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ABSTRACT

A study was carried out in Kilombero Sugar Estate in
order determine soil which limitthe constraintsto

production. This soildone throughsugarcane was
characterization and evaluation of fertility status of the
soils. Soil characterization was based on morphological,
physical, chemical and mineralogical properties.

In addition, soil
sampled from 16 cane fields under second ratoon crop and

NutrientZn, Mn and Cu.K. Ca, Mg, Fe,
fieldcarriedalso fromuptake by sugarcane outwas

fertilizer trials.
A soil morphology study revealed that the cultivated

soils in section 1 to 3 are young (AC) profiles, very deep
alluvial deposits. The virgin soils showed relatively more
advanced profile development (ABC profile) when compared
to the cultivated soils.

Generally, soils were of mixed clay mineralogy with
smectite goethite in varyingillite, andkaolinite,

proportions.
Total nitrogen in all soils was low (0.08 to 0.15%)

and therefore a limiting factor for sugarcane production
poor drainage and flooding effects

limit sugarcane production in sections 2 and 3.
Exchangeable K in soils ranged from 0.52

cmol(+)/kg (very high). Exchangeable Mg ranged from medium

analysed for N, P,

and sugarcane leaf samples were

Poor soil aeration,

to 2.68
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in good supply
1.13 mg/kg;Mean values in topsoils are: Zn, 28.9Mn,

mg/kg; and Fe, 131.0 mg/kg.
The cultivated soils of sections and 32,1, were

classified Eutric Fluvisol (KLP3), Mollie Fluvisolas
(KLP1) and Mollie Gleysol (KLP2) respectively according to

classification. virgin soilof TheFAO-UNESCO system
Eutric According to(KLP4) Cambisol.was

USDA Soil Taxonomy, the soils were classified as follows:
Section 1, Typic Ustifluvent; section 2, Typic Haplaquoll;

Fluventic Haplaquoll; and the virgin soilsection 3, as
Typic Tropaquept.

fertilizer trials indicated differentField that
levels of NPK applied in the soil did not affect nutrient
uptake by sugarcane to significant level. These results

and synergism effect among the
nitrogen, phosphorus and potassium.

Irrigation and underground water was found to be of
good quality.

was very low to medium (2.18 to 18.2 mg/kg).

were expected as there were appreciable amounts of native

was low to medium (2.99 to 7.02 cmol(+)/kg). Available P

DTPA extractable micronutrients are

classified as

P and K in these soils,

to high (1.53 to 6.22 cmol(+)/kg) while exchangeable Ca
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CHAPTER 1

INTRODUCTION
Sugar is a well known and important commodity used

with food and beverage varioushousehold level forat
industrial Tanzania,level. theIn mostatpurposes

important is (Saccharumof sugarcanesource sugar
of ficinarum) . sugar industry in Tanzania playsThe an

Despitein the ofimportant role the country.economy
domestic shortfall, Tanzania exports 10 000 metric tons of

(EEC).Economic Communityannually Europeantosugar
industry isimportant byproduct ofMolasses, sugaran

It ismaterial for other industries.widely used as raw
used in the production of industrial ethyl alcohol and

Agriculture, 1993) . The(Ministry ofacetone sugar
inindustry in Tanzania important rolealso plays an

reducing unemployment problems (Senkoro, 1988). It employs
national level. Kilomberoworkersthan at20 000more

500 peopleSugar Company alone on
permanent terms.

production indominant theThe systemsugarcane
country is that of plantation which combines cultivation
with sugar processing. Tanzania sugar industry consist of
five sugar factories and estates owned by four companies.
Kilombero Sugar Company Limited (KSC) and Mtibwa Sugar

(MSE)Estate are in Morogoro region, while Kagera Sugar

employs more than 3
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Limited (KSL) and Tanganyika Planting Company (TPC) are in
Kagera and Kilimanjaro regions respectively.

The combined installed capacity of fivethe sugar
factories in the is ofmetric228 000country tons
processed sugar per year while the actual production is
about 110 000 tons per year. The national annual demand in

(Ministry of Agriculture,000 metric1993 400 tonswas
1993) . Therefore, the locally produced sugar represents

the estimated annual demand.only about of25% As a
Tanzania imports sugar to bridge the gap betweenresult,

domestic production and demand while the potentials for
increasing sugar production exist (Senkoro, 1988) .

KSC operates two estates each with its own factory
000 hectares are

factories haveproduction and theunder ansugarcane
initial installed capacity of 85 metric tons of sugar per

The main portion of(about six months). Msolwaseason
hectares) has underbeen(3 000estate sugarcane

1961)(sinceproduction relatively longer than Ruembe
estate (since 1975). The whole estate is under sprinkler

field operationsallwith almost eitherirrigation
partially or fully mechanized.

fertilizer application shows that onlyHistory on

nitrogen fertilizers have been used in this estate while
production indicates declining trend. Theasugarcane

highest production of 144 tons of cane per hectare was

namely Msolwa and Ruembe. A total of 6
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attained in the first year of production (1962) while the
lowest of hectare in51 tons 1980was sugarcane per
(Appendix 1). The production in 1991/92
lower than that of 1962. The decreasing trend in sugarcane
yields in Tanzania during 1980s deviated from the almost

intensive cultivation and overall improvement in agronomic
practices (Netherlands Development cooperation, 1992).

In view of the above facts it is likely that a number
of factors such as managerial, financial and agronomic are

Worldresponsible in cane yield decline over the years.
(1988)Economic Institute(1984) NetherlandsandBank

fertility and shortcomings insoilthat lowobserved
in Tanzaniafertilizer application in sugarcane estates

were among the factors which contributed to poor sugarcane
yields. They further pointed out that few soil analyses
have been done to identify nutrient deficiencies in soil

deemed evaluatethereforepolicy. toIt necessarywas

these soils with the following specific objectives:
soilscharacterize of Msolwafully EstateTo1.

morphological, physical-chemicaltheirincluding
properties and mineralogical composition.
To evaluate soil fertility status of Msolwa Estate of2 .
Kilombero Sugar Company.

a result of more

season was 50.2%

world wide increase in yield levels as

and serve as basis for effective fertilizer application
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To assess quality of irrigation, and underground3 .

waters in Msolwa Estate
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CHAPTER II

2.0 LITERATURE REVIEW

2.1 Importance of soil characterization
The entire agricultural system of a nation depends on

the productivity of (Collins, 1977) .
farmer is in particular affected by the deterioration of
the soil resources because the quality of his life depends

productivity his land. is important,the of Iton
to characterize soil resources for sustainabletherefore,

and profitable use.
Soil characteristics are some of the land qualities

needed in carrying out assessment of suitability of land
(Samki, 1989). Theseselectedthefor or cropscrop

physicalinclude both and chemicalcharacteristics
mineralogical characteristicssoils, andproperties of

soil-water relationships (Landon, 1984) .
Soil physical characteristics include effective soil

depth, soil structure and porosity, and soil tilth.
The depth of soil that can be effectively exploited by
plant roots is an important criterion in selecting land
for irrigation (FAO, 1979) . A soil depth of 90 cm is often
chosen as a minimum for highest level of production under
average management (FAO, 1979) .

aggregation of soil particles (ILLACO, exerts
Soil structure refers to the nature and degree of

A smallthe soil

1981). It
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dominant influence soil air, moisture regime,a on

hydraulic conductivity and consequently the root growth
and soil productivity (Yang, 1978) . An abundance of large
air-filled pores is associated with stable aggregates and
productive soils. Other guidelines to aeration are given
by soil bulk density, infiltration and permeability rates.

Texture is one of the most basic soil characteristics
for consideration in soil appraisal. It influences water
infiltration, moisture nutrient retention,and and

. It is generallysusceptibility to erosion (London, 1984)
accepted that fine textured soils fertile thanare more

influence high claysoils due oftextured tocoarse
content which is related to nutrient supply, soil water
and plant nutrient retention (De Datta, 1981) .

Soil reaction (pH) provides a general indication of
soil salinity and acidity. It

deficienciessoil related economiccorrectable to

correlation such as lime and gypsum requirements.
interest inevaluating soils, cation exchangeIn

capacity values is two-fold that
potential productivity in terms of capacity of the soil to
retain and supply plant nutrients and as
nature of clay minerals present. It is also known that the
nature of exchangeable cations determine the productivity
of soils. Soils of inherently high productivity for most
crops usually have an exchange complex dominated by Ca2+

a clue to the

a measure ofmeans as

can be used to appraise
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and contain only minor amounts of K* and Na* (FAO,
Soils1979). with high proportion of hydrogen and

ionsaluminium in their sites tend beexchange to
unproductive. Excessive high amount of exchangeable Na has
deleterious soil physical characteristics,effects on
plant growth and development. Minerals present in the sand
and silt fraction of the soil are primarily indicative of
the soil parent material and of the degree of weathering

of clay1989) . The and(Fanning al. , amounttypeet
determine of thein soilminerals thepresent many

physical and chemical properties (Borchrdt, 1989) and thus

its suitability forexert
irrigation.

issoil characteristicalldocumentation ofFull
because it is useful to other disciplines andimportant

alternative developmentconsiderusedbe tomay

According to Dent1979). and Young
(1980), soildeSombroek and(1980), and Van Weg

(i) transferring offor:characterization
another (ii) farmresearch toarea

(iv)ruralplanning (ii) town
(v) guiding prospective investors in agricultureplanning

commercial large scale cropping (vi)especiallyand
(vii)forestry and forestry management town master plan

and settlements arrangements (viii) engineering purposes.

and Mg2+

a most important influence on

can be used
findings from one

and land classification
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2.2 Soil fertility evaluation

Soil fertility is the major of soilcomponent
productivity. It is defined as the status of the soil with
respect to the amount and availability to the plants of
the nutrient elements necessary for optimal growth of a
specified crop (Ponnamperuma, 1975) . In order to provide

advice fertilizer soilsound on properprogram, a
fertility evaluation is important. Soil fertility
evaluation is the process by which nutritional problems

recommendationsdiagnosed and fertilizer madeareare
1976) . This be(Sanchez,where process cannecessary

simplesoil testing, plant analysis,achieved by
fertilizer trials and a combination of these. Each method
has both advantages and disadvantages.

Soil testing is an important and indispensable tool
for assessing fertility status of soils (Sahrawat, 1983) .

this technique is itsshortcomings oftheHowever,
specific nutrientforinadequacy accountto crop

transport within rhizospherenutrient andrequirement,
interaction between nutrients (Bringer, 1985) .

Analysis of plant material is another approach used

the concept that the greater the nutrient content in the
plant the higher is its availability in the soil. It has

widely accepted ofbecome theaas means

fertilizer (Wood,ofeffectiveness 1987). leafAuse

in soil fertility evaluation. This technique is based on
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sample is an excellent indicator of the nutrient status of
the plant and therefore provides a useful check on uptake

applied fertilizer.of The major limitation of this

technique which limits its use is that the results of leaf
analysis are often too late to provide the adequate basis
for fertilizing the current crop, correcting deficiency,

(Sanchez,
1987) . theSahrawat, Wood, Further1976; 1983; more,

concentration of the nutrients in the plant is greatly

affected by other factors organ
otherenvironmental conditions and levels ofused,

nutrients in the soil (Mengel and Kirkby, 1987) .
Field fertilizer trials is another technique used in

soil fertility evaluation. The result so obtained can be
field conditions.farmers'translated directly theto

itHowever,
field trials relativelyfertilizer(1973) that are

expensive to conduct and that the research results from
these trials are not easily transferred from one field to
another. Regardless of the shortfalls of these techniques,
they are still useful for soil fertility evaluation when
the results are correctly interpreted.

a considerable yield lossor toxicity without

such as kind of plant

by Milsted and Peckhas been pointed out
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2.3 Effect of some chemical and physical soil
characteristics on sugarcane growth and development

2.3.1 Chemical properties

2.3.1.1 Soil pH

slightly acidic slightlytoSugarcane grows on

alkaline soils (Husz, 1974). Mmikonga (1981) observed a pH
(topsoil) of 4.9 to 6.6 in one section of the studyrange
Soil pH values near 7.5 or 8 are usually associatedarea.

with saline soil which contains excessive soluble salts.
significant inversehighlyobservedSergio (1978) a

correlation between exchangeable sodium percent (ESP) and
yields of sugarcane grown in alkaline soils (pH rangecane

did not harmfulto 10). 10of 7.5 cause
effect on sugarcane. An ESP level of 15 can be considered

critical level over which sugarcane yield is highly
restricted.

been reported have adversesoil haveAlkaline to
qualityproduction and ofeffect sugarcane.on

Lakshminkantham (1983) observed low content andsucrose
difficulties in processing sugarcane in alkalinegrown

An electrical conductivity value of 4 mmhossoils. was
found to be the threshold level above which the growth of

as a

ESP of up to
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sugarcane is drastically reduced (Shoji and Sound, 1965) .

the other hand acid soils (pH 5.6) caused reducedOn
sugarcane elongation while in alkali soils (pH 8) poor

growth and tillering was observed (Lakshmikantham,cane
1983) . When ratoon and plantcane was compared, Leon et al.
(1966) found that ratoon crops are only half as tolerance

difference in salt tolerance betweenplantcane butas
varieties diminishes during the second ratoon crop.

2.3.1.2 Soil organic matter
inorganicimportant ofisTrash mattersourcean

sugarcane soils. When incorporated in the soil it improves
soil structure and enhance the utilization of top dressed

(Lakshmikantham, 1983) . Thefertilizers by sugarcane

metric

sugar/ha when 251 metric tons/ha of bagasse was applied in
the soil. Buried sunhep at age of two months improved cane

(Lakmi s hkant ham,succeeding sugarcane by 43%.yield of
1983) .

that organicobserved carbon(1977)Yates an
to 2.3% is the appropriate forpercentage of 1.2 range

growth and development. the studyIn area,sugarcane
found that organic(1985) matterMkelenda content was

(0.84 to 0.55%).below this sufficient range The author
emphasized the need to incorporate organic material in the
soils in order to maintain the above range.

author reported an average gain of 3.63 tons of
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2.3.1.3 Macronutrients

Nitrogen

inadequate for cane production (Mmikonga, 1981; Mkelenda,
1985) . Mmikonga (1981) reported a range of 0.12 to 0.22%

reported by Demeteriothreshold value of 0.3%versus
as cited by Mkelenda (1985) .(1960)

Sugarcane requires up to 300 kg N/ha for normal
growth (Srivastava et al., 1986) . Ratoon crop uses more N

than plant crop when adjustment is made
for age
that required for optimum growth exert an adverse effect

Strivastava, 1986) .juice quality (Mkelenda, 1985;on
Increased N from 100 to 150kg/ha decreased markedly the

content of the first three ratoons of sugarcanesucrose
variety NCO 376 (Inman-Bamber, 1984) . The author observed
quality decrease of 7% in variety N52/219 as compared toa

that of 18% in NCO 376 when 200 kgN/ha was applied. On the
other hand number of tillers and stalk length increased
with increasing N rates.

