¥y ¥ ¥y

Anais da Academia Brasileira de Ciéncias
ISSN: 0001-3765

aabc@abc.org.br

Academia Brasileira de Ciéncias

Brasil

Jama, Bashir; Van Straaten, Peter
Potential of East African phosphate rock deposits in integrated nutrient management strategies
Anais da Academia Brasileira de Ciéncias, vol. 78, nim. 4, dezembro, 2006, pp. 781-790
Academia Brasileira de Ciéncias
Rio de Janeiro, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=32778412

How to cite e

Complete issue - .
P Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative

More information about this article


http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/articulo.oa?id=32778412
http://www.redalyc.org/comocitar.oa?id=32778412
http://www.redalyc.org/fasciculo.oa?id=327&numero=7144
http://www.redalyc.org/articulo.oa?id=32778412
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org

(Annals of the Brazilian Academy of Sciences)
ISSN 0001-3765
www.scielo.br/aabc

7 @SR\ Anais da Academia Brasileira de Ciéncias (2006) 78(4): 781-790

Potential of East African phosphate rock deposits in integrated
nutrient management strategies

BASHIR JAMA! and PETER VAN STRAATENZ

1world Agroforestry Centre (ICRAF), PO Box 30677, Nairobi, Kenya
2Department of Land Resource Science, University of Guelph, Guelph, ON, CanadaN1G 2W1

Manuscript received on September 29, 2005; accepted for publication on March 13, 2006;
presented by OTHON H. LEONARDOS

ABSTRACT

Phosphorus deficiency affects around 80% of the acid soils of western Kenya, but fertilizer useislimited due
to high prices. This paper exploresthe potential of local phosphate rocks (PR) asaremedy within the context
on an integrated soil fertility management approach. A promising phosphate rock is Minjingu PR (MPR,
Tanzania), a sedimentary/biogenic deposit which contains about 13% total P and 3% neutral ammonium
citrate (NAC) soluble P. On-farm trials in P-deficient soils in western Kenya demonstrate MPR to be as
effective as triple superphosphate (TSP, 20% P) at equal P rates. The benefits are most pronounced with
the integration of agroforestry technologies that improve soil fertility. Besides Minjingu PR, Busumbu PR
from Uganda (BPR) is potentially another source of P. It is typical of the abundant but unreactive igneous
PRs in eastern, central and southern Africa. Agronomic performance of BPR is poorer, though its lower
cost and location near to P-deficient areasin western Kenyamake it attractive in some situations. The policy
implications of these findings are discussed further in the paper.

Key words: fertilizers, maize, improved falows, Tithonia, East Africa.

INTRODUCTION

Soil fertility depletion in smallholder farms is
the major biophysical root cause for the declining
per-capita food production in most of sub-Saharan
Africa (Sanchez et a. 1997). Thisis attributed to
inputs of nutrients not exceeding losses, especialy
with harvested products. One such area is west-
ern Kenya, where phosphorus losses of 3-13 kg ha't
yr! over several decades have led to maize yields
of <1.0t ha' (Sanchez et al. 1997). Meanwhile,
population growth coupled with reduction in farm
sizes has resulted in less land available for food
production. This situation poses a serious threat
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E-mail: pvanstra@uoguelph.ca

to food security throughout eastern and southern
Africa

Although P deficiency is widespread in East
Africa, it is most severe in the densely populated
highlands of western Kenya. Responses of maize
to P are significant even at rates as low as 10 kg
P ha' (Jamaet al. 1997) indicating the importance
of adding P to crops in this area with good rainfall
(1600 to 1800 mm). Severa studies indicate that
about 80% of the smallholder land used for maize
production is deficient in available soil P. Once P
deficiency is overcome through P inputs, N limits
maize growth in nearly all cases. After P and N
deficiencies are overcome, K limits maize growth
in about 25% of the area.
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Options for P inputs are organic materias,
mineral P fertilizers or phosphate rocks (PR). Ma-
nure is the most common organic fertilizer in west-
ern Kenya, but the mgjority of farmersin the area
owns no livestock and therefore has no source of
manure (Shepherd and Soule 1998). Phosphorus
content of organic materials (e.g. leaves of trees
and shrubs, farmyard manure) are generaly low
and do not provide enough P for annual crops
(Pam et a. 1997). Soluble P fertilizers remain
prohibitively expensive for most smallholder farm-
ers, for instance, over 500 US dollars per tonne
compared to 120-150 US dollars in the global mar-
kets. So attention has focused on regionally avail-
able phosphate rocks (PRs).

