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ABSTRACT
Experiments were conducted to assess the P status of

soilsselected of Dodoma district, andTanzania the
response of grapevine to P application. The experimental
sites Msalato-ManispaaMsalato and Veyula-A,were
Makutupora. The studies included (i) the initial fertility

experimental (ii)characterization of the soils an
incubation study and (iii)
MPR and TSP as sources of P.

Results from the characterization study showed that
fertility status decreased with increasing distance from
the tree trunk congruent to the location of the fertilizer
band.

found to increase steadily with time until equilibrium was
reached at about 45 days. At this time 52% of the applied
MPR, equivalent to 260 mg P/kg had dissolved. Soil samples
incubated with TSP at this time released 64% of soluble P.
Calcium and Phosphorus sinks were demonstrated as
important parameters which influenced P dissolution in the
test soils.

applicationboth TSP and MPRIn the field trial,
increased grape yield significantly over the control with
TSP giving higher yield than MPR. The relative agronomic
effectiveness (RAE) value for MPR averaged 67%,

a field trial which compared

In the incubation experiment, solubility of MPR was



suggesting that TSP had a higher fertilizer value. The
study further demonstrated that P rates above 168 kg P/ha
decreased grape yields at Veyula-Makutupora site while at
Msalato A and Msalato-Manispaa sites yields continued to
increase.

From these findings, it was concluded that:
P application was needed in orderin addition to N,(1)

tentative rate of 168 kg P/ha is recommended.

(2)
for TSP but assessment of residual effects should be
made before a definite recommendation can be made.
further research should be conducted to increase P(3)
use efficiency.

a promising substituteMinjingu PR was found to be

to optimize grape yield in Dodoma district and a
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CHAPTER ONE

INTRODUCTION

Phosphorus is balancedessential input foran
fertilization and often a major constraint to successful
crop production (Jaggi, 1986; Mokwunye et al., 1986) . It

major limiting nutrient in highly weathered soilsis a
such as Ultisols and Oxisols (Sanchez, 1976) .

Nitrogen (N), phosphorus (P) and potassium (K) are
specificcritical plant nutrients each of which has a

the growth and bearing capacity of the vine
(Pongracz, 1978) . Nitrogen is known to promote initiation
and differentiation of inflorenscence primordia in grape

Shivasankara, 1967) . Similar
effects have also been reported with P (Fleming, 1962;

1963) .(Archibald,Kobayashi, 1960) and K 1956; Larsen,
andpromotes the development ofSpecifically P grapes

setting of berries and neutralises the harmfulbetter
nitrogen dressingsexcessive andeffects of promotes

(Perold, 1927).better ripening of
Phosphorus also increases the phosphoric acid content of

which greatly favours alcoholic fermentation.the must,
Thus it raises the quality of the grapes and wine.

Grapes in Dodoma Capital City district occupy about

(Allewedt, 1964; Camp, 1964 ;

action on

the grapes and wood

1000 ha. The variety Makutupora local is the most widely
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planted due to its attractive size, moderate quality and
dependable performance. Grape is the number one cash crop
in the region. Soils in the area are characterised by low
organic matter, nitrogen, CEC and available P but adequate

(Magogolevels highal. , 1980) . haveK et Grapes a
nutrient demand but high yields withbe obtainedcan
adequate fertilization. Dasaradhi and Afzalunnissa (1977)
estimated that a ten tonne crop of grapes removes 30kg of

and 50kg of K2O per acre. The average yieldN,
in Dodoma region is about 2tonnes/ha howeverof grapes

8tonnes/ha have been reported theyields of attoup
and Training MakutuporaViticultural Research Centre,

(Detry, 1986; Unpublished report).
Fertilizer requirements of the vine in the study

experimentally.determinedbeenhave not yetarea

progress at the Viticultural Research and Training Centre­
fertilizer recommendationsdefiniteMakutupora, but no

The current recommendation is to
The amount of
In addition wenutrients supplied by manure is not known.

supply adequate nutrientsthat notsuspect maymanure
is interestthereespecially Further toP. more an

in reducealternative of effortsevaluate P tosource
costs of commercial fertilizers. Minjingu phosphate rock
has shown promising results with annual crops (Anderson,

2 0kg of P2O5

Elaborate fertilizer trials on grapes, however, are now in

have so far been made.
apply 2 0kg of kraal manure to each vine.
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planted due to its attractive size, moderate quality and
dependable performance. Grape is the number one cash crop
in the region. Soils in the area are characterised by low
organic matter, nitrogen, CEC and available P but adequate

levels (Magogo al. , highK 1980) . haveet Grapes a
nutrient demand but high yields withobtainedbecan
adequate fertilization. Dasaradhi and Afzalunnissa (1977)
estimated that a ten tonne crop of grapes removes 30kg of

20kg of P2O5 and 50kg of K2O per acre. The average yieldN,
of grapes in Dodoma region is about 2tonnes/ha however

8tonnes/ha have been reportedyields of up theto at
Viticultural and TrainingResearch MakutuporaCentre,
(Detry, 1986; Unpublished report).

Fertilizer requirements of the vine in the study
determined experimentally.have beennot yetarea

progress at the Viticultural Research and Training Centre-
definite fertilizer recommendationsbutMakutupora, no

The current recommendation is to
apply 20kg of kraal manure to each vine. The amount of
nutrients supplied by manure is not known. In addition we

may not supply adequate nutrientsthatsuspect manure
there is interestespecially FurtherP. tomore an

in effortsevaluate alternative reduceP to
costs of commercial fertilizers. Minjingu phosphate rock
has shown promising results with annual crops (Anderson,

Elaborate fertilizer trials on grapes, however, are now in

have so far been made.

source of
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not been testedet al. , 1992) but hasSemoka1970; on

the Viticulturalcomplement efforts ofThus tograpes.
ofin developmentTraining theandResearch Centre
theproduction,recommendations forfertilizer grape

followinginitiated with thestudiespresent were
obj ectives;

theoffertility statustheestablish(i) PTo
CityCapitalinvineyards Dodomaselected

district.

P applicationeffects ofTo determine the(ii) on
grape yield.

Minj inguofeffectivenessthe(iii) To compare
phosphate rock with triple superphosphate in
supplying P to grapevines.
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CHAPTER TWO

LITERATURE REVIEW

The direct application of PR as source of phosphorus
(P) in low pH soils has been widely reported as a possible
alternative expensive industrial phosphatetheto more
fertilizers ( Hammond, Fenster and Leon ,1977; 1978;
Khasawneh and Doll , 1978 Mnkeniet al.,
et al., 1991; Jaggi, 1986 ) . Numerous studies have been

influencingconducted factors thetheto assess
dissolution of phosphate rocks (Khasawneh and Doll , 1978

Marwaha and Kanwar , ; MacClellan and Lehr , 19691978
Robinson and Syers , 1991 ) .

affecting the effectiveness of PRs for direct application:
(i) Reactivity of PR.
(ii) Soil factors particularly pH , P and

Ca levels and
(iii) Plant factors .

Reactivity of PR2.1
Phosphate rocks vary widely in their reactivity and

subsequent agronomic value (Lehr and McClellan , 1972).
in the of rocksfound all threePhosphates typesare

namely Igneous, Metamorphic and Sedimentary, but in most

; Peaslee

; Robinson and Syers , 1990 ;

1962 ;

Generally they all established the following as factors



5
cases only sedimentary phosphates have proved beneficial
for direct application. Igneous and metamorphic rocks are
coarsely crystalline and do not possess internal surfaces

unreactive and nearly inert foras a
direct application (Khasawneh and 1978).Doll In

consolidated aggregates of microcrystals with relatively

in the apatite structure. Greater substitution results in
higher reactivity (Khasawneh and Doll, 1978

1981). Apparently, substitution of COKanwar,
decreases the crystal size (McClellan and Lehr, 1969) and
increases the specific surface of the apatite aggregates.

Soil factors affecting PR dissolution2.2

Soil pH2.2.1
(Peaslee et al., 1962; Fenster andSeveral Workers

Khasawneh and Doll, 1978Leon,
1950;) have indicated that agronomic effectiveness of PR
is higher in acid soils than in neutral or alkaline soils.
This occurs since as concentration of H+ ions increases,
the solubility of PR also increases.

a function of the degree of substitution of CO32'

; Marwaha and
for PO43’

for PO43’

; Joos and Black,

Further more, it has been demonstrated that reactivity is

contrast, sedimentary PRs consist of fairly open, loosely

large specific surface area making them more reactive.

result they are

1978 ;
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Soil calcium2.2.2
Soils rich in Ca ions or free CaCO3 have been found to

decrease PR solubility (Khasawneh and Doll, 1978). Low Ca
level that the soil additional capacityhas tomeans
adsorb Ca released during PR dissolution.
Robinson and Syers (1990) singled out a sink for Ca as the
most important factor influencing the dissolution of Gafsa
PR. Several workers (Graham, 1955; Chien, 1978; Khasawneh

1978; Wilson and Ellis,and Doll, 1984; Mackay et al.,
Robinson1986) quoted by (1990) haveand Syersas

that solution Ca concentration is an importantindicated
factor controlling the dissolution of PR in soils.

Soil phosphorus2.2.3
PR dissolutionsimilarly favoursA sink

(Khasawneh and Doll, 1978). As an effective fertilizer, PR
soils severely to moderatelythatis limited to are
but it has little or no value in soils ofdeficient in P,

medium to high P status (Amberger, 1978).