The critical concentration of N in sugarcane leaf
set by several authors (Mkelenda, Wood,has been 1985;

1987). Mkelenda (1985) working with sugarcane variety NCO
376 in Kilombero Sugar Estate, observed a threshold value
of 1.8% while Schroeder et al. (1993) observed a critical

per ton of cane

Total N in the soils of study area was found to be

(Chui and Samwel, 1977). Higher doses of N above
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concentration of 1.6 to 1.9% N in South Africa depending
age and month of sampling. (1987)Wood

concentration of between 1.7 to 1.9% N for plant cane and
critical1.8% levels applicable in1.6 Southto N as

Africa depending soil and month oftype,on crop age
sampling. Therefore, N critical concentration in sugarcane
should considered dependingbe locally localon
environmental sampling andconditions, of atage crop
whether it is a plant cane or ratoon crop.

Phosphorus
"the key to the life' 'Phosphorus has been called

(Thompsons and Troeh, 1985) because it is involved in most
in the soil helplife processes.

in juice pol caused by higher doses offallreduce a
nitrogen (Srivastava et al., 1986) . Application of 50kg of

consecutivephosphate\ha per for seven yearsseason

significantly improved yield of ratoon crop when compared
to control treatment (Jafri, 1984). Lakshmikantham (1983)

diameterstalk length and andobserved reduced poor
tillering of sugarcane growing in P deficient soil.

fertilizer,the to PFor sugarcane
(1957) observed a critical level of 6Ayres and Humbert

for acidic and neutral soils. On the other hand,ppm P
Yang and Chen (1991) working with clayey alluvial soils

52% yield increase corresponding to 33 tons ofobserved a

found aon cane

Adequate amounts of P

response of
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cane per hectare by applying 83 kg P/ha. A critical level

of 0.17 to 0.19% P in sugarcane leaves of
has been reported by Wood (1987), Meyer et al. (1989) and
Schroeder et al. (1993) in South African sugarcane growing
regions. Msolwa KilomberoofIn Sugar Estate Sugar

Mkelenda (1985) found of bythat uptakeCompany, P
sugarcane depended on levels of N in the soil. When 200 kg
P/ha was applied sugarcane leaf found toP content was
range from 0.16 to 0.21%.

Potassium
Potassium is required by sugarcane in amounts greater

Lakshmikantham,(Husz,nutrientother 1974;than any
inin resultsdeficiencyPotassium1983) . sugarcane

accumulation of free amino acids in the plant, depressed
(Lakshimikantham, 1983), lowgrowth and slender stalks

Accordingcontent and rendment (Humbert, 1968) .sucrose
112 ppm of exchangeable K in the soil hasto Wood (1987),

concentration for growth andcriticalusedbeen as a
Africa.in South The authordevelopment of sugarcane

observed a significant response of K levels for sugarcane
grown in light textured soils and lower critial level as
compared to heavy textured soils. In heavy textured soils
the critical concentration was variable and was not well
correlated with pretreatment of levels in theK soil.
However, a significant response was found to be associated

a ratoon crop
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with soil K levels ranging from 112 to 549 ppm. An interim

been
introduced for soils with clay content of more than 30%.
Wood and Meyer (1986) suggested a threshold value of 225
ppm K for soils with high proportions of K fixing clay
minerals.

The critical concentration of K in sugarcane leaf has
(Wood,been reported by different workers 1987; Ng Kee
It was found to be1993) .Kwong, 1990; Schroeder et al.,

affected by age of the cane and rainfall regime (Ng Kee
The authors observed a threshold value of1990).Kwong,

1.45% K in sugarcane leaves aged six months following a
days preceding leafrainfall oftotal 262 30

sampling. This was in contrast to 1.32% K for sugarcane of
the same age and variety sampled when 114 mm of rainfall
had been received over 3 0 days prior to leaf sampling.

(1987) observed a critical concentration of 1.05% KWood
leaf sample taken from a vigorous growing cane of

three months old ratoon crop.

2.3.1.6 Micronutrients
Micronutrient deficiency or toxicity in sugarcane has

received little publicity in Tanzania and other sugarcane
thisthatcountries. problemgrowing isIt appears

In Tanzania most soils are deficient in Cu,infrequent.
Zn, not

for 3rd

B and Mo but the deficiencies of Mn and Fe are

150 ppm of exchangeable K hasthreshold value of

mm over



16
very common (Sillanpaa, 1982). The availability of these
nutrients to plants are mainly affected by soil reaction
and moisture regime (Neue, 1989) . (1976)al.

reported increased availability of Fe under waterlogged
conditions. Deficiency of soilsin theZn wassame
reported by Agarwal et al.(1970) and Neue (1989).

the micronutrients for growth ofnecessary
It functions in the plant as a componentsugarcane is Zn.

1977) .of plant tissue and enzyme factors (Juang et al.,

deficient in Zn the synthesis
Wood1958) .inhibited (Schutte and Schendel,isacids

reported that the deficiency of micronutrients in(1987)
sugarcane growing soils in South Africa is infrequent with
exception of Zn which has been a continuing problem. Juang

relationshipsignificant betweenobserved(1972) a
The authors foundsugarcane yields and soil Zn contents.

that the maximum yields for both cane and sugar occur when
Lakshmikantham (1983)soil Zn was between 12 to 18 ppm.

reported that in Guyana the Zn content of most visible dew
lap leaf lamina of sugarcane variety Co997 at the age of
90 days increased from 16.6 to 18.7 ppm as the levels of
N increase from 0 to 224 kg N/ha. A threshold value of 13

Zn in 3rd leaf of cane at the age of 3-4 months isppm
used in South Africa (Wood, 1987).

in only inis smallpresentIron sugarcane
quantities but is essential to plant growth and formation

When plants are

Pathak et

One of

of amino
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of chlorophyll (Husz, 1974) . Iron deficiency in sugarcane

leaf chlorosis 1980) andcauses
diminished growth. It is usually associated with very high

(Husz,contents of manganese 1974; Fogliata and Bustos,
1980; Lakshmikantham,

this1974) .for normal growth (Husz, Whenrecommended
toxicitydeficiencyratio is less, MnFe1:1 oror

(1959) observed that Fe toxicity can bedevelops. Evans
drainage.lime and betterapplication ofreduced by

Lakshmikantham (1983) observed that Fe concentrations in
forranged betweenleaves 206 270to ppmsugarcane

282 ppm for varietysugarcane variety Co419 and 212 to
Co9 97 without specifying the age of the crop at sampling.

proteinimportant forisin plantsManganese
Its uptake by plants is highly affected bymetabolism.

soil pH. Like for many other micronutrients, high soil pH
induces manganese deficiency in plants. Toxicity results
from unfavourable Fe:Mn ratio.
concentration of 15 ppm Mn was found by Schroeder et al.

leaf samples and large number of
fertilizer trials conducted over 40 years in South Africa.

plants oxidationby forneeded andisCopper
indispensableis for proteinreduction Itprocesses.

metabolism and formation of certain enzymes (Husz 1974) .
High soil pH induces Cu deficiency.

characterized by poor development of stool, leaf chlorosis

(1993) based on 3rd

In sugarcane a threshold

1983). The Fe:Mn ratio of 15:1 is

In sugarcane it is

(Fogliata and Bustos,
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and failure of leaf spindle unroll. The criticalto
concentration of 3 to 4 ppm Cu in topmost visible dewlap
leaf at the age of 3 to 4 months
(1959), Wood (1987) and Schroeder et al. (1993) .

2.3.2 Soil physical properties

2.3.2.1 Soil texture
varied soilis underSugarcane crop grown

soils with high amount of expandingconditions. However,
clays are difficult to work with. They cause crop logging

develop during drywhichcracksdeepdue to season
andCareful drainage of1983).(Lakshmikantham, water

application of green manure will improve the texture of
fine textured soils have impact onthese soils. Moreover,

nutritional status of a sugarcane crop. For example, Wood
concentrationcritical of inlow(1987) observed Ka

sugarcane grown in light textured soils compared toas
heavy textured soils. Well drained loamy soils have been

(Husz,ideal for 1974;befound to sugarcane crop
Lakshmikantham, 1983) .

2.3.2.2 Soil structure
crop prefers permeable soils for theSugarcane

growth of its roots, the bulk of which occupy the upper 40
soilthe (Fernandeslayer of al. , 1978).etto 50 cm

was observed by Evans
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Sugarcane estates are characterized by mechanization of
field operations due to labour shortage and high labour
cost (Yang, 1978) . The use of heavy agricultural machinery
in arable land can, however, lead to serious problems due
to soil compaction (Yang, 1978; Mathan and Natesan, 1990) .
Traffic induced compaction decreases the water
infiltration increases soil density andbulkrate,
decrease vertical root growth (Kayombo et al., 1991). Yang

observed that soil bulk density and penetration(1978)
trafficincreased with increasing number ofresistance

growth andpasses.
yield resulted from compaction up to 40 cm depth which in

1.55 to 1.75 g/cm3. The effect of heavy machinery was more
with high moisture andsoilspronounced in content a

massive structure.
Mechanization in sugar industry is indispensable but

the deleterious effect of soil compaction is unfavourable.
the excessive soil compaction caused by heavyHowever,

if followingbe reduced thecouldmachinery
by (1978)suggested soilrecommendations Yang on

management are observed.

harvesting should be doneMechanical undernot1.
conditions which are conducive to soil compaction, such as
high soil moisture content. If it is absolutely essential,

wide tireswith andtruck lower inflationloading a

turn increased linearly as bulk density increased from

Significant decrease in ratoon cane
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pressure should be used.

cut off one month before harvesting.
Amelioration of fine soils with and3 . textured sand

organic matter to decrease their compactibility. However,
this exercise is difficult to practice in large areas.

Lowering of water table to a desired depth by a proper4.
drainage system in order to have a dry surface soil.

2.3.2.3 Soil moisture regime
Water is nearly a universal solvent helping plants

to absorb nutrients. It is the key to growth, development
and maturity of the sugarcane crop and the conversion of

(Humbert, 1972).reducing sugar to recoverable sucrose
impairis knownin toWater stress sugarcane

photosynthesis significantly. It can also result in high
fibre:juice ratios, low sugar recovery and poor yield of

1983) .(Lakshmikantham,hectare Excess orcane per
deficiency of moisture have adverse effect on plant growth

of nutrient elements in plant (Samwel,and availability
1971) . The author observed that moisture deficiency in the

caused reduction in sugarcane growth. Interactionsoil
between soil moisture conditions, levels of nitrogen in

soil and yields of observed bythe
(1962) and Fogliata and Gargiulo (1978) . Yang andVerma

soil moisturefound that regime(1980) affectsChen

2. In medium to fine textured soils, irrigation should be

cane crop has been
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sugarcane bud germination. The optimal soil moisture for
germination was at the range of field capacity (0.3 bars) .
Under saturated conditions, germinationwater no was
observed for 25 days germination period. According to Husz
(1974) a soil water potential of 0.2 to 2.5 bars for arid
climates and 0.2 to 1.8 bars for humid conditions should
be maintained to ensure continuous cane growth.

2.4 Effect of clay mineralogy on soil fertility
inorganicfraction is reactivetheClay most

The difference in chemical andconstituent of the soil.

physical properties of soils can be associated with the

in mineralogical composition of soilsthesevariation

basic1976). Consequently theDalal,(Chatterj ee and

their besoil relevantproperties of to notuse can
properly understood without a knowledge of mineralogical
makeup (Ghabru and Ghosh,

dictate physicalsoil andin theclay minerals some
chemical to
soil fertility such as cation exchange capacity, water and

2.4.1 Micas
Micas is a group of minerals which are non hydrated

phyllosilicates with 2:1 layer structure. One fourth of

sites is occupied by Al3* and thetetrahedral isrest

plant nutrient retention, credibility and workability.

I 060-0-70^

characteristics which are directly related

1985) . The amount and type of
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(Si4*) .occupied by silicon Excess negative charge is

balanced by monovalent cation, commonly K* which occupies
the interlayer sites (Schulze, 1989) . Mica species are

.2 + and Al3*differentiated depending on substitution of Mg:
for

K+ in the interlayer sites. Micas with interlayer K* are
the most important and abundant in most soils (Fanning et

1989) . Generally they are primary minerals abundantal. ,

in many rocks such as shales, schists, granites, gneisses
1985).(Thompson and Troeh, Jacksonand sedentary rocks

(1989) observed that(1964)
micas are more prevalent in clay minerals of younger, less
weathered soils such as Entisols, Inceptisols, Mollisols
and Alfisols but less prevalent in highly weathered soils
such as Oxisols and Ultisols.

The cation exchange capacity (CEC) of mica is small
compared to expanding minerals such

particle size of mica present and upon factors that affect
wetting and drying. However,

(1987) pointed out that fixation of K byTributh et al.

complex when compared withisillite othermore
phylosilicates. They can both fix and release K depending

for Fe3+ or Fe2*

as vermiculite and

as cited by Fanning et al.

in the octahedral site and Na* and Ca2*

smectites. For example, the CEC of illites range from 20

supplying power of soils depends on the kind, amount and
important source of K to growing plants, the nature of K
to 40 cmol( + )/kg. Although K released from micas is an

the release of K such as
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their degree of weathering. it hasAlso beenon

established that dioctahedral mica such as muscovite are
resistant weathering than trioctahedral micastomore

such as biotite and that they release K at a much lower
rate (Jackson, 1953).

2.4.2 Vermiculites
Vermiculites made of 2 :1 layer structure.are up

they have lower layer charge (0.9 to 0.6)Unlike micas,
and contain exchangeable cations usually Ca and Mg between

They have high CEC and affinity for weaklythe layers.
NH4+ and Cs+ (Fanning et al.,hydrated cations such as K+,

1989) .
climaticin soils of allVermiculites foundare

regions and soil orders where either mica or chlorite is
present in soil material (Ross et al., 1982) . It has been

they formedSmith (1962) that fromreported by are
feldspar in basic igneous rocks and basic igneous, mica-

TrioctahedralKishk, 1969) .and(Barshardrocksfree
in siltprevalent sand, and clayvermiculites are

vermiculiteDioctahedral issoil. seldomfractions of
observed in soil fraction larger than medium silt (Ross et
al., 1982).

influenceVermiculites have strong CEC of theon
They are among minerals with large CEC (Douglas,soil.

vermiculite fixknown1989) . Also to exhibitare or
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selective adsorption of K+ and NH4+ (Page et al., 1967).
Potassium fixation and release by phyllosilicate clay
minerals in soils influence K to

known have greater fixation capacities thanto Kare
smectites (Ross and Cline, 1984).

2.4.3 Smectites
This group of minerals is composed of minerals with

with the2:1 structure
lowest charge per formula weight (0.6 to 0.25) (Schulze,

Mg2+, and Na+.
smectites,occurring onlynaturallytheAmong

montimorillonite and beidellite are of major importance in
1989) . They are distributedsoil environment (Borchardt,

world wide (Buol et al., 1980) . Vertisols are dominated by

smectites which commonly occur in gently sloping soils of

alluvial plains (Borchardt, 1989).