There are PR deposits in East Africa, which
have a proven capacity to aleviate phosphorus
deficiency. The prevailing soil conditions are aso
attractive to the use of PR. The direct use of PR
generally requires P-deficient acidic soils with pH
less than 5.5 (Sanchez 1976, Rajan et a. 1996).
This is the case for most soils in western Kenya.
The soils, mostly Eutrudox and Kandiudalfs, also
accumulate considerable amounts of nitrate nitro-
gen at depth (0.5 to 2.0 m) (Hartemink et al. 1996)
and the utilization of this N through cropping
systems involving woody perennials can enhance
the use efficiency and economic benefits of the
P applied.

This paper highlights the potential use of PR
as source of P for cropsin P-deficient soilsin East
Africa. Also highlighted, using research results
from western Kenya, are the benefits derived from
integrating P sources with organic sources of nutri-
entsin soils with multiple nutrient deficiencies.

PHOSPHATE TYPES AND ROCK USE

The use of indigenous PR has recently received
tremendous interest as an alternative to mineral P
fertilizersthat are nearly al imported, highly priced
and often unavailable to smallholder farmers when
needed. Somebenefitsof PR over mineral fertilizers
in the region include:

a) cheaper source of P for crops and, therefore,
saves scarce foreign exchange earnings for
countries of the region,

b) become an export commodity to nearby coun-
tries, thereby strengthening national econom-
ies and regional trade linkages and;

¢) generate employment opportunities.

There are anumber of PR deposits of variable
reactivity in East Africa (van Kauwenbergh 1991,
van Straaten 2002). They, however, differ greatly in
their P composition and suitability as sources of P
for P-deficient soils such asthosein western Kenya.
According to van Straaten (2002), the most promis-
ing PR sources are Minjingu in northern Tanzania
and Busumbu and Sukulu in eastern Uganda.

A number of studies have highlighted the
suitability of Minjingu PR as P source for crops
in P-deficient soils (Buresh et al. 1997). For ex-
ample, Bromfield et al. (1981) reported a relative
agronomic effectiveness (RAE) of 75% for Min-
jingu PR in the five seasons following application
to maize in western Kenya. Relative agronomic
effectiveness is defined as yield increase with PR
relative to that with TSP expressed as a percent-
age. For correct determination of RAE, P should
be the only nutrient limiting crop yield. Based on
results of 559 comparisons of rock and fertilizer at
equal levels of added P, Woomer et a. (1997) ob-
served higher maize yield increases with Minjingu
PR than with some other PRsfound in Africa. They
concluded that strong potentials exist to further de-
velop the Minjingu PR and that the immediate tar-
get should be western Kenya, where farmers culti-
vate highly weathered, P-deficient soils.

Minjingu PR is a biogenic type sedimentary
deposit (van Straaten 2002), which is believed to
have been formed when Lake Manyara was an ex-
tensive akaline lake and the current Minjingu Hill
was an isand. The deposit is thought to have re-
sulted from the deaths of the large numbers of cor-
morants (Phalacrocorax kuehnensis) that used to
roost on the island. The Minjingu deposit was dis-



ROCK PHOSPHATES IN INTEGRATED NUTRIENT MANAGEMENT 783

covered in 1956 but PR production commenced
only in 1983. There are two types of the Minjingu
PR: ‘soft” phosphate ore estimated to be 3.3 million
tonnes and ‘hard’ ore of about 4.8 million tonnes.
An unpublished report by the International Fertil-
izer Development Center (IFDC, unpublished data),
however, indicates lower reserve figures of close
0.6 million tonnes exploitable soft phosphate ore
and higher figures of 10 million tonnes for the hard
phosphate ore. Current and previous production has
concentrated on the soft ore. The soft ore is pro-
cessed by dry beneficiation, by crushing, screening
and bagging of the dried product. The concentrated
final product contains about 12.5% P, with aneutral
ammonium citric (NAC) solubility of about 5.6%.
Presently, limited operations are going on at the
mine. The mine and beneficiation plant has been
privatized and there is a sales outlet in Nairobi/
Kenya of Minjingu PR that can supply large or
small orders from the Minjingu Phosphate Com-
pany (Paul Mwaluko, personal communication,
June 2005).

