Nitosols
Luvisols

Orthic, Chronic Luvisols

Luvic Xerosols, Yermosols
Xerosols, Yermosols

Gleysols
Fluvisols
Regosols
Regosols (Sandy)

Andosols
Cambisols
Cambisols

Hunric Camhisols

Ferralsols (Hydromorphic)
Humic Ferralsols

orthic and Rhodic Ferralsols
Orthic and Rhodic Ferralsols

Gleyic Acrisols

numic Acrisols and Nitosols
Orthic Acrisols and Nitosols

Acrisols - Monsoon
Acrisols

khkkkkkkkkk
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Diagnosis of So0i11 Fertility Constraints in Bean Based
Cropping Systems: Reviaw of Research Results

S.K. Mughogho and C.S. Wortmann
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and C.I1.A.T. Regicnal Programme on Beans in Eastern Africa

Introduction

The major soil groups found in the bean-growing areas in Africa
are Alfisols, Ultisols, Oxisols and Inceptisols. These .. ! to
be acidic, low in exchangeable basic nutrients, high in exchange-
able aluminium and/or manganese and high in phosphorus fixation

rates. These characteristics frequently result in nutritional
disorders which constrain bean productivity and biological
nitrogen fixation. This paper discusses these soil character-

istics and associated nutritional disorders and reviews iesults
of research conducted in Africa regarding the extent and severity
of soil fertility constraints to bean production.

Soil Fertility Factors Affecting Bean Growth and Nitrogen
‘Fixation

Soil

In acid soils, plant growth is more 1ikely to be affected by
factors related to low soil pH such as aluminium and/or manganese
toxicity, or calcium or magnesium deficiency than by acidity per
se. The effects of low soil pH on legume nutrition may be
resolved into direct effects which deal with hydrogen ion concen-
tration or ingirect effects which involve ‘the association with
other elements (Andrew, 1962). Soil acidity also has an import-
ant influence on the ecology of Rhizobia (Holding and Lowe,
1971).

Hydrogen Ion Concentration

Although poor plant growth on acid soils is generally associated
with a low pH, the effects of soil pH are complex it is difficult
to separate the direct hydrogen jon effects from indirect
effects. Hydrogen ions per se have little effect on the host
legume plant, but may have more effect on Rhizobium species.
Stil1l, if soil pH is low but that there is an adequate supply of
calcium, the rhizobia will survive and proliferate in the rhizo-
sphere (Islam et al., 1980; Vincent, 1965). Dobereiner (1966)
showed that Phaseolus vulgaris developed nodules and fixed
nitrogen satisfactorily at surprisingly low pH levels provided
manganese toxicity was not the limiting factor.
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Excess Manganese

Low pH values may cause an 1ncrease in manganese concentration in
the soil solution and subsequent toxic effects on legumes and
depression of tha rhizobia-host symbiosis (Holding and Lowe,
1971), Ssali (1981) comparea five soils from Kenya in a pot
experiment of which two had high levels of Mn. On liming the
Kericho soil (Orthic Palehumult), and thus raising the pH from
4.2 to 5.7, he found that there was an increase in nodule weight
of the bean plants in both the inoculated and non-inoculated
plants. The increase in dry matter yield, on the other hand, was
significant at a low lime rate of 2.2 tons/ha with an increase
from 1.99 to 2.64 g/plant, but further pH adjustment did not
significantly increase yields. The lack of additional response
may have been due to the fixation of Mn and subsequent Mn inade-
quacy. Working with an Andosol in Kenya, Nuwamanya (1984) found
exceptional results in that exchangeable Mn increased 10-fold
with the first level of lime and then decreased with subsequent
levels.

Excess Aluminium

Coleman anz Thomas (1967) found exchangeable aluminium to be the
‘dominant cation associated with acid soils. He proposed that
exchangeabis Al extracted by an unbuffered salt solution such as
KC1, CaCl, and/or BaCl, should be used to determine levels of
aluminium that are detrimental to plant growth and biological
nitrogen fixation. An Al concentration in solution in excess of
one ppm is detrimental to many bean varieties. Ruschel et al.
(1968) observed that nutrient solutions at pH 3.6 conta1n1ng more
than 7 ppm Al cmused a considerable increase of Al in the roots
and aerial portion of Phaseolus vulgaris. Out of the 20
experiments conducted in Uganda, significant responses of beans
to lime were on acid soils with pH values of less than 5. 1, and
at this pH, there was an apprec1ab]e amcunt of exchangeab]e Al
(Foster, 1970).

Aluminium toxicity causes root damage fgl]owed by poor root
growth. An extremely rapid uptake of the Al ion saturates the
intercellular space of the cortex and inhibits further root
growth (Ror1son, 1958). Consequently, plants become phosphorus-
deficient since excess Al restricts the uptake of phosphorus,
Calcium, magnesium, molybdenum and other nutrients may also be
restricted. '

Some work by Abruna et al (1975) in Puerto Rico on snap
beans showed a great increase in bean yield due to liming. There
was a highly significant correlation between bean yield and
percent aluminium saturation, Liming to a pH of 5.5 satisfied
the Ca requirements of the bean crop and corrected the Al and Mn
toxicities. .

Levels of exchangeable Al decreased with increasing levels
of lime in two humic Nitosols and one humic Andosol {Nuwamanya,
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1984) in Kenya. Exchangeable Al was reduced to virtually zero at
PH 5.5, Results furtiier showed that dry matter yield of beans and
mean nodule dry weight increased significantly with increasing

lime levels up to a pH of 6.0. If the lime rates increased
pH beyond 6.0, the dry matter yield and nodule weight of beans
decreasad progressively. He came to the conclusion that a pH

range of 5.5 to 6.0 was considered optimum,

Phosphorus

Phosphorus deficiency is common in most major bean growing
regions of Africa. Many of these soils are capable of "fixing"
large amounts of applied P into non-available forms. Normally,

farmers in Africa do not apply fertilizer to beans. Many rely
on the residual effects of fertilizer which were originally
applied to another crop such as maize. Little residual

phosphorus effect can be expected if the P fixation rates are
high.

Grain legumes have been reported to be more responsive to P
application than cereals (Drake and Stackel, 1955). Significant
bean yield responses to the application of P have been reported
for P rates ranging from as little as 20 kg P/ha (Uriyo et al.,
1980) to as high as 150 kg P/ha, reflecting the fact that differ-
ent soils have different initial levels of P and also different
capacities of fixing P (Mbugua, 1986). Mbugua (1986) found that
phosphate fertilizer increased leaf area index (LAI) and plant
growth rate when applied at 150 kg P/ha, although the application
of only 50 kg P/ha appeared to be the best.

Moursi et al. (1974) found that P application in Egypt
increased seed yield, pod yield and number of seeds/pod. They
attributed these results to accelerated flowering, increased
flowering capacity and increased percentage of fruit set.
Similar results were obtained in Kenya in that application of
phosphorus increased nodule mass, dry matter yield, nitrogen
yield and biological nitrogen fixation at three growth stages,
i.e., flowaring, pod-filling and physiological maturity. The
effects of P were most pronounced at flowering and pod-filling
(Ssali and Keya, 1984). They concluded that P is an important
factor in BNF. Mahatanya (1977) also found that plant height,
LAI, pod number, pod weight and seed yield per piant increased
with increasing levels of P. The effects of P were greater at
higher plant densities.

Response of beans to P is dependent on environmental
factors. Bonnetti et al (1984) showed that there was a greater
positive response in plant weight when soil moisture tension was
Tow. Soil applied P utilization was directly influenced by soil
moisture content. In Kenya (Floor, 1984), when a season had lcw
rainfall of poor distribution, the response of beans to ferti-
lizer was low and uneconomical. On the other hand, if the rain-
fall was low and the distribution was good, beans responded to
fertilizer. Anderson (1974) in Kilimanjaro Region of Tanzania,
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found that the mean seed yields ranged from 133 kg/ha on the
poorest soil to 1120 kg/ha on the best soil, but that the yields
were negatively correlated with annual rainfall and altitude.
These urwusual results are not unexpected in such a high altitude,
high rainfall area.