Smectites have expanding lattice minerals that permit

their layers
major portion of1985) . The(Thompson and Troeh, the

fertility of moderately weathered soils can be traced to
the presence of smectites. This is due to its ability to
hold fertilizer cation such as K+ and NH4+, macronutrients

and Mg2+, and micronutrients such as Cu2+ andsuch as Ca2+

198 9) . The inter layer contains exchangeable cations, Ca2*

plants (Buabid et al., 1991). Beidelites and vermiculite

to enter between

the availability of

both water and cations

like mica and vermiculite but
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against the effect of leaching by rainfall or

irrigation water. With exception of soil organic matter,
smectites have the highest CEC. It ranges from 47 to 162

average of 100 cmol(+)/kg. Smectites
of the K fixing properties (Laird et

1991) . it is generally accepted thatal. , KHowever
fixation in soils containing smectite is due to presence

1991) .(Laird et al. ,of vermiculite or weathered mica
Smectites in large amount in the soil are associated with
poor hydraulic conductivity and poor root development.
Cropping of soil containing smectite causes Mg and Fe to

(Christenson and Doll,be released from octahedral sheet
1973) which are available to growing plants.

Zn2’

cmol(+)/kg with an
also exhibit some
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CHAPTER III

3.0 MATERIALS AND METHODS

3.1 General characteristics of Kilombero Sugar Estate

3.1.1 Location and extent
Kilombero is located in Msolwa andSugar Estate

river valleys in Kilombero district,Ruembe Morogoro
0region (Fig. 1) . It extends between latitudes 7

10'East. The estate is

bounded by Mikumi National Park, The low plateau Selous

and the Gologolo andGame Reserve to the south and East,

Migomberani mountains to the West (Fig. 2).

(Msolwa estate)Kilombero 1
which lies between the Great Ruaha river to the North and

Migomberani and Gologolo Mountains to the West andEast,
Sanje river in the South.

3.1.2 Geology and soils
Msolwa and Ruembe river valleys are part of the East

African Rift Valley system (Mmikonga, 1981) . The North-
South fault separates the hilly and mountainous terrain of

Tanzania along the Western margin of Kilomberocentral
Estate (Whittingham, 1963). The raised block to the west

Gologolo and Migomberaniconsists Mountains.of These

30' and 7°

and 3 7°50' South and longitudes 36°

The study area covers
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mountains are composed of igneous rocks of Usagaran system
of the basement complex (Fig. 3) . The rocks are composed
of two major stratigraphic groups:
i. Migmatic gneisses with biotite and, hornblendeor

together with Usagaran undifferentiated.
ii. Granulite with migmatic gneiss.

In the valley floor, colluvial and alluvial sediments
According toof Neogene age overly the Usagaran rocks.

reconnaissance survey of Kilombero valley carried out by
differentiated the(1967)Whittingham (1963) and IILACO

sediments into two broad groups:
i. Light sand earth, cemented sand and gravel.
ii. Alluvial sand and silt.
The major portion of Msolwa estate is covered by the later

have beenalluvial sediments toThe appeargroup.
tributariesits while

colluvial materials are supposed to have originated from
Gologolo mountains (Mmikonga, 1981). The author identified
four soils orders in a section of this Estate which was

They were Entisols, Inceptisols, Mollisolsunder fallow.
and Ultisols.

3.1.3 Geomorphology and hydrology
Rivers from the elevated land which flow to the East

and South are the major land forming agents in the valleys
of Lower Ruembe and Msolwa. In these valleys the gradient

deposited from Msolwa river and
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of the river beds becomes small, allowing for an overflow
of the river. The flush flood inundate a large area. Near
the river beds are some erosion gullies which penetrate

distance usually not exceeding few hundred
feet (ILACO, 1967).

The Great Ruaha is the largest river in the area. It
flows through a narrow gorge in the Gologolo mountains
carrying with it

This is deposited at the bottom of the scarp inseason.
Ruembe and Msolwa valleys. Due to seasonal nature of the
flow combined with frequent flooding,

leavingtime intervalshortchanges aover acourse
slightly undulating landscape, sand banks, old channels
and levees. Further from the river the finer fractions of
the river sediments have been deposited. The Ruembe river

is also subjectedfrom North to South and it toflows
deposited large offlooding. has amountflush It a

East of Kidodi. The other smalleralluvium in the area
in smallshow similar features butin therivers area

scale.

inland over a

a high sediments load during the rainy

there are numerous
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3.1.4 Climatic conditions

Generally the climate of Kilombero Sugar Estate is
tropical rainy with annual rainfall of 800 to 1700 mm and
showing a well defined wet and dry
distribution shows a peak in March and April and a dry
spell from June to September. short rains usuallyThe

November and end in January. During theinstart wet
period,
flooding and waterlogging. The soil moisture regime is
therefore aquic.

The mean monthly temperature is about 24.5°C. The mean
30.2°C

respectively. Minimum and maximum relative humidity are
52.9% and 93% respectively.
Msolwa Estate are in appendix 3.

3.2 Site selection and characterization

3.2.1 Site selection
Msolwa Estate was selected from two estates owned by

Kilombero Sugar Company for this study. The selection was
it has been underthatfactthebased sugarcaneon

production for a relatively longer time than the Ruembe

is subdivided into three mainMsolwa EstateEstate.
sections based on different soil types (appendix 4).

done based on

season. The rainfall

minimum and maximum temperatures are

The main climatic data for

Selection of soil profile positions was

the main portion of Msolwa Estate experiences

18.9°C and
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existing soil information (ILLACO, 1967; Mmikonga, 1981)
(coupled with reconnaissance auger field observations in
various parts of Msolwa Sugar Estate).

Section 1:
This immediately foothillsfrom the ofstarts

Gologolo mountains to the North and Great Ruaha river to
is characterized by light textured soils,the West. It

is comprised ofThis sectionmostly sandy clay loams.
seventy fields each of about 20 hectares under sugarcane.

Section 2:
is occupied by light soils,to heavy texturedIt

river North andtheencompassed by Msolwaalmost to
There are 40 fields (eachNyarubungo river to the South.

of about 20 hectares) under sugarcane in this area.

Section 3:
This is located between Msolwa river on the Eastern

It is characterizedside and TAZARA railway to the West.
soils. Thisflooding and heavy texturedseasonalby

section has 54 fields (each of about 20 hectares) under
sugarcane.

3.2.2 Soil profile description and sampling
One representative soil profile from each section and
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one control profile from a virgin land (Appendix 4) were
dug to depth of least Soil samplesat 200a cm. were
collected from each horizon for physical chemicaland
analysis (Table 1). Undisturbed soil samples alsowere
collected at 0-5 and 100-105 cm depth for50-55cm, cm,
determination retentionof bulk density and water
characteristics. The morphological characteristics of each

profile were described in detail using guidelines for Soil

Profile Description (FAO, 1990). Soil colour was
determined using Munsel Soil Colour Chart (Munsel Colour

1975) . Exact locations of each site in terms ofCompany,
determined usingcoordinatesinternational Sonywere

Global Positioning System Receiver. Basing on both field
classifiedsoils thelaboratory data, theand towere

family level according to USDA Soil Taxonomy System (Soil
level of FAO-Unesco soil1990)Survey Staff,

classification system (FAO, 1988).

Soil sampling for fertility evaluation3.2.3
fields,Sixteen commercial each of about 20cane

hectares under second ratoon crop were randomly selected
in the Msolwa Sugar Estate of Kilombero Sugar Company.

five, and four fields fromtheBasing on seven,area,
2 and 3 respectively were sampled. Each fieldsection 1,

equally subdivided into three sampling units. Fromwas
32 auger samples, 8 from each sampling uniteach field,

and to 2nd



35

30-70 and 70-1000-30, cm.
These samples were composited into one for each respective
depth. All samples were air dried, ground to pass through
a 2 mm sieve then analyzed for chemical properties.

3.3 Laboratory Soil Analysis
methods analyse for physico-chemicalThe used to

characteristics of the soils are presented in table 1.

3.4 Mineralogical analyses
One subsoil sample was taken from each profile for

mineralogical study. The clay mineralogical study was done
soil clay fraction. The following procedure was used:on

(30ml) of 30%All samples were treated with equal amount
soil organicdestroyovernighthydrogen peroxide to

evaporated on a water bathwas
at 70°C. The samples were then dispersed by using IN sodium
hydroxide. These samples were then shaken overnight on an

transferred tosieving. a
glass cylinder and their volumes made up to 1000 ml. At

appropriate time and depth intervals, clay fraction was

successivesilt by decantation andseparated from
The process of decantation toflocculation by 0.5N HC1.

separate clay from silt continued until enough clay was

analysis. The clay samplesobtained for thenwere

Clay and silt fractions were

were taken at each depth of

matter. The excess of H202

end over end shaker. Sand fractions were removed by wet
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withsaturated and K*. Magnesium and potassium

glass slides from a
water suspension at room temperature and allowed to dry.
Mg saturated samples were later glycerol-solvated while K
saturated samples were heat-treated for one hour at 300°C
and 550°C. The clay mineralogy of soil was determined using
X-ray diffractometer model Shimadzu XD-D1 by interpreting
the x-ray diffractograms using the standard guidelines and

and Weed, 1989).

plant material and water3.5 Sampling of

3.5.1 Sampling of sugarcane leaves

Twenty cane leaves were sampled from each sampling

unit of the same field where soil sampling was done giving

leaf (partiallytotal of 60a
leaf) was sampled at the age ofunrolled leaf

3-4 months. The second sampling was done after 2-3 weeks.
All sampling were confined to the time period between 6.30

(Societe de Technologie Agricole et Sucriereand 8.00 a.m.
1975) . Each leaf was folded into two tode Maurice, get

A section ofthe exact middle of the 5cm was cutsame.
midrib carefullyside removed. Thefrom each

samples were composited to obtain one sample per field.
Then the obtained samples were suspended by a piece of

Mg2*

taken as 1st

saturated samples were mounted on

books (Thorez, 1975; Brindley and Brown, 1980; and Dixon

and the

leaves per field. The 3rd
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Table 1. Methods used for characterization of soils

Parameter Method of analysis Reference

a) Hydrometer method Juo (1979)

b) Bulk density Metallic core procedure

c)

d) Soil pH
Mclean (1982)

e)

f) Bray and Kurtz 1

Blake and 
Hartage (1986)

Available
Phosphorus

Total 
Nitrogen

Soil moisture 
retention at 
various suction

Particle size 
analysis

Semi-micro Kjedahl 
procedure

In neutral ammonium acetate 
extract, then determined by 
atomic absorption 
spetrophoptometer

Pressure Plate 
apparatus

National Soil
Service (1987)

Olsen and 
Sommer (1982)

National Soil
Service (1987)

National Soil 
Service 
(1987)

Bremner and
Mulvaney (1982)

Potentialmetrically 
using glass electrode pH- 
meter in 1:2.5 soil/water 
suspension and 0.01M CaCl2

g) Exchange­
able bases

h) Cation exchange 
capacity

specrophotometer 
By Percolation with 
IM NH4OAC.
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wire in a well ventilated oven at a temperature of 70-90°C
for two hours. Dried leaves were chopped into pieces of
approximately 1.0 long, ground in mill tocm passa

through mesh ready for analysis. soilThe1.0a mm

fertility assessment was based the obtained soil andon
plant material analytical data.

3.5.2 Sampling irrigation and underground waters
Irrigation water was sampled at the main intake to

Msolwa Estate. Two samples were collected in a day, in the
and the other sample in the eveningmorning (8.30 a.m)

(6.30 p.m) . Other sets of samples were collected one month
later. Also one sample of underground water was collected

34 of section 1)(in field no. at
from the surface in mid January 1995.

All samples were analyzed for K, Ca, Mg, Na, Zn,
Cu and total soluble salts to determine water quality for
irrigation and some nutrients contribution to the soil.

3.6 Field Fertilizer Trials.
conducted in two sites (fieldOne field trial was

section 1 and field of section 2)M17 tono.

(N, and Mg)determine nutrient uptake underP, K, Ca,

different NPK levels in the soil. The second ratoon of

used as a test crop. Triplesugarcane variety NCO 376 was

supper phosphate (TSP) , Potassium sulphate (K2S04) and urea

a depth of 150 cm
from profile no. KLP3,

Fe, Mn,

no. 12 of
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Table 2. NPK treatment combinations applied to soils of sections 1 and 2

N kg/ha P kg/ha K kg/haTreatment

000T1
20 6030T2

1204060T3
60 18090T4
80 240120T5
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A
complete randomized block design employed in fivewas
replicates. Treatments are summarized in table 2.

The second field trial was conducted in field no. M4
located in section 2 to study the effect of andK, P,
different combinations of soil theon
nutrient uptake by sugarcane plant leaves. A completely
randomized block design was employed. Treatments are shown
in table 3.

Leaf samples were collected from each plot three
months after fertilizer application for determination of
nutrient uptake. All fertilizers in form of urea, triple
supper phosphate and potassium sulphate
the same time when crop was one month old and covered by
soil to prevent loss of nitrogen through volatilization.

3.7 Laboratory analysis of plant material and water
methods used analyse plantanalyticalThe to

materials and water are summarized in table 4.

were applied at

were used as the source of P, K and N respectively.

P and K in the
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Table 3. Treatment combinations P.K. and PK applied to

soils of section 2 with recommended rates of N.

N(kg/ha) P(kg/ha) K(kg/ha)Treatment

0 00A
80 0 0B

20 080C
20 6080D
4080 0E
40 6080F
4080 120G
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1) Leaf samples:

Method of analysisParameter Reference

a) Percentage N

b) Percentage P

c)
(1991)

ii) Water Samples:
Rhoades (1982)

Electrical conductivity Rhoades, (1982)b) Total soluble
methodsalts

Mclean, (1982)c) PH

d)

Rhoades (1982)Micronutrientse)

National Soil 
Service (1991)

Percentage 
(K, Ca, Mg)

By atomic absorption 
spectrophotometer

By atomic absorption 
spectrophotometer

Digestion, distillation and 
titration against Boric acid

National Soil
Service(1991)

Sodium 
adsorption 
ratio

Potentialmetrically 
by pH-meter

H202-Selenium-Salicylic acid 
method.

National Soil 
Service

H2So4-selenium-salicylic acid 
digestion then determined by 
atomic absorption spectropho­
tometer

a) Soluble cations 
(Ca2+, Mg2+, Na+, 
K+)

By calculation using 
the formula: 
SAR= (Na4)

( (Ca2*+Mg2+) /2)1/2

Bohn et 
al. (1985)

Table 4. Methods used to analyse plant and water samples
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3.8 Statistical Analysis

Simple correlation coefficients were calculated
to test the following sets of data:
a) Exchangeable K, Ca, Mg and Na levels in the soils

versus sugarcane leaf contents.
b) Zn and Cu levels in the

soils versus concentration in cane leaf.
The analysis of variance as outlined by Snedecor and

in(1989) effectsCochran
field experiments based on the model:

andWhere:

U= general mean.

Ti=true effect due to ith treatment.

block.

+Ei:j

block Bj.

Bj=true effect due to jth

+ BjYij= U + T,

Yij=leaf N,P,K,Ca content due to treatment T±

Ei;j=residual error.