With the exception of the Minjingu PR
deposit, most of the other PR deposits of eastern
and southern Africa are weathered carbonatite de-
posits of igneous origin and of generally low sol-
ubility, and often with substantial Fe and Al oxide
contents. Typical of such deposits is Busumbu PR
in eastern Uganda. The Busumbu phosphate de-
posit occursin alarge, 26 million year old alkaline
ring complex (Davies 1947, Baldock 1969, E. Katto,
unpublished data). This deposit, 2,000 m long and
400 m wide, is made up of a deeply weathered
carbonatite. Twotypesof PR arefound at Busumbu:
hard rock, 12-13.3% P, and soft rock, 7.9-9.9% P.
The soft rock constitutes nearly 90% of the esti-
mated total deposit of about 8.5 million tonnes of
ore (E. Katto, unpublished data, van Straaten 2002).
The soft ore contains impurities, particularly mag-
netite, which can be removed with relatively sim-
ple techniques to produce a concentrate containing
13% P. The original composition of the carbonatite
consists of a calcite-magnetite phlogopite apatite
assemblage.

The Busumbu deposit was mined between
1945 and 1963 for direct application PR and to
supply raw materials for P-fertilizer production in
Kenya. The NAC solubility of the Busumbu PR as
reported by van Kauwenberg (1991) is with 2.3%
relatively low.

Phosphate rocks with low reactivity can be
processed in different ways to improve RAE. One
such method is blending with soluble P fertilizer
such astriple superphosphate (TSP) or monoammo-
nium phosphate (MAP) to increase its reactivity.
The method of blending and compaction with PR
with water-soluble P fertilizer, such as TSP has
been described and tested by Chien et al. (1987,
1996) and van Straaten and Fernandes (1995). One
of the problems encountered with the Busumbu
soft ore is the high amount of Fe-oxides. But large
amounts of Fe-oxide impurities, particularly mag-
netite, can be removed through magnetic separa-
tion using inexpensive small-scale operations. This
simple processing results in a Busumbu PR con-
centrate of 13% P which can then be blended with
mineral fertilizers (e.g. TSP) to increase its reac-
tivity. Through the hydrolysis of TSP, the blend
provides an initial quick dose of P and a sustained
sow release of P as the acid produced by the
hydrolysis process slowly reacts with the PR (van
Straaten and Fernandes1995, van Straaten 2002).
The technology of compaction and pelletization
has low capital and energy requirements and can
be carried out in module units of various scales.
Busumbu PR concentrate and a blend made from
it have been tested with mixed resultsin researcher-
managed field trials in western Kenya (Smithson et
al. 2003, S.O. Ngoze, unpublished data). From ex-
periments carried out by Chien et al. (1996) it was
speculated that the small amount of water soluble P
in the blend (from the TSP) acts as starter dose that
will stimulate early root growth.

Busumbu PR is of lesser reactivity than Min-
jingu PR but the close proximity to western Kenya
(< than 20 km away) compared with Minjingu
(>820 km away) makes it attractive. There are
other known natural PR deposits in East Africa
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(van Straaten 2002) but they are not as reactive as
either Minjingu PR, and none of them is currently
mined.

PHOSPHATE ROCK STUDIES IN WESTERN KENYA

ICRAF, in collaboration with Kenya Agricultu-
ra Research Institute (KARI), Kenya Forestry Re-
search Institute (KEFRI) and Tropical Soil Biology
and Fertility (TSBF) Programme of CIAT, began
work with Minjingu PR in western Kenyain 1996.
Maize (Zea mays) was used as test crop. Maize
is the staple food crop of the people in this area.
However, its low yield is not sufficient to feed the
large number of peoplein the area, with households
typically consisting of 5-7 people (Swinkels et al.
1997). As a conseguence, there has been consid-
erable migration of people to cities and farms el se-
whereto seek off-farm employment that can supple-
ment their food and other needs.