Plant factors affecting PR dissolution2.3
Fried Mckenzie,(Cook, andworkersSeveral 1935;

Khasawneh and Doll, 1978)1949; Murdock and Seay, 1955;
have demonstrated that crops vary greatly in their ability

for

for H2PO-4

to utilize P from PR. Generally, differences among crops
are thought to be related to their demand patterns
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both Ca and P, and the way these demand patterns for Ca
and P alter the composition of the soil solution at the
root-soil interface. The extent of the root system is also
important in P nutrition (Khasawneh and Copeland, 1973;

1973) . grouped(1953)
crops into two classes: those which were efficient users

swisschard, rape and cabbage and inefficient users of PR

Organic Matter* 14
effect of incorporating organic matterThe

dissolution of PR in the soil has been reported by many
Ikerra et al.,workers (eg. Mandal, 1973; Mathur, 1979;

Ultisol(1994) working withal.1994) . Ikerra et an
reported release of 58mg P per kg soil when Minjingu PR

soil whenwith kgcombined 74mg Pcompost; perwas
Minjingu PR was combined with farmyard manure and 45mg P
per kg soil when Minjingu PR was applied alone after 60
days of incubation. However,

In agreement withnot determined.
(1982)Chakraborty also reportedfinding,the above

P in all plots receivingincreased citrate extractable
Purulia PR in combination with farmyard manure (FYM). It

that aliphatic organicestablishedgenerally beenhas
carboxylic acids, amino acids, complexacids, phenols,

organic materials was

such as cotton, cowpeas and most cereals.

on the

Newman and Andrew,

of PR which included lupins, buckwheat, clover, mustard,

the P contribution of the

Roger et al.
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humic and fulvic acids and mineral acid ions are produced
during the decomposition of organic matter in composts.
These acids, together with the carbonic acids in the soil
resulting metabolic andfrom of plantwastes roots
microorganisms help (Jaggi,in the dissolution of PR
1986) . Alexander (1977) thatreported PR
solubilization is enhanced by the organic acids produced

soils.during the microbial decomposition processes in
(1952) reported that the addition of fresh,Dalton et al.

dried plant residues resulted in the release of Pmore
the decomposition of the freshas

residues.

Other factors affecting PR dissolution2.5
particle size, ofcomposition,Chemical rate

time of application and method of applicationaddition,
have been shown to influence the PR dissolution (Patnaik

1981; Mandal and Khan, 1982;1974; Marwaha et al.,et al.,
andand Doll,Khasawneh Datta, 1971;1978; Motsara

Khasawneh and Sample, 1978).

Particle size2.5.1
ofthe effecthave documentedworkersSeveral

particle size on the dissolution of PR (eg. Hammond, 1978;
among others).and Kamprath, 1975;Chien, 1978; Branes

(1978) reported increased maize dry matter yieldHammond

a result offrom PR,
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the size of ground North Carolina PR decreased fromas

Chien (1978), working with various PRs
also reported increased P availability with decreased size
of PR and increased reaction time. Similarly, Branes and
Kamprath (1975) , reported increased P availability with
increased fineness of grinding, but grinding to a fineness
of 0.15mm gave no further advantage.

Rate of application2.5.2
Khasawneh and Sample (1978), varying the application

rates of various PRs from 150 to 1800 mg per pot observed
increases in dry matter yield of

application increased.of Similar resultsrates were
reported by Marwaha et al. (1981) working with maize and

They observed that maize and wheat grain yieldswheat.
increased significantly with higher rates of Mussorie PR.

contradicting results were reported by MotsaraHowever,
(1971). These workers observed no increase inand Datta

the grain yield of rice as the rates of Mussorie PR were
increased from 35.0 to 104.8 kg per ha.

2.5.3 Time of application
Agronomic response to PR fertilizer has been shown

also to depend on the time of application. Patnaik et al.
applying Mussorie rice(1974), PR to testas a crop

observed increased grain yield as a result of advancing

0.15 to 0.075mm.

maize at six weeks as
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the time of application by 30 days. Marwaha et al. (1981),
working with Mussorie PR, also reported similar results.
Mandal and Khan (1972), attributed the beneficial effects

few days before sowing to the slow
but continuous solubilization of PR by soil solvents.

2.5.4 Methods of application
Deep PR fertilizer placement to the zone where finest

feeding-roots are
agri cu1tural importance. Ensminger al. (1967)et
reported higher yields where broadcasted andPR was
thoroughly mixed into the soil than when banded. Khasawneh
and Doll (1978), also advocated that PR placement should
ensure thorough mixing with the soil in the rooting zone.

Previous research work2.6
Varying degree of success have been obtained with PR,

and pot experiments, depending theboth in field on
(eg.prevailing conditions Hammond, and1978; Fenster

Peaslee al.,1978;1978;Leon, et
Mnkeni 1991). Miranda (1970) (asal. al.et1962; et

1978) tested three PRs usingquoted by Fenster and Leon,
corn and found them to give yield increases ranging from
37% to 71% of that obtained with ordinary superphosphate.
Fenster and Leon (1978) further quoted results of studies
carried out by North Carolina State University and Cornell

of PR application a

Khasawneh and Doll,

situated has been reported to be of
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University in Brazil from 1973-1975 comparing various PRs
and single superphosphate (SSP) on pastures. The PRs used

Gafsa from Morocco, North Carolina from USA (bothwere
rated to be of high reactivity) and Araxa from Brazil, a
PR of low reactivity. Initially the more reactive rocks
were as effective as SSP. The Brazilian PR was ineffective

rock increased and yield comparable to the other Pwas
(1976) showed Florida,Sanchez, that Gafsa,carriers.

Nc/Xih Carolina and Fosbayovar (Peru) PRs were comparable
to SSP in increasing yields of Panicum maximum.

goodRice in acid soils has also showngrown
responses to PR application. Jaggi (1986) quoted results
of experiments conducted on three acid soils from widely

Researchlocations reported Nuclearvarying by the
Laboratory of the Indian Agriculture Research Institute in

superphosphate in increasing paddy yield.better than
Ultisols theirtrials conducted andSimilarly, in on

intergrades in Bihar, PR gave slightly higher yields than
SSP for paddy, maize and groundnuts; comparable yields for

1979).(Mathur,gram and slightly lower yield for wheat
(1988) working with seven rock phosphate sourcesHardj ono,

observed them to be as effective as the standard phosphate
promoting oil palm growth and(TSP) in Pfertilizer

uptake.

which phosphate rock was found to be as effective as or

initially but after two years P availability from this
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Cassanova et al. (1993), evaluating various sources of

rock phosphate and basic slag on soil chemical properties
and growth of Brachiaria decuiribens,

rockMonte phosphateFresco for andpermanent crops
forests with requirements distributedP longerover
periods of time. Similarly, (1991), usingLopes et al.

natural and modified phosphate rocks on annual, perennial
and forest in Brazil concluded (i)that: thecrops

of annual isphosphate fertilizertoresponse crops
proportional to the percentage of soluble P20, in relation'5

(ii) Brazilian phosphate rock presentto
low solubility and low agronomic efficiency for annual

(iii) partially acidulated phosphate rocks can becrops,
adequate for pasture and perennial crops.

Considerable research has been conducted on vineyard
fertilization in foreign countries using water-soluble

Conradie and Nijjar,al. , 1988; Saayman, 1989; 1977;
Srinivasan and Muthukrishnan, 1977), but
phosphate rock for direct application in vineyards and\or
perennial fruit trees is very limited. Skinner and Matthew
(1989), working with old vines, Vi tispotted2-year

phosphorus-1imitedvinifera (cv.carignane) underL.
conditions for three growing seasons evaluated the effect
of P status on growth and reproductive development of vine

phenologicalbloom and veraisonby withholding P at

che total P2O5,

information on

recommended use of

phosphate fertilizers (Skinner and Matthew, 1989; Balo et
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The authors reported decreased dry­stages . matter

production, numbers of clusters/shoot and flowers/cluster
to vines which received no P together with all treatments
which had P withheld than vines which received P for the

Balo et (1988) tested three levels of Pfull season. al.
(9,18,and 36 kg P/ha) and reported fruit yield and quality
(as measured by fruit sugar content and sugar/acid ratio)

control with increasing ofincreases the Pratesover
Similarly, Conradie (1989),application. and Saayman

working with Chenin blanc vines on a sand loam soil which
had 1.1% 0 M,12.7 mg P/kg and 30 mg K/kg initially, tested
three levels of N(16,56 and 96 kg/ha), P(0,9 and 18 kg/ha)
and K(0,45 and 90kg/ha) and reported P fertilization to

yield andpositive shoot growth.effecthave ona
Nijjar (1977), working with 5-year old vines cv.Likewise

Anab-e-Shahi
1.5 kg.P2O5/vine and reported grape yield and shoot growth

Nijjarapplicationincreasedincreases with P rates.
(1977),further quoted similar results by other workers

1969; Nijjar and Chand, 1969 and Nijjar(Nijjar and Ram,
et al., 1971).

2.7 Fertilizer requirements of vines
theLike all other green plants with a root-system,

Most soilsvine obtains its nourishments from the soil.
contain all the food ingredients in larger quantities than

tested three levels of P viz; 0.5, 1.0, and
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are required by vines, with the exception of nitrogen,
phosphorus and potassium (Perold,1927). A vineyard with
an annual maximum production of 15,000 kg grapes, 3,200 kg

dry basis), annually
removes out of the soil about 100 kg K2O, 80 kg N and 30 kg

(Perold, 1927). soundit isHence, a
policy to return to the soil what is removed by the crop
if grape yields are to be sustained at desirable levels

willthat the demand increasing populationofmeet
(Pongracz, 1978) .