DTPA- extractable Fe, Mn,

was used to assess treatment
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CHAPTER IV

4.0 RESULTS AND DISCUSSION

4.1 Soil characterization

4.1.1 Soil Morphological properties

Detailed information on the sites and representative
soil profile descriptions together with the chemical and

soilsphysical properties of Msolwa Estate aresome
presented in appendix 2. The morphological characteristics

from all three sections indicate that they areof soils
very deep occupying alluvial plain with a slope of less

and without surface stoniness or rock outcrops.than 1%
stratified soils (ACsoilscultivatedThe young,are

illitic mica and highofprofiles). The somepresence

activity clay is an indication that these soils are not
Occurrence of Fe and Mn nodules (KLP1highly weathered.

and KLP2) and high activity clay suggests an intermediate
stage of ferralization process and an evidence of senile
stage of development of alluvial soils (Buol et al. 1980) .
Fluctuation of water table (KLP1 and KLP2) and occurrence

mottles is evidenceoxidation-reduction ofof an

gleization process. The topsoil texture is sandy loam to
clayey and the structure is subangular blocky. The colours
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of surface soils are mostly dark grey when dry and black
when moist.

4.1.2 Soil physical Properties
A summary of the physical properties of soils used

from representative soil profiles in table and5are
appendix 2 . Physical and chemical properties for the auger
samples from sugarcane commercial fields are in appendices

6 and 7.5,

Soil texture
Composite auger soil samples from section 1 showed

that about 86% of topsoils (0-30 cm) are sandy clay loam
textural change within a depth ofwith minimal 100 cm

(appendix 5) . Generally the percentage of sand is lowest
in the surface with mean value of 60%. The Ah horizon of
the representative profile (KLP3) is sandy loam with fine
and medium size sand constituting the major part of the
sand fractions.

Although sugarcane grows in wide range of soils,a
loamy and clay loamy soils provide the best rooting medium

requiresit littleandthis managementfor tocrop

minimize possible reduction in yields due to poor soil

1981). Soils of this(Yates, ILACO,conditions 1977;
soilfavourablehavesection fortexturetoappear

sugarcane.
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Soils of section 2 which were represented by profile

KLP1 had sandy clay loam texture in Ah horizon (0-35) . The
general trend showed that the total sand contents
increased with depth while clay contents decreased with
depth. Auger composite samples (appendix 6) showed that
this section is predominantly sandy clay in texture with
appreciable amounts of clay up to 100 cm depth.

Section three was represented by profile KLP2. Both
profile and composite auger samples (appendix 7) showed

these soils are clayey with clay contents rangingthat
between 38 and 64% in topsoils with slight increase with

depth.

The clay content of soils of section 1 were within
the acceptable range of 7 to 27% suggested to be very good
for most agricultural use (Landon, 1984). Soils of section

Such soils are associated2 and 3 were above this range.

easilyagriculture theymechanizedgrowth. In are
compacted. Therefore they require extra management effort

1977) such as improvedto minimize yield losses (Yates,
drainage and deep ploughing.

Bulk density
The bulk density of the topsoils ranged from 1.24 in

the virgin soils to 1.47 g/cc in soils of section 3. In
all profiles bulk density increased with depth (Table 5) .

with poor aeration, drainage and restricted plant root
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Soils of section 3 showed
up to 1.70 g/cm3 below a depth of 30 cm from the surface.
This
matter with depth. Also it may be reflecting the effect of
heavy agricultural machinery on these soils. Yang (1978)
observed that the effect of heavy agricultural machinery

pronounced in soils with high water holdingwas more
capacity and massive structure, a situation applicable to
some of soils of section 2 and 3. Bulk density values of
topsoils were less than critical values of 1.46 and 1.63
g/cm3 for silty and clayey soils respectively (Taylor et

1966; Landon, 1984).al. ,
bulk density values of lessFor sugarcane growth,

3

,3Bulk density values between 1.4 and 1.6 g/cm are critical
for sugarcane growth (Juang, 1972). Higher bulk density

in section 3 limit plant root growth, aeration,values
water movement and drainage which have negative effect on

yield and quality of sugarcane produced. Deep ploughing

Cultivationaeration. andsoil otherimprovecan
operations should be carried out under idealmechanical

soil moisture regime to avoid further soil compaction.

a sharp increase in bulk density

trend may

than 1.4 g/cm3 are recommended (Trouse and Humbert, 1961) .

in soil organicbe caused by decrease
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Tabic 5. Some soil physical characteristics of the representative soil profiles

% Soil scparctsSample and Text. Silt/ B.D. P.D Porosity

Class Clay g/cc g/cc %
sand siltDepth (cm) clay

Section I

Ah 0-60 70 18 9 SL 2 00 1.46 2.65 44.9

86Cl 60-110 5 9 SL 0 55 I 52 43 92.71

22 0.82C2g 110-130 55 18 SCL 1.57 2.89 45.7

28 C nd nd ndC3g 130-145 25 47 0.58

nd nd ndC4g 145-207 63 12 25 SCL 0 48

Section 2

14 25 SCL 0.56 I 43 2.54 43.7Ap 0-35 61

SCL 0.35 1.50 2.61 42.569 8 23Cg 130-70

0.32 nd nd nd8 25 SCLCg2 70-100 67

2 89SL 0.47 1.52 47.48 17Cg3 100-134 75

nd ndSL 0.43 nd2170 9Cg4 134-161

nd nd0.22 nd9 Ls89 22Cr 161-214

Section 3

1.47 2.44 39.7C 0.364144 15Ap 0-35

0 29 1.56 2 65 41.1C5430 16Cgl 35-82

1.70 2.68 36.6C 0.20511039Cg2 82-150

ndnd ndSC 0 2912 4147Cg3 150-200

Virgin

0.46 1.24 2.55 51.4SCL261262Ah 0-40

2.67 46.1SCL 0.34 1.44291061Bw 40-75

45.4SL 1.53 1.48 2.711726Cl 75-120 57

0 03 nd ndndC652C2g 120-165 33

0.61 nd nd ndC5433Ahb 165-190 23

nd0.71 nd ndC4532Bbg 190-212 23

nd = not determined, SL= Sandy loam, SCL= Sandy Clay Loam, LS= Loamy sand, SC= Sandy Clay C= Clayey
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Porosity

The total porosity for topsoils and subsoils ranged
from 39.7 to 51.4 and 36.9 to 47.4% respectively. For top­
soils, a range of 30 to 70% is generally accepted for most
crops (Harrold, 1975) . The author observed that less than

in sandy and40% in clayey soils50% likely toare
restrict root growth. On this basis restricted sugarcane
root growth is likely to occur in sections 2 and 3. The
relatively high values of porosity and low values of bulk
density in the virgin soils compared to cultivated ones

influence of soil organic matter
agriculturalpossibly the effect ofandparameters

machinery on cultivated soils. Virgin soils had relatively

higher contents of organic matter in topsoil (4.48%) than

(an average of 2.70%) . Organic matter iscultivated ones
formation soilin of goodthevery important factor

granulator for the mineralfunctionsItstructure. as

looseparticles creating toa
1974). heavy(Brady,soilsporous

agricultural machinery can cause soil compaction (Trouse
1961; Yang 1978) . Soil compaction increaseand Humbert,

soil bulk density (Yang, 1978).

Soil moisture retention characteristics

Figure 4 shows the moisture retention characteristics

of three depths of the studied soils. At any given water

reflects the on these

condition which results
On the other hand,



50
potential, the volume fraction of water in the surface
layer (0-5cm) was lower than intermediate (50-55 cm) and
subsoil (100-105 cm) layers.

Soils from section 3 contained a higher water content
field capacity (FC) (-10kPa matric potential) thanat

those of section 1 and 2. These findings are in agreement

with observations Hillel (1982) soilsthe by that
dominated by fine particles can hold more water than those
dominated by course particles.

Soil water content at permanent wilting point (PWP)
(-1500kPa matric potential) ranged from 13.6 to 32.7 and
12.5 to 31.1% in topsoils and subsoils respectively. The
highest values are in section 3. High clay contents could
be a possible reason because not all water retained by the

matric potential (Haver et al., 1983). Despite relatively
the3,
in

(1983) that fine particlesagreement with those of Oswal
hold much water which is not necessarily available tocan

higher plants. Available water was generally low ranging
between 6.1 and 16% in topsoils and from 3.7 to 23.1% in
subsoils.

From the gradients of soil moisture characteristic

water with small change in matric potential as compared to

available water was the lowest.

curves, soils of section 2 showed a tendency to lose more

These findings are
in sectionhigh water contents at FC and PWP

soil fine particles can be drained easily at 1500 KPa
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release pattern of these soils.
On the basis of these findings, it is apparent that

schedules which must take into consideration the observed
differences in water holding characteristics.

Relatively higher clay contents in soils of section
contribute drainagesignificantlyand2 3 to poor

thus suggesting thatconditions
planned and extensive drainage system should be designed
to improve drainage.

chiefof theone
1987) .soil salinity (Gupta and Gupta,of Poorcauses

drainage observed in section 2 and 3 can cause development

byPrecautions should be takensalinity.soilof

drainage and flood controllandproper

This can be achieved by improving the gradientmeasures.
and capacity of existing drainage canals.

4.1.3 Soil Chemical properties
Results of some chemical analysis of composite auger

fields forfromsamplessoil sugarcane

evaluation are given in table 6 and appendices 5, 6 and 7.

other sections. This trend suggests a different moisture

in these ares, a well

Waterlogging is believed to be

soils of each section should have different irrigation
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4.1.3.1 Soil reaction

All The pH
values very
slightly acidic across the estate and increased with soil
depth. Section 1 had relatively high soil pH (mean: 6.7
and 7 for topsoil and subsoil respectively) as compared to

section 2 and 3 (mean 6.2 for topsoil) . The relatively low

invalues topsoilsPH be due acidificationtomay

resulting from continuous application of ammonium based

fertilizers which have acidifying effects. However, the pH

sugarcane production (5 to 8.5) (Husz, 1974).

4.1.3.2 Total nitrogen and organic carbon
Soil nitrogen in topsoil was rather low. It ranged

from 0.08 to 0.15% across the estate with a mean of
0.1% and standard deviation of 0.04%. Generally, total N
contents in soils decreased with depth. Mean values are
relatively high in section 3 with little variation with
depth when compared with other sections, a trend which was
also observed for soil organic carbon.

Nitrogen is a very important nutrient for sugarcane
(ILACO, 1981) which is known to be a heavy feeder of this

(1960)Demeterio (1985)nutrient.
found that critical N concentration in soils for

values were found to be within the acceptable range for

as cited by Mkelenda

soils had pH values greater than 5.5.
of topsoil varied from slightly acidic to
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Table 6. Mean values of some chemical properties of composite soil samples of Msolwa Estate

Section 1 Section 2 Section 3

Depth (cm) 0-30 30-70 70-100 0-30 30-70 70-100 0-30 30-70 70-100

Soil pH (12 5)
6.96.7 7.0 6.2 6.4 6.8 6.3 6.4 6.5

5.1 5.3 5 45.4 4.8 5.1 4.8 4.9 5.0

2.160 C (3) 1.45 0.49 0 19 0.69 0.49 1 60 0 54 0.43

Total N (2) 0.08 0.05 0 03 0.13 0.06 0.05 0.12 0.08 0.05

8 6 6 0 6.8 3.6 6.7 1.3 0.912 7 14.5
20.0 19.016.2 12.2 10.2 16.6 17.6 15.1 15.8

(enrol(+)/kg)

6.2 4.85.7 4.7 6.04 6 3 2 6.6Ca 7 8
2.48 4.0 4.5 2.62.1 2 521.7 1.72 0Mg

1.60 1.30 1.501.72 1.76 1.341.61.3 1.4K

0.60 0.80 0.900.54 0.88 0.710.6 0 6 0.5Na

61.7 62.0 65.4 65.761.769.0 62.073.7 67.6B.S (?)

H20

KC1

Bray-1 P (ppm)

CEC (enrol(+)/kg) 

Exchangeable Bases
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sugarcane in Philippines was 0.3%. Therefore, for optimum
production of sugarcane in this estate N should be

relatively high in section 3 with little variation with
depth when compared with other sections, a trend which was
also observed for soil organic carbon.

Nitrogen is a very important nutrient for sugarcane
(ILACO, 1981) which is known to be a heavy feeder of this
nutrient. Demeterio (1960) (1985)
found that critical N concentration in soils for sugar­

in Philippines for optimumTherefore,0.3%.cane was

production of in this should beestate Nsugarcane
supplied in form of fertilizers.

Organic carbon content of topsoils ranged from 0.7%
to 2.6%. The mean values in topsoils was in the order of

section 2 (2.16%)
representative soil(2.6) ofsoil In some<

was found to decreaseprofiles, organic carbon contents
characteristic behaviourirregularly with depth, ofa

alluvial soils (FAO, 1988). The relatively high organic
carbon in soils of section 2 and 3 may be due to low rate
of mineralization caused by frequent flooding and general
poor soil aeration in heavy textured soils. According to

(1977) the organic carbon content of 1.22 to 2.3% inYates
the topsoil is appropriate for sugarcane crop. Therefore,

limiting factoris fororganic notmatter a cane

production in this estate.

< Section 3 (1.6%)

as cited by Mkelenda

section 1 (1.45%) <
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The carbon/nitrogen (C/N) ratio topsoils

high mean C/N ratio (15.0)
(13.0). According to the rating by ILACO (1981) the C/N
ratios of the studied soils are medium. The medium values

good quality soil organic matter with goodsuggest a

potential nitrogen mineralization. Despitefor good
quality and medium contents of soil organic matter, total
N is rated as low due to high demand for this nutrient by
sugarcane which can not be supplied from the soil organic
matter alone.

4.1.3.3 Available soil phosphorus
According to ratings by EUROCONSULT (1989) , Bray-1

in the topsoil ranged from veryextractable P
to 18.2 mg/kg) with mean of aboutmedium 10.2(2.10 a

mg/kg and standard deviation of 4.4 mg/kg. The mean values

in
(12.6 and 14.5 mg/kg respectively).in sections 1 and 2

The change in P contents from top to 100 cm depth was very
sharp in soils of section 3 with mean P content of 0.9
mg/kg as compared to that of 6 and 3.6 mg/kg at the same
depth for section 1 and 2 respectively. These results may

subsoilsdue higherbe of
compared to sections 1 and 2. The higher Ca

> section 3 (13.4) > section 2

section 3 as

ranged from 8.4 (low) to 19.0 (high) with a mean of 15.0

the topsoils are low in section 3 (6.7 mg/kg); medium

low to

and standard deviation of 3.2. Section 1 had relatively

Ca and Mg contents in the

for the
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and Mg contents can fix P through formation of insoluble
compounds. The trend of available P within the profile and
from one section to another was similar to that of organic
carbon, thus suggesting that soil organic matter supplies
the main portion of available P in these soils. According

(1977) and Ayres and Humbert (1957), a criticalto Yates
level of P for sugarcane response to fertilizer is 6.0
mg/kg These results indicate thatP.Bray-1 sugarcane

in section Pgrown

fertilizers in the soil.