The first nutrient replenishment study com-
pared Minjingu PR with TSP at annual applications
of 50 kg P ha! and a large one-time application of
250 kg P hal. The two P rates represent two dif-
ferent strategies of phosphorus application —alarge
one-time application (250 kg P hat) that is expected
to provide a strong residual effect for at least five
years, and annual applications of 50 kg P ha! ap-
plied to the rainy season maize crop. Potassium
was blanket applied to all treatments at 60 kg hal.
Nitrogen was applied annually at the recommended
rate of 60 kg ha* for maize in the area through ei-
ther urea or foliar biomass of Tithonia diversifolia,
ashrub common in hedges and roadsides in western
Kenya. TheN rateof 60 kg ha! isthe recommended
rate for maize in area. Maize yield responses to N
application beyond thisrate are usually small, prob-
ably because of the inherently high organic matter
(3.0t0 3.3%) of the soilsin many areas. Rapid min-
eralization of soil organic matter under the humid
and hot conditions of the area can often supply N
sufficient for at least 1.0 t dry matter hal maize
grainyield.

Tithonia foliage has high concentrations of N,

P and K and decomposes very rapidly in the soil
(Jama et al. 2000). A soil fertility enhancement
study was conducted for 10 seasons at three sites,
where the soils are classified as Kandiudalfic Eutru-
dox (Soil Taxonomy) or Ferralsol (FAO-UNESCO),
with a pH of 5.1 with clay content of 30 to 35%
in the topsoil (0-15 cm layer). These sitesare fairly
representative of the soils and rainfall conditions
of the western Kenya highlands neighboring Lake
Victoria.

The annual maize yield from the five maize
cropping seasons (long-rains season) in the five
years, averaged over three sites, indicated compa-
rable response for the two P sources, i.e. TSP and
Minjingu PR. Maize yield increased dramatically
with the application of P at either 50 or 250 kg ha'*
(Fig. 1). It is interesting to note the comparable
yields of the MPR and TSP P sources and rates,
and higher than the no-P situation by 3-4 t ha®.
Without P but urea as N source, maize grain yield
averaged only 1.0 t ha'. Such low maize grain
yields are typicd in this area, which has highly
P deficient soils (Sanchez et al. 1997).

The RAE of Minjingu PR from this study av-
eraged 83% with Tithonia and 96% with urea as
N source. In another multi-location study, RAE
of Minjingu PR averaged only 70% in the first
year in 26 P responsive sites in western Kenya (M.
Lijzenga, unpublished data). In a long-term tria
with maize on an acid, P-deficient soil in western
Kenya, the RAE in the first season after P applica-
tion averaged 74% at 50 kg P ha' and 80% at
250 kg P ha' (ICRAF 1998). These high RAEs
suggest that Minjingu PR could be used as a subs-
titute for TSP,

Also notable from Fig. 1 is the increase of
yield from 1.0 to 2.1 t ha with Tithonia alone as
compared with urea with no P addition. Doubling
or tripling of maize yields with Tithonia biomass
applied at about 2 t dry matter har* without min-
eral fertilizers have been recorded in many trias
conducted on-farm in western Kenya (Nyasimi et
a. 1997). Tithonia adds some P to the soil (about
6-7 kg ha' with 2 t dry matter ha® Tithonia |eaf
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Maize grain yield (t ha )
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P sources and P rates

@ Urea m Tithonia

Fig. 1 —Maize responses to phosphorus and Tithonia applications in western Kenya. Average of 3 on-farm experiments summed over
5 cropping seasons (‘long rains’). The green foliar biomass of Tithonia diversifolia was incorporated into the soil at the beginning of
the long-rains at the rate of 1.8t dry matter ha'l to provide 60 kg N hal, 6 kg P ha'l and 60 kg K ha'l. Triple superphosphate (TSP)
and Minjingu phosphate rock (PR) were added at a recapitalization rate of 250 kg Phal (250) or annually at 50 kg Pha® (50). Blanket
potassium application of 60 kg K/hawas added to each crop. Source: Bashir Jama (unpublished data).
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Fig. 2 — Effect of Tithonia green foliage as a source of N and K for maize compared with inorganic fertilizer when P is supplied to
both at N, P and K deficient soil on six seasons average maize grain yield. Nitrogen and Potassium were applied at the rate of 60 kg
ha'l and P at 50 kg ha® in the first of the two seasons of each year (Source: Bashir Jama, unpublished data).
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biomass). Responses of maize to P are known to
be significant in this area even at rates as low as
10 kg P ha! (Jama et al. 1997). Thisis not suf-
ficient to produce the high maize yield associated
with the application of Tithonia.