2.8 Concentrations of different nutrients in grapevines
Balo et al.(1988) in Hungary established optimum leaf

levels of P and K in grapes at bloom stage to be 0.22% and
optimum N/Krespectively and ratiothe be1.2%, to

between 1.9 and 2.4. Conradie and Saayman (1989),in South
Africa, working with Chenin blank vines established P and
K deficiency levels at veraison stage to be 0.08% and 1%,
respectively.Christensen (1978), inal. Californiaet
reported P and K critical petiole levels at bloom stage to

respectively. Similarly, Cookand 1.5%,be 0.15%over
(1966), under Californian conditions reported P critical
petiole level at bloom time to be 0.26%. Larsen (1955) in
Michigan reported N and K critical petiole levels at bloom
stage to be over 0.8% and 2%, respectively

P2O5

wood (the weights for wood and leaves expressed on oven

per hectare

and 2,900 kg leaves per hectare,
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CHAPTER THREE

MATERIALS AND METHODS

Field and incubation experiments conducted towere
evaluate Minjingu PR as a source of P for grape production
and to investigate the dissolution of the P sources in the
experimental soils.

Experimental sites3.1
locationsThe chosen the experimentsfor were

04' 44'
0.2' 45'

E and Veyula Makutupora situated at 6 o and0.2' 20" S
altitudeall of them of45' E, at an

The sites will be designated byapproximately 1140 masl.
these names hereafter. The three sites were selected so as
to provide a range of pH, available P status, exchangeable
cation contents and microclimatic conditions. At each site

cultivar Makutupora localgrapevines (Vitis vinifera L.)
trained on cordon system, had been growing for ten years.

cm width,The vines 90 cm
theensuredin Theselength. trenchesdeep and 63 m

establishment of deep and well distributed root systems
necessary for effective uptake of plant nutrients.

23.5"35°
27"

58.1" S and 35°
22.85" S and 35°Msalato A situated at 6° 55.8" E,

were grown in trenches of 3 0

Msalato-Manispaa situated at 6°
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in width. Into each trench 5 tonnes of farmyard manure
mixed with soil. incorporation isFarmyard manurewere
vital under Dodoma climate (very and hot.dryvery

Appendix 3) (very poor in organicconditions
Table 1) • This initial is aimedmanuring atmatter.

supplying plant nutrients and improving soil structure,
In unirrigatedand water holding capacity of the soils.

vineyards of Dodoma, the only water available to the vines
through most of the growing season is that which is stored
in soil little rains received.from thethe the For
previous three seasons, the trial area exhibited moderate
to severe P deficiency symptoms.

The areas were mapped in August, for presence1993
and severity of foliar symptoms in anticipation of trial

spur-pruned uniformly in November,work.
1994 applying the short pruning

technique of leaving buds2-3 Rowper cane.
The vines were trellised on a singlespacing were 2mxl.5m.

wire at 1.5m height onto which fruiting canes are wrapped.
Sixteen vines put under each treatment, such thatwere

each side acted as guard plants and eightfour vines on
vines formed the sampling unit.

The undisturbed land between two trenches was 170 cm

The vines were
1993 and on 15th April,

and vine

and soil



17
3.2 Soil sampling

Soil samples locations intaken from threewere
Dodoma Capital City district in order to evaluate the P

Thefertility status studies.the beginning of theat
soils at each location were sampled to a depth of 15 cm.
Sampling was done in concentric circles around grapevine

in order to
suspected fertility gradient duetake of the tocare

application in the trench during fieldfarmyard manure
annual application of 20 kg of farmyardestablishment and

location eighteachthereafter.tree Frompermanure
samples were randomly collected and composited by distance
from the trunk as follows:

15 cm along and perpendicular to the trench.0-
15-30 cm along and perpendicular to the trench.
30-45 cm along the trench.
45-60 cm along the trench.
60-75 cm along the trench.
30-45 cm perpendicular to the trench.
45-60 cm perpendicular to the trench.
60-75 cm perpendicular to the trench.
The samples were air-dried and ground to pass through a
2mm sieve.

plants at intervals of 15 cm up to 75 cm both along and
This was doneperpendicular to the trench.
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For the determination of the general fertility status

of the experimental plots, four surface (0-30 cm) soil
samples from each location randomly collected fromwere

Theinter-row the experimental plots.tospaces cover
samples composited, air-dried and ground to passwere
through a 2 mm sieve. A portion of the soil was used for

chemicalsoil physicalthe determination of the and
properties and the rest used for incubation studies.

3.3 Soil c/lassification
classification, three

Soils were classified upone at each location.excavated,
(Soilto subgroup level using the Soil Taxonomy System

soil-unit1990) level-2Survey Staff, to names
Soil Classification Systemaccording to

(FAO-UNESCO, 1989). The experimental soils were classified
Acrustoxic Kanhaplustults andTorriorthents,Usticas

Msalato-Manispaa andfor Msalato-A,Ustic Torriorthents
using Soilrespectively, thesitesVeyula-Makutupora

Taxonomy System (Soil Survey Staff, 1990) . The description
of the respective soil profiles used in the classification
are given in Appendix 2.

and up

soil profiles were

the FAO-UNESCO

For soil
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Soil analysis3.4
Soil pH was measured in 1:2.5 soil water suspension

using (Maclean, 1982) . Organic carbonpH metera was
analysed following the Walkley and Black method (Allison,
1965) and total N by the macro-Kjeldahl digestion followed

distillationby (Bremner, 1965). Extractable P was
determined by the Bray method (Bray andNo.l Kurtz,
1945), ascorbicbut colour development

described by Murphy andacid-molybdate methodblue as
capacityRiley (1962) . Cation (CEC)exchange was

ammonium saturation methoddetermined by the acetate
1982) .(Rhoades,

determined by flame photometryleachatesacetate were
absorptionanalysed by atomicwhile andCa Mg were

spectrophotometry. Exchangeable Al and H were extracted by
(1982) andleaching with IM KC1

determined by titration.
(1965) .

These soil properties are summarized in Tables 1 and 4.

Phosphate and Nitrogen Fertilizers3.5
The concentration of major elements in the Minjingu

PR used is given in Table 2. Triple superphosphate (46%
(26% N)and calcium ammonium nitrateP2OS)

sources of water soluble P and N, respectively.
were used as

as described by Thomas

was done by the

Bouyoucos hydrometer method as outlined by Day

Exchangeable K and Na in the ammonium

Texture was determined by the
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3.6 Incubation study

One incubation experiment was carried out with each
soil to investigate the dissolution of
soils. In this study, 150 g of air-dry sieved soil samples
were weighed into 500 ml containers. Samples of the ground

(<0.15 mm) were then thoroughly mixed with the
soil samples at a concentration of 500 mg P/kg. A control

included in andeach all treatments werewas case
duplicated. The treatments were brought to field capacity
using distilled water and incubated at 25

Subsamples (5 g) were withdrawn from the incubateddays.
fortnight extraction andsoils intervals for Pat

analysis. Phosphorus was extracted from the samples using
(1986). In thisNaOH as described by Mackay et al.0.5 M

non-occluded Al-P andthe 0.5 M NaOHprocedure, removes

any significantdissolvethe apatite do tonotgroup
extent in this reagent (Chang and Jackson, 1957), then any
increase in NaOH-extractable P in a soil to which a PR is

should provide estimate of the ofadded Pamountan
dissolved from the PR (Mackay et al., 1986) . The procedure

shaking 5 g of soil with 0.5 M NaOH atinvolved
following a prewashratio of 1:100 for 16 hrs,solution

freehr. NaCl removedwith NaCl for 1IM orany
exchangeable Ca2+, thus preventing the precipitation of

and sorption of inorganic P (Syers et al., 1972).

°C for up to 90

Ca(OH)2

a soil/

P sources

P sources in the

Fe-P from a soil (Syers et al., 1972). But as minerals of
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Phosphorus in the extracts was determined by the ascorbic
acid-molybdate described by Murphy and
Riley (1962). The extent of dissolution was taken as the
difference in treated andbetween samplesP content
control at a given sampling time.

3.7 Field experiments
One fertilizer experiment

the three locations. At each site TSP and Minjingu PR were
of P for grape vines.

The treatments were as follows;
(i) control
(ii) TSP 25 g P/vine which is equivalent to 84 kg P/ha
(iii)TSP 50 g P/vine which is equivalent to 168 kg P/ha

TSP 101 g P/vine which is equivalent to 336 kg P/ha(iv)
MPR 25 g P/vine which is equivalent to 84 kg P/ha(v)
MPR 50 g P/vine which is equivalent to 168 kg P/ha(vi)

(vii)MPR 101 g P/vine which is equivalent to 336 kg P/ha
Treatments were applied on the 35

Each treatment was applied on 16 vines and the treatments
arranged in a complete randomized block design withwere

four replications. A basal N application of 91 g per vine
(equivalent to 303 kg N/ha)

fertilizer doses. Therespectivethe Pwithalong
applied atfertilizers were

soil.into the The plotsdeepandvines 15cm were

was applied to all the vines

a radius of 10cm around the

compared as sources

was conducted at each of

th day after pruning.

blue method as
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irrigated adequately at Msalato A and Veyula-Makutupora
sites due to delayed onset of rain (Appendix 3). As there

irrigation facilities Msalato-Manispaaatwere no
vineyard, the plot Fungicides andnotwas
insecticides
the plants had acquired five leaves followingtest
pruning. Dithane M45 and kocide at the rate of 100g/20L
were used to control downy mildew (Plasmopara viticola)

of 80g/20Ldisease. Sandofan theat rate to
control powdery mildew (Uncinula necator) disease. To
control aphids, and thrips actellic 10
ml/20L was used.