Phosphorus has been reported to have an effect on molybdenum
and zinc uptake. The effect of P on increased Mo uptake may be
due to greater plant growth associated with P availability, but
it appears that P directly affects Mo uptake (Hewitt, 1958).
Phosphorus, on the other hand, decreases the concentration of Zn
in the plant tissues. Singh et al. (1988) studied P-induced zinc
deficiency on three Canadian soils with pH's ranging from 6.4 to
7.6. They concluded that stimulation of growth and subsequent
dilution of tissue zinc concentration and restriction of the
translccation of zinc from the roots to the plant tops accounted

for th: zinc deficiency. Also, suppression in growth of beans
resulting from added P or "P toxicity" on low Zn soils may be due
to k-induced 2Zn deficiency. In acid soils where Zn may be

readily available, Zn can be complexed with high amounts of
applied phosphorus. Zn adsorption occurs when P is added in the
presence of hydrous Fe or Al oxides (Stanton and Burger, 1968).
The mechanism is as follows:

Fe or Al + ZnC12 Fe or Al Zn
oxides oxides

In the absence of hydrous Fe or Al oxides, the addition of
phosphate has little effect on Zn adsorption. An important cri-
terion in estimating the amount of P and Zn required for a bean
crop is determining the P/Zn ratio of both the soil and the
ptant.

The chief P deficiency symptoms are retarded rate of growth,
dark- or bluish-green or purple colour and delayed maturitx.
Phosphorus application increases not only the weight of the plant
and P concentration, but also improves the plants vigour
resulting in more resistance to pathogen irvasion (Sirry et al.,
1982).

Nitrogen
Legumes have been used in restoring soil nitrogen since the

beginnings of agriculture (Bouldin et al., 1979). Beans, an
important source of dietary protein throughout east and southern
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Africa, are not very effective, however, in the fixation of
nitrogen and frequently respond well to nitrogen fertilizers.

Edje et al. (1975) obtained bean grain yields ranging from
2150 kg/ha at 0 kg N/ha to as high as 3779 kg/ha at 200 Kg N/ha
when the results werc averaged for two years. Oelsligle et al.
(1976) 1intercropped mzize and beans and observed that not only
did the total grain yiels increase with increased nitrogen appli-
cation, but also that nitrogen removed in the grain also
increased (Table 1). The remarkable aspect of these data is the
response of the beans 1in pure stand to fertilizer nitrogen.
Apparently, the legume-~Rhizobium nitrogen fixation system was not
operating properly (Bouldin et al., 1979).

Growth of beans and biological nitrogen fixation depends on
such factors as time and rate of N application as well as lignt
conditions, temperature and soil moisture. Growth habit of the
host plant is also important. Amendment of the soils with low pH
and low available P is often needed for good bean plant growth
and N fixation.

Table 1. Nitrogen removal in the grain of sole-cropped and
interplanted maize and beans at three levels of
applied nitrogen.

Nitrogen in grain, Kg/ha

Crop

0 kg N/ha 100kg N/ha 300kg N/ha
Maize & bean 45 75 113
Beans 36 66 ' 109
Maize 45 55 56

Source: Oelsligle et al., 1976

Summary and Conclusion

The chemical and physical properties of the soils found in the
bean growing regions in Africa differ as do the nutritional dis-
orders associated with these soils. It appears, however, that
most of the nutritional disorders are linked to low soil pH,
including aluminium toxicity, manganese toxicity, low available

phosphorus, phosphorus fixation, low CEC and low availability of
basic nutrients. In most bean growing regions of Africa, the
extent and severity of these problems have not yet been ade-
quately determined to know if and what corrective measures should
be taken. Much of the research has been of a short-term natura
and done under controlled environmental conditions. A continuing

57



investigation of these problems is needed involving both short-
and long-term field research.
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Introduction

The diagnosis and correction of nutrient deficiencies and
excesses is an essential part of crop management. The diagnostic
procedure attempts to identify nutrient disorders that constrain
plant growth. In most important agricultural areas, some diag-
nostic work has been done to identify nutrient disorders which
1imit crop production. 1In Africa, however, many questions remain
about soil fertility problems which may be limiting crop
production.

The diagnostic procedure may be of three stages. In the
first stage, the land 1is classified according to soil fertility
paramcters so that results from research can be extrapolated to
areas of similar soil-climate-crop conditions. The second stage
"identifies the nutrient disorders which are limiting to crop
growth. In the third stage, we attempt to find the cause of
disorders and to understand the mechanisms involved to know which
corrective measures may be feasible.

Classification of Land into Soil Fertility Management Units

Grouping of agricultural tand into land units according to soil
fertility parameters allows for better identification of the
target area to be investigated and for projection of resuits to
other areas. Criteria used in grouping land for soil fertility
management may include natural vegetation, common. crops and man-
agement practices, topography, climate, geology and soil chemical
and physical soil properties.

When available, soil survey results and maps may be wuseful
in land classification. Direct interpretation for a specific use
such as soil fertility management may be difficult, however, as
criteria relevant to fertility management are confounded with
other criteria, since soil classification systems normally incor-
porate many measurable soil characteristics. Subsurface soil
properties are heavily relied on in soil classification because
of their durable nature, whereas crop growth is largely a func-
tion of topscil characteristics. Still, soil survey results
contain information on the physical and chemical properties of
soils which is useful in the grouping of soils into soil fertil-
ity management units. .

The Fertility Capability Classification System (FCC) is a
technical system of grouping soils according to the kinds of
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problems they present for the agronomic management of their chem-
ical and physical properties (Buol and Couto, 1980 and Sanchez

et al., 1982). It emphasizes quantifiable topsocil properties as
well as subsoil properties directly relevant to plant growth.
The system consists of three categorical levels: type (topsoil

texture), substrata type (subsoil texture), and i5 modifiers.
Topsoil texture is classed as sandy (S), loamy (L), clayey (C) or
organic (0). Subsoil texture is classed as sandy ($), loamy (i),
clayey (C) or rock (R). The 15 modifiers are glay (g), dry (d),
low CEC (e), Al-toxicity (a), acid (h), high P-fixation by iron
(i), X-ray amorphous (x), vertisol (v), low K reserves (k), basic
reaction (b), salinity (s), natric (n), cat clay (c), gravel ('),
and slope (%). Sanchez et al. (1982) give an example of an Oxisol
classified as a C @a e 7 k (i.e., a clay soil with Al-toxicity,

low CEC, high P-fixation by iron and low K-reserves). A young
alluvial Entisol with no fertility limitations is simply classi-
fied as L (loamy soil). Further descriptions of the types,

substrata types, and modifiers are given in Appendix A; Appendix
B contains information about their 1l1imitations and management
requirements. Sanchez et al. (1982) report that when soils were
grouped by FCC-units and fertilizer rates determined from a gen-
eralized response curve for each unit, the average returns to
fertilizers were 20% greater than when fertilizer recommendations
were based on site-specific soil test results alone. Greatest
returns were obtained by using FCC units and site-specific soil
test results together.

Plant indicators are useful in the delimitation of problem
soils and environments. Plant 1indicators are obvious landscape
features that sometimes react dramatically to small changes in
environmental conditions and they are the end product of their
environmant. If environmental conditions result 1in vegetation
changes, then such environmental conditions are 1ikely to affect
agriculture and land use. Davidescu and Davidescu (1982) present
a list of temperately-adapted plant species and discuss the soil
fertility problems indicated by their presence.

Information of soils and of naturally occurring vegetation
can be useful 1in classifying land for soil fertility management.
Stocking and Abel (1981) utilized associations between soil types
and plant species to classify land in Zimbabwe. Teitzel (1978)
reports that soil parent material and natural vegetation were
used in Australia to group range land into 48 soil vegetation
units., These units were then used in the extrapolation of
results of the soil fertility research programme. In this case,
the groupings of more conventional systems of soil classification
did not coincide well with the soil vegetation classification.

Diagnosis of Soil Fertility and Plant Nutrition Problems

Diagnosis of soil fertility and plant nutrition problems can be
made by visual observations of symptoms expressed by plants,
chemical tissue analysis, chemical soil analysis and nutritional
screening experiments.
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Diagriosis by External Plant Characteristics

Certain external symptoms expressed on plants may indicate an
abnormal growth and development due to unsatisfactory plant
nutrition. Although the changes that take place in plants due to
nutrient deficiencies and excesses are not well understood and
symptoms of nutrient disturbances differ with the species and
even the variety, some of them are known and can serve in the
identification of nutrition problems. The characteristic exter-
nal symptoms of nutrient deficiencies have been described with
photos by Davidescu and Davidescu (1982) and by Miller et al.