4.1.3.4 Exchangeable K, Ca, Mg and Na
These soils had very high contents of exchangeable K

ranging from 0.52 to 2.68 cmol( + )/kg in topsoils with a
of about 1.51 cmol( + )/kg and standard deviation ofmean

0.56 cmol( + )/kg. Mean exchangeable K in both topsoils and
subsoils were very high (>1.2 cmol( + )/kg) in all three

Since the exchangeable K in these soils issections).

cmol(+)/kgof 0.64optimal 0.2 totheabove range

1977), Kto(Sanchez, 1976; Yates, sugarcane response

fertilization is therefore unlikely.

in the studied soilsExchangeable Mg values was
(medium)fromranging 1.53high to 6.22generally

cmol( + )/kg (high) in the topsoils with a mean of about
cmol(+)/kg (medium) and standard deviation of 1.472.69

in topsoilsvalues high incmol(+)/kg. wereThe mean

3 may require mild application of
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section 3, medium in section 1 and 2
(about 2.0 cmol(+)/kg). For subsoil samples mean values of
exchangeable Mg were in the order of section 3 (3.5 cmol
(+)/kg) (2.3 cmol( + )/kg) (1.7
cmol(+)/kg).

Levels of exchangeable calcium in the topsoils ranged
from 2.99 (low) to 9.98 cmol( + )/kg (medium) with a mean of

7.0 cmol( + )/kg (medium) and standard deviation ofabout

cmol(+)/kg. There general trend that1.72 was a

exchangeable Ca decreased with depth, section 1 had the

highest concentrations of exchangeable Ca in the topsoil.

It has been generalized that sugarcane growing in soils

concentrationwith exchangeable of thanCa 3.5more
(Yates,

1977).
The exchangeable Na in topsoils of the study area

to 0.86 cmol(+)/kg (high)(medium)ranged between 0.35
with a mean of 0.6 cmol( + )/kg (medium). The exchangeable

(ESP) appears to be low (mean 5.1) . Thesodium percent

levels of these parameters indicate that salinity, and/ or

sodium toxicity are not likely to be a limiting factor for

sugarcane production in the study area. Sugarcane is known

to tolerate ESP values of up to 15% (ILACO, 1981) without

from the subsoils to topsoils due to raised ground water

(4.0 cmol( + )/kg);

cmol( + )/kg can not respond to Ca fertilization

taken to avoid possibility of building up of the salts

> section 1

significant yield losses. However, precaution should be

> section 2
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table. Improving drainage can prevent accumulation of salt
from irrigation or underground water.

4.1.3.5 Cation exchange capacity (CEC)
The of the topsoil ranged fromCEC 11.6 25.6to

cmol(+)/kg with cmol(+)/kg andof about 17.6a mean

standard deviation of 3.85 cmol( + )/kg. The comparatively

high CEC of section three (mean 20 cmol(+)/kg in topsoil)

is contributed by relatively high amounts of clay and

organic matter. This observation is further supported by

(P=0.01) correlation coefficient (0.76)a

between CEC and clay. The CEC of clay was generally high.
In topsoil it ranged from 46 (section 3) to 78 cmol( + )/kg
(section 1) while for the subsoil the range was between 3 5
and 88 cmol(+)/kg. Although 1:1 clay mineral (kaolinite)

the CEC of clay
reflects the influence of smectites which have CEC between
80 and 150 cmol ( + )/kg as compared to that of kaolinite (3-
15 cmol(+)/kg) (Buol et al., 1980).

4.1.3.6 Micronutrient contents of the studied soils

Table 7
studied soils.the Generally theirmicronutrients in

lower in subsoils compared to topsoilslevels aswere

is probably dueThis6) . continuousand(Fig. to5

sediments.fresh The differencewith in

are dominant in these soils (Table 10) ,

shows the levels of some DTPA extractable
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may

affect micronutrient uptake by the crop especially during
the late stages of growth (Sillanpaa, 1982) . thisAt

the root system is highly developed and the theystage,
depend on nutrients supply from the subsoil.

The Zn (topsoil) ranged
mg/kg.

In subsoils, the Zn level decreased to mean value of 0.32

1.13 mg/kg. 'Sectionwith between and0.14 3rangea

recorded lowest Zn levels in topsoils with mean value of

0.94

values of 1.14 and 1.44 mg/kg respectively. The proposed
0.4-0.6 mg/kg.for Zn in the soil isdeficiency level

Values greater than 10-20 mg/kg are regarded as excessive

1982) . In all soils Zn levels were above the(Sillanpaa,
adequate forand hencecritical level sugarcane

production.
The levels of Fe and Mn in topsoils ranged from 55.3

(mean 28.9) mg/kg(mean 131.0) and 7.4 to 69.0
respectively. Among the three sections, section 2 had
highest Fe levels (mean 187.6 mg/kg) but lowest Mn

14.0 mg/kg). Proposed deficiency level of(meanlevel
DTPA-Mn in the soil vary from 2 to 5 mg/kg. Values greater

mg/kg regarded excessivethan 200140 to are as

(Sillanpaa, 1982) . Therefore the crop will not suffer from

excess or deficiency of Mn. Levels of Fe in these soils

from 0.62 to 1. 64 mg/kg with a mean value of 1.15

to 205.7

a mean

micronutrient contents between topsoil and subsoil

level of DTPA-extractable

as compared to section 1 and 2 which had
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Table 7. Micronutrient contents of the studied soils

Micronutrients contents (mg/kg)

Zn Cu Fe Mn

Section 1

1

8

12

27

51

71

132

MIO

M17

M20

M38

65

101

105

120

124

Fiekl/N Depth
(cm)

0-30 
30-70 
0-30 
30-70
0-30 
30-70 
0-30 
30-70
0-30 
30-70 
0-30 
30-70
0-30 
30-70

0-30
30-70
0-30
30-70
0-30
30-70
0-30
30-70

0-30 
30-70 
0-30 
30-70 
0-30 
30-70 
0-30 
30-70 
0-30 
30-70

1.16 
0.15 
1.09 
0.20 
1.22 
0.18 
1.64 
0.19 
0.84 
0.27 
1.28
0.14 
0.77 
0.23

2.26
1.07
2.76
1.06
2.60
1.43
3.00
1.00

163.62
25.38
174.96
28.35
170.10
44.55

205.74
46.71

130.14 
39.15 
97.76 
38.61
129.60 
37.26 
135.54 
36.99
148.50 
60.75 
109.08 
31.32
55.35 
72.09

109.08
36.18
154.98
22.41
134.46
25.11
100.98
26.73
77.49
30.24

23.57
17.19
7.41

27.64
27.11
12.85
18.96
11.96
26.40
12.85
23.04
7.41
18.96
18.43

11.16
17.54
17.72
6.11
13.83
11.16
12.76 
3.08

36.86
13.33
36.33
20.38
69.10
14.18
56.52
34.91
63.52
15.9

Section 2
1.20
0.34
1.45
0.42
1.58
0.53
1.56
0.31

3.40 
2.70 
3.37 
1.60 
3.03 
1.33
0.66 
0.83 
1.73 
1.43

Section 3
0.54
0.20
1.54
0.17
0.77
0.21
0.62
0.50
1.25
1.13

1.60
1.13
1.13
0.76
2.27
1.40
2.16
1.53 
2.07 
1.57
1.53
0.80
1.96
2.40
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appear to be high which may fix P by forming insoluble

The mean values of Copper levels in the soils ranged from
0.66 mg/kg (very low) to 3.4 mg/kg (very high) in topsoils
and 0.76 mg/kg (very low) to 2.6 mg/kg (very high) in

subsoils. Generally, these levels are

adequate for cane production.

High levels of Fe and Mn found in these soils

especially in section likely due to high3
contents of the same in the parent material and flooding
effects. The Migomberani and Gologolo Mountains from which
Msolwa estate receives sediments, are composed of igneous
rocks.
(Thompson and Troeh, 1985) . This fact is further confirmed
by the presence of goethite (FeOOH) in the clay mineralogy
(Table 10) and Fe and Mn nodules in profile KLP1 and KLP2
(Appendix 2).

Muji and Bandyopandhyah (1992) soilobserved that
submergence caused decrease in contents of DTPA

Cu while DTPA extractable Fe and Mnextractable were
found to increase in a range of 201 to 2022.3 % and 2.1 to
101.0 % respectively. This increase in Fe and Mn is due to
reduction of Fe3*, respectively which

are more soluble. However, the levels of Fe and Mn did not
correlate with soil pH data. It is generally accepted that
high levels of micronutrients are associated with acidic

and Mn2*Mn3* to Fe2*

compounds hence limiting its availability to sugarcane.

Igneous rocks are

are most

it appears that

known to be rich in Fe
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orderIn to these micronutrientsprevent from
accumulating to toxic levels, an improved drainage system

and deep tillage to provide better soil aeration are

essential.

4.1.3 Soil fertility status

Table 8 presents ratings of some soil chemical properties.

Composite topsoil (0-30cm) samples from sugarcane
commercial soilfields used towere assess

according to EUROCONSULTthe Msolwa Estateforstatus
With the exception of total N which is(1989).

within theother testedsupply all parameters are
acceptable range for sugarcane production.

4.1.4 Nutrient balance for selected elements

nutrients plant uptakeavailability of forThe
depends on both absolute levels and balances in the soils
(Ngailo and Kips, 1991) . It was therefore deemed necessary
to consider the nutrient ratios for Ca/Mg, Mg/K, K/Total
exchangeable bases (TEB) and Fe/Mn (Table 9) . The Ca/Mg
ratio ranged from 0.9 to 4.7 with a mean value of 3.0.

The mean values were: Section 1 (3.8) section 2 (3.4)> >

(1.8). The Ca/Mg ratio of 2 to 4 are the mostsection 3

(Ngailo and Kips, 1991) . When this ratio isfavourable
becomes increasinglyequal 5:1, Mgtogreater or

soils (Neue, 1989; Tisdale et al., 1990).

in low
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unavailable and P availability may be reduced (Landon,

1984) . Soils of section 1 and 2 are within the acceptable
120 other fields inno.

1,
whichbelow Ca deficiency likely to besymptoms are

observed on the plants.
With exception of field no. MIO and M20 of section 2,

Mg/K ratios are within the desired range of 1 to 4 . A Mg/K
ratio of less than one may adversely affect Mg uptake.

In all soils K/TEB ratios

(Ngailo and Kips, 1991).deficiency.
The ratios of Fe/Mn ranged from 1.2 (mean

of6.8). Section 2.43 <

(13.2). The Fe/Mn ratio of(6.2)section 1
is recommended for normal growth (Husz 1974). When15 :1

Fe deficiency or Mn toxicitythis ratio is 1:1 or less,

Therefore Fe deficiency or Mn toxicity isdevelops. no

likely to be the limiting factor for cane production in

this estate.

4.1.5 Soil clay mineralogy

presented in appendix 8. The estimation of the relative
mineralogical composition of the clay fractions is based

were above 2% which has

< section 2

been reported to be the minimum requirement to avoid K

to 16.1

The x-ray diffractograms of the

limits. With exception of field
are above the lowest acceptable limit of

had the

section 3

studied soils are

lowest mean values
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Table 8. Rating of fertility status of Msolwa Estate soils (0- 30cm)

RatingParameter Range Mean

pH (H20) Slightly acidic6.0-7.2 6.4
N (%) low0.08-0.15 0.1

MediumO.C (%) 1.680.7-2.5
mediumC/N ratio 15.08.4-19
mediumP (mg/kg) 10.22.10-18.2
Very highK (cmol( + )/kg) 1.510.52-2.68
MediumCa(cmol(+)/kg) 7.022.99-9.98
medium-HighMg (cmol(+)/kg 2.691.53-6.22
mediumNa (cmol(+)/kg 0.600.35-0.86
low5.12.40-9.0ESP
mediumCEC (cmol(+)/kg 17.611.6-25.6

(mg/kg) 131.055-205 naDTPA-Fe
28.9(mg/kg) 7.4-69.0 naDTPA Mn
1.15(mg/kg) 0.62-1.64 naDTPA Zn
2.1(mg/kg) 0.66-3.4 naDTPA Cu

na = not available
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Ratios of some nutrients in the topsoilsTable 9. (0-30) of Msolwa
Estate

Field/no. Ca/Mg Mg/K K/TEB Fe/Mn

Section 1
4.7 1.8 0.08 5.51

0.12 13.28 3.7 1.4
0.13 4.81.212 4.1

7.11.5 0.1127 4.2
5.60.131.551 3.2
2.90.062.84.271
4.20.151.52.3132

Section 2
14.70.200.92.6MIO
9.90.121.24.7Ml 7
12.30.190.83.9M2 0
16.10.083.32.3M3 8

Section 3
3.00.113.20.965
4.30.122.61.7101
1.90.132.51.6105
1.80.102.03.2120
1.90.201.41.6124
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on these diffractograms and the results are presented

in table 10.

The x-ray diffraction pattern of the clay minerals
did not differ much from one section to another. This may

the origin and similar mineralogicalsuggest same
composition of these soils. Magnesium airsaturated,

14.7A,dried samples showed x-ray diffraction peaks at

7.2A, 5A 10A and 4.18A. The peak formed at around3.6A,
14.72A 19.2A upon glycol solvationshifted andto to

around 13A upon K saturation (air dry) but reduced to 10A

when heated at 300°C and 550°C. This behaviour indicates

(Msanya et al.,the presence of smectite minerals 1995;

Supriyo et al., 1992).

spacing of 7.2A and 3.6A observed in allThe basal

treatments but which disappeared after heat treatment at

1989).550°C are indicative of kaolinite (Dixon and Weed,

The peaks around 10A and 5A which are unaltered by heat

4.18A observed in magnesium- saturated, air dried samples

heatafterdisappeared treatments representwhich

goethite.

peaks summationevaluation bySemi-quantitative

method shows that soils of section 2 (KLP1) are kaolinitic
while the rest are of mixed clay mineralogy, whereby KLP2
and KLP4 have kaolinite, smectite, illite and goethite in
varying proportions. Unlike KLP2 and KLP4,

treatments are indicative of illites. A basal spacing of

KLP3 has no
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goethite.

Kaolinites and goethites are the components of highly
weathered soils (Allen and Hajek 1989). Classification of

It that these
minerals are not formed insitu but rather been transported
from Gologolo and Migomberani mountains. Allen and Hajek
(1989) observed that the kaolinite content of Inceptisols
and Entisols developed in sedimentary materials depends
mostly on provenance of parent sediments.

Illite constitute between 18.3 to 35.6% of the clay
minerals in these soils. Like kaolinite, illites have low

(20 to 4 0 cmol( + )/kg) when compared to expanding 2:1CEC

mica isreleasedPotassiumminerals. an

important source of K to the growing plants (Fanning et
al., 1989) . But they can both fix and release K depending

their degree of weathering (Tributh et al., 1987) .on
15.8 and 22.9% of theSmectites constitute between

clay minerals in the studied soils. Unlike kaolinite and
they are expanding minerals which exhibit highillite,

cation adsorption capacity (mean CEC of 100 cmol(+)/kg).

and micronutrients against leaching effect accounts for

the fertility of these soils. According to Christenson and

cropping of soil containing smectite effect(1973)Doll
release of Mg and Fe from their octahedral sheet which are

Their ability to hold fertilizer cations, macronutrients

Kilombero Estate soils (Table 12) reveals that they are
is therefore apparent

from illitic
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Table 10. Clay mineralogical composition of subsoil clay samples of

the studied soils

Profile Diagnostic x-ray Mineral species and
diffraction peaks approximate amounts

3.3A Illite (18.27%)KLP1
14.72A Smectite (15.8%)

Kaolinite 59.1%)
4.18A Goethite (6.8%)

3.3A Illite (31.0%)KLP2
15.2A Smectite (16.6%)
7.2A, 3.6A Kaolinite (49.0%)

4.18A Goethite (3.4%)

3.3A Illite 35.6%)KLP3
14.72A Smectite (19.0%)

Kaolinite (45.4)
Illite (30.8%)KLP4

15.2A Smectites (22.9%)
Kaolinites (43.4%)

4.18A Goethite (2.9%)

10.2A, 5.0A,

10.2A, 5.0A,

7.2A, 3.6A

10.2A, 5.0A,

IDA, 5A, 3.3A
7.2A, 3.6A

7.2A, 3.6A
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made available to growing plants. This behaviour may
account for high levels of Mg and Fe in the studied soils.

the other hand, smectitesOn have negative effect on
physical conditions of soils. High contents are associated

with hydraulic conductivity, restricted rootpoor
development and poor workability (Borchrdt, 1989) .