Although the processes associated with the
high grain yields with Tithonia are not al fully un-
derstood, it could be partitioned into the direct ef-
fects of nutrients added and other indirect effects
that enhance crop performance. This is demon-
strated by the maize grain yield (Fig. 2) of atria
with Tithonia green foliage as a source of N and
K for maize compared with inorganic fertilizers.
Phosphorus was supplied to both N sources in this
trial conducted at asite deficient in all the three ma-
jor nutrients. Nitrogen and potassium were applied
at the rate of 60 kg ha! and P at 50 kg ha! in the
first of the two seasons of each year.

As shown in Fig. 2, the application of urea
alone produced maize grain yield of only 0.5t hat
but it produced about three times that yield (1.5t
hal) with the addition of P. The addition of K
further increased maize yield from 1.5t0 4.2 t ha!
(an increase of 180%). Similar maize yields (4.5t
ha') were obtained with Tithonia + P aone (no
added N and K), suggesting that Tithonia could ad-
equately meet both the N and K needs of the crop.
Compared with N+P+K mineral fertilizer, Tithonia
+ Pincreased maize yield by 0.3t ha’ (an increase
of 7%) and by 0.7 t ha! (an increase of 14%) with
Tithonia + P + K. These increases are what we re-
fer to asthe ‘other’ benefits of Tithonia beyond the
direct supply of N, Pand K.

Assuming K deficiency was overcame with
the addition of 60 kg K ha?, the ‘other’ benefits
associated with the application could probably be
due to: (1) the provision of micronutrients that
may be limiting in the soil, (2) reduction of the soil
P-fixing capacity and, therefore, increased P avail-
ability (Nziguheba et a. 1997), (3) release of nutri-
ents from Tithonia is better synchronized with crop
demand and, (4) transforming unavailable mineral
P into available forms. No data are available so far
on either micronutrient deficiencies of the soils or

the ability of Tithonia biomass to overcomeit.

Besides the supply of nutrients, organic inputs
may aso enhance PR solubility. Direct enhance-
ment of Minjingu PR solubility was demonstrated
by Ikerraet a. (1994) with compost- and manure-
amended soil in Tanzania. Such an effect would,
indeed, be desirable for low soluble Busumbu PR.

With respect to the agronomic performance of
Busumbu PR, Smithson et a. (2003) examined its
agronomic effects on maize yield (Table 1) com-
pared to MPR, TSP and the blend of BR with TSP
(90:10 by weight) at 26 P-deficient on-farm sitesin
western Kenya. Notwithstanding the high variabil -
ity in maize yields, there was a significant response
to added P as BPR (p = 0.001, average increase
= 1.32 t hal). Triple superphosphate and MPR
were not significantly different, but both were sig-
nificantly different from BPR. The BPR: TSP blend
was significantly different from no-P control, but
was not different from BPR alone. Though unex-
pected, mixed results with Busumbu blends are a
common observation.

TABLE I
Mean maize grain yields for various P treatments

in western Kenya during the 2000 long rains
season at 26 farms.

Maize grainyield (t ha'l)
Mean | Min Max
Control (No P) 268 | 0.03 6.22
MPR 518 | 0.62 7.69

Treatment

BPR 400 | 082 | 766
BPRTSP(90:10) | 411 | 114 | 612
TSP 583 | 242 | 772
LSD (0.05) 0.85

ECONOMICS OF PHOSPHATE ROCK USE

The choice between soluble P fertilizers and PR
as asource of P for crops depends on relative agro-
nomic effectiveness (RAE) and cost. Minjingu PR
is the only deposit in eastern Africa with sufficient
quantity and reactivity with potential for direct
application. Although far from western Kenya
(820 km away), the use of Minjingu PR is likely
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to be more economical than TSP in western Kenya.
The estimated retail price at Maseno in western
Kenya in December 1996 ranged from US$ 1.3 to
1.8 kg P compared with about 2.36 US$ kg™ P of
TSP (Buresh et a. 1997). Minjingu PR on a unit
P basis was, therefore, 55 to 76% of the cost of
TSP. This estimate should, however, be interpreted
with caution as it was based on limited amount of
PR acquired for on-farm research by farmersin a
pilot project. It could become even cheaper if the
PR was mined and delivered to western Kenyaon a
large scale.