Petiole samples3.8
Twenty-five leaf petioles adjacent to the clusters
collected at the end of the bloom period from eachwere

determination of andfor the CaKN, P,treatment
chosen forconcentrations.

this phenological and forrepeatability stageat
comparison with established critical levels (Christensen

then with distilled water. They were dried at 70
pass through Plantand ground sieve.hours to 1mma

samples were ashed in a muffle furnace at 450
dissolved in 1979).ash HC1 (Juo,and the INwas

Phosphorus in the aliquots was determined by the ascorbic

°C for 4 8

°C for 12 hr

The petioles were washed in tapwater and

Sampling at bloom stage was

et al.,1978).

sprays at fortnight intervals started when

was used

at the rate of
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acid-molybdate blue described by Murphy and

Riley (1962) .
photometry. Total N in plant material

by distillationmacro-Kjeldahl digestionthe followed
(Bremner, 1965).

Yield parameters3.9
P and Ca concentrations in petiole

days after applying(66full bloomsamples taken at
clusters/vine applying(90 days afterfreac.ments) ,

treatments) and grape yield were also determined.

3.10 Data analysis
(RAE) valuesagronomic effectivenessrelativeThe

formulawere
described by Engelstad, Jugsujinda and De Datta (1974),
viz :

x 100RAE

Where:
Yield due to one of the tested fertilizer ( inYf
this case Minjingu PR)
Yield due to reference fertilizer (in this caseYr
TSP)
Yield obtained in control treatment.Yc

Yc
Yc

Yf
Yr

was determined by
Tissue K and Ca were determined by flame

In addition to

computed using yield data according to a

method as
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3.10.1 Statistical analysis
Yields,

standard analysis of variance procedure (Steel and Torrie,
(NDMRT)The New Duncans Multiple Range Test1980) . was

used to compare differences between means.

P and Ca uptake data were analysed using
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Properties of the experimental Soils and Minjingu PR

4.1.1 Soils
physical chemicaland properties of theSome

experimental soils in Table only theshown but1are
properties crucial to PR effectiveness will be highlighted

guide for interpreting analytical resultsfollowing a
reported by Acres (1983) . Msalato A, Msalato-Manispaa and

insoils acidicVeyula-Makutupora and lowwere
Bray 1 extractable Pexchangeable Ca. Msalato A had low

whereas Msalato-Manispaa soil contained even lower Bray
1 extractable P. On the other hand Veyula-Makutupora soil
contained moderate Bray 1 extractable P. Even though the

in has beencritical level for Dodoma notP grapes
deficiency in theobserveddetermined, P symptoms

soilsvineyards indicated that neededexperimental
supplemental P.
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4.1.2 Phosphate Materials

The chemical composition of the Minjingu PR used in
study isthe shown in Table rock had highThe2 .as

, CaO and is a sedimentary phosphorite
in (Harris, 1981). Sedimentary phosphates havenature
proved beneficial for direct application as they consist

fairly consolidated ofof loosely aggregatesopen,
microcrystals with relatively large specific surface area

reactive (Khasawneh and Doll, 1978) .

(Leon et al., 1986), suggesting
that it may behave similarly.

4.2 Incubation study
One incubation experiment was conducted to study the

rate of dissolution of Minjingu PR in three soils (Table
described above (section 3.6). The1) 9 0 days asover

the difference in P
and control eachtreated samplebetween atcontent

sampling time.

4.2.1 Results
The amount of NaOH-extractable P in soils incubated

with Minjingu PR increased steadily with time relative to
the control and reached a maximum at approximately 45 days

concentration of P2O5

Mir-.jingu PR with 5.6% ammonium citrate (pH 7) soluble P2O5

one from North Carolina
is comparable to values for very reactive PR, such as the

extent of dissolution was taken as

making them more
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Changes In NaOH extractable P in soils over 90 days
500 mg Pkg‘following addition of (expressed as

percentage of amount of P applied)

MaterialSample Time in days
0 14 307 45 60 9075

33.7 65.6 65.6 65.6 65.6TSP 60.6 57.057.4
3.5 15.0 18.6 29.2 62.1MA MPR 62.0 62.062.2

66.8 66.8 66.8TSP 32.3 66.8 61.8 57.8 56.0
0.8 11.6 18.1 30.2 51.8 51.8 51.8 52.0MM MPR

62.253.0 62.2 74.3 62.2 60.2TSP 58.0 57.0
19.7 20.2 42.6 42.63.8 9.2 42.8 42.6MPRva

Msalato AMA
Msalato - ManispaaMM

Veyula-MakutuporaVM

Table 3:
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(1986) reported similar
trend. The maximum for Msalato A was 310 mg P/kg , which

3) . For Msalato-Manispaa soil, the maximum was 259 mg P/kg
which was equivalent to 52% of P applied as Minjingu PR.
Whereas for Veyula-Makutupora soil, the maximum was 213 mg
P/kg which was equivalent to 42% of P applied as Minjingu

On the other hand, the amount of NaOH-extractable P inPR.
5 ncubated soils to which had been added decreasedTSP

(Figs 1,2 and 3)4 5 daysgbtly after
increase steadily with incubation time as compared to the

The difference inamount extracted from the Minjingu PR.
the amount of NaOH extractable P may be attributed to the
fact that initial dissolution of water soluble P sources
such as TSP is not influenced by factors which influence

1986) .dissolution of PR in soils (Syers and Mackay,
Minj ingushow thatin Figs and PR1,2 3Data
soils, but indissolved to differing extents in the three

about days.equilibrium afterreached 45each case
hadMinj ingu thatofin theDifferences PRamount s

attributedsoilsthreein the todissolved was
The extent ofdifferences in soil properties (Table 1) .

dissolution was 310 mg P/kg for Msalato A, 259 mg P/kg for
Msalato-Manispaa and 213 mgP/kg for Veyula-Makutupora at

The dissolution of the Minjingu PR in theseequilibrium.
level of Bray 1soils followed a pattern similar to the

was equivalent to 62% of P applied as Minjingu PR (Table

(Figs 1, 2 and 3). Mackay et al.

and did not
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extractable P and exchangeable Ca of the soils (Table 1).

P/kg soilMsalato soils withA and15.8 21% Camg
saturation equilibrium had released about 62% ofat P
applied as Minjingu PR (Table 3). Msalato-Manispaa soils

mgP/kg soil and 22.6%with saturation released8.2 Ca
about of P applied Minjingu PR at equilibrium,52% as
whereas Veyula-Makutupora soils with 26.9 mg P/kg soil and

saturation released applied19.4%2 42.8% ofCa P as
Mln jingu PR (Table 3) . Bray 1 extractable P is the only
soil property which showed large difference theamong

might for thesoils and have accountedthree more
andin NaOH-extractabledifferences for Msalato-AP

in agreementVeyula-Makutupora soils. These results are
with those of Robinson and Syers (1990) who demonstrated

crucial insinks factorsandthat PCa P are
(1978)and DollSimilarly, Khasawnehsolubilization.

favours PR dissolution.
in NaOH-extractable P among the three soilsDifferences

implies that Minjingu PR has different ability to supply
P to plants in these soils.

Changes in NaOH-extractable P in TSP treated samples
(Fig. 1,2 and 3) levelled off from 7th day of incubation

the 45th daymore-or-lessremained constant toand up
after which slight decreases occurred from the 60th up to

fortendencyincubation. The NaOH-of90th daythe
extractable P to increase with time in Minjingu PR treated

demonstrated that a sink for H2PO4
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samples in contrast to TSP, implies that Minjingu PR is
dissolved more slowly than TSP suggesting that it is more
suitable for and forests whosepermanent Pcrops
requirements are distributed over longer periods of time.

