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Abstract

An incubation-experiment was conducted to assess the influence of combining Minjingu phosphate
rock (MPR) with Gliricidia (GLC) sepium leaves and maize stover (MS) on MPR dissolution and
availability of the dissolved P in Magadu and Kilosa soils. The two soils have been classified as Oxic
Haplustult and Ultic Haplustalf, respectively. Treatments tested were: an absolute control (ABS), and
addition of either MPR, MPR+GLC, MPR+GLC+MS, TSP, TSP+GLC, GLC, GLC+ MS. The rate of
application of MPR and TSP was 40 mg Pkg”' while the rate of biomass application was 1 gkg”'. All
samples were incubated for 42 days but sub-samples were withdrawn from each treatment periodically
Jor determination of NaOH- and Bray I-P. In addition, a P adsorption study was conducted to
determine the P adsortion parameters of the two soils. The results indicated that at 42 days of
incubation 75% of the applied. MPR had dissolved in' Magadu soil while 50% of the MPR had
dissolved in Kilosa soil. Addition of plant biomass did not improve the dissolution of MPR in both
soils. The amount of MPR dissolved in Magadu soil was comparable to that released by TSP. However
in Kilosa soil, on average the amount of P dissolved from MPR was much less by 54% than that Jfrom
TSP. On the other hand, Bray I- P from the MPR treatments was comparable in Magadu and Kilosa
soils despite the large difference in the extent of MPR dissolution in the two soils. Addition of organic
materials caused slight increases in Bray 1-P in both TSP and MPR treatments in the two soils. The
level of Bray 1-P fiom the TSP treatments was on average 50% higher in Kilosa soil than in Magadu
soil. This was attributed to higher P fixation in Magadu soil than in Kilosa soil. It was concluded that
soil factors especially pH and P adsorption capacity had big influences on MPR dissolution and
availability of the released P. However co-application of MPR and organic materials did not enhance
dissolution of MPR but tended to increase available P.
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Introduction . Menon, 1995; Khasawneh and Doll, 1978).
Phosphate rocks release P upon dissolution.
Several factors are known to influence PR
dissolution and availability of the released P. The
main. factors are soil pH, exchangeable acidity,
exchangeable Ca, soluble P level, P fixing capacity
and organic matter content. In agroforestry
systems, the enhancement in biomass production
could increase soil organic matter- content and
production of organic acids which may enhance

hosphorus is one of the constraints to food

production and prevails in highly weathered
tropical African soils due to low native phosphorus
and high fixation by iron and aluminium (Warren,
1992). The deficiency is aggravated by nutrient
mining through continuous cropping without
proper P fertilisation in such soils. -
Phosphate rock (PR) has received attention as a
low-cost P fertiliser' for acid soils (Chien and
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PR dissolution in soils. Currently, there is limited
information on the ‘influence of biomass from
agroforestry plants on the dissolution- of PR.
Incorporation of plant biomass in combination
with PR might be appropriate in areas where
FYM, labour and skllls of compostmg are limited
or notavailable.

In this study, biomass from Gliricidia
sepium leaves, maize stover or both were
combined with Minjingu phosphate rock (MPR)
to determine their effects on MPR dissolution and
availability of the released P. Gliricidia, maize

stover and MPR are all locally available in’

Tanzania. While MPR is mined from a deposit
located near Arusha, Gliricidia sepium is a
multipurpose leguminous tree commonly: used in
tropical -farming systems (Garrity and Mercado,
1994).

The general objective of this study was to
determine the influence of combining MPR with
plant biomass on MPR dissolution and
availability of phosphate ‘from the phosphate
rock. Specific objectives were: to assess the
‘extent of dissolution” of MPR in two soils with
-contrasting properties; to determine the influence
of combining MPR with Gliricidia leaves or maize
stover on MPR dissolution and availability of
phosphate from the PR; to determine the influence
of a mixture of maize stover and Gliricidia leaves

on MPR dissolution and. availability of phosphate

from PR; to assess whether mixing plant biomass

with MPR could enhance the solubility of the -

latter in a soil of relatively high pH and to
compare the effects of: the treatments on P
availability in the two test soils.