4.2 Soil classification
Table 11 gives a summary of the salient morphological

and diagnostic features of the studied soils. Table 12
Profiles insoils.classification of thethepresents

cultivated soils (KLP1, KLP2 and KLP3) had mollic epipedon
The Mollic epipedon basehashorizon.overlying Cla

50% which is ofsaturation of leastat
(KLP4) cambic BThe virgin soilssoils.fertile

cambic B horizon in the virgin soils suggests a relatively

advanced stage of profile development when comparedmore

to the cultivated soils. Other common diagnostic features

aquic soil moisture regime which implies waterinclude
saturation in some soil horizons and a reducing regime;
isohyperthermic soil temperature regime (mean annual soil
temperature is 22°C or higher) and a mixed clay mineralogy.

had a
horizon underlying an ochric A horizon. The presence of

an indication
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Profile differed fromKLP3 the in soil moisturerest
regime (Ustic). requiresSugarcane drainedwell and

soilsaerated (Yang, 1978). The observed aquic soil

moisture and reducing regime in sections two and three is
likely to cause poor sugarcane yields in these sections.
The existing poor drainage system and poor flood control

soilthe of unfavourablemeasures are among causes
improvedregime. situationmoisture The be bycan

increasing capacity and gradient of existing drainage

canals.

4.3 Nutrients uptake by sugarcane from unfertilized

commercial fields

uptake bynutrientsdataThe sugarcane areon
With exception of K and Ca13 and 14.presented in table

positiveshowed weaknutrientsplantall other a

correlation between levels in the soils and concentration

(Table 16) with mean values abovein the plant tissues

critical concentrations. According to Meyer et al. (1989) ,

P and Mg contents were satisfactory while Zn was high.N,

Sugarcane leaf K concentrations (mean 0.6 %) was far below

(Wood, 1987)concentration of % andcritical 1.05the

with exchangeable-0.446)(r=negatively correlated K

(1971) inlevels in the soils. Meyer et al. a nutrient

survey in South African Sugar industry has also reported
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poor agreement between leaf K values and correspondinga

soil exchangeable levels. Forty five percent of the cane
leaf sample from alluvial soils showed this anomality.
These results may be due high levels of Ca and Mg in the
soils which showed a weak negative correlation (Table 16)
with (r= -0.54 respectively) .
Another reason for this anomality may be due to moisture
stress before sampling. Most of the leaf sampling was done
during the dry spell (mid January to February) . Although
this estate is under sprinkler irrigation, the irrigation
intervals are long (14 days) and irregular. As a result
sugarcane experiences moisture stress in dry seasons. For

(1993) observed that data forSchroender et al.example,
leaf N,

concentrations.low Inshowed low tostress very
comparison, leaf samples taken in April from the same crop

after good rains (160 mm) had fallen in March indicated a

substantial improvement in the leaf nutrient status. Also,

level of soilthat thedoubtsresultsthese express

forexchangeable K as
and whether therequirementsfertilizerpredicting

applicableis forconcentration of 1.05%critical

Kilombero soils.

a single value forms a sound basis

-0.60 and

P and K values collected during the moisture

leaf K values
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4.4 Field Fertilizer trials

4.4.1 Effect of NPK application on nutrients concentration

in sugarcane leaves

sugarcane grown in section 1 (Field no 12) (fieldand 2
M17)no.

significant level (Table 17) . These results may be due to
satisfactory native levels of P and K in the soils
(Appendix 9) and synergism effect between N, P and K.

influence on yieldtheseHowever treatments
components of sugar cane such as cane yields and sucrose

Other parameters like juice quality and fibrecontents.
contents may also be affected. A longer period of research
is study the effect of NPK levels theseon
parameters.

P and different combinations of P and4.4.2 Effect of K,
K levels on nutrient concentrations in sugar cane.
Different levels of N, P, and P&K combinations in the

soils had a non significant influence on concentrations of
these nutrients in sugarcane (Table 18) . Application of 80
kg N/ha N byleaf andincreased 0.18% Ca by 0.01%
Increasing P level from 20 to 40 kg/ha with fixed level of

slightly increased leaf P by 0.01%.N
levels of P and N applied together with 60 kg K/ha

may have

were not affected by NPK levels in the soil to

However the same

The percentage N, P, K, Ca and Mg concentrations in

needed to
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Table 13. Uptake of macronutrients by sugarcane from commercial unfertilized fields

Nutrients contents (%) in sugarcane leaf

F/no. NaN P K Ca Mg

0.030.140.65 0.231.78 0.251

0.050.160.230.600.188 1.73
0.030.090.150.600.1512 1.57

0.030.090.230.551.16 0.1627
0.050.120.230.650.2151 1.89
0.030.120.230.600.1071 1.95
0.030.150.200.780.312.19132
0.030.170.250.450.3M10 1.85
0.030.230.250.450.16M17 1.68
0.030.240.250.530.20M20 1.96

0.26 0.030.250.400.20M38 1.91
0.17 0.040.200.600.2365 1.85

0.030.420.200.40.21101 1.78
0.16 0.030.200.550.21105 1.79
0.19 0.040.250.550.19120 1.94
0.27 0.030.250.330.29124 1.88
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Table 14. Micronutrient uptake by sugarcane from commercial unfertilized fields

Nutrient contents mg/kg in sugarcane leaf

F/No. Fe Mn Zn Cu

1128 69.01 20.0 8.6

8 19.01024 40.5 8.5

1136 22.0 Trace12 39.0

25.0 2.11040 42.027

20.0 11.045.051 1072

20.6 12.845.092071

25.3 10.745.01072132

8.522.363.01088M10

4.332.339.01136MI7

10.921.352.5960M20

20.0 9.9102.0960M38

19.6 8.857.0102465

12.920.045.0101 944

18.3 12.857.01008105

21.0 7.6127.5976120

12.814.273.5880124
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Table 15. Range, mean, critical levels and status of some nutrients in sugarcane leaf from

commercial fields

Nutrient Critical levelRange Mean Status

SatisfactoryN (%) 1.16-2.19 1.81 1.7-1.9

SatisfactoryP (%) 0.21 0.17-0.190.1-3.0

Low1.050.60K (%) 0.33-0.78

Ca (%) 0.230.15-0.25 nana

Satisfactory0.19Mg (%) 0.09-0.42 na

1023880-1136Fe(mg/kg) nana

1558.9Mn(mg/kg) 31-127 na

High1346.8Zn(mg/kg) 37.3-80.0

3-410.1Cu(mg/kg) Trace-14 na

na: not available
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increased leaf N and P by 0.15% and 0.02% respectively.

Increasing levels of PK combinations slightly increased

leaf P but depressed leaf K.

Poor uptake of P and K from applied fertilizer in
soils irrespective of the levels applied in thethese

soils may be due to the appreciable native levels of same
in the soils (Appendix 9 field no M4) .

4.5 Irrigation and underground water quality

Table 19 presents the composition of irrigation water

sampleand undergroundriverfrom Ruaha waterGreat

importantTheMsolwathecollected from estate.

characteristics of irrigation water which have been used
reaction (pH) ,qualitydetermine its waterto are

adsorption ratioSodium(EC) ,conductivityelectrical
specific(RSC) ion(SAR), Residual

1987) and totalGupta and Gupta,effect (FAO, 1985;
dissolved salts (TDS) . The irrigation water pH ranged from
6.4 to 6.8. Underground water recorded higher pH value of

compared to the mean value of 6.6 for irrigation
This range of pH values rules out the presence ofwater.

bicarbonates andof carbonates,significant amounts

soluble salts.
Electrical conductivity of irrigation water was low

ranging between 0.20 to 0.26 ms/cm and the mean of 0.22
ms/cm while that of underground water was slightly higher

6.9 as

sodium carbonate
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Table 16 . The correlation coefficients of some plant nutrient levels in the soil to leaf

nutrient contents

Levels in

the soils Leaf nutrient contents

CuK Ca Mg Fe Mn ZnN P

N 0.17
P 0.14

-0.45K
-0.32-0.60Ca

0.34-0.54Mg
0.14Fe

0.36-0.23Mn
0.26Zn

0.18Cu
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Table 17. Effect of different NPK levels in soils on sugarcane leaf

nutrient contents

NPK Combination Leaf nutrient contents (%)
(kg/ha

N P K Ca Mg

(F/No. 12)Section 1

0.27 0.170.56N0PoKo 1.80 0.16

0.160.220.580.171.77

0.180.61 0.210.181.80

0.190.65 0.240.181.90

0.190.240.650.181.91

(F/No. M17)Section 2

0.140.190.600.131.70

0.120.180.590.131.79

0.130.180.590.132.03

0.19 0.140.610.141.94

0.150.190.630.151.80N120

N120

>K60

NsoPsoKibo

1^80^240

P20^240

^60^40^120

N30P20:

^60^40^120

N0P0Ko

^30^20^60

n90p60k180
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Table 18. Effect of N. P. K and different PK combinations on nutrients
uptake by sugarcane in field M4

Nutrient Applied Leaf nutrient contents (%)
(kg/ha)

Ca MgN P K

0.090.270.570.221.55

0.100.280.550.231.75

0.100.290.550.231.71

0.110.300.570.221.66

0.100.290.570.241.81

0.110.290.570.241.81

0.100.310.530.251.70

^80^20^0

^80^20^60

^80^40^0

^80^40^60

^80^40^60

Nao^0K0

N0P0Ko
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(0.25 ms/cm).
soil salinity and sodicity problems is low. According to
Richard (1954) water with EC values of 0.1 to 0.25 ms/cm

regarded as having low potential to cause soilare
salinity or sodicity. Sodium adsorption ratio (SAR) for

both irrigation and underground water was very low (mean

0.65 for irrigation water). These values are less than

critical limit of 3.0 above which irrigation water can
cause soil salinity (FAO, 1985) .

With the exception of Fe, other micronutrient
concentrations like Mn, trace
quantities (less than 0.01 mg/1) . Iron concentrations in
irrigation water were relatively high and ranged from 3.8

It appears that the
irrigation water has contributed to high levels of Fe in

all values wereboth soils and sugarcane leaf. However,
below the maximum concentrations for use up to 20 years on
fine textured soils of pH 6.0 to 8.5 (FAO, 1979) . Calcium,
magnesium and sodium concentrations were within the usual

Potassium inlevels1985) .20) (FAO,(Tablerange

irrigation water was above the usual range (0-2mg/l).

The potential of these EC values to cause

to 18.9 mg/1 (0.14 to 0.69 meq/1) .

Zn and Cu were only in
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Table 19. Chemical composition of irrigation and underground water

Irrigation water Underground water

February'1995 January'1995January'1995

K meq/1 0.150.160.20
2.972.572.42Ca , ,
0.590.42Mg , , 0.37
0.71.00.6Na , ,
0.410.220.68Fe , ,
2.52.5TDS , , 2.0
0.520.820.55SAR
0.25EC (ms/cm) 0.250.20
6.96.56.7PH
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Table in evaluatingused irrigation20. Parameters and

underground water quality

Usual rangeParameter Range

Salt contents
EC (ms/cm) 0-3.00.24-0.26
TDS (mg/1) 0-2000129-167.7

0.49-0.82SAR
Cations
Calcium (meq/1) 0-202.55-2.59

0-5.0Magnesium (meq/1) 0.39-0.44
Potassium (mg/1) 0-2.05.7-7.9

< 20Iron (mg/1) 3.8-18.9

> 3.0
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CHAPTER V
5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions
The following conclusions can be drawn from this study:

1) Soils of all three sections are deficient in total
nitrogen while available P is low in soils of section 2.

2) All soils have medium to high exchangeable Mg, medium

in calcium and very high in exchangeable K.

section 1-3 contain fairly high amounts of3) Soils of

environments inSoil physicalavailable and Mn.Fe

sections 2 and 3 favour their accumulation.

sectionsin andphysical conditions4) Soil 2 3 are

limiting sugarcane production due to poor drainage and

heavy textured soils.

soil mineralogical composition, Mollie5) ofIn terms

smectite(18.27%), (15.8%) ,had illiteFluvisol (KLP1)

Mollie Gleysol(6.8%).and goethitekaolinite (59.1%)

(KLP4) had thecambisolsEutric(KLP2) and same

Mollie Fluvisol butcompositionmineralogical as

relatively higher contents of illite (about 30.0%) . Eutric
(KLP3) had illite (35.6%) smectite (19.0%) andFluvisols

kaolinite (45.4).

all parametersWith exception of Potassium contents,6)

irrigation and underground waterused evaluateto was
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and underground water is of good quality.

5.2 Recommendations

1) According to the observations from this study,

seepage of the drainage canals contribute significantly to

water- logging conditions in section 2 and 3 . Low speed of

water and overflooding are among the reasons. Since lining

of the canals is expensive, this situation can be improved

by increasing the capacity and gradient of these canals.

2) Filtermud, which are produced in hundreds of tons

from Ruembe factory in each production seasons, should be

incorporated in soils of section two and three to improve

their structure.

topicsfollowingwork theresearchfutureFor are
suggested:

critical concentration inof theand establishment

sugarcane under the local environments.

2) Improvement of heavy textured soils using byproducts of

sugar factory (e.g filtermud and decomposed bagasse) for

sugarcane production.

1) Detailed study of different forms of K in these soils

found to be within the usual range. Therefore irrigation
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APPENDICES

Appendix 1. Kilombcro Sugar Company Production Statistics

Msolwa Ruembe Total

TCH Sugar(tons)Year TCH Sugar(tons) TCH Sugar(tons)

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976*
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

144
1*04
93
106
91
99
85
101
124
102
112
117
93
83
81
79
70
67
51
59
67
83
71
67
63
70
67
57
62
73
77
79

11109 
12894 
19602 
25234 
26538 
31300 
29075 
36118 
39193 
37543 
35625 
38973 
35378 
34318 
35238 
20821 
33145 
25328 
19504 
20093 
14712 
24040 
21210 
20892 
18676 
20948 
20737 
15710 
18376 
22501 
23529 
19554

11549
23111
23940
26620
28566
30000
25394
31100
25018
24615
22510
24270
21832
23494
24361
31173
24380
24615

144
104 
93
106
91
99
85
101
124
102
112
117
93
83
79
75
74
68
57
66
70
86
68
64
64
72
65
59
75
75 
77
79

11109 
12894 
19601 
25234 
26538 
31300 
29075 
36118 
39193 
37543 
35625 
38973 
35378 
34318 
46787 
43932 
66085 
51948 
48070 
50093 
40106 
55140 
46228 
45507 
41186 
45218 
42569 
39204 
53674 
53674 
57909 
44169

77
70
77
69
63
73
74
89
66
61
66
72
63
62
70
78
77
79

* Ruembe Factory started sugar production.
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Ap 0 - 35 cm:

Cgl 35 - 70 cm:

Cg2 70 - 100 cm:

Cg3 100 - 134 cm:

Cg4 134 - 161 cm:

2Cr 161 - 214 cm:

Appendix 2 Soil profile and routine analytical data
Profile 1

Soil: Deep, poorly drained, very hard.friable when moist, slightly sticky, slightly plastic when wet. subangular blocky to massive structure, brown, sandy clay loam textured alluvial soil.