(1986) for plants in general. Miller et al (1986) present a key
for didentifying nutrient deficiencies and toxicities on the basis
of visual symptoms. Howeler (1980) provides photos and descrip-
tions of symptoms caused by poor bean plant nutrition and this
information is summarized in Table 1.

The vertical position of leaves on the plant showing
symptoms is useful in the diagnosis of nutrient disorders. The
lower, mature leaves are the first to express symptoms of
nitrogen, potassium and magnesium deficiencies as these nutrients
move easily in the plant to meet the needs of growing tissue.
Similarly, symptoms of zinc and phosphorus deficiencies are first
expressed on the older leaves. Deficiency symptoms of calcium,
boron, manganese, copper, sulfur and iron are most expressed on
ywunger parts of the plant.

With deficiencies of certain nutrients, there is a tendency
of the leaf colour to change according to the intensity of the
deficiency. Magnesium, nitrogen and sulfur deficiencies result
in leaf colour changing from green to pale green to yellow.
Phosphorous deficiency may result in colour changes from green to
dark green to blue to red and the leaf may become necrotic.
Greying leaves and necrosis of leaf tips and margins may indicate
potassium and magnesium deficiency. When calcium is deficient,
leaves may be dark green with only slight yellowing at the t1ps
and marging. In boron deficient plants, leaves may become yellow
with necrotic spots. Leaves of manganese or zinc deficient
plants become yellow between the veins. Interactions of a defic-
ient nutrient element with other deficient or excess nutrient
e]ements, or with drought, insect damage or disease, can result
in other secondary symptoms which complicate the 1nterpretat1on.

Diagnosis by Chemical Tissue Analysis

Tissue analysis can be a useful tool for diagnosis of nutritional
nroblems. Critical levels and sufficiency ranges of nutrients
are used to gauge nutrient requirements. The chemical composit-
ion of folieje is, however, a result of plant age, plant part
sampled and many other factors, environmental and nutritional,

which affect plant growth, As critical values and sufficiency
ranges rely solely on the ratios of nutrient to dry matter, the
results can be misleading. An alternative way of interpreting
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Table 1.

Bean plant symptoms indicative of nutritional disorders

Nutrient
disorder

Plant growth and
development

Leaf colour

Position where
first observed

Aluminium
toxicity

Stunted growth and de-
pressed yield; seed-
ling death when severe

Uniformly yellow
with necrotic

margins

Lower leaves

Boron
deficiency

Thick stems and leaves;
leaves are crinkled and
turned downward

Yellow leaves with
necrotic spots

Upper leaves

Calcium
deficiency

Small plants with

reduced root growth;
short internodes and
rosette-type growth

Dark green with
slight yellowing at
margins and tips.

Upper leaves

Copper
deficiency

Stunted plants with
shortened internodes

Grey or blue-green

Upper leaves

Iron
deficiency

Light yellow to white,
with green veins,

initially

Upper leaves

Magnesium
deficiency

Interveinal chlorosis
and necrosis

Older leaves

Manganese
deficiency

Stunted plants

Golden yellow between
small veins;

appearance

Younger leaves

Manganese
toxicity

Small and crinkled
leaves which curl in
severe cases

Interveinal chlorosis

Young leaves

Nitrogen
deficiency

Pale green to yellow

Lower leaves,
progressing upward

Phosphorus
deficiency

Stunted with few
branches; reduced
flowering.

Yellow and necrotic;
upper leaves are dark
green, but small

Lowar leaves

Potassium
deficiency

Yeilowing and necrosis
of leaf tips and

margins

Lower leaves

Sulfur
deficiency

Reduced top growth, Uniformly yellow
upper leaves

but good root growtn

Younger leaves

2inc
deficiency

Interveinal yelliowing

Both upper and
lower leaves

Source:

Derived from Howeler, 198

0.
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plant analysis data is the Diagnosis and Recommendation
Integrated System (DRIS). Work with this system has been
recently reviewed by Walworth and Sumner (1887). It is apparently
more accurate in gauging nutrient needs then the critical value
or sufficiency range approaches for interpreting plant tissue
analysis.

DRIS makes multiple two-way comparisons between the levels
of various nutrient elements in the plant and also considers the
ratios of elements to dry matter. DRIS norms for a species are
estimated using the ratios obtained from many trials, both high-
‘and low-yielding. It is generally less affected by time of
sampling and by soil type than methods of interpretation which
use critical values or sufficiency ranges. wWalworth et al.
(1986) compared the norms established for alfalfa on highly
weathered Oxisols to those previously generated on midwestern
soils of the United States which were much less weathered and had
a high exchange capacity. They found the values for the two sets
of norms to be similar, Amundson and Koehler (1987), however,
found tha. locally calibrated norms for wheat were more accurate
in diagnosing nutrient deficiencies than norms developed from
plant materials gathered in other geographic regions.

Research results on bean plant tissue analysis were reviewed
by Howeler in 1980. Bean leaf samples for tissue analysis are
generally taken without petioles at the top of the plant from the
uppermost mature leaves present at floral initiation. These are
then dried, ground and analyzed. Comparison of the nutrient
status of samples of adequately nourished plants to that of
samples from areas suspected of having soil fertility problems is
useful in identifying the deficient or excess nutrient. Nutrient
level values for beans are summarized in Table 2.

Table 2. Critical, sufficiency and toxic levels of
nutrients in the youngest fully expanded leaf
in beans when sampled during early flowering

Critical sufficiency Toxic

levels levels levels
Nitrogen (%) <3.0 5.2 --
Phosphorus (%) <0.25 0.40 -
Potassium (%) <1.0 3.0 -
Calcium (%) <1.25 1.60 -
Magnesium (%) <0.30 0.85 -
sulfur (%) <0.14 0.25 -
Boron (ppm) <15 25 >45

Manganese (ppm) <20 ' 140 >200
Iron (ppm) <100 400 -
Copper (ppm) <15 20 --
Zinc (ppm) <15 45 -
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Diagnosis by Soil Chemical Analysis

Soil testing has long been an important tool in the diagnosis and
treatment of soil fertility problems. In their recent review of
soil testing, Cope and Evans (1985) report that a recommendation
for fertilizer use based on a soil test was made as early as
1894, The value of soil testing as a diagnostic tool continues
to increase as laboratory procedures for different soil types
become standardized and as soil fertility data bases become more
assessable. Formerly, it was necessary to estanlish the adequacy
levels of the various nutrients for each soil type for the soil
testing procedure used. Now information gathered on similar
soils in other parts of the world is successfully extrapolated to
fertility problems of soils in areas not yet investigated. The
use of computerized simulation models can now give a good indica-
tion of the problems to be expected and how these might be
corrected (IBSNAT Progress Report, 1982-85).

S0il testing can be used to determine if the levels of a
nutrient element in the soil are adequate and also to determine
if there are any detrimental nutrient interactions. Soils with
generally high, well-balanced fertility are likely tu be defic-
ient in a few nutrients only and can be amended by merely adding
these nutrients. Soils with a low pH and low CEC, however, are
likely to be deficient in several nutrients and when certain
fertilizer materials are added to such soil, there may be nutri-
¢nt imbalances resulting in detrimental interactions between the
nutrients. On such soils, there may be a need to adjust the
basic cation saturavion ratios (McLean, 1977).

Nutritional Screening Experiments

Mutritional screening experiments to identify nutritional
. oblems limiting plant growth may be conducted in field trials
on sites representative of a particular land unit or 1in green-
house pot trials using soil from 12 or more sites within the land
unit.

The optimum nutrient source and application rates depend on
the soil, climate and sensitivity of the crop to the nutrient.
Commcn sources and rates for secondary and micro-nutrients
required by plants are presented in Table 3 to act as a guide in
conducting nutritional screening trials. This information should
be used with caution, as cn some soils the rates given may result
in toxicity problems.

Nutritional screening field experiments can be conducted on
station, but soils in farmers' fields are l1ikely to be more
representative of the land unit; the need to conduct them on many
sites suggests that it would be better to conduct the trials on
farmers’ fields. Certain management practices should bYe resear-
cher managed and standardized for a land unit. Plant density
and planting pattern are likely to influence the responsiveness
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of a crop to immobile nutrients. The level of weed control is

also important.