Materials and Methods’

Soils, plant materials and fertilizers
Magadu soil classified as an Oxic Haplustult
(Kaaya et al., 1994) while Kilosa soil sampled
from Ilonga Agricultural Research Institute Farm
in Kilosa District and classified as Ultic Haplustalf
(Szilas, 2002) were selected for the study. The two
soils had been under natural fallow for the past ten
years or more and differed widely in soil pH. The
pH values of Magadu and Kilosa soils were 4.9
and 6.2, respectlvely A composite top soil sample
was collected from each site, air-dried, ground and
sieved through a 2 mm sieve. The samples were
used for an incubation expenment and for routine
analysis.

Two sources of organic materials, namely
Gliricidia sepium leaves and maize stover were
evaluated in the study. Mature Gliricidia leaves
were collected, dried on plastic mesh and stored in
clean nylon bags while maize stover was collected
from harvested fields, chopped into small pieces of

+ about 2 cm and stored to-await incorporation.

Minjingu phosphate rock (12.9% P) ground
to <0.15 mm and TSP (20.2% P) were used as
sources of P-while the source of N was sulphate of
ammonia (SA) containing 21% N

Routine soil analysis

Particle size distribution was determmed by the
hydrometer method (Gee and Bauder, 1986). Soil
pH was determined in 1:2.5 soil: water
suspensions using 'a pH meter (MacLean, 1982a).
Organic carbon was determined by the Walkley
and’ Black method " (Nelson and Sommer, 1982).
Total N' was determined by macro-Kjedahl
digestion-distillation ~method  (Bremner and
Mulvaney, 1982). Cation exchange capac1ty was
determined according to Rhodes (1982) method.
Exchangeable Ca, Mg and K and Na in the
ammonium acetate leachates were analysed by
atomic  absorption ' and flame photometry,

respectively. Citrate-dithionite extractable Fe and

Al oxides ‘were determined according to the
method  described by Holmgren (1967).
Exchangeable Al was extracted by 1M KCl and

" ‘determined by titration with NaOH (MacLean,

1982b). Bray 1 (Bray and Kurtz, 1945) and NaOH
(Syers and Mackay; 1986) extractants were used to
extract P from the samples. The NaOH extractant
was used to estimate the amount of P that has

'dissolved from the P sources at any sampling

period. Extracted P by both methods was

determined colorimetrically using .the a‘scorb'ic,
acid-molybdate blue method (Murphy and Rlley,'
\

1962). |

Analysis of plant n&aterials

Leaf samples were dlgested using the method of
Okalebo et al. (1993) and total N, P and K in the
digests were determined using respective
procedures for each element as described above
for soil analysis. Organic“ carbon in plant materials
was determined by the Walkley and Black method
(Nelson and Sommer, 1982).

~



P adsorption study o
Phosphorus adsorption study was conducted
following the procedure outlined by Fox and
Kamprath (1970) and Fox et gl. (1971). Data from
this study were fitted to the Langmuir equation
(Barrow, 1978) and the adsorption maxima (m)
and bonding energies (k) of the two soils were
calculated using the linear form of the equation.

Incubation study

In this study 500 g of soil sieved through a 2 mm
sieve was weighed into each 500 ml plastic
container and different materials were mixed with
the potted soils to constitute the treatments listed
below. The materials wused were triple
superphosphate (TSP), Minjingu phosphate rock
(MPR), Gliricidia leaves (GLC) and maize stover
(MS). Maize stovers were ground to pass through
2mm sieve while GLC leaves were crushed by
hand to about the same size as that of MS. The
treatments used in the incubation experiment
following complete randomized block design were
as follows: absolute control; TSP (40 mg P/kg
soil); MPR (40 mg P/kg soil); GLC (1 g/ kg soil);
MS (1 g/kg soil) and GLC + TSP (40 mg P from
TSP /kg soil, 1 g GLC /kg soil). Other treatments
were GLC + MPR (40 mg P from MPR /kg soil,
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GLC =1 g/kg soil); GLC + MS (GLC + MS = 1
g/kg soil) and MPR + GLC + MS (40 mg P from
MER /kg soil, GLC + MS = 1 g/kg soil). The GLC
and MS were mixed in the ratio of 1:1 in
treatments 8 and 9. )

A low rate of biomass addition was chosen
based on the findings of ICRAF (1996) that a
combination of this rate of Tithonia diversifolia
biomass with MPR gave high maize yields in
Western Kenya. In addition such quantities of"
biomass can easily be obtained in most farms and
are less laborious in handling. The potted and
treated soils were incubated at about 25°C and
maintained at approximately field capacity for 42
days. Samples of the incubated soils were
withdrawn at 0, 3, 7, 14, 28 and 42 days of
incubation for determination of Brayl- and NaOH-
P.