Profile number : KLP1. Block no: F/no.M6 Agro-ecol. zone: E4Region: Morogoro. District: Kilombero. Map sheet no.: 217/2Coordinates: 36° 58' 46 6" EZ 7° 43’ 40.1" SLocation: Trans-Msolwa,F/no.M6. 7.5 km from Agronomy Department office. Elevation:300 masl. Parent material: unconsolidated material. Landform: al luvial/flood plain: flat or almost flat. Slope: 0.5 %: straight. Surface characteristics: Cracks: 0.5 wide. 5 cm deep. Erosion: moderate. Deposition: 2 cm. Natural drainage class: imperfectly drainedDescribed by B.M. Msanya and A. Kunda on 21/01/95

SOIL CLASSIFICATION: FAO Legend: Mollie Fluvisol (FLM)
USDA Soil Taxonomy. 1990: Typic Haplaquoll

Dark grey (7 5YR4/1) dry. black (7.5YR2.5/1) moist: sandy clay loam: very hard dry. friable moist, slightly sticky and slightly plastic wet: moderate coarse and medium subangular blocks: many fine and common medium pores: few medium and fine roots; abrupt smooth boundary to
Brown (7.5YR4/2) dry. dark brown (7.5YR3/2) moist; sandy clay loam: many fine distinct clear 5YR4/4 mottles: very hard dry. friable moist, slightly sticky and plastic wet; structureless massive: many fine and few medium pores: few medium and fine roots: many mica flakes: abrupt smooth boundary to
Brown (7.5YR4/2) dry. black (7.5YR4/2) moist: sandy clay: few fine distinct clear 5YR4/4 mottles: very hard dry. friable moist, slightly sticky and plastic wet: structureless massive: many fine and common medium pores: few medium spherical hard Fe & Mn nodules: few fine and medium roots: gradual smooth boundary to
Brown (7.5YR4/4) dry. black (7.5YR5/4) moist: sandy clay loam: common fine distinct clear 5YR3/3 mottles: hard dry. friable moist, slightly sticky and slightly plastic wet: structureless massive: many fine and few medium pores; few medium irregular hard Fe & Mn nodules: few medium and fine roots: gradual smooth boundary to
Brown (7.5YR5/4) dry. brown (7.5YR5/4) moist; sandy clay loam: common fine distinct clear 5YR3/3 mottles: very hard dry. friable moist, slightly sticky and slightly plastic wet; structureless massive: many fine and few medium pores; few medium irregular hard Fe & Mn nodules: few medium and fine roots: many mica flakes: clear smooth boundary to
Pale grey (7.5YR6/2) dry. brown (7.5YR5/3) moist: loamy sand: loose dry. very friable moist, non-sticky and non-plastic wet; structureless massive: many fine and common medium pores: many mica flakes
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Appendix 2 continued

ANALYTICAL DATA FOR PROFILE KLP1

Horizon CgiAp Cg2 Cg3 Cg4 2Cr

35 70

rng/kg

nd. not determined

Ca 
Mg 
K
Na 
H

(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 

X
(cmol(+)/Kg)

0 - 
25 
14 
11 
25 
22
2 
1

60 
SCL 
6 1 
4.6 
nd 
1.5 
0.13
12 
23 
13 0 
5 5 
2 0 
1.38 
0.09 
nd
9.0 
69 
52

70 - 100
25
8

13
17
30
4
2

66 
SCL 
7 0 
5.2
nd 

0.3 
0.06
5
9 

14.0 
6.4
3 0 
0.51 
0 22 
nd
10 1
72
56

17 
8
12 
18 
34
7 
2

73 
SL

7 0 
5.3
nd 

0.3 
0.03 
10
9 

15.0 
5.2 
2.0 
1.53 
0 33 
nd
9 1 
60 
88

161 - 214
9
2
3

11
42
14
14
84
LS
7.1
5.2
nd

0.1
0 01
10
10
5.0
2.4
1.0
0.60
0.08 
nd
4.1
82
56

35 -
23
8
13
27
23
3
1 

67 
SCL 
6 2 
4 7
nd 

0 5 
0 09
6
12 
12 0 
6 5 
2.1 
0.33
0.15 
nd 
9.1 
76 
52

X 
X 
% 
% 
% 
% 
% 
%

1-2 5
1:2.5
1.2 5 

% 
X

100 - 134 134 - 161 
21
9
6

17
36
9
2 

65
SL

7.1
5.1 
nd

0.2 
0.02 
10
9 

14.0 
6.0 
3.0
1.78
0.22 
nd 
11.0
79 
70

Depth (cm) 
Clay 
Silt 
Very fine sand 
Fine sand 
Medium sand 
Coarse sand 
Very coarse sand 
Total sand 
Texture class 
pH H2O 
pH KC1 
EC mS/cm 
Organic C 
Total N 
C/N 
Available P 
CEC NH40Ac(cmol(+)/kg) 
Exch 
Exch. 
Exch 
Exch. 
Exch. 
TEB 
Base saturation 
CECclay
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Appendix 2 continued

Profile 2

Ap 0-35 cm:

Cgl 35 - 82 cm:

Cg2 82 - 150 cm:

Cg3 150 - 200 cm:

SOIL CLASSIFICATION: FAO Legend, 1989: Mollie Gleysol (GLM)

USDA Soil Taxonomy, 1990: Fluvcntic Haplaqoll

Soil: Deep, poorly drained, very hard firm.sticky and plastic when wet, 
massive, very' few fine pores, grey, clay soils.

ProFilc number : KLP2. Block no: F/no.97. Agro-ccol. zone: E4.
Region: Morogoro: District : Kilombcro. Map sheet no. : 217/4.

Coordinates : 37° 0’ 43.2" E/ 7° 45’ 19.1" S. Location : S/Mbende, F/no.97, 8.5km from Agronomy Department 

office. Elevation : 300 m asl. Parent material: unconsolidated mixed material. Landform: alluvial/fiood plain: 
Hat or almost flat. Slope: 5 %; straight. Surface characteristics : Erosion: moderate. Deposition: 4 cm. 

Natural drainage class : very poorly drained.

Described by B.M. Msanya and A. Kunda on 21/01/95.

Grey (10YR5/1) dry, grey (10YR6/1) moist; clay; common coarse distinct 

sharp5YR3/3 mottles; very hard dry, friable moist, sticky and plastic wet; 
structureless massive; medium and few fine pores; few medium irregular soft Fe 

& Mn nodules

Dark yellowish brown (10YR4/4) dry, dark grey (10YR4/1) moist; clay; common 

fine distinct clear7.5YR3/3 mottles; very hard dry, friable moist, sticky and plastic 

wet; structureless massive; few fine and medium pores; gradual wavy boundary 

to

Very' dark grey (5YR3/1) dry, black (2.5YR2.5/1) moist; clay; very hard dry, firm 

moist, sticky and plastic wet; weak coarse subangular blocks; few very fine and 
medium pores; medium and few fine roots; abrupt irregular boundary to

Dark grey (10YR4/1) dry', very dark grey (10YR3/1) moist; clay; few fine faint 
diffusc5YR3/3 mottles; very hard dry, friable moist, sticky and plastic wet; 

structureless massive; few very fine and medium pores; fine roots: clear smooth 

boundary to
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Appendix 2 continued

ANALYTICAL DATA FOR PROFILE KLP2

Horizon Ap Cgl Cg2 Cg3

35 82 150

X

nd= not determined

0 -
41
14
11
15
14
4
1

45
C

150 - 200
41
12
7
12
22
6
1

48
SC

Ca
Mg
K
Na
H

1:2.5 
1:2.5 
1-2 5

X 
X

6.7 
5.0 
nd
1.7 
0.13
13
8

19 0
9.2
3.7
1.26 
0.62 
nd
14.8 
78
46

6.6
5 0 
nd 
1.2 
0.09
13
1 

23.0
10 2
4.8 
1.09 
0.90
nd 
17.0 
74 
43

7.2
5.5 
nd 
0.4 
0.04
10
1 

18.0 
9.6 
3.8
1 02
1.15 
nd
15.6 
86 
35
6

6.4 
5.5 
nd 
0.2 
0.03 
7 
2

16.0 
9.6 
3.5 
0.23 
1.37
nd 

14.7 
92 
39
9

35 -
54
16
6

10
8
1
0

25
C

82 -
51
10
6

11
19
0
1

37
C

X
X
X
X
X
X

pH HjO 
pH KC1 
EC mS/cm 
Organic C 
Total N 
C/N 
Available P mg/kg
CEC NH4OAc(cmol(+)/kg) 

(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 
(cmol(+)/kg) 

X 
(cmol(+)/kg) 

X

Depth (cm)
Clay
Silt
Very fine sand
Fine sand
Medium sand
Coarse sand
Very coarse sand X
Total sand
Texture class

Exch 
Exch. 
Exch. 
Exch. 
Exch. 
TE8 
Base saturation 
CECclay 
ESP
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Appendix 2 continued

Profile 3.

Ap 0-60 cm:

Cl 60 - 110 cm:

C2 110- 130 cm:

C3 130 - 145 cm:

C4 145 - 207 cm:

SOIL CLASSIFICATION:

Dark yellowish brown (10YR3/5) dry. dark yellowish brown (10YR3/4) moist; 
sandy clay loam; many medium prominent diffuse mottles; very' hard dry, friable 
moist, slightly sticky and slightly plastic wet; structureless massive; many fine and 
common medium pores; medium roots

Yellowish brown (10YR3/4) dry, brown (10YR4/3) moist; sandy clay loam; many 
coarse distinct diffuse 5YR3/3 mottles; very hard dry, firm moist, slightly sticky 
and slightly plastic wet; structureless massive; many fine pores; many fine roots; 
clear smooth boundary' to

Yellowish brown (10YR5/4) dry, dark yellowish brown (10YR3/6) moist; sandy 
clay loam; common medium distinct diffuse5YR4/4 mottles: hard dry, firm moist, 
slightly sticky and slightly plastic wet; structureless massive; and many fine 
pores; medium roots; clear smooth boundary to

Yellowish brown (I0YR6/4) dry, dark yellowish brown (10YR4/4) moist; sand; 
slightly hard dry, very friable moist, non-sticky and non-plaslic wet; structureless 
massive; many medium pores; medium roots; clear smooth boundary to

Dark grey (I0YR6/4) dry', very dark grey (10YR3/1) moist; sandy loam; slightly 
hard dry', friable moist, non-sticky and non-plastic wet; weak medium subangular 
blocks; many fine and medium pores; common fine roots: abrupt smooth boundary 
to

Soil: Deep, well drained, slightly hard to very hard, friable slightly
sticky , slightly plastic when wet, massive cohcrcnt.few medium pores, brown sandy clay loam.

FAO Legend 1989: Eutric Fluvisol 
USDA Soil Taxonomy, 1990: Typic Uslifluvent

Profile number : KLP3. Block no:34. Agro-ccol. zone: E4.
Region: Morogoro. District: Kilombcro. Map sheet no. : 217/2
Coordinates : 36° 59’ 12.1" E/ 7° 42' 20.9" S. Location : Ruaha area. F/no.34. 6 km from Agronomy 
Department Office. Elevation : 300 m asl. Parent material: unconsolidated mixed material. Landform: 
alluvial/flood plain; flat or almost flat. Slope: 0.5 %; straight. Surface characteristics : Erosion: moderate. 
Deposition: 2 cm. Natural drainage class : well drained.
Described by B.M. Msanya and A. Kunda on 23/01/95.
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Appendix 2 continued

ANALYTICAL DATA FOR PROFILE KLP3

Horizon Ap Cl C2g C3g C4g
60

%

mg/kg

nd: not determined

1:2.5
1:2.5
1:2.5

%
%

% 
% 
% 
% 
% 
%

0 -
9
18
14
15
40
1
0
70
SL

110 - 130
22
18
18
21
16
0
0
55

SCL

145 - 207
25
12
11
6
44
0
1
62

SCL

Ca 
Mg 
K
Na 
H

20.0
10.4
5.0
0.77
0.45

nd
16.6
83
43

6.5
4.8 
nd
1.5
0.11
14
22

5.0
2.1
1.5
0.35
0.07
nd

4.0
80
63

7.0
5.4 
nd
0.2
0.02
10
23

14.0
6.6
2.6
0.28
0.30

nd
9.8
70
64

6.9
5.1 
nd
0.2
0.04
5

23
13.0
6.2
2.7
0.55
0.43

nd
9.9
76
52

6.6
5.5 
nd
0.2
0.03
7
2

6.8
5.3 
nd
0.4
0.05
8
1

60 - 110
8
6

15
30
40
1
0
86
LS

130 - 145
47
28
10
7
8

0
0
25
C

(cmol(+)/kg) 3.2
(cmol(+)/kg) 0.7
(cmol(+)/kg) 0.30
(cmol(+)/kg) 0.31
(cmol(+)/kg) nd
(cmol(+)/kg) 4.5

% 64
(cmol(+)/kg) 78

% 4

pH H20
pH KC1
EC mS/cm
Organic C
Total N
C/N
Available P

Depth (cm)
Clay
Silt
Very fine sand
Fine sand
Medium sand
Coarse sand
Very coarse sand %
Total sand
Texture class

CEC NH4OAC (cmol(+)/kg) 7.0 
Exch. 
Exch. 
Exch. 
Exch. 
Exch.
TEB
Base saturation 
CECclay 
ESP
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Appendix 2 continued

Profile 4

Ah 0-40 cm:

Bw 40 - 75 cm:

Cl 75 - 120 cm:

C2g 120 - 165 cm:

Ahb 165 - 190 cm:

Bbg 190 - 212 cm:

SOIL CLASSIFICATION: FAO Legend, 1989: Eutric Cambisol

USDA Soil Taxonomy, 1990: Typic Tropaquept

Brown (7.5YR4/2) dry, brown (7.5YR4/3) moist; clay; few fine faint diffuse 
5YR3/3 mottles; very hard dry', friable moist, slightly sticky and slightly plastic 
wet; structureless massive; common very fine pores; few fine roots

Dark grey (7.5YR4/I) dry, black (7.5YR2.5/1) moist; clay; very’ hard dry. friable 
moist, slightly sticky and slightly plastic wet; structureless massive; common 
medium pores; fine roots; abrupt smooth boundary to

Brown (7.5YR4/3) dry, dark brown (7.5YR3/3) moist; clay; common fine faint 
clear 5YR4/4 mottles; extremely hard dry, very friable moist, slightly sticky and 
slightly plastic wet; structureless massive; medium and common fine pores; fine 
roots; abrupt smooth boundary to

Brown (7.5YR5/4) dry, dark brown (7.5YR5/6) moist; sandy loam; hard dry. 
friable moist, non-sticky and non-plastic wet; structureless massive; common very 
fine pores: medium and few coarse roots; y; abrupt smooth boundary to

Brown (7.5YR4/1) dry, black (7.5YR2.5/I) moist; silty loam; very hard dry, 
friable moist, non-sticky and non-plastic wet; weak medium subangular blocks; 
common medium and few fine pores; few coarse and medium roots; 0; abrupt 
wavy boundary' to

Profile number : KLIM. Block no: 22. Agro-ecol. zone: E4.
Region- Morogoro. District: Kilombcro. Map sheet no. : 218/1.
Coordinates : 37° 0" 38.2’ E/ 7° 42" 40.0’ S. Location: Ruaha. F/no.22. 7km from Agronomy Department 
office. Elevation: 300 m asl. Parent material: unconsolidated mixed material. Landform: alluvial/fiood plain; 
flat or almost flat. Slope: 1 %; straight. Surface characteristics : Erosion: none or slight. Deposition: none. 
Natural drainage class : moderately well drained.
Described by B.M. Msanya and A. Kunda on 23/01/95.