The economics works out favorable for Min-
jingu PR with its estimated 55 to 76% relative
cost compared with TSP and approximately 70 to
75% RAE on acid soilsin western Kenya. The one-
time large application of 250 kg ha? is perceived
asacorrective measurefor severely P-deficient soils
asopposed to agradual build-up of phosphorus cap-
ital through annual applications of small amounts.
However, logistic costs, credit schemes and soil
properties will be the main factors to determine
source and rate to use. So far, there is limited in-
formation on the economic benefits of MPR appli-
cation under farmers' conditions. For TSP, prelim-
inary assessments indicate that its high cost makes
economic returnsto either land or labor unattractive
a present (Bashir Jama, unpublished data).

DISSEMINATION TO FARMERS

Based on the encouraging agronomic results and
costs of Minjingu PR in western Kenya, extension
activities have been focused on training farmers to
adapt and adopt the integrated technology of Min-
jingu PR application and organic sources of nutri-
ent. This combination was effective in sites with
multiple nutrient deficiencies as the organics pri-
marily overcame N and K deficiencies while the
PR met the P needs. Because of their low tissue
P concentration, the organics cannot meet the P re-
quirements of the crops unless applied at high
rates, which is unfeasible and uneconomical.

The major organic sources of nutrients avail-

able to farmers were: (1) Tithonia leaf biomass
from hedges on farms and (2) short-duration im-
proved fallows with fast-growing species such as
Sesbania sesban, Crotolaria grahamiana and Te-
phrosia vogelii. Tithonia diversifolia is targeted
mainly for biomass transfer while the other woody
perennials are for improved fallows. These species
are relay-cropped with maize 4 to 5 weeks after
maize is sown. Relay cropping minimizes nega-
tive effects of the woody perennials on crops while
allowing the woody perennials to benefit from fer-
tilizer and weeding provided to the crops. The prac-
tice also permits the growth of the woody perenni-
als to be extended for two instead of one season.
When the crop is harvested at the end of the first
season (July-August), the woody perennials are | eft
to grow during the second season until they are cut
in February-March and the cropping cycle repeated.

Once the woody perennials are cut, wood is
removed and the leaf and small twigs are left
on the field and incorporated into the soil during
land preparation. Such a fallow can provide 90 to
120 kg N ha'* depending on rainfall during the fal-
low period. The source of thisN could be N found
accumulating in the subsoil of the soils of the study
area (Hartemink et al. 1996), N, biologicaly fixed
from the atmosphere and N mineralized from the
soil organic matter. The levels of nutrients pro-
vided through the foliage of the woody perennials
in improved fallow systems is usualy sufficient to
produce 3 to 4 tonnes of maize per hectare under
farmers' management conditions (Fig. 3). In this
sample case of 83 farmers, the yields increased
considerably more where farmers supplemented
the fallows with P application, even with amounts
as small as 20-30 kg as demonstrated in Fig. 3.
Inorganic nitrogen inputs would, however, be re-
quired for higher yields and/or if the fallow bio-
mass is used instead for livestock feed. With Min-
jingu PR aone, maize yield remained low and was
similar to farmers’ own practice with manure appli-
cations because of N limitations.

Inorganic fertilizers or intercropping with ni-
trogen fixing species will also be required to sus-
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Maize grain yield (tons/ha)

Control RP

4.1

IF IF +RP

Treatments (RP = Rock phosphate, IF = Improved fallow)

Fig. 3—Effect of improved fallows and Minjingu phosphate rock on maize grain yield under a case study of
83 farmers in western Kenya (Source: Bashir Jama, unpublished data).

tain Tithonia biomass production since Tithonia is
not a legume that can biologically fix atmospheric
N». To determine the sustainability of nutrient sup-
ply through Tithonia biomass transfer, one has to
consider the possibility that Tithonia planted on the
boundaries of the farms and contour bands could
act as a trap for nutrients moving down the slope
with water and soil or intercropping with N-fixing
species. This would minimize the need for exter-
nal inputs to sustain biomass production of Titho-
nia, which would also cycle back to the farm nu-
trients that would otherwise have been lost. What
is required, therefore, is an understanding of nutri-
ent acquisition mechanism by Tithonia and redis-
tribution of nutrients within the landscape through
transfer of Tirhonia biomass. Long-term studies or
farm nutrient budgets may also help determine the
sustainability of Tithonia-use systems.