Results and Discussion

Properties of experimental soils,
organic materials and Minjingu PR
Selected physical and chemical characteristics of
Magadu and Kilosa soils are shown in Table 1.
Different properties of the two soils were ranked
according to criteria reported by Landon (1990).
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Table 1: Selected physical and chemical characteristics of Magadu and Kilosa soils

' ] Soil
Pﬁrame’tef . ‘ Magadu | ] . Kilosa
pH in water (1:2.5) . : 6.2
pH inKCI (1:2.5) C L4500 . 59
Organic carbon (%) - - 0120 S 1.9
Total N (%) 007 0.1
Exch. acidity (cmol (+) k&™) - 0.85 . 005
Exch. AF* (cmol (+) kg™") 10.50 T 0.00
Exch. H(cmol (+) kg™) ' 0.35 . s 0.05
CEC (cmol (+) kg™!) 8.40 o 13.2
Base saturation (%) ' 44.76 97.2
Exch. bases (cmol (+) kg™) ' '

Ca* 1.77 9.52

Mg”* ' 1.43 2.89

K" 0.51 . 0.28

Na' 0.05 . : T 014

Bray 1 P (mgPkg') 6.50 , 7.50
DTPA zinc (mg Znkg') 1.04 1.35-

Free Fe,0; (%) 7.70 420

ALO; (%) 0.13 0.05
Particle sizes:-

Sand (%) 35.00 44.0

Silt (%) 8.20 17.2

Clay (%) 56.80 38.8
Textural classes Clay Sandy clay

Organic materials than maize stover (114:1) implying that GLC

_Selected chemical properties of the two sources of ~ Would decompose {aster than MS (Handayanto et
'biomass tested in the study are presented in Table @/, 1994). ‘
2. Gliricidia had a narrower C/N ratio (12.4:1) l

7

Table 2: Selected chemical properties of plant materials used in the study

’

Units Yo ’ Ratios
Parameter oC N P K C/N ‘] crp
GLC 45 3.63 0.11 1.6 124 ! 409:1
MS 48 0.42 0.15 1.0 114.3 306:1

GLC = Gliricidia leaves, MS= Maiza stover
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Phosphate rock

Minjingu PR contained 2.4% P-while the calcium oxide content was 46. 4% (Table 3). These values
compare well with those of the most reactive North Carohna PR (Kumar et al., 1993) suggestmg that
MPR may behave similarly.

Table 3: Chemical composition of Minjingu phosphate rock (MPR)

P

Parameter Total NAC' Ca0 MgO Na,0O K,O MnO SiO, ALO; Fe,O; LOI
Soluble

Content 129 24 464 34 084 14 004 104 23 1.0 870
(%) :

" TNeutral ammonium citrate, LOI= loss on 1gn1t10n (Source: Harris, 1981)

Table 4: Adsorption parar'nefe_rs for Maga‘du and Kilosa soils as estimated from linear form of the
Langmuir _equation

Adsorption Bonding energy
maxima (m) (k)

Soil type  Regression equation (mgPg-1) (L. mg-1) Correlation coefficient(r)

Magadu Y=10.0009+0.0019X 500 2.1 0.99

Kilosa Y=0.0018+0.0032X 300 1.8 0.90

P adsorption study ~—Magadu

The results of the adsorption studies for the two Balle

soils are presented in Table 4 and Fig. 1. The 390

results show that the P adsorption maximum for g 30

Magadu soil was about twice that for Kilosa soil. 2 20

The high P adsorption capacity of Magadu soil was 2 200

attributed to its higher contents of oxides of Fe and ;E; 150

Al than in Kilosa soil (see Table 1). Kaaya (1989) & 100

had also reported high quantities of kaolinite, 2 5

oxides and hydroxides of Fe and Al in' Magadu o 0 e g ey

soil. The P adsorption maximum obtained for ¢ 05 1 15 2 25 3 35

Magadu soil in the present study is comparable to R ) "

that reported by Mackenzie e al. (1997). Fin cquiibrum soluton (maf)
Figure 1: Phosphorus adsorption isotherms for