4.3 Field experiment
This study was initiated to determine the effect of

P application on grape yield and to evaluate the agronomic
effectiveness of Minjingu PR on grape production in Dodoma
Capital City district. The plant parameters used to
evaluate the effects number oftreatment were
clusters/vine, grape yield, P and Ca uptake.

fertilityInitial trial sitesof the4.3.1 status
the chemical propertiesTable shows of of4 some

soils sampled in concentric circles around the trunk at
beginning the The data thethe of study. revealed

of fertility gradients with fertility statusexistence
decreasing with increasing distance from the trunk. Soil
samples along the trench and between from the30-45cm
trunk perpendicular to the trench were slightly acidic to

Soil samples taken from 45-75cm away from theneutral.
acidic.trunk and perpendicular the trench Atto were

available P declined from 61 mg P/kg to 41 mgMsalato A,
P/kg for samples taken along the trench between 0-45 cm
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pH, Total N, available P and exchangeable Ca statusTable 4:

at the beginning of the study

Location

61.400.13 5.50Msalato A 0-15AP 7.1
53.517.2 0.20 10.0015-30AP

0.14 41.23 5.5030.45A 7.2
26.3245-60A 6.9 0.02 3.75
21.05 2.0060-75A 7.0 0.04

0.01 26.32 5.0030-45P 7.1
1.75 1.005.5 0.0145-60P

2.004.6 0.0160-75P Trace
1.0046.05ft'salato-Nanispaa 6.3 0.100-15AP
2.506.6 45.4115-30AP 0.10
1.970.08 19.4930-45A 6.5

17.46 3.7445-60A 6.8 0.07
16.67 2.000.0460-75A 6.6

2.008.776.4 0.0430-45P
1.000.03 5.855.845-60P

5.26 2.000.0260-75P 6.0
54.58 3.740.067.7Veyula-Makutupora 0-15AP
46.49 3.747.5 0.0415-30AP

2.7441.236.9 0.0430-45A
40.56 2.000.0345-60A 7.3

0.01 36.84 2.746.760-75A
19.30 1.005.8 0.0130-45P

0.02 5.26 1.0045-60P 4.9
0.02 5.26 2.004.860-75P

the trench andsamples alongAPKB:
A 
P

Composite samples taken 
perpendicular to the trench
Samples taken along the trench only
Samples taken perpendicular to the trench

Total
N (%)

Exchangeab 
le Ca 
me/100g

PH (HaO)
Sampling 
distance 
(cm)

P mg 
kg’1
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from the trunk.
along the trench, available P declined from 26 to 21 mg
P/kg. Available P for samples taken between 45-75 cm from
the trunk and perpendicular to the trench declined from
1.75 mg P/kg to trace. A similar trend was manifested by
nitrogen and exchangeable Msalato-Manispaa,Ca. At
available P for samples taken along the trench between 0-
45 cm from the trunk declined from 46-19 mg P/kg, whereas
for samples taken between 45-75 cm from the trunk along

available P declined from 19-16 mg P/kg.the t?. each, For
andtaken between from the trunk45-75 cmsamp

available P declined from 8perpendicular to the trench,
mg P/kg. Veyula-Makutupora site, available P5 Atto

declined from 54-41 mg P/kg for samples taken between 0-45

from 41-36 mg P/kg for samples taken between 45-75 cm from
the trunk along the trench and declined from 19-5 mg P/kg

from the trunkbetweenfor samples taken 45-75 cm
similartrench. trendperpendicular the Ato was

manifested by nitrogen and exchangeable Ca at Msalato-
Manispaa and Veyula-Makutupora sites.

inwell with datain Table do not1Data compare
for samples taken along the trench in terms ofTable 4

soil pH and available P. Along the trench pH and available
P/kg,and from 61-26ranged from 7.1-6.8P mg

pH and availablein Table Prespectively. Whereas 1,

cm from the trunk along the trench. Available P declined

From 45 up to 75 cm from the trunk and
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ranged from 5.5-5.7 and from 26-8 mg P/kg, respectively.

exchangeable Ca and availableHowever, pH,
compare well with those in Table 4 for samples

taken between 45-75 cm from the trunk and perpendicular to
the trench. It is evident from Table 4 that pH,
P values along the trench were higher than those outside

This is attributed to the initial and annualthe trench.
applications of manure (section 3.2) and rooting habit of
the vines. The application of manure close to the trunk

this additionnutrients in theInconcert- rates zone.
levels thedecrease 60-75at cm

along the trench was partly caused by greater uptake of
nutrients in this zone. Existence of greater root activity

(1986). Theyin this zone has been reported by Brar et al.

reported that about 77-84% of active roots were found in
the top 50 cm at
Dasaradhi and Afzalunnissa (1977) reported that the root

depth andfirstconfined theactivity 25to cmwas
laterally at 60-90 cm from the trunk all round. lyegar and
Murthy (1989) using Citrus reticulata as a test crop also
reported similar results.

4.3.2 Results of Field trials
Data for number of clusters per vine, grape yield and

leaf petiole P and Ca contents at full bloom for the

a distance of 80cm from the main stem.

N, Ca and

Table 1

in available nutrient

P values in
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Differences in the number of clusters per vine
result of treatments
The number of clusters per vine increased over the control
with rates of P application for both P sources at Veyula-
Makutupora site, but TSP was superior to Minjingu PR at
levels Msalato A Minj ingu increasedand2 3 . At PR
significantly the number of clusters/vine over the control
at levels 2 and 3 whereas TSP decreased significantly the
number of clusters /vine below the control at levels 1 and

increased number oflevel thebut the second3 P
clusters/vine significantly. opposite trendThe was

applicationMsalato-Manispaa whereexperienced Pat
decreased significantly the number of clusters/vine over
the control with exception of TSP at level
number of clusters/vine increased significantly over the
control.

Grape yield data more or less followed similar trends
those observed for number of clusters/vine. Fruit yieldas

with appliedofcontrolincreased the Pratesover
fertilizers. The P sources differed significantly with TSP
being superior to Minjingu PR at Msalato A and Msalato-

Veyula-Makutupora,fruit yieldSimilarly,Manispaa. at
appliedwith ofcontrol Ptheincreased ratesover

fertilizers. But a
level 2 only, with TSP being superior to Minjingu PR.

as a
were significant at all locations.

3 where the

November, 1993 pruning season are given in Table 5.

significant factor atP source was
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Table 5:

Location % nutrient cone.Treat

N P Ci K

Control 5.76c 3.93e 0.83 0.550 0.50 2.32MA
P1TSP 84 5.20d 5.10b 0.93 0.69 1.990.53
P2TSP 168 7.25ab 5.31ab 0.96 0.72 0.50 2.01

336 5.62a 1.00 0.61 0.35 2.03P3TSP 3.25e
4.47d 0.82P1MPR 84 6.00c 0.58 0.54 2.83

0.67 2.30168 4.58cd 0.90 0.54P2MPR 7.75a
0.93 0.56 1.834.97bc 0.50P3MPR 336 7.00b
1.28 6.10 2.62 2.8117.1115.59CV%

0.470.53LSD nans na na
0.41 0.69 0.933.64f 0.675.00bControl 0MM

0.63 1.841.00 0.554.11de4.50c84P1TSP
1.581.03 0.44 0.715.00c168 3.25dP2TSP
1.920.46 0.711.036.09a336 5.75aP3TSP
1.920.620.503.88e 0.902.50e84P1MPR
1.910.710.91 0.434.22d4.75bo168PMPR2
1.920.811.04 0.375.50b336 4.7bcP3MPR
0.912.193.121.0310.6118.06CV %

0.270.44LSD nana
2.900.500.500.842.8Sd5.00e0ControlVM
3.060.63 0.540.978.00b 4.08bc84P1TSP
2.410.58 0.500.984.67a9.00a168P2TSP

0.50 2.591.01 0.713.83c7.25c336P3TSP
0.62 2.550.84 0.613.93bc7.75bc84P1MPR
0.63 2.040.90 0.684.25b6.25d168P2MPR
0.56 2.830.681.016.25d 3.77c336P3MPR

2.641.78 3.402.9915.7114.58CV %
0.350.58 nsnsns nsLSD

column followed by

Effects of phosphorus application on number of clusters/vine, grape yield and petiole H, P, K and Ca at full bloom for the aovember, 1993 pruning season

Cluster/ 
vine

Yield 
ton/ha

ns 
MA MM
VM

P 
source

Rate 
(kg/ha)

non significant
Msalato - A Msalato - Manispaa Veyula - Makutupora

Means within a colimn followed by a common letter or no letter are not significantly 
different at the 5% level according to the Duncan's Nev Multiple Range Test
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Application of P at 33 6 kg P/ha from both TSP and Minjingu
PR resulted in yield depression at Veyula-Makutupora (Fig.
6). These results suggested that the highest P rate caused
some nutrient imbalance which depressed grape yields. It
is known excessivethat of induceamounts P Znmay
deficiencies, thus leading to lower yields (Christensen et
al. , 1978) . deficiency symptomsHowever, Znno were
detected in the experimental plots.

sites, Msalato-ManispaaOf the three soils gave

observed followed order Msalato-Manispaa>theresponse
Msalato A> Veyula-Makutupora (Table 5 and Figs 4,5 and 6) .
Inspection of the data in Table 5 shows that the optimum

168 kg P/hais A and Veyula-of MsalatoTSPrate at
at Msalato-Manispaa optimum rateMakutupora whereas no

could be estimated because yield was still increasing even
(336 kg P/ha) probablythe highest added Pat

latter site had lower P level initially.thebecause A
similar trend was found with Minjingu PR. These rates are
thus tentatively recommended on these sites but the build

in P with time should be monitored.up
thethough recordedobservedAlso not waseven

increased number of berries/cluster and cluster weight
the control with increased rates of P application.over

observed lowerbetter for theThis behaviour accounts
This observation isyields in vines which received no P.

better yield response to P-fertilization.The pattern of

rate of
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consistent with that of Skinner and Matthew (1989) who
demonstrated that adequate for theP was necessary
initiation and maintenance of clusters. These workers
also found that whereas initiation of clusters occurred
when deficient, maintenance nilof clusters was
under such conditions. Matthews and Anderson (1989) also
reported similar results that most of the variations in
yield they observed in their explained bystudy was
variations in the number of berries per cluster.