Takle 3 Common sources and application rates of secondary and
micro-nutrients required by plants
Nutrient Source Rate
Calcium CaC03 plus MgCO03 2-8T CaC04/ha
Magnesium MgSO,, MgSO, plus KSO4 30-40kg Mg/ha/3-4 yrs
Boron Na,B,04 0.25 to 3 kg B/ha
Copper CuSQ,, CuO, CuSO, plus 3-6 kg Cu/ha is
Cu(OH),, and Cu chelates. adequate for 3-4 yrs
Iron Fe chelate or foliar 30 kg chelate/ha or
application of 4% FeSO, 150-250 1/ha
Manganese MnSO4 5-40 kg Mn/ha banded
Molybdenum MoO, 18 to 36 g Mo/ha
Moist seed application
of Na2M004
Zinc ZnsS0, or Zn0 3-4 kg Zn/ha
ZnEDTA 0.5~1Kg Zn/ha
Source: Derived from Mortvedt and Cunningham, 1971

An alternative approach to nutritional screening is to apply
corrective treatments to fields which are obviously suffering
with a nutritional disorder. This would involve the application
of foliar treatments and observation of the crop’s response to
each treatment.

Several experimental designs may be considered in designing
a nutriticnal screening experiment. If 1little interaction is
expected between nutrients, but a large number of nutrients are
under test, the so-called "plus one" and "minus one" designs may
be useful. In the "plus one" design, treatments with a single
nutrient added are compared to the treatment in which no nutrient
is added. In the "minus one" trial, one treatment has all nutri-
ents applied to a sufficient level, and other treatments have atll
but one nutrient applied to a sufficient level. Treatments for
such experiments may be as follows. .
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"Plus one"” "Minus one"

1. No nutrients added Complete package of nutrients

2. Phcsphorus added Complete package minus pnosphorus
3. Potassium added Complete package minus potassium
4. Magnesium added Complete package minus magnesium
5. Calcium added Complete package minus calcium

If there are interactions between added nutrients, both the
“plus one" and "minus one" designs may be inadequate. The "minus
one" design may not detect the need for an added nutrient if it
has a negative interaction with another added nutrient. The
"plus one" design may fail to detect a need for a nutrient, if
the plants respond to that nutrient only when another is added,
i.e. in the case of a positive interaction vetween two nutrients.
Such interactions are more likely to occur in soils with low
levels of nutrient elements than if native soil fertility is
* high.

An advantage of the "minus one" design over the "plus one"
‘design is that data collected can be used to estimate values for
growth function equations, such as the Mitscherlich-Bray Growth
Function, to be used for determining optimal levels of fertilizer
use based on soil tests resuits (Melsted and Peck, 1875). If
calibration and interpretation studies of soil tests results are
1ikely to be done following the diagnostic work, the "minus one"
design may be preferable to the “plus one" design. A disadvant-
age of the "minus one” design is that one or more of the added
nutrient elements in the full package may result in toxic levels
in the soil,

When interactions between adc.'d nutrients are expected to
cover the effects of one or more added nutrients,~ the "plus one"
or the "minus one" designs can be modified or a factorjal design
can be used. The "plus one" design ca:. be modified by adding an
extra treatment in which the two nutrients that are likely to
interact are applied tngether. Similarly, the "minus one" design
can be modified by adding a treatment in which the two interact-
ing nutrients are both withheld. A disadvantage of factorial
designs is that if the nutrients likely to be limiting are more
than 3 or 4, the trial size may be too large to be conducted in
the fieids of a small farmer. If field size is too small for the
desired experiment, only one replication could be planted per
farm and the trial conducted on a greater number of farms to
obtain the desired precision. Other options can be used:
designing two complete factorial trials with some overlap of
factors; using a partial factorial arrangement; using confounding
of incompliete block designs (Cochran and Cox, 1957).
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Determination of the Causes and Mechanisms of Nutrient Disorders

This important part of diagnosis is only introduced in this
paper. A particular nutritional disorder may be caused by one or
more of several factors or by interactions between factors.
Cation exchange capacity, for example, may be a function of
organic matter, allophane, clay minerals, hydrous oxides of iron
and aluminium, silt fraction and soil pH. Soil pH is influenced
by these properties, as well as by the comparative amounts of
particular bases present in the colloiaul complex. Phosphorus
availability varies with pH, clay content, type of clay, free
sesquioxides and colloidal materials which may cause low recover-
ies of both native and applied phosphorous due to "fixation".
Knowledge of the causes and mechanisms of nutritional disorders
is useful in the development of effective management practices to
deal with the problem,

Conclusion

The diagnosis of soil fertility and plant nutrition dis-
orders constraining crop growth is an essential part of soijl
fer:ility research. Stages in the diagnostic process include the
classification of land into soil fertility management units, the
actual diagnosis of the constraints to crop growth and determin-
ing the causes and mechanisms involved in the soil fertility
problem. Once the problems are well understood for a land unit,
alternative intervantions, including the use of artifical ferti-
lizers or amendments, phosphate rock, green manure crops or agro-
forestry, can be efficiently investigated.
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APPENDIX A

Description of Type, Subtype and Modifier Classes
(after Buol and Couto, 1980)

Type

Texture of plow layer or surface 20 cm (8"), whichever is
shallower.

S=sandy topsols: loamy sands and sands (by USDA definition).
L=loamy topsoils: <35% clay but not loamy sand or sand.
C=clayey topsoils: >35% clay.

O=organic soils: >20% O.M. to a depth of 50 cm (20") or more.

Substrata type (texture of subsoil)

Used only if there is a textural change from the surface or if a
" hard root restricting layer is encountered within 50 cm (20").

S=sandy subsoil: texture as in type.
L=loamy subsoil: texture as in type.
C=clayey subsoil: texture as in type.

R=rocky or other hard root resiricting layer.

Condition modifiers:

Where more than one criterion is listed for each modifier,
only one needs to be met to place the soil. The first
criterion given 1is preferred, but additional criteria are
selected to facilitate semiquantitative use in the absence of
desired odata,

g=gley: :
Soil or mottles ¢ chroma within 60 cm (24") of surface and
below all A horizons, or
saturated with water for »>60 days in most years.

d=dry:
Ustic or xeric environment (dry >90 cumulative days/year
within 20~60 cm depth).

e=low CEC:

(applies only to plow layer or surface 20 c¢m, whichever is
shallowar).,
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<4 meq/100g soil by bases + KC1 extractable Al, or
<7 meq/100g soil by cations at pH 7, or
<10 meq/100g soil by cations + Al + H at pH 8.2.

a=Al toxic:
»60% A1 saturation of CEC by bases + KC1 extractable
within 50 cm (20"), or
»67% EA (exch. acidi.,) saturation of CEC by cations at
7 within 50.0 em (20"), or
>86% EA saturation of CEC by cations at pH 8.2 within 50
(20"), or pH <5.0 in 1:1 H,0 except in organic soils.

h=acid:
10-60% Al saturation of CEC by bases + KC1 extractable
within 80 cm (20"), or
PH in 1:1 H,0 between 5.0 and 6.0.

i=FeP fixation: (used only in clay [C] types)
%Free Fe,0, / %clay >0.15, or
hues of f.g YR or redder and granular structure.

x=X-ray amorphous: (applies only to plow layer or surface 20
cm [8"], whichever is shallower).
pH »10 in 1N NaF test, or
positive to field NaF tests, or

Al
pH

cm

Al

other indirect evidence of allophane dominance in clay

fraction.

v=Vertisols:
Very sticky plastic clay: >35% clay and >50% of 2:1 expandi
clays; .
COLE >0.09. Severe topsoil shrinking and swelling.

k=K deficient:
<10% weatherable minerals in silt and sand fraction within
cm of soil surface, or
exchangeable K < 0.20 meq/100g, or N
K ¢ 2% of bases, if bases ¢ 10meq/100g.

bz=basic reaction:
Free CaCO; within 50 cm of soil surface (fizzing with HC1
or pH >7.38.

s=salinity:
>4 mmho/cm of saturated extract at 25°9C within 1 m depth.

n=natric:
»15% Na saturation of CEC within 50 cm.

c=cat clay:
pH in 1:1 H,0 is <3.5 after drying and jarosite mottles, wi

nyg

50

),

th

hues of 2.5 Y or yellower and.chromas 6 or more are present

within 60 cm.
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APPENDIX B
Sample Management Interpretations of FCC Nomenclature
(after Buol and Couto, 1980) .

Classes of FCC types and substrata types:

L : Good water-holding capacity, medium infiltation capacity.
S : 'High rate of infiltration, low water-holding capacity.
C : Low infiltration rates, potential high runoff if sloping,

difficult to till except when 7 modifier is present.