Magadu and Kilosa Seils

Changes in NaOH-P as affected by
organic materials

Figure 2 shows that the NaOH-P values
associated with application of GLC, MS and
GLC+MS in Magadu soil were generally similar
and low. This observation was probably due to
similarity in P contént of GLC and MS. Figure 3



NaOH P (mgkg-1 soil)

72 L.H. Babili and J.M.R. Semoka

shows changes in NaOH-P as affected by organic
materials .in Kilosa soil. All the NaOH-P values
were below 20 mgkg. As explained above, the
three materials had similar effects with regard to

P improvement.

—-GLC -®-GLC+MS

20
315
n
o,
3510
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T
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Figure 2: Effect of incorporation GLC, MS or
GLC + MS in Magadu soil on NaOHP

-G C-GC+MS—4~MS

Time (days)

Figure 3: Effect of adding GLC, MS or GL.C +
MS into Kilosa soil on NaOH P

Changes in NaOH-P as affected by
different treatments

- Figures'4 and 5 show'the effects of MPR or TSP

alone and.in combination with .organic materials
on ANaOH-P in Magadu and Kilosa soils,

respectively. The data ‘in Figure 4 indicate that
ANaOH-P ‘in MPR and TSP treatments were
comparable averaging 30 mg P kg™'. This indicated
that up to 75% of applied MPR was dissolved in
Magadu soil which had low pH. Similar findings
were reported by Mwakisimba (1999)- who
observed ANaOH-P levels in Magadu soil ranging
from 77.6% to 82.5% between 28 and 70 days of
incubation. These results are encouraging since
they indicate a high potential of MPR to supply P
in Magadu soil and in other soils with similar
properties. The ANaOH-P data in Kilosa soil were
generally higher in TSP treatments than in MPR
treatments. This indicated that solubility of MPR
was less than that of TSP in Kilosa soil that was
relatively less acidic than Magadu soil. Co-
application of organic materials with either TSP or
MPR did not increase NaOH-P in Magadu soil but
decreased MPR dissolution in Kilosa soil. This
was attributed to increase in Ca supply in the soil
system obtained from the decomposition of added
biomass which in turn depressed MPR dissolution.
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Figure 4: Effect ';of incorporating MPR, and
TSP separately or in combination with GLC,
MS or GLC + MS into Magadu soil on NaOH-P
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Figure 5: Effects of incorporating MPR, and
TSP separately or in combination
with GL.C, MS or GLC + MS into
Kilosa soil on change in NaOH-P

Comparison of MPR dissolution in Magadu and
Kilosa soils (Figure 6) shows that ANaOH- P was
greater in Magadu soil than Kilosa soil. On
average between 75 — 90% of the applied P was
recovered as NaOH-P in Magadu soil while in
Kilosa soil the recovery was about .50% of the
applied P. This means that dissolution of MPR
was higher in the strongly acid Magadu soil than
in the slightly acid Kilosa soil.

Hammond ef al. (1986) and Khasawneh
and Doll (1978) reported similar results.

4~ Magady < Kilosa
45-
404
.
P
g
@ 304
>
5
E
a D1
I
Q15
1]
z
104
s{
0 v ' Y v v
0 10 ) ') 40 50

Tire (dag)

Figure 6: Comparison of effects of incorporating MPR
at a rate of 40 mg P/kg to Magadu and Kilosa
soils on NaOH-P .
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Changes in Bray 1-P as affected by

application of organic materials
Changés in Bray 1- P as affected by
incorporation of organic materials alone are
shown in Figures 7 and 8. Figure 7 shows that
Bray 1-P was higher in soil samples treated with
GLC than in soil samples mixed with GLC+MS
and MS. Incorporation of organic materials in
Kilosa soil gave the same trend of Bray 1-P
(Figure 8) except that Bray 1-P levels were
higher in Kilosa soil than in Magadu soil. The
higher Bray 1-P in the GLC treatment was
probably due a greater extent of decomposition of
the added Gliricidia leaves relative to maize
stover. This might have resulted from two
positive effects of Gliricidia biomass addition.
Firstly it might have released some organic P into
inorganic forms and secondly it might have
generated organic anions’ which reduced P
fixation in the soil. The higher Bray 1-P levels in
Kilosa soil than in Magadu soil were probably
due to the lower P fixation capacity of Kilosa soil
relative to Magadu soil. Due.-to differences in P
fixation capacities. of the two soils, the organic
anions released were more effective in reducing P
fixation in the former soil than in the latter.