During the November 1993 pruning season, phosphorus
application increased P concentration in petiole samples
from all sites except for the highest rate of Minjingu PR
at Msalato-Manispaa which tended to decrease concentration
(Table 5) . In addition all the P concentration values were
within or above the adequate range of 0.3-0.6% reported by
Cook and Wheeler (1976) . Since P was not severely limiting

in the control the observed grape yield response iseven
probably due to increase in fruit size and less shedding
of fruits at high P rates.

The data in Table 5 also indicated petiole N and K
levels at bloom stage to be higher than standards given by

(1978), respectivelyLarsen (1955) and Christensen et al.

indicating that N and K were not limiting in this study.

In the case of K Christensenin petioles at bloom stage.
found 1.5% K to be the standard value in(1978)et al.

Larsen (1955) established 0.8% N to be the standard value

P was
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petioles at bloom stage. Petiole concentrationCa was
increased by­ not significantly. The
values ranged from 0.35% to 0.81% for the November, 1993
pruning Minj ingu slightlyPR treatmentsseason. gave
higher petiole Ca concentration values than TSP suggesting
Minjingu PR may be a better source of Ca than TSP.

Results of the April 1994 pruning season are given in
Table 6. At Msalato A and Veyula-Makutupora P application
did not affect number of clusters/vine significantly. At

Minj inguMsalato-Manispaa, depressed number ofPR
clusters/vine firstwhile with the levelsTSP, two
depressed number of clusters/vine significantly while the

numbers/vinehighest did clusteraffectrate not
significantly.

P concentration in the petiole
Manispaa bordering on deficiency levels in the control. On
the other two sites the concentration was in the adequate
range but lower than that for samples taken on 11th Feb.

P supply decreased(Table 6) .1994
with time and thus may limit yield of the second crop.
Unfortunately time did not permit waiting for the second

harvest and thus the final situation is not known.grape
The yield as measured by number of clusters per vine
much higher in the April,1994 pruning season than inwas

the November,1993 pruning season at Msalato A and Msalato-
Manispaa sites (Tables 5 and 6). This was expected since

was low at Msalato-

This indicated that

P application but
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Table 6:

Location % nutrient concn.Treat.

kg/ha CaP KP source
0.428.54 2.10 0.29Control 0MA
0.42 2.109.87 0.28P1TSP 84
0.49 2.69P2TSP 168 8.32 0.28
0.46 2.05 0.267.16P3TSP 336
0.467.94 1.79 0.3084P1MPR
0.48 2.36 0.40168 8.57P2MPR

8.94 0.40 1.69 0.30336P3MPR
24.71 43.71 22.6930.18CV

LSD nsns nsns
1.66 0.389.28a 0.17Control 0MM
1.64 0.330.2684 6.60cP1TSP
1.60 0.460.244.69dP2TSP 168
1.58 0.470.27336 9.25aP3TSP

0.451.334.82d 0.2184P1MPR
0.401.267.63b 0.25168P2MPR
0.521.15336 7.97b 0.30P3MPR
21.6918.7647.23 29.79CV «

5.06LSD ns nsns
2.32 0.280.293.56Control 0VM
2.25 0.290.334.3884P1TSP
2.09 0.300.36168 4.50P2TSP
2.32 0.293.85 0.40336P3TSP

0.33 1.91 0.324.6984P1MPR
5.28 0.38 2.31 0.31168P2MPR

0.36 0.314.2 1.91336P3MPR
19.19 17.6821.78 17.85CV %

MA - Msalato A VM - Veyula-Makutupora

Clusters/ 
vine

LSD 
within

na 
letter

ns 
are

ns
followd by

Effects of phosphorus application on number of 
clusters/vine and petiole P, K and Ca at full bloom 
for the April, 1994 pruning season

ns
Means within a column followd by a contnon letter or no letter are not 
significantly different at the 5% level according to Duncan's New Multiple Range 
Test ns - non significant MM - Msalato-Manispaa
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evidenced by P concentration at bloom stage for petioles
(Table 5) . is known that1994 It

fruiting potential or the yield capacity of a grapevine is
indicated by the fruitfulness of the buds, which have been
initiated during the previous season (Randhawa, 1967). The
promotive effect of P on initiation and differentiation of
infjorenscence primordia in grape has also been reported

Fleming,(1961)by Kobayashi (1960) .and However, at
Veyul". -Makutupora site, the April, 1994 pruning season
recorded lower cluster numbers per vine than the November,
1993 pruning These results theseason. are
levels of extractable P found in soils at the beginning of
the study (Tables 1 and 4) in that response was observed

(<15 mg P/kg)in soils testing low while little
observed in relatively rich Veyula-theresponse was

Makutupora soils.
yields obtained belowThe thegrape were average
tonnes/ha obtained inyield of 15-30 temperatewarm

(as quoted by Perold, 1927). Thisclimates (Wagner, 1907)
is in line with Winkler (1974) who stated that in tropical

produced smallvine oftheclimates poorcrops very
High temperatures reduces fruit growth (Kliewerquality.

P nutrition to the vines was improved by P application as

sampled on 11th Feb.

over the control with increased rates of P application
confirmed the need for supplemental P in these soils. It

and Lider, 1970). However, significant increases in yield

related to

in P
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Table 7: Relative effectiveness of Minjingu phosphate rock
(MPR) vs triple superphosphate (TSP) for November,
1993 pruning season

Experimental soilTreatment

Msalato-A

Relative agronomic effectiveness
100100TSP1 84 100
8851MPR1 84 46
100100100TSP2 168

65 77MPR 2 168 47
100100TSP 3 336 100
9576MPR 3 336 62

Relative efficiency in P uptake
100100TSP1 84 100
856421MPR1 84

100TSP2 168 100 100
22567MPR 2 168 71
100TSP3 336 100 100
8680MPR3 336 17

Rate
kgP/ha 

Msalato-
Manispaa

Veyula- 
Makutupora
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is evident from the data given in Table 7 that Minjingu PR
gave yield increases from 46% to 95% of that
obtained with ordinary TSP. This could be attributed to
the correspondingly low P uptake values associated with
the Minjingu PR treatments due to its(Tables 5 and 6)
relatively slow dissolution revealed in therates as
incubation study (Figs 1, 2 and 3) . The trend of results
observed compares with that of Miranda et al. (1970) (as

1978).quoted by Fenster and The testedauthorsLeon,
give yieldusing and found themthree PRs tocorn

increases from 37% to 70% of that obtained with ordinary
superphosphate. Similar trend of results has been reported

(1994)(1981) bothby Marwaha et al. and Ikerra et al.

using maize as a test crop . Long term fertility trials by
(Anderson, 1965; Anderson, 1970;) have shown that in most

which whenpositive responsesMinj ingu PR gavecases
including(i.e.for periods ofassessed 63 to years

thanto be equalresidual effects) foundwere
This suggests that residualthose from superphosphates.

effects in the current study should also be assessed.

4.3.3 Residual P after harvest
presented inafter harvestdataExtractable P are

Table 8. For Msalato A soils, TSP treatments at levels 2,3
and MPR treatments at level 3 differed significantly from

TSP1,MPR1 and MPR2 did not differthe control.

or more
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Table 8s
rockphosphate P (mgP/kg)on

after harvest
LocationTreatment Rate

Msalato-Akg P/ha

49.9dPO 46. Id 40.4e0
150.9cd 114.9bcdTSP1 69.7cd84
250.5b 170.2bCTSP 2 97.8b168

300.9a356.laTSF3 130.3a336
65.4e 104.cd58.3dMPR1 84
97.4de 135.Ibc71.5bcdMFE2 168
175.0c 187.7b87.3bcMPR3 336

31.230.5CV % 21.7

letter areMeans within the same column followed by the same
not significantly different at 0.05 according to Duncan's New
Multiple Range Test

Msalato-
Manlspaa

Veyula- 
Makutupora

Effect of triple superphosphate (TSP) and Mlnllngu 
(MPR) on extractable



52
significantly from the control, but treated soils had
slightly higher extractable P values which increased with
rates of phosphorus application. Phosphorus source was a

level though higher
extractable P values were associated with TSP treatments
at all levels. This pattern of extractable P reflects the
trend of yield (Table 5) which increased with increases in
P levels.

For Msalato-Manispaa soils TSP treatments at levels
and MPR treatments at level 3 differed significantly

from the control with P sources differing significantly.
TSP was superior to MPR. MPR treatments at levelsHowever,

1 and 2 did not differ significantly from the control, but
MPR treated soils released slightly higher extractable P

with releasedthe control thevalues than amount
P application.increasing with Theof

highest yield of about 6.09 t/ha was associated with the
highest extractable P value of 356.14 mg P/kg soil (TSP3),
suggesting that yield increases observed
application.

For Veyula-Makutupora soils MPR1
differ significantly from the control. TSP3, MPR2TSP1,

control, butdiffered significantly from the
significantly different,MPR2TSP2,

allsignificantly fromdiffered MPR atwhereas TSP3
sitethisyield decline observedThe atlevels. was

3 only even

and MPR3

significant factor at

increased rates

were due to P

and MPR3

and TSP1 did not

were not
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associated with higher values of extractable P from both

Low extractable P values associated with MPR
allat

levels was attributed to PR-s low solubility and that is
why phosphate rocks have been shown to persist
soils for at least 40 years (Khasawneh and Doll,1978).