O : Artificial drainage is needed and subsidence will take
place. Possible micro-nutrient deficiency, high herbicide
rates usually required.

Interpretation of FCC condition modifiers:

when only one condition modifier is included in the FCC class
nomenclature, the following 1limitations or management
‘requirements apply to the soil. Interpretations may be slightly
modified when two or more modifiers are present simultaneously or
when textural classes are different.

g Denitrification frequently occurs 1in anaerobic subsoil and
tillage operations and certain crops may be adversely
affected by excess rain unless drainage is improved by tiles
or other drainage properities.

d Soil moisture is limited during the growing season unless
irrigated. Planting date should take into account the flush
of N at the onset of rain.

e Low ability to retain nutrients--mainly éa, K, Mg--for
plants. Heavy applications of these nutrients should be
split. Potential danger of overliming.

a Plants sensitive to aluminum toxicity will be affected unless
lime is deeply incorporated. Extraction of soil water below
depth of lime incorporation will be restricted. Lime
requirements are high unless an e modifier is also indicated.

h Strong to medium soil acidity. Requires l1iming for most
crops.

i High P fixation capacity. Requires high levels of P
fertilizer. Sources and method of P fertilizer application
should be considered carefully.

X High P fixation capacity. Amount and most convenient source
of P to be determined.
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Clayey textured topsoil. Tillage is difficult when too dry
or too moist, but soils can be highly productive.

Low ability to supply K. Availability of K should be
monitered and K fertilizers may be required frequently for
plants requiring high levels of K.

Basic reaction. Rock phosphate and other non-water soluble
phosphate should be avoided. Potential deficiency of certain
micro-nutrients, principally iron and zinc.

Presence of soluble salts. Requires special soil management
practices for alkaline soils.

High levels of sodium. Requires special soil management
practices for alkaline soils.

Potential acid suifate soil. Drainage is not recommended

without special practices. Should be managed with plants
tolerant of flood and high level of water table.
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Rapid Diagnostic Survey Techniques for Soils:
A Systems Perspective

Teshome Regassa

Melkassa Research Centre, Naareth, Ethiopia

Introduction

Performance of a given crop variety 1is governed by two
features: genetic make-up and the environment in which the
Crop growvs. These two factors contribute 25% and 75%
respectively to the perfoirmance of the crop. The
environmental components include the soil on which the crop
grows and the kind of soil management the grower uses.

Soil is the warehouse from where plants are provided
with essential plant nutrients and water. Failure of soil to
provide the needed amount of nutrients and water (excess or
limited amount) indicates the existence of a soil problem as
far as crop production is concerned.

Unfavourable soil conditions cause different stresses on
the crop based on the 1level of other essential climatic
factors and management used. Soil-related stress on the crop
also varies depending on the 1life c¢ycle of the crop, the
stage of growth at which the stress occurs and the level of
other essential soil factors. A stress of one essential
factor could make the crop more vulnerable to other factors
that could have actually caused minor stresses provided the
first factor was not limiting. Hence, in trying to diagnose
the problem in a given soil or a plant problem in relation to
soil, one needs to understand the complex interations of all
factors involved in the soil system as well as how the
agrarian system operates globally and influences the soil
system.

The most reliawle tools for diagnosing soil problems are
the various methods of soil tests and plant tissue analysis.
These techniques give site-specific information. But due to
limited resources, these tests are usually limited in
coverage. Thus, for locations where such tests are not
available, observations and systems analysis can be used as
means of rapid soil diagnosis. This paper tries to suggesty\
some ways of achieving such a goal.

Approach in Diagnosis

Soil, being part of a system, can be best understood through
a systems approach. With a systems approach,the system is
studied as an entity made up all its components and their
inter-relationships, together with the reletionships between
the system and its environment (Shaner etal ., 1982).
Therefore, any attempt to diagnose soil problems should be
holistic, taking consideration of the farming system (crop,
livestock and consumption utilization aspects) and the
environment (physical, biological and social) under which the
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soil exists at different levels of organization (global or
region and the farm).

A holistic approach helps in determining the cause and
effect relationship of a given soil problem. Determining
this relationship is critical for identifying the actual
problem rather than the symptom of the problen. It also
enables a researcher to distinguish farmers’ problems from
their own solutions and management strategies. For example,
lack of response to basal fertilizer application may be due
to late weeding. By the time the weeds are removed, most of
the fertilizer is removed with weeds in their biomass.
Hence, in this case, the actual problem is not weed or
fertilizer type but the 1labour shortage which hindered the
farmer from timely weeding. An example from Nazret
(Ethiopia) further illustrates this point:

Crop Symptom Apparent problem Cause and effect

No weeding
Haricot «— Low yield Insufficient
bean labour and time

Fewer Land /?ﬁw

preparations ol

Tl
[ ' ‘
Frequent land Absence of

preparation competitive high
. value food crop

Teff &&—~————High cost of
productio
nﬁ'\\Frequent weeding

Soil Diagnosis Factors

Climate

Climate is the dominant factor in soil formation, and

rainfall is the most important of all. Climate influences
soil formation in its association with geomorphology and
other soil-forming factors. Acting on the parent rock, they

shape the kind of soil developed. Based on the intensity of
weathering, soils range from slightly weathered and young
Entisols to the highly weathered Oxisols. Weathering of
intermediate intensity usually results in Inseptisols,
Alfisols, Ultisols and Vertisols. Intensity of weathering
gives an idea about the availability of certain plant
nutrients and their state in the soil system. Sahlemedhin
and Ahemed (1983) reported an increase in phosphorus fixation
as weathering intensity increases in some Ethiopian soils.
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Topegraphy

Topographic features of an area also affect the kind of soil
developed and give an idea about the kind of soil association
found. At the landscape 1level, several well-defined soil
relationships are fcund in troplcal areas. For example,
Oxisols are associated with veryv old and stable land surface,
while others such as Utjisols and Inseptisols occupy the

younger 1land surface. Also, ¢ very common occurrence in the
ustic (90 < dry cumulative days <180) tropics are the red
andblack catenas. Red soils, mainly Alfisols, occupy the
better drained sites, and dark cracking clays (Vertisols) the
lower topographic position. In udic environments (< 90
cumulative dry days per year) Oxisol~Utisol-Inseptisol
sequences are common in areas with very old parent
materials. Hence, topography influences soil development,

and sequences of soils can be predicted provided that other
site specific characteristics are well understood. Figure 1
shows position of certain soil types in relation to the
landscape.

Ecological Indicators

The plant community of an area is a product of the condition
(envmronment) under which it grows. Soil is one of the most
important factors that can influence or be influenced by the
vegetation cover it supports.

S0il development as well as mode of soil nutrient
utilization under different kinds of natural vegetation cover
differs depending on the ecological time (age) of the
vegetation - (climax or succession) and degree of human
interference. Vegetation cover plays a major role in soil
and nutrient conservation, ero ion control, recycling of
nutrients from deeper horizons and leaching. For example,
mature forests establish a near equilibrium state in which
nutrients taken up in the forest vegetation are released for
re-use ' after litter falls to the forest floor and
decomposes. When man disturbs this cycle which nature uses
for self-maintenance, some 1loss of nutrients from the system
creates soil deficiencies as most of the nutrients are
removea with the forest biomass.

Due to the interactions and interdependence existing
between soil and vegetation cover, vegetation cover and plant
associations can indicate general as well as specific soil

properties. Plants naturally occur by segregating themselves
to the best soil they can fit to. As a result, they
indicateconditions and processes in the soil. For example,

mesquite (Prosopis) is an indicator of a deep water table.
In using ecologlcal 1ndlcators, dominant species are the most
important since they receive the full impact of the habitat,
usually year after year. Stocking and Abel (1981) used
associations between plant species and soil to classify land
in Zimbabwe and urgued that trees and bush species were
better indicators of soil characteristics than grasses,
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In making scil"didgrioses using ecological indicators as
a tool, several considerations should be given due emphasis.
Species with high fidelity (high degree of restriction to a
specific situation) make much better indicators. Large
species usually make better indicators than small species.
This 1is because large species have a low turnover rate,
indicating the long-term soil condition. Limits of tclerance
or adaptation for a factor by a species should be known.
More sensitive plant species make more suitable indicators.
Plant populations or communities are often better than single
species since the whole population reflects integration of

cunditions. However, there are certain cases when individual
plants are good indicators. In most areas where the natural
vegetation is destroyed, remnants of previous forest

(referred to as proy variables) indicate past vegetation
types, climate, and soil (e.g. Olia african in the highlands
of Ethiopia).