=G C-AC+MB=dMB

Bray 1 P (makg-1 soil)

Figure 7: Effects of incorporating GLC, MS or
GLC + MS into Magadu soil on
changes in Bray 1-P
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Figure 8: Effects of incorporating GLC, MS
or GLC +MS into Kilosa soil on
changes in Bray 1-P

Changes in Bray 1- P as affected by

different treatments

Figure 9 gives the changes in Bray 1-P over a
period of 42 days as a result of MPR or TSP
applied alone or in combination with organic
materials in Magadu soil. Generally, Figure 9
indicates a decrease in Bray [-P in TSP
treatments from a maximum value of 28.3 mg P
/kg at the beginning of the incubation to about
7mg P /kg at the 7" day of incubation. Thereafter
Brayl-P remained more or less constant until the
end of incubation at 42 days. This trend indicates
a rather rapid fixation of soluble P released from
TSP. In the MPR treatments, Bray 1-P increased
from about 3 mg P /kg to about 7 mg P /kg
during the first seven days of incubation and
remained at this level for the rest of the
incubation period.

== MR-~ MR+AC=~ MR+GCHE=H=TP==TP+GC

Brav 1 P (m/ka-1s0il}

Tire(chs)

Figure 9: Effects of incorporating MPR and
TSP Separately or in combination
with GLC, MS or GLC + MS into
Magadu soil on changes in Bray 1-P

Combining MPR with organic materials slightly
increased Bray 1-P in Magadu soil at 28 and 42-
days of incubation. The improvement in Bray 1-P
was probably due to a decrease in P sorption of the
soil as reported by Nziguheba er al. (1998).
However, there was no corresponding positive
effects on Bray 1-P in TSP treatments leading to
the possibility that by the time organic anions from
organic material were released most of the fixation
of P from TSP had already taken place as indicated
by a sharp decrease in labile P during the first
week of incubation. Between the 7" - and 42™ -
day of incubation Bray 1-P values in TSP and
MPR treatments were comparable indicating that
the availability of P from both TSP and MPR in
Magadu soil was comparable. The data further
indicate that a high proportion of soluble P’ was
fixed during the mcubatmn period irrespective of
the P source.

Figure .10 \shows the effect. of
incorporating MPR and TSP separately or in
combinations with orgamc materials on ABray 1-
P in Kilosa soil. The data indicate that ABray 1-P
in MPR treatments increased slightly during the
first 7 days of incubation but remained more or
less constant at a value of about 7.5 mg P/kg
thereafter. In the TSP treatments on the other
hand, ABray 1-P decreased sharply during the
first 7days of incubation, followed by a gradual



decrease to a value- of about 19 mg P/kg.
Combining either P source with organic materials
did not change the Bray 1-P levels during the
incubation period. The fact that MPR treatments
had lower levels of Bray 1-P throughout the
incubation period than TSP treatments was
attributed to low dissolution of MPR in this soil,
which had relatively high pH (pHyz0=6.2). On
the other hand, the ability to maintain relatively
high Bray 1-P in the TSP treatments indicates
that this soil has relatively low P fixation
" capacity as demonstrated by results of the P
adsorption experiment.