Thousands of farmers are currently testing and
adapting improved fallows, many with integration
of Minjingu PR whereit isavailable, TSP and other
minerals fertilizers, and with Tithonia and impro-
ved fallows. Farmers are extremely pleased with
theresults, astheir crop yields have increased many
folds as is evident from Fig. 3. Farmers are aso
testing these technologies on many crops — maize,

beans and vegetables such as kale (Brassica olera-
ceae) and tomato. Tithonia biomass transfer can be
labor intensive but its useis attractive to farmers on
such crops as kale that are higher-valued than maize
(ICRAF 1998).

CONCLUSIONS

Phosphorus deficiency limits crop productions in
several areas of East Africa, notably in the densely
populated highlands of western Kenya. Inthisarea,
options to replenish soil P include the use of Min-
jingu PR from northern Tanzania. This sedimen-
tary PR with 70 to 75% RAE is suitable for direct
application in the P deficient acidic soils of west-
ern Kenya and is estimated to cost about 24 to 45%
lessthan P from TSP. This makes the use of thisPR
a near substitute for commercially available solu-
ble P fertilizers. In addition to Minjingu, Busumbu
PR from eastern Uganda is also under evaluation
athough this PR is not as soluble as Minjingu PR
and does, therefore, require some modification, e.g.
blending with soluble P sources.

The soils in many areas of western Kenya
have multiple nutrient deficiencies, which need to
be corrected in order to obtain meaningful crop
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yields. The best strategy to correct these deficien-
ciesistheintegration of organic sources of nutrients
with inorganic P sources (PR or soluble P fertil-
izers). Promising organic sources of nutrients are
transfer of Tithonia green foliage from hedges on
farm boundaries to cropped fields and improved
falows with fast-growing woody perennia and
shrubs such as Sesbania sesban, Crotalaria gra-
hamiana and Tephrosia vogelii. These and many
other organics can provide some P to crops but not
at adequate levels and at economic rates of appli-
cation because of their low tissue P concentration.
These added organic materials can, however, pro-
vide sufficient N and K for moderate crop yields
(for example, 3to 4 t ha® maize grain yields) be-
cause of their higher N and K concentrations com-
pared with P.

Farmers in western Kenya are excited about
this approach of integrating organic and inorganic
fertilizers to improve and manage the fertility of
their soils. One of the reasons for the excitement
is that they don’'t have to purchase the organics —
they can obtain or grow them on their farms. Asa
consequence, a large number of farmers are now
using and testing the integrated organic and inor-
ganic fertilizer package on several crops — such as
maize, maize and beans intercropped and vegeta-
bles. They have aso put in place soil conservation
measures. What is required to make this package
more attractive and sustainable is a supportive pol-
icy environment that includes better rural infrastruc-
ture. Thisisnecessary for the supply of farm inputs
like Minjingu PR and mineral fertilizers at reason-
able costs and better marketing of farm produce.

RESUMO

A deficiéncia de fésforo afeta em torno de 80% dos so-
los &cidos do Quénia ocidental, mas o uso de fertilizantes
€ limitado devido aos pregos atos. Este artigo explora
0 potencia das rochas fosféticas locais (PR) como re-
generador da fertilidade dos solos dentro do contexto de
uma abordagem de gestdo integrada. Uma rocha fosfa
tica promissora é a Minjingu PR (MPR, Tanzénia), um

deposito sedimentar/biogénico que contém por volta de
13% total P e 3% citrato neutro de amdnia (NAC) P solU-
vel. Testes em fazendas agricolas com solos deficientes
em P no Quénia ocidental demonstram que a MPR é
t&o efetiva quanto o superfosfato triplo (TSP, 20% P) na
mesma proporgao de P. Os beneficios s8o mais pronun-
ciados com a integracdo das tecnologias agroflorestais
gue melhoram a fertilidade do solo. Da mesma forma
gue o Minjingu PR, Busumbu PR de Uganda (BPR) é
outra fonte potencial de P. E tipica do abundante, porém
nao-reativo complexo igneo PRs do leste, centro e sul da
Africa. A performance agrondmica de BPR ¢ inferior
ainda que tenha custo mais baixo e localizagcdo proxima
as areas deficientes de P no Quénia ocidental, tornando-
se mais atrativo em algumas situagdes. As implicagcdes
politicas dessas descobertas sdo discutidas mais adiante
neste artigo.

Palavras-chave: fertilizantes, milho, mellhorando ter-
ras em pousio, Tithonia, Africa Oriental.
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