Apart from natural vegetation cover, studying the
morphology of cutivated crops can help in identifying certain
soil problems. Crops grown in rich soils have roots that are
shorter, more branched and more compact than those grown in
similar but poor soils. Nicoa quoted 1in Sanchez (1976)
‘reported a close correlation between yield (grain) and root
density of the crop at the top 20-30 cm. Farmers in most

parts of Ethiopia attribute the predominance
of Datura  stramonium and Snowdenia polystacya to Mareda"
soil (a highly manured soil) whereas another
weed, Eragrostis tenufolia ' indicates conditions of

water-logging for a considerable time of the year, usually on
vertisols, at valley bottoms and depressions associated with
high rainfall.

The use of plants as ecological indicators in soil
diagnosis 1is important but care must be. taken against
indiscriminate' use and incipient conclusions. careful study
of factors that have direct influence on vegetation and
experience in use of plant indicators are recommended.

Soil Biological Phenomenon

Soil is not a mass of inert inorganic material but the home
of various living organisms. Occurences of soil
macro-organisms such as earthworms, mites and springtails can
give important indications in soil diagnosis. Earthworms are
important in mixing the soil to maintain favourable
consistency.. They break down organic materials and plant
litter into readily decomposable forms. Casts of earthworms
are more numerous in soils .with adequate levels of nitrate,
exchangeable Ca, Mg, available P,K and CEC, when the soils
are moist, with high organic matter and are well-aerated.

Biological nitrogen fixation is one of the most
important phenomena to be considered in soil diagnosis,
esrecially when beans (legumes) are part of the cropping
system. Under normal conditions, beans are supposed to fix
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considerable amounts of- atmospheric nitrogen in the soil
system. Absence of fixation (nodulation), which can be
observed in the field by uprooting beans and 1looking for
effective nodules, is attributed to either of two factors:
absence of the proper Rhizobiwm strain and ineffective or
impotent Rhizobiwm due to a soil problem.

Absence -of the ©proper strain of Rhizobium can be
diagnosed by studying the history of the 1legume crop in the
area, If the legume 1is a native, most likely the proper
strain of Rhizobium can be found. In a study made in
Ethiopia (Ohlander, 1980), soybean responded to inoculation
while haricot bean did not due to the more recent
introduction of soybean. The same author reported the need
to inoculate haricot when introduced to a completely new area
even if the crop was native to the country.

Apart from the existence of the preper rhizobial strain,
soil conditions affect the legume symbiosis. The
organic matter content of the so0il affects the growth and
survival of rhizobia. Tilak (1974) quoted by Dev and Tilak
(1976) reasoned that organic matter improves the
water-holding capacity and the surface area of soils which in
turn improve the multiplication and survival of rhizobia in
the rhizosphere. During a survey of haricot bean production
methods carried out in one of the major production areas
(Zeway) of Ethiopia, the author observed almost no nodulation
on plots where plants experienced acute moisture stress: - and
on plots of sandy soils. A remarkable increase in nitrogen
fixation was observed by Dev and Tilak (1976) in soils
amended with organic manure. Acid soils generally inhibit
nitrogen fixation.

Socio-economie Circumstances

Socio-economic factors under which farmers operate can be
grouped into two classes: internal factors, over which the
farmer has same control, and external ones, which affect the
farmer’s managemnet decisions (e.g. land tenure system).
Farmers will be in a crop sharing rental system farmers are
reluctant to wuse inputs or intensive management. Tenure
arrangements also govern 1long term investments in soil
conservation and cropping systems such as agroforestry. 1In
an insecure land tenure system, farmers do not bother with
soil conservation. Under such conditions the tenant is
interested in obtaining higher yield in a season rather than
trying to sustain soil productivity.

Cropping System and Crop/Soil Management
Traditional cropping systems evolved from long-term trial-and
erro: and are close to the best possible systems. As a
result of long-term evolution of cropping systems based on
the constraints faced by farmers, existing cropping systems
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and the crop/soil management are reliuble factors to be
considered and studied in rapid soil diagnosis.

Farners allocation of crops to certain soils 1is not

haphazard. At least two things are considered by the farmer:
importance of the crop and the level of soil fertility.
For example, farmers in Nazret area (Ethiopia) allocate the
most fertile and manured soil for maize as it is the
important staple focd crop. The less fertile and
coarse-textured 1light soils are mainly planted with haricot
bean. Beans are not allocated to fertile soils for fzar of
lodging as farmers’ experiences are that this crop does well
in less fertile soils in comparison with other crops. In
areas like Zeway (Ethiopia), farmers reduce the tillage
practices for beans in order to restrict excessive vegetative
growth in situations where the crop is planted on relatively
fertile land.

Managem»nt pertinrent to an area has an impact on
soil-related problems. Sometimes to overcome certain types
of problems, farmers use practices that can increase vyield
but which have deleterious effects on soil in the ong term.
The best example of such managemnet 1is guie . Guie 1is a
practice used in the central highlands of Ethiopia on
Vertisocls of poor internal drainage. Here the so0il is built
into a mound where it is burned by inserting dried manure;
then the burned soil is spread on the field and ploughed to

improve drainage. Effects of guie on the physical,
mineralogical and biological properties of soil are descr. bed
in Legesse (1968) and Mesfin (1980). Even If the practlce

increases vyield for the first one or two years, it leads to
loss of nutrients of up to 14 tons of carbon and one ton of N
per hectare (Mesfin, 1980) as well as other changes in clay
mineralogy which result in soil degradation. The example can
show the importance of understanding cause and effect
relations in identifying farmer’s soil problems. In this
case, guie 1s not the problem that leads to soil
deterioration, but farmers use guie as a management strategy
to overcome the drainage problem.

Cultivated crops vary in soil nutrient use as well as in
their effects on physical and chemical soil properties.
Composition of the cropping system and the way crops are
associated in a single field also deserves consideration.
Soil problems differ in a cereal-dominated cropping system
from those where cereals and legumes occupy equal time on a
field. Similarly, intercropping and multiple-cropping differ
from sole-cropping. More nutrients are removed from the soil
as the intensity of cropping increases. Crops also vary in
the use of soil nutrients and the amount returned to the soil
as crop residue provided the system allows replacement of
crop residue. For example, potato and othker horticultural
crops return less biomass as compared tc other field crops.
Such concitions may necessitate amendmerit from some external
source.
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As far as small subsistence farmers are concerned, in
which case use of energy subsidies is cemote due to resource
limitation, maximum effect in nutrient recycling constitutes
the best option in so0il nutrient conservation. Farmyard
manure and crop residues can best serve this objective due to
the considerable amount of essential plant nutrients and
organic matter they contain. 1In places where manure is used
for selling or as a source of fuel for the family,
considerable stocks of plant nutrients are lost out of the
system.

Another source of organic soil amendment is crop
residue. Proper crop residue management controls erosion and
improves physical soil properties. Residues contain many of
the plant nutrients absorbed by the plant during its life
cycle. Table 1 elaborates this point.

Table 1: Percent of N, P,K in crop residue compared with
those in residue plus grain for nine crops

Ccrop N P X
Barley 30 22 76
Corn (maize) 43 41 78
Sorghum 57 45 ' 86
Wheat 29 15 70
Cotton 41 31 70
Soybean 38 36 48

Source : FAO, 1980

This sshows the extent of loss of soil nutrients as- crop
residve is totally removed from a field. Table 2 concerns
easte''n Ethiopia where crop residues are removed from the
farm for fuel, construction and animal feed.

Table 2: * Amount of above-~ground plant material removed
and/or left on farm land in Alemaye %Voreda,
(eastern Ethiopia highlands)

Lecation Crop Above ground dry matter weighu
in Kg/ha
Removed Left
Legambo maize 7,600 C
Legambo wheat 2,750 1,366
Batework wheat 2,150 1,088
Finkile wheat 3,600 1,759

Source ¢ Tamire, 1982
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The soil productivity in a given area is a function of
the farming system and soil management. 1t is wusually the
result of various cause-and-effect relationships. 1In trying
to diagnose a particular soil, cne should consider all the
factors responsible in shaping the identity of it. Figure 2
gives an idea how cause-and-effect relationships operate in a
typical farming system.