Tables 7 and 9 show the relative effectiveness of the
(TSP vs Minjingu PR) in respect to grapesources

yield and P uptake, computed as per section 3.10. For all
the relative agronomic effectiveness (RAE) valuesoils,

suggesting

application forwith increasing ofincreased Prates
Msalato A and Msalato-Manispaa soils, whereas for Veyula-

and then

As regards P(Figs. 4,

soils except at level 2 for Veyula-Makutupora during the
and again at forNovember,

Msalato-Manispaa and Veyula-Makutupora for the April, 1994
pruning season. For Ca uptake, Minjingu PR was superior to
TSP in all soils suggesting improved Ca supply through the
dissolution of Minjingu PR in the treated soils.

P sources.

two P

that TSP had a higher fertilizer value. The RAE values

1993 pruning season

in some

for Minjingu PR was lower than that of TSP,

uptake, Minjingu PR was less effective than TSP in all

Makutupora soils the RAE decreased at level 2
increased at level 3

treated soils as compared to TSP treated soils

5 and 6) .

level 2
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Relative effectiveness of Mlnllngu phosphate rock
triple superphosphate for April,(TSP)(MPR) vs

pruning

Msalato-ATreatment Rate kgP/ha

Relative efficiency in P uptake
100100100TSP1 84
10044MPR1 84
100100 100TSP 2 168
129114168 86MPR 2
100100 100336TSP
6450 60MPR 3 336

Msalato-
Manispaa

Veyula- 
Makutupora

Table 9:
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The analysis of soils sampled concentrically around
the theat
beginning of the study revealed the existence of fertility
gradients with fertility status decreasing with increasing
distance from the trunk. This attributed towas
application of close the trunk and dueto tomanure

50-80cm from the
LT.. nk ■

The results
Min j ingu dissolvedthat differing inPR to extents

different soils, in reached equilibriumbut each case
indicating that Minjinguabout days, hasafter 45 PR

different potential to supply P to plants in these soils.
TSP treated samples also released different amounts of P

P-fixing capacities.
The results of the field experiment revealed that P

application increased grape yield significantly over the
significant factor at all

at Veyula-for Veyula-Makutupora sites. However,
Makutupora site, application of P at 336 Kg/ha decreased

haverates mightthissuggesting that Pgrape yield,
It is evident from thiscaused some nutrient imbalances.

control with P sources being a
levels except level 1 for Msalato-Manispaa and levels 1

in these soils, suggesting that these soils had different

greahar ?root activity at distances of

of the incubation experiment indicated

and 3

15cm incrementstrunk at five distances of
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study that, the relative agronomic effectiveness value for
Minjingu PR was lower than that of TSP, suggesting that
TSP had a higher fertilizer value. As regards P uptake,
generally Minjingu PR was less effective due to its slow
dissolution rate. But Minjingu PR was more effective in Ca

suggesting result ofthan thatuptake PRTSP, as a
dissolution Ca was released and made available to the test
plants.

From the findings, it was concluded that:
la addition to N, P application was needed in order to(.1}

district andyield inoptimize Dodoma agrape
tentative rate of 168 kg P/ha is recommended.

(2)
for TSP but assessment of residual effects should be
made before a definite recommendation can be made.
further research should be conducted to increase P(3)
use efficiency.

Minjingu PR was found to be a promising substitute
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7 APPENDICES

Appendix 1: Grape sales figures for Dodoma region for
the period 1986 - 1992

Amount received in kgs

Dowico1Year Total

1,774,3801,741,750 32,6301986

1,406,71842,7081,364,0101937

1,420,000 120,000 1,540,0001988

488,144437,000 51,1441989

460,00040,000420,0001990

448,00041,000410,0001991

446,00041,000405,0001992

1Dodoma Wine Company
2General Manufacturers Supplies

Dodoma Wine Company and General ManufacturersSource:
Supplies

GMS2
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Appendix 2. Soil profile description
Pedon 1: Msalato A=thereafter referred to as DU1
Date of description and sampling: 30 / 5/ 94
Authors: B.M.Msanya and G.M.R Budotela
Survey area / District: Msalato A / Dododma Capital City
location vineyard atBukuku'S MsalatoMr. 4'A

22.85"
500m from the Dodoma Arusha maintowards Arusha,

road.
Classification: (Soil Survey Staff, 1990). Ustic

Torriorthents
(FAO-UNESCO, 1989). Dystric Regosols

Elevation: About 1113.6 masl
Geological formation: Neogene system comprising

undifferentiated soils
Parent material: Alluvium/Colluvium derrived from granitic

rocks.
Physiographic position: plain.Landform:(i)

flat or almost flatSurrounding landdform:(ii)
and presence of termite mound 8 m from the
profile
Slope on which the profile is sited: 2%(iii)
linear slope about 2000m length, South- West
in direction positioned at lower quarter.

6°
44'55.8"S and 3 5° E , 14 km from Dodoma town



77
Rainfall: the annual rainfall varies from 500-700ml with

of The rainy500ml. instartsan evarage season
December and ends in March although it may start in
November and end in April thus giving a pronounced
dry season of approximately 6-8 months.

Drainage: Well to excessively drained.
Moisture condition in the profile: Moist below 115 cm.
Soil moisture regime: Ustic \ Aridic
Soil temperature regime: Hyperthermic

Too deep affect theDepth of ground water table: to
profile.
Presence of stones and rock outcrops: None.

Slight sheet erosion but no sign ofEvidence of erosion:
deposition at the site and adjacent fields.
Presence of salt or alkali: None.
Human influence: Cultivation and grazing.
Vegetation: Acacia bushes with bare spots.

Description of individual horizons.
Yellowish brown (10YR5/4) moist and light
yellowish brown (10YR6/4) dry; sandy clay loam
soft when dry; weak single grained; fine crumb
slightly sticky and slightly plastic when wet

few coarse and common medium poresmany fine,
many fine and very fine roots; clear and smooth
boundary towards AClh.

Ap 0-10 cm
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AClh 10-30/40 cm Yellowish brown (10YR5/4) moist and

brownish yellow (10YR6/6) dry;
sandy clay; slightly hard when dry;
massive; slightly sticky and slightly
plastic when wet; many fine,few coarse and

few medium roots; abrupt and wavy boundary
towards AC2.

AC 30/40-80 cm Yellowish brown (10YR5/6) moist and
brownish yellow (10YR6/6) dry; clay; massive;
slightly sticky and slightly plastic when wet;

gradual androots;
smooth boundary towards AC3.

Brownish yellow (10YR6/6) moist andYellowAC3 80-115 cm
(10YR7/6) dry; clay; slightly hard when dry;

wet; many very fine and fine, few medium pores;
fine, clear androots;

smooth boundary towardsAC4.
Yellowish brown (10YR5/6) moist; clay;

very friable when moist; massive; non sticky and
slightly plastic when wet; many very fine and

few coarse pores; few fine and few mediumfine,
roots.

common medium pores; common very fine and

AC4 115-180 cm

massive; non sticky and slightly plastic when

many very fine and fine, few medium pores; few

few very few medium

medium and few very fine
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Pedon 2: Msalato- Manispaa= thereafter referred to as DU2
Date of description and sampling: 30 / 5/ 94
Authors: B.M.Msanya and G.M.R Budotela
Survey area / District: Msalato Manispaa/ Dodoma Capital

City
Location: Manispaa-s vineyard situated at 6 58.1" S

18km from Dodoma along Arusha,
300m east of the Dodoma-Arusha main road.

Classification: (Soil Survey Staff, 1990). Acrustoxic
Kanhaplustults

(FAO-UNESCO, 1989). Haplic Acrisols
Elevation: About 1140.2 masl
Geological formation: Neogene system comprising

undifferentiated soils
Parent material: Alluvium/Colluvium derrived from granitic

rocks.
Physiographic position: Upland plainLandform:(i)
Surrounding landform: flat or almost flat(ii)
Slope on which the profile is situated:(iii)
1-2% linear slope about 8km in length,
positioned at upper quarter.

Rainfall: The annual rainfall varies from 500-700ml with

ranging from 6-8 months.
Drainage: Well to excessively drained.
Moisture conditions in the profile: Moist bellow 88cm.

and 35°

an average of 500ml and a pronounced dry season

° 0.2'
45' 27.4" E,
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Soil moisture regime: Ustic \ Aridic
Soil temperature regime: Hyperthermic
Depth of ground water table: Too deep to affect the

profile.
Presence of stoniness and rock outcrops: None.
Evidence of erosion: Slightly splash erosion, but no sign
of deposition at the site and adjacent fields.
Presence of salt or alkali: none.
Human influence: Clearing and cultivation.
Vegetation: Acacia bushes with bare spots.

Description of individual horizons.
Ap 0-5 cm Dark brown (7.5YR3/3) moist and brown (7.5YR4/4)

weak singlesoft when dry;dry; Sandy loam;
non plasticsticky,fine crumb;grained, non
few mediummany very fine and fine,when wet;

many very fine and fine roots; presencepores;
abrupt and smooth boundaryfew charcoal;of

towards Btsl.
Btsl 5-38 cm: Dark redish brown (2.5YR3/4) moist and red

(2.5YR4/6) dry; sandy clay; hard when dry;
weak massive, sub-angular blocky; sticky and
plastic when wet; many very fine and fine,

few medium andfew fine,few medium pores;
few common roots; plent thin clay and

few charcoal; diffuse andsesquioxides,
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smooth boundary towards Bts2.