=t NR==MTR + @ C=tr= MR+ QC+M5=H=TP—8=TP +GC

Bray 1 P (mgkg-1 soil)
ca 3 BRBRSE L

Figure 10: Effects of incorporating MPR and P
separately or in combination with
GLC, S r GLC + MS into Kilosa soil
on changes in Bray 1-P

Figure 11 gives comparisons between Bray |-P
levels from MPR and TSP treatments in Magadu
and Kilosa soils over the whole incubation period.
The trends for the changes in Bray 1-P from the
MPR treatments in the two soils were comparable
with an equilibrium value of about 7.5 mg P/kg.
Since there was higher MPR dissolution in
Magadu soil than in Kilosa soil (Figure 6), the
comparable ABray 1- P values indicate higher P
fixation in Magadu soil than in Kilosa soil. The
results indicate that the relative effectiveness of
MPR in different soils will depend on a balance
between the extent of dissolution and the extent of
fixation of the dissolved P. These results suggest
that m terms of MPR utilization comparable
results may be obtained in the two soils despite
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large differences in their characteristics. With TSP
as the P source, a higher ABray 1-P was
maintained in Kilosa soil than in Magadu soil
again because of higher P fixation in the latter soil.
This may result in better P efficiency in Kilosa soil
and a higher residual effect than in Magadu
soil.

——NMPRMagadu =B=TSP-Magadu =ir=MPR-Kilosa =M=TSP-Kilosa

359

304

Bray 1 P (mgkg-1 soil)

Time (cays)

Figure 11: Effects of incorporating MPR or
TSP at a rate of 40 mg P/kg into
Magadu and Kilosa soils on changes
in Bray 1-P

Conclusions and Recommendations
Reflecting on the findings of this study, it is
concluded that, MPR dissolution in the strongly
acid Magadu soil was comparable to TSP
solubility but dissolution of MPR in the slightly
acid Kilosa soil was much less than the solubility
of TSP. However the levels of available P from
MPR in the two soils were comparable because of
higher P fixation in Magadu soil than in Kilosa
soil. Application of a low rate of organic materials
(equivalent to 1.8 tons/ha) in combination with
either TSP or MPR had little effect on NaOH-P
but slightly increased the level of available P from
both sources.

Furthermore, two recommendations are
put forward: First, MPR should be used in
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strongly acid soils .such as Magadu but
application rates of the material should take into
consideration the P fixation capacities of soils
being used. Second, the role of organic materials
in influencing P availability should be further
evaluated in combination with moderate to high
rates of organic materials.

References

Barrow, N.J. 1978. The description of phosphate
adsorption curves. Journal of Soil Science
29:447-467.

Bray, R.H. and Kurtz, L.T. 1945. Determination of
total organic and available forms of
phosphorus in soils. Soil Science 59:39-45.

Bremner, J.M. and Mulvaney, C.S. 1982. Total
nitrogen. In: Methods of Soil Analysis Part
2. Agronomy Monograph No.9. (Edited by
Page A.L, Miller, R.H. and Keeney, P.R.).
American Society of Agronomy Inc.,
Madison, Wisc. pp 149-157.

Chien, S.H. and Menon, R.J. 1995. Factors
affecting agronomic effectiveness of
phosphate rock for direct application.
Fertiliser Research 41:227-234.

Fox, R.L. and Kamprath, N.J. 1970. Phosphate
sorption for evaluating the phosphate
requirement of soils. Soil Science Society of
America Proceedings 34:902-907.

Fox, R.L., Nishimoto, R.K., Thompson, J.R., Dela
Pena, R.S. 1971. Comparative external
phosphorus requirements of plants growing
in tropical soils. [0th International
Congress of Soil Transactions. Moscow,

" Russia. '

Garrity, D.P. and Mercado, AR. Jr. 1994.
" Nitrogen fixation capacity in the component
species of contour hedge-rows: how
important? Agroforestry Systems 27:241-

258.

Gee, G.W. and Bauder, J.W. 1986, Particle size
analysis. In: Methods of Soil Analysis. Part
1. Agronomy Monograph No. 9. (Edited by
Klute, A.). Soil Science Society of
America, Madison, Wisconsin. pp 383-412.

N

Hammond, L.L., Chien, SH. and Mokwunye,
A.U. 1986. Agronomic value of. acidulated
phosphate- rocks indigenous to the tropics.
Advances in Agronomy 40:98-140.

Handayanto, E., Cadisch, G. and Giller, K.E.
1994. Nitrogen release from prunings of
legume. hedge-row trees in relation to
quahty of the prunings and incubation
method. Plant and Soil 160:237-248.

Holmgren, G.G.S. 1967. A rapid citrate-dithionite
extractable iron procedure. Soil Science
Society of American Proceedlngs 31:210-
211

ICRAF. 1996. Biomass transfer and integrated use
of phosphorus fertilizer. pp. 136-139. In:
ICRAF Annual Report 1996. ICRAF,
Nairobi.