Traditional Knowledge

mall farmers, being experimenters tLemselves, have
accumulated a great deal of knowledge about their particular
soils. This knowledge is the result of generations of trial

and error. The importance of traditional knowledge and
farmers’ experience in diagnosing as well as searching for
improvement has now been recognized by most agriculturral
researchers (Gilbert et al., 1980). Farmers’ role in
diagnosing a problem area 1is very important for 1local
knowledge can be useful in understanding the root of a
problem. As mentioned earlier, certain researcher-perceived
problems may arise from farmers’ . strategy to overcome a
problem. Incorporating farmers’ knowledge nelps in
identifying trends of problem changes with time. It can also
help to understand whether farmevs’ strateqgy to overcome a
particular problem is leading to & hetter or worse, situation.

An average farmer in most parts ot FEthiopia, for
example, recognises more than four kinds of so0il depending on
the extent of soil heterogeneity found in a particular area.
For each of the soils they identify, farmers can tell the
characteristics, relative fertility, crons best grown and the
kind of management needed. The only difference is that
farmers describe soils using local terminology while
researchers have a common terminology. Farmers can identify
a given soil problem competently and can plan a ‘strategy to
overcome it . However, solutions may cause soil degradation
in the long ruon (such as the practice of guie ). On the other
hand, farmers may have a solution whose efficiency is
handicapped by resource limitations or inability of 1local
crafts to provide the proper farm implement. For example,
Debre Berhan farmers (North Shoa, Ethiopia), a 1long time ago
used to drain Vertisols by constracting drainage ditches;
these served the same purpose for seed beds as that of the
broadbed-maker recently developed by ILCA. The difference is
that the farmers’ method requires high human labour input
while IL.CA’s technology reduces the 1labour requirement
substantially.

Farmers’ traditional knowlecdge is a valuable resource
and body of knowledge that mast be used by researchers in
problem identification as well as in planning improvement
strategies. "Rural people‘s knowledge and modern scientific
knowledge are complementary in their strength and weakness.
Combined, the two may achieve what neither could do alone',
(Chambers, quoted by Stroud, 1985).
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Discussant's Comments On Session Two
G.A.S Mitti

Msekera Research Station, Chipata, Zambia

Review of Zambian Findings

Beans, a 1long established and important source of protein for
many people in Zambla, are grown widely in the central, northern
and eastern reglions. In the high rainfall areas of north and
north- western Zambla, two Crops per season are grown, the first
as an Intercrop with maize, the second as a role crop.

Intensive research on beans started only in 1982 wlith the
establishment of the Graln Legume Research Team. Previously,
some work had been done on pest resistance of bean materlals.
The new team initially concentrated on testing and selection of
adaptable genotypes; breeding 1is only now starting. Little
research has been done on fertility aspects,

The farming systems team In the Eastern Province of Zambla
recently carried out two trials to address bean nutrient
requirements, Results from three seasons of a legume/maize
rotation experiment indicate that a crop of beans, soybean or
groundnut provides beneflt equivalent to approximately 30 kg N
applled to a subsequent malze crop (Table 1). The contribution
from beans was hlgher than expected. Inadequate laboratory
facilitlies precluded soll tests.

Table 1. Residual effect of previous lequme crop as measured by

mean ylelds of unfertilized and topdressed malze on the
station (kg/ha)

Crop Preceding Maize (unfertilized or topdressed with

60 kg N/ha)
Year Malze Groundnut Soybean Bean
-N +N -N +N ~N +N -N +N

I 1087 3613 2076 4458 2099 4800 3545 4820
11 2850 6140 5540 7660 4324 6980 5220 6950
Mean 1964 681717 3808 6059 3212 5890 4383 5920
(2yrs)
Notes: 1. LSD (P=0.05) for maln treatments = 1282 kg/ha

2. Main treatments (legume spp) CV = 25%

3. Subtreatments (malze fertillzer) CvV= 16%

Source: Graln Lequme Research Team Annual Reports
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Also relevant here.are the results from a bean exploratory
trial (Table 2). The experiment was carried out across several

farms and three seasons. The new variety, carioca, improved bean
yleld by 60%.

il

Table 2. Bean ylelds from a three-year exploratory on-farm trial
to evaluate the effects of variety, fertiliza*ion and
seed dressing (kg/ha)

Treatment 1983/84 1984/85 1985/86 - Mean

Local varlety, farmer

management 225 293 319 279

Carloca with farmer

management 320 517 515 450

.Carloca + fertilizer +

seed dressing ) 691 740 915 781

L3D (P=0.05) 186 175 166

CV (%) 38 36 26

Notes: Fertlllzer treatment = 100 ¥g/ha compound formula
20:10:10:5

Seed dressing = endosulfan for beanfly

Source: Adaptive Research Planning Team Annual Reports

However, with fertilizer and insecticide for beanfly
control, carioca increased yleld by 74%. This cost/benefit
ration of 1:5.3, higher than for most crops including hybrid
malze (1:5.1) grown in the same area, suggests a dramatic
response to fertllizatlion.

The two trials appear to give conflicting trends. In one’
case there were Indicatlons of residual N, in the other, beans
needed additional N. This difference may be explained by
fertility levels at trial sites., The residual N trial on station
was located on land not cropped for 20 years, whereas the onfarm
trials were superlimposed on farmers' fields in an area dominated
by sandy soils without fallow periods (farmers use better flelds
for maize, the staple Crop). Thils ewphasises the need For onfarm
trials to assess technology under farmers' circumstances. Where
farmers grow beans In marglnal land, researchers should test
potential technologies on such land. Although beans can fix N,
this may not be possible under stress: nutrient deficiency may
cause the crop to consume rather than to add N to the soll,
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Research methods for soil fertility diagnosis

The commonest methods are soil testing and plant analysis.
Facilities in Zambia are 1limited (until recently only one
laboratory), and such analyses have generally been less important
than nutrient deficiency symptoms as fertility indicators.
Although it is difficult to be precise for certain crops,
symptoms can be dramatic (e.g groundunt "pops" or empty shells
can indicate soil acidity).

One may question the utility of present soil testing
procedures for fertility assessment on small farms under
conditions of limited laboratory capacity, as fields vary greatly
with management. As a supplementary (rather than alternative)

method, field studies should be done on farms. Depending on
resources a fairly large number of farms, each with replications
{2/3), should be considered. Cropping and management history,

productivity, and nutrient responses should be compared to
laboratory soil tests. An objective should be the development of
recommendation ranges for common crop management styles of
farmers. This approach to diagnosis may be more likely to
realize the high returns that are possible from fertilizing beans
on poor soils, to the eventual economic benefit of all crops in
the system.
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Summary of Discussion on Diagnosis of Fertility Constraints

Rapporteur: J. Kavuma

Suggestions made on field diagnosis included the following
points:

- since farmers make decisions and allocate resources on their
system rather than on the needs of individual crops, researchers
need to do the same, and discussions in farmers' fields &are an
important part of this process;

- rotations should be documented, and the place of the bean crop
within the rotation should be noted;

- farmers’ fertilization practices should be noted carefully, as
applications made to cereals may have residual effects upon other
crops in the system;

- the purpose for which beans (or another crop) is being grown
needs to be undecrstood - soil fertility recommendations may be
different for a cash crop than for a subsistence crop;

- crop residues may be recycled, e.g. through the 1livestock
subsystem in much of Ethiopia;

- soil chemists, agronomists, economists and others often seen
not to be working sufficiently closely together: e.g. care is
needed in advocating crop residue management, since crop
protectionists often discourage its use on grounds of pest carry-
over;

Procedures for on-farm experimentation as a diagnostic tool
can be controversial. It can be prohibitively expensive, although
there are techniques that minimize the costs. Relatively simple
trials carried out on many farms help to identify priorities for
represcntative (rather than research station) situations, but may
be 1less wuseful for identifying large numbers of factors. Few
attempls have been made to correlate nutrient status with bean
yields because of the belief that beans do not generally respond
to fertilizers - this belief needs to be re-examined,
particularly in view of reported (but poorly quantified)
responsecs to nitrogen in Africa. A soil's capacity for fixing P
may nced to be determined,

If high levels of Al are detected in topsoil, subsoil
concentration of exchangeable Al needs to be determined in order
to diagucse possible restrictive effect on root growth. Where
laktoratory facilities for analyzing Al are poor, a potassium
chloride ¢xtract should be prepared and Al determined by
titration.
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A review of micronutrient studies on beans in Africa would
be useful, Plant tissue analysis also warrants further
investigation as a diagnostic tool, while soil fertility
classification in Africa is yet to be practical.
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Adaptation of Beans to Infertile Soils

Jonathan Lynch and Melvyn Piha
Bean nutrition specialist, CIAT, Cali, Colombia and Dept. of
Soil Sci. and Ag. Eng, University of Zimbabue

Introduction

Soil infertility is an important constraint in nany African

bean production systems. Phaseolus vulgaris is coasidered to
be less well adapted to adverse soil conditions than are
other grain legumes such as cowpeas. As a consequence, a
number of options should be considered. Significant inputs
are required to improve soil fertility. Low yields must be
anticipated. Alternative grain lequmes with better inherent

adaptation to infertile soils such as cowpeas, groundnuts,
pPigeonpeas, and 1lima beans should be grown in infertile
soils, Bean genotypes with improved adaptation to infertile
soils must be developed. This is the best long-term approach
for improving bean production on marg:nal soils. In this
paper we discuss some general considerations relative to the
development of bean genotypes with improved adaptation to
infertile soils.