Bts2 38-88 cm Red (2.5YR4/6) moist and red (2.5YR5/8) dry;
clay; moderate, medium fine sub-angularto
blocky; sticky and plastic when wet; many very
fine and fine, few medium pores; few fine, few
medium, few common roots; clay and sesquioxides
accumulation in the matrix; of fewpresence
charcoal; boundary towardsclear and smooth

cm Red (2.5YR4/8) moist; clay;Bts3.Bts3 88-136
fine sub-angularfriable when moist; moderate,

blocky; slightly sticky and plastic when when
few fine,many very fine and fine pores;wet ;

sesquioxidesandmedium clayfew roots;
accumulation in the matrix; diffuse and smooth
boundary towards Bts4.

Bts4 135-185+ cm Red (2.5YR4/8) moist; clay; friable when
blocky;sub-angularfinemoist; moderate,

slightly sticky and plastic when wet; many very
few fine and few medium

roots; clay and sesquioxides accumulation in the
matrix.

fine and fine pores;
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Pedon 3: Veyula - Makutupora = Thereafter referred to as

DU3
Date of description and sampling: 3/ 5/ 94

Survey area / District: Veyula Makutupora/ Dodoma Capital
City

Location: Mr. Haule's vineyard at Veyula-Makutupora,
and0.2' S 23.5" E, 2445'

Arusha main road.
(Soil Survey Staff, 1990). UsticClassification:

Torriorthents
(FAO-UNESCO, 1989). Dystric Regosols

Elevation: About 1118.9 masl
Geological formation: Neogene system comprising

undifferentiated soils
Parent material: Alluvium/Colluvium derrived from granitic

rocks.
(i) Physiographic position: Foot slopeLandform:

(piedmont).
(ii) Surrounding landform: flat.
(iii) Slope on which the profile is situated:

1- 2%linear slope about 2600M in
length,positioned at upper quarter.

35°20"
6°

Authors: B.M.Msanya and G.M.R Budotela

Dodoma towards Arusha, 150 m east of the Dodoma
km from
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ranging from 6-8 months.

Drainage: Well drained.
Moisture conditions in the profile: Moist below 155cm.
Soil moisture regime: Ustic \ Aridic
Soil temperature regime: Hyperthermic
Depth of ground water table: Too deep to affect the

profile.
Presence of stoniness and rock outcrops: None.
3/idence erosion: Slight moderate splash, butof to
without deposition at the site and adjacent fields.
Presence of salt or alkali: None.
Human influence: clearing and cultivation.
Vegetation: Mitunduru and Mahata shrubs.

Description of individual horizons.
Apm 0-23 cm Dark gley brown(10YR4/2) moist and brown

(10YR5/3) dry; sandy clay; hard to
very hard when dry; massive; slightly sticky and
plastic when wet; many very fine and fine, few
medium pores; many very fine and fine roots; few

boundaryand smoothabruptanimal burrows;
towards AC1.

Rainfall: Annual rainfall varies from 500-700ml with an
average of 500ml and a pronounced dry season
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AC1 23-38 cm Dark yellowish brown (10YR4/4) moist and

light yellowish brown (10YR6/4) dry; sandy
clay; slightly hard when dry; massive
slightly sticky and plastic when wet; many very
fine and fine, few medium pores;
fine and fine, few medium roots; gradual smooth
boundary towards AC2.

AC2 38-65 cm Yellowish brown (10YR5/6) moist and yellow
(10YR7/5) dry; clay; soft when dry; massive;
slightly sticky and slightly plastic when wet;

very fine and fine roots;
boundary towards AC3.

AC3 65-117 cm Yellowish brown (10YR5/6) moist and Yellow
(10YR7/6) dry; clay; soft when

slightly sticky slightlyandmassive;dry;
fine,fewplastic when wet; many very fine and
fine and

fine roots; diffuse and smooth boundary towards
AC4 .

AC4 117-155+ cm Yellowish brown (10YR5/5) moist; clay;
friable when moist;massive; slightly sticky and
slightly plastic when wet; many very fine and

few veryfew medium,fine,

common very

few coarse pores;
fine and fine, few medium roots.

medium and few coarse pores; few very

diffuse and smooth
many very fine and fine, few medium pores; few
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Horizon AClh AC2 AC 4AP AC3

80-115 115-180*10-30/40 30/40-80Depth(cm) 0-10

% BS

Appendix 2.1 Some physico-chemical properties of profile 
No. DU1

58.4
12.8
28.8

0.5
0.3
0.6
0.2

29.6
8.0

62.4

0.9
19.4

Particle size 
analysis(%) 

sand 
silt 
clay

2.8
0.4
1.1
0.2

SC
4.3
3.6
0.2
0.4
0.1
2.6
4.1

1.6
46.0

55.2
6.4

38.4

SC
5.7
4.2
0.4
1.0
0.3

12.3
3.5

1.6
36.4

0.8
19.1

23.2
9.6

67.2

32.8
6.4

60.8

SC
3.8
3.4
0.1
0.2
0.1
2.6
5.0

SC
7.4
6.4
1.0
1.4 
0.1 

46.5
7.4

SC 
4.9 
3.5 
0.1 
0.2
0.1 
3.5 
4.4

0.2
0.1
0.4
0.2
0.1
0.1

0.2
0.1
0.5
0.2
0.2
0.1

0.5
0.3
0.6
0.2
0.1
0.1

Textural class 
PH 1:2.5 (H20) 

1:2.5 (KC1) 
O.C. (%) 
O.M. (%) 

Total N (%) 
Bray-1 P (ppm) 
CEC (me/100g)
Exchangeable bases

Ca2*
Mg2* 
K* 
Na* 
Al1* 
H* 

Summation of bases
4.4

59.1
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Appendix 2.1 (Cont Inues)

Moisture retension characteristics

Depth (cm) 100Top 50

DU1 = Dodoma Urban profile No. 1

1.92
40.40
19.90
18.20
17.90
17.00
14.70
12.00
6.90

1.78
39.20
27.70
25.20
24.80
21.60
19.40
17.50
11.10

I. 8
42.8
25.3
23.1
22.5
20.4
16.5
14.5
II. 4

Bulky density 
(g/cm3) 
pF0 

PF1 
pF1.5 

p" 
p” 
pF3.6 
pF<.2 

AWC
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Horizon AP BtSl BtS2 BtS3 BtS4
Depth (cm) 136-185*88-1360-5 5-38 38-88

Particle size analysls(%)
29.6 32.836.0sand 74.4 48.8

silt 8.0 6.4 9.616.0 6.4
56.0 64.0 57.0clay 9.6 44.8

SCsc
4.27.7

3.5 3.43.66.07.2
0.1 0.10.20.2O.C. 0.4(%)

0.20.20.40.4(%) 0.6O.M.
0.1 0.10.2Total N 0.10.1(%)
2.6 1.81.85.33.5

5.87.56.06.711.0

0.4 0.30.35.0 1.7
0.2 0.20.20.60.7
0.4 0.20.41.11.9
0.2 0.30.2Na* 0.20.2
0.1 0.10.1

0.2 0.1 0.1H*
Summation

1.2 1.01.13.57.8of bases
16.4 16.0 16.451.971.2% B.S.

Appendix 2.2 Some physico-chemical properties of profile 
No. DU2

Bray-1 P (ppm)
CEC (me/100 g)

c
4.4

SL

8.2
C

4.4
Textural class 
pH 1:2.5 (H20)

1:2.5 (KC1)

Al3*

Exchangeable bases:
Ca2*
Mg2*

K*
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Depth (cm) Top 10050

1.821.83
37.1 37.1
21.9 26.029.9
20.0 24.327.8

17.019.927.4
17.5 14.126.3

10.216.124.9
11.6 7.621.2

13.78.97.7

DU2 = Dodoma urban profile No. 2

Bulky
density (g/cm) 2.45

44.8PFo 
pF1 
pFl.5 

p" 
p” 
pF3.6 

pF4.2 

AWC

Appendix 2.2 (Continues)
Moisture retension characteristics
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Appendix 2.3 Some physical-chemical properties of profile DU3

Horizon AC 4AC 3APM AC1 AC 2

117-155*Depth (cm) 0-23 23-38 38-65 65-117

Particle size analysis(%)
20.036.0 26.445.6sand 48.8

6.4 9.6 12.8silt 8.0 6.4
67.257.6 64.0clay 43.2 48.0

Textural
C CCSCclass SC

pH 1:2.5
3.94.75.04.96.1(H20)

pH 1:2.5
3.6 3.34.03.94.3(KC1)

0.350.350.230.120.46O.C. (%)
0.600.600.400.200.800. m. (%)

Total
0.030.030.020.010.04N (%)

Bray-1
3.513.513.513.5120.18P (ppm)

12.00 8.968.1610.728.00(me/100 g)
Exchangeable bases

0.30 0.30 0.30.300.80
0.260.03 0.100.030.33

0.38 0.72 0.270.380.90
0.22 0.150.15Na* 0.150.15
0.020.01 0.020.01

H* 0.01 trace trace0.01
Summation

0.86 0.93 0.982.18of Bases 1.27
8.05 11.43 10.9427.25 10.575% BS

Al3*

(me/100g)
Ca2*
Mg2* 
K*
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Depth (cm) Top 50 100

1.592.03 1.82
42.239.830.4
31.026.918.0
28.619.416.2
27.819.315.8
25.019.214.2
21.216.810.8
6.213.89.4
15.510.93.7

Appendix 2.3 continue
Moisture retension characteristics

Bulky density 
(g/cm3) 
PFo
PF1
pn.s

PF2
p"
p”-6
PF4-2
ACW
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