Kaaya, A. (1989) Soil survey and land suitability
evaluation of central part of Sokoine
University of Agriculture farm, Morogoro.
M.Sc. Dissertation, Sokoine University of
Agriculture, Morogoro.

Kaaya, A.K., Msanya, BM. and Mrema, J.P.
1994. —Soils and land evaluation of part of
the Sokoine University of Agriculture
farm (Tanzania) for some crops under
rainfed  conditions.  African  Study
Monographs 15(2):97-117.

Khasawneh, F.R and Doll, D.E. 1978. The use of
phosphate rock for direct application to
" soils. Advances. in Agronomy 30:159-204.

Kumar, V., Gilkes, R.J. and Bolland, M. D A.
1993 Fonns of phosphate in soﬂs fertilized
with rock phosphate and superphosphate as

_measured | by chemical fractionation.
Austrahan!Journal of Soil Research 31:465-
480. \

Landon JR. 1990 Booker Tropical soil manual:
A handbook for soil survey and
agrlcultural land evaluation in the tropics
and subtropics. pp. 474.

MacKenzie, A.F., Mnkeni, P.N.S., Semoka,
JM.R., Msanya, B.M., Kaaya, A.K. 1997.

Phosphortus status and availability in some
«/ :



benchmark soils of Morogoro district.
Development of soil fertility research
capability and soil sampling protocols for
benchmark soils in Tanzania. Appendix IL
Canadian  International =~ Development
Agency. Project no. 02836 S27297.

MacLean, E.O. 1982a. Soil pH and ‘lime
requirement. pp. 199-224. In : Methods of
Soil Analysis, Part 2. Agronomy Series No.
9. (Edited by Page A.L., Miller, R.H. and
Keeney, D.R.). American Society of
Agronomy. Madison, Wisc.

MacLean, E.O. 1982b. Aluminium. pp. 221-223.
In: Method of Soil Analysis, Part 2.
Agronomy Series No. 9 (Edited by Page
AL, Miller, RH. and Keeney, D.R)).
American Society of  Agronomy.
Madison, Wisc.

Murphy, J. and Riley J.P. 1962. A modified single
solution method for determination of
phosphate in natural water. Analytical
Chimica 27:31-36.

Mwakisimba, J. 1999. Influence of soil properties
on the dissolution of Minjingu phosphate
rock. Unpublished MSc. Dissertation.
Sokoine  Univerisity of Agriculture,
Morogoro, Tanzania.

Nelson, D.W. and Sommers L. W. 1982. Organic
carbon. In: Methods of Soil Analysis. Part
2. Agronomy Monograph No. 9. (Edited
by Page, A.L. Miller R.H. and Keeney

Effects of Combining Minjingu Phosphate Rock 77

D.R.). American Society of Agronomy.
Wisconsin. Pp. 403 - 430.

Nziguheba, G., Palm, C.A., Buresh, RJ. and
Smithson, P.C. 1998. Soil phosphorus
fraction and adsorption as affected by

organic and inorganic sources. Plant and
Soil 198:159-168.

Okalebo, J.R., Gathua, K.W. and Woomer, P.L.
1993. Laboratory Methods of Soil Analysis.
A Working Manual. KARI, Nairobi.

Rhoades, J.D. 1982. Cation exchange capacity. Pp.
149-165. In: Methods of Soil Analysis, Part
2. Agronomy Monograph No. 9. (Edited by
Page, A.L. Miller R.H. and Keeney D.R.).
American Society of Agronomy. Madison,
Wisc.
Szilas, C. 2002. The Tanzanian Minjingu
phosphate rock: possibilities and limitation
for direct application. Ph. D. Thesis.
Chemistry Department, Royal Veterinary
and Agricultural University, Copenhagen,
Denmark.

Syers, J.K. and Mackay, A.D. 1986. Reactions of
Sechura phosphate rock and single
superphosphate in soil. Soil Science Society
of America Journal 50:480-485.

Warren, G., 1992. Fertiliser phosphorus sorption
and residual value in tropical African soils.
NRI Bulletin 37. Natural Resource Institute,
Chatham, England.