Bean Nutrient Requirements

In addition to the standard nutrient requirements of higher
plants, beans display the following particular character-
istics:

1. N fixation, which entails reduced soil N recuirements
but may increase the requirement for P, Ca, Mo and Co,
which are required in significant amounts for nodulation
and fixation.

2. High Ca requirement, perhaps due to the cell wall
composition of the bean plant.

3. Relatively low resistance to ion toxicity, including Na,
Cl, Al and heavy metals. This may reflect inherent
adaptation to alluvial soil hablitats.

4, High soil P levels are required for maximum growth.
5. Rapid growth, necessitating rapid nutrient acquisition.

These factors do not favourably predispose the bean
plant to cultivation in highly leached, acid soils common to
many regions of the humid tropics. The poor inherent
adaptation of beans to infertile soils represents both a
challenge to breeding efforts and a potential for significant
yield payoffs to genetic improvement.
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Probable Nutrient Limitations to African Bean Production

At present, it is difficult to quantitatively evaluate the
extent and significance of nutrient constraints to African
bean production. We suggest that the first step in
developing improved genotypes should be a diagnostic effort

directed towards defining the soil constraints. This
information can then be used to develop plant ideotypes with
the appropriate suite of traits. A diagnostic effort might

include the generation of an African bean production map that
could be interfaced with soil data, edaphic characterization
of benchmark sites, collation of existing data from national
and international agencies and replicated field trials at
diverse locations with a standard set of genotypes.

It is commonly assumed by many nonspecialists that soils
are too variable and soil constraints too site-specific to be
addressed in a centralized fashion. We suggest that this is
a misconception based upon incomplete definition and
characterization of soil constraints. A trait conferring
resistance to high 1levels of soil Al should be advantageous
in any soil having this problem. If a given soil has high Mn
levels in addition to high 1levels of Al, then the Al
resistance trait alone may not be sufficient to dramatically
improve plant performance. However, we should certainly not
abandon Al resistance traits simply because they do not also
confer Mn resistance. Although any given site may have a
distinct combination of soil stress factors, each of those
factors in isolation may be ameliorated by physiological

mechanisms effective in any soil environment. This is
analogous with the biological stress of insect pests and
diseases. Each bean field has a unique combination of

potential and actual insect and disease problems because of
the availability of inoculum, association with other crops,
management factors etc. However, each unique complex of
biological stresses; can be broken down into component parts
of specific insects and pathogens (even *specific races of
pathogens) that are more universally distributed and are
vulnerable to more universal breeding solutions. There is no
reason to believe soil stress factors are any different, with
the possible exception that soil stress factors are often
more difficult to identify than insect and disease
organisms. Proper definition of soil constraints . is
therefore an essential step in developing bean genotypes
adapted to infertile soils in Africa.

Despite the need for more precise definition of soil

constraints, some generalizations are possible. In large
parts of Africa, Oxisols (Ferralsols) and Ultisols (Acrisols,
Dystric Nitosols) predominate. In general these soils are

leached, acidic, have 1low nutrient contents and nutrient
retention capacity and bear the risk of Al toxicity and P
fixation. Some Andepts (Andosols) are also present; these
also are prone to P fixation. Probable nutrient constraints
in these soils are as follows:
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1. Low availability of polyhydroxy anions, namely

phosphate, surfate and molybdate. Molybdate is a
micronutrient that can be economically supplied as a
foliar or soil amendment., Sulfate could be a

significant constraint in some scils but relatively
little 1is known concerning its relation to bean
production.

2. Low availability of Ca, especially in the subsoil. This
is confounded by Al toxicity and low pH

3. Al toxicity.
4. Mn toxicity.

It is possible that nutrient constraints are 1less severe
in other African bean production regions. Although N
availability may be low in many soils, beans are capable of
significant N fixation, and it is therefore unclear if N
availability per ge is a primary limitation at present 1levels
of production.

Nitrogen Fixation Limitations of Bean

Assessment of Nitrogen Fixation Capacity

Nitrogen is the element most commonly limiting in crop
production. Correction of nitrogen deficiency by addition of
chemical fertilizers is usually the most expensive fertilizer
input in annual cropping systems. Grain legumes are adapted
to 1low fertilizer input systems because they obtain nitrogen
via biological nitrogen fixation (BNF), thus avoiding
high-cost nitrogen applications.

Beans have a reputation for poor nitrogen fixation.
High-yield production systems usually _ apply nitrogen
fertilizers to beans because the response makes this more
profitable than relying on BNF. This is not the case with
other grain 1legumes (e.g. cowpea, groundnuts, soybeans),
which are most profitably produced via nitrogen fixation.
For low-yield systems the poor fixation by beans may be
masked by other limiting factors.

The reason for poor BNF by P. vulgaris must be
understood if beans are to be promoted for low input
systems. There are numerous wWays of assessing BNF, but the
method used will influence our assessment of nitrogen
fixation capacity. Ultimately, a good nitrogen-fixer is a
plant which can be produced more profitably via BNF than by
using chemical nitrogen. All other methods for assessing
nitrogen fixation have their place, but for grain legumes,
comparison with nitrogen-fertilized controls is agronomically
most meaningful.
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The total quantity of nitrogen fixed by a grain legume
is considered less useful as this will depend on the nitrogen
status or the soil. Likewise, a short-season cultivar cannot
fix as much nitrogen as a long-season cultivar because it is
simply not capable of producing as much biomass. Methods
such as acetylene reduction and ureide analysis can be useful
but may not be agronomically meaningful.

Relative yield of BNF plants compared with optimally
nitrogen-fertilized plants (RY) gives most information about
the effect of stress on nitrogen fixation. Consider for
example, the effect of 1low soil phosphorus on nitrogen
fixation by beans. Total N fixed and acetylene reduction
both indicate that BNF is reduced if soil phosphorus is
limiting. On the basis of such a result, one may conclude
that the cause of low productivity on P-deficient soils is
some aspect of the bean Rhizobium symbiosis being sensitive
to low P. One may recommend that addition of P fertilizer,
or selection of 1low P tolerant strains would increase BNF,
thus making it most profitable for the farmer to grow beans

using BNF. If, however, yield or total N accumulation is
conpared with N-fertilized controls, a different inter-
pretation emerges. For example, for a deficient soil, yield

may be 500 kg/ha when dependant on BNF compared with
1000kg/ha when using nitrogen fertilizer. If phosphorus is
sufficient, yields may be 1000 kg/ha when dependent on BNF
compared with 2000 kg/ha when using nitrogen fertilizer.

Such data would suggest that it is the host plant which is
sensitive to low P phosphorus and not the symbiosis. In such
a case addition of P fertilizer has no effect on the relative
performance on BNF plants versus chemically-fertilized

plant. In such a case bean production might be more
profitable if we applied fertilizer N, regardless of soil
constraints.

Consider, on the other hand, the effect of high soil
temperature on BNF by beans. A measure of the quantity of
nitrogen fixed and acetylene reduction both suggest the
symbiosis is advercely affected by high soil temperature.
One may recommend lowering of soil temperature or selection
of heat tolerant strains, as a means of making production via
BHF more desirable. If relative yield or N-accumulation is
compared with N-fertilized controls, this conclusion is
supported. For example, a high temperature soil yield may 