Brown (7.5YR5/4) dry, brown (7.5YR4/4) moist; silty loam; very hard dry, friable 
moist, non-sticky and non-plastic wet: weak coarse subangular blocks; common 
medium and few fine pores; fine and few coarse roots; y; abrupt smooth 
boundary to

Soil: Very deep, moderately well drained, very hard friable when moist
non plastic non sticky when wet, subangalar to massive, fine pores brown sandy clay loam soil over a burred 
A horizon below a depth of 165cm having clay texture.
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Appendix 2 continued

ANALYTICAL DATA FOR PROFILE KLP4

Horizon Ah Bw Cl C2g Ahb Bbg

40 75 165 190

%

mg/kg

nd. not determined

% 
% 
% 
% 
2 
%

0 -
26
12
16
28
14
4
0

62
SCL

75 - 120
17
26
19
33
0
0
0

52 
SL

Ca 
Mg 
K 
Na 
H

39.0
18.5
8.9
2.80
6.78
nd

37.0
95
72

6.4
5.5
nd
2 6
0.18

14
23

23.0
9.6

3.8
3.37 
0.21 
nd
17.0
74
79

6.4
5.4
nd
1.1
0.09

12
4

14.0
5.4

I. 9
3.67
0.96 
nd

II. 9
85
82

7.3
5.5 
nd 
0.2 
0.03 
7 
2

40.0
20.0
6.6
3.09
6.10

nd
35.8
89
62

7.4
6.0
nd
0.5
0.05

10
9

7.4
5.8 
nd 
0.8 
0.07

11
7

30.0
13.8
7.2
1.61
5.40
nd
28.0
93
67

7.5 
6.0 
nd 
0.4 
0.05 
8 
2

40 -
29
10
17
24
11
5
0

57
SCL

190 - 212
45
32
12
6
3
0
0

21
C

120 -
65
2
7

14
10
0
0

31
C

165 ■
54
23
15
7
1
0
0

20
C

(cmol(+)/kg) 20.0 
(cmol(+)/kg) 10.0 
(cmol(+)/kg) 2.7 
(cmol(+)/kg) 3.04 
(cmol(+)/kg) 0.40
(cmol(+)/kg) nd 
(cmol(+)/kg) 16.1 

% 81
(cmol(+)/kg) 77

1:2.5
1:2.5
1.2.5 

% 
%

pH H20
pH KC1
EC mS/cm
Organic C
Total N
C/N
Available P

Depth (cm)
Clay
Silt
Very fine sand
Fine sand
Medium sand
Coarse sand
Very coarse sand %
Total sand
Texture class

CEC NH40AC 
Exch. 
Exch. 
Exch. 
Exch. 
Exch. 
TEB 
Base saturation 
CECclay
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Appendix 3

Mean monthly climatic data for 1994 and long term average (LTA) for 1961-1994

Parameter Jan. Feb. March Apr. May Jun.

na = not available

36.6

31.4

31.0

32.3

32.2

30.7
30.

29.9

29.9
27.9
23.2

20.4

94.9

95.0

68.9
55.1
3.0

6.3

117.0
131.0
106.0
124.5

Des.
30.6

34.4

24.5
22.1
92.4
92.4
56.4
50.4
6.3

7.0
52.2
168.2
186.3
196.3

8.4
26.2

20.9

17.2
94.0
97.0
56.2

53.2

6.2

6.2

6.5

31.4
121.5
121.1

Oct.

31.6

33.3

22.0

20.1

91.7

91.7
55.2
46.8
5.4
6.7
130.5
43.3

160.2
191.1

na

22.4
94.2
95.5
67.9
57.1
4.6

5.2
214.1

214.1
105.1
113.8

Max. Temp. °C 

LTA

Min. Temp. 0C 

LTA

Max. R.H (%) 
LTA
Min. R.H (%)
LTA

S/shine (hrs)
LTA

Rainfall (mm)
LTA

Evaporation(mm) 
LTA

Max. Temp. °C
LTA

Min. Temp. °C

LTA

MAX. R.H (%)
LTA

Min. R.H (%)
LTA

S/shine (hrs)
LTA

Rainfall (mm)
LTA

Evaporation (mm) 

LTA

July
28.4
26.2

19.0
16.5
96.0

96.0

54.3
50.3 
5.0 
5.9
32.2 
nd 
132.9
129.6

na
21.9

91.4

94.4
57.5
51.9
6.6

6.2

147.7
173.7
193.0
168.8

Aug.
29.4
28.8
19.1
17.5
91.4

91.4

56.1
48.8
4.8
5.8
10.6
9.8
130.6
139.8

na

21.9

95.9
93.9

67.4
52.9
4.3

6.4

281.8

281.8
103.6
156.2

Sept.
31.7
28.0
19.7
18.2

90.3

90.3

51.1

45.1

4.8
6.1

0.00

17.6

69.5
162.3

na
22.0
95.8
95.0
64.0

54.5

6.3

6.1
283.7
283.7
140.7
155.2

Nov.
33.1

35.3

22.1

21.6
92.1

92.1

49.0

47.5
6.7
7.4
69.6

123.7
181.6
196.7
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Appendix A . Kilombero 1 t Msolwa 1 sugar estate : Location of soil profiles
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Appendix 5. Some Physico-chemical properties of soils of section 1.

17 Depth Soil Scparcts (%) Text. OC N Bray 1-P PH

No. (cm.) Sand Silt Clay Class (%) (%) H20 KC1

1 0-30 72.6 10 17.4 SL 9.81.43 0.11 6.8 5.0

30-70 71.4 10.0 18.6 SL 0.16 0.04 10.5 7.0 5.5

70-100 76.6 8.0 17.4 SL 0.2 0.03 7.0 6.9 5.2

8 0-30 64.4 10.6 SCL 0.09 10.5 6.7 5.025.1 1.51

30-70 60.4 10.5 SCL 0.40 0.03 9.8 6.8 5.129.1

6.970-100 0.02 4.2 5.484.4 2.5 13.1 LS 0.21

12 6.9 5.20-30 0.02 10.563.6 SCL 1.4713.0 23.4

7.35.6 7.030-70 SCL 0.37 0.0471.6 8.0 20.4

5.67.20.19 0.03 6.070-100 65.4 SL17.0 17.6

27 13.2 6.4 5.12.10 0.H0-30 56.0 23.0 26.4 SCL

6.5 4.90.06 4.2SCL 1.0030-70 60.9 14.0 25.4

5.26.50.03 4.2SL 0.470-100 79.6 6.0 14.4

5.112.6 6.851 1.25 0.080-30 28.6 SCL59.4 12.8

6.9 5.410.5SCL 0.48 0.0630-70 23.663.4 13.0

7.1 5.50.02 6.3SCL 0.2270-100 69.4 8.0 22.6

6.5 5.11.63 0.11 18.271 SCL0-30 20.459.6 20.0

6.90.05 5.2LS 0.33 7.730-70 79.6 8.0 12.4

6.3 6.9 5.20.26 0.0416.6 SL70-100 10.073.4

7.0SCL 0.09 14.0 5.5132 0.760-30 27.0 24.448.6

11.9 6.9 5.4SCL 0.69 0.0728.0 24.430-70 57.6

0.04 8.4 7.2 5.726.0 18.4 SL 0.4470-100 55.6
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E/No. CEC %BS
K Na

1 0-30 9.12 1.93 1.07 0.52 16.8 75.2

30-70 5.79 1.48 1.46 0.43 13.0 73.8

70-100 3.89 1.68 1.07 71.00.74 10.4

8 0-30 7.08 1.38 75.01.92 0.70 14.6

30-70 9.0 63.03.49 0.54 0.521.18

8.8 66.070-100 2.19 1.00 2.27 0.35

77.212 0.74 16.40-30 8.28 2.0 1.65

16.0 70.02.91 0.4330-70 5.78 2.17

11.0 62.40.352.4570-100 1.89 2.17

19.9 72.027 1.56 0.350-30 2.379.98

76.80.43 13.61.382.2230-70 5.12

72.80.70 9.21.381.4370-100 3.19

18 73.90.701.7651 2.570-30 8.28

72.50.78 14.21.332.6530-70 5.54

0.76 73.613.21.462.3070-100 5.20

14.0 71.40.520.611.6871 0-30 7.18

8.8 64.30.740.840.8930-70 3.19

8.2 72.50.521.131.0970-100 3.21

13.4 71.10.861.422.17132 0-30 5.08

11.2 61.81.021.121.6130-70 3.18

10.9 64.90.352.16 1.4270-100 3.15

Depth 
(cm)

Appendix 5 continued
Exchangeables bases, CEC and BS of the soils of section one.

Exchangeable Bases
Ca Mg
------- (cinol(+)/kg------
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Appendix 6. Some physico-chemical properties or soils of section 2

Field Depth Soil Separetes (%) Text. Bray-P O.C Total pH (1/5)

(cm)No. Sand silt Clay (mg/kg) N(%) KCIClass (%)

5.0MIO 0-30 14.0 32.4 SCL 18.0 2.5 0.15 6.253.6

5.06.30.68 0.0630-70 51.6 12.0 36.4 SC 7.0

5.50.56 0.05 7.070-100 49.6 10.0 40.4 SC 4.9

6.2 4.82.2 0.12M17 SC 7.00-30 48.6 16.0 35.4

5.16.40.6 0.05SC30-70 16.0 38.6 0.745.4

5.16.40.050.4 0.46C70-100 49.6 17.0 42.6

6.2 4.60.121.7415.4M20 16.0 34.4 SCL0-30 49.6

5.26.60.84 0.08C 9.842.430-70 43.6 14.0

6.8 5.40.060.524.2C70-100 12.0 44.443.6

4.86.30.1217.8 2.2SCLM38 0-30 15.0 35.449.6

5.06.40.060.64SCL 9.834.613.030-70 52.4

5.46.90.050.424.9SL50.6 12.0 37.470-100

H20
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Appendix 6 continued

Exchangeable bases CEC and base suturation of soils of section two

Field C.E.C BS (%)Depth Exch. Bases

No. (cm) cmol(+)/kg

NaKCa Mg

72.416.92.68 0.35MIO 0-30 6.69 2.52

68.018.22.05 0.8330-70 6.52 3.03

63.316.30.521.233.0370-100 5.49

61.117.01.30 0.39MI7 1.530-30 7.18

58.518.00.562.302.0930-70 5.59

63.513.80.63 0.522.4070-100 4.79

60.016.40.702.071.56M20 0-30 6.09

60.020.21.79 1.562.206.5930-70

62.718.21.431.821.8670-100 6.13

63.316.80.740.842.76M3 8 0-30 6.29

60.114.00.560.902.7630-70 4.19

60.712.00.391.692.8170-100 2.40
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Appendix 7. Physico-chemical properties of soil of section 3

Field Depth Soil scparctcs (%) Text. Bray-1 O.C Total pH(l/2.5)

No. (cm) Class P(mg/kg) (%) N(%)

Sand Silt Clay H20 Kcl

65 0-30 4.833.6 16.0 0.11 6.250.4 C 2.10 1.55

30-70 25.4 0.54 0.09 6.6 5.18.0 64.6 C 0.4

7.0 5.570-100 0.34 0.0539.4 8.0 52.6 C 0.4

6.9 5.2101 0.120-30 16.0 38.6 C 12.6 1.7445.4

0.07 6.5 5.130-70 C 0.70 0.7236.5 14.0 49.4

7.0 5.60.56 0.040.470-100 54.6 8.0 37.4 SC

6.1 4.71.78 0.13105 C 7.00-30 37.6 14.0 48.4

4.80.08 6.30.4 0.52C30-70 27.6 12.0 60.4

5.00.5 0.07 6.50.470-100 60.4 C32.6 7.0

4.60.13 6.0120 1.4740.6 SC 4.90-30 49.9 10.0

6.2 4.90.07SCL 4.2 0.3230-70 69.4 4.0 26.6

6.0 4.50.042.8 0.2770-100 40.6 SC4.055.4

4.80.09 6.3124 1.520-30 28.4 SCL 7.066.6 5.0

6.0 4.30.07C 0.7 0.1630-70 9.0 50.446.6

0.07 6.0 4.30.4670-100 C 0.441.6 8.0 50.4
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Appendix 7 continued

Exchngcablc bases, CEC and BS of soils of section 3

Field Depth Exchangeable Bases C.E.C. BS.

No. (cm) (cmol(+)/kg) ----

Ca Mg K Na (%)

65 0-30 5.79 6.22 0.78 25.6 60.91.97

30-70 6.36 8.86 27.0 69.11.97 1.48

70-100 7.2 5.68 1.61 1.48 25.0 63.3

101 0-30 9.28 5.57 2.15 0.70 22.8 n.j

30-70 21.69.58 4.65 0.72 1.04 77.6

70-100 5.89 3.96 1.79 1.26 18.8 71.7

105 0-30 7.68 0.78 24.0 63.14.77 1.92

30-70 7.68 23.6 68.96.91 1.25 0.43

70-100 16.05.79 3.95 1.34 0.74 73.4

120 0-30 16.0 52.65.39 1.68 0.84 0.52

30-70 8.0 61.32.69 0.45 1.07 0.7

70-100 64.62.49 0.60 0.76 0.35 6.5

124 0-30 1.87 0.39 11.6 56.42.99 1.30

30-70 1.68 0.56 15.0 50.23.59 1.71

70-100 2.89 1.53 2.07 0.61 12.8 55.4
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Appendix. 9. Some physical and chemical properties of the soils from experimental plots

exchangeable CECZ Particle size ZO.C Bray-1 P 1 pHDepth

bases(cmol(+)/kg cmol(+)/kgmg/kg N (H.O)(cm) distribution

Clay CaSand Silt Mg K Ha

section 1 (Field no 12)

6 .1 6.5 2.3 0.4 14.08 0 0.08 190-30 60.6 10 29 4 1.60

3.6 0.59 0.5 0.56 8.00.03 6.230-70 78 6 2.0 9 4 0.32 4.9

Section 2 (Field no. M17)

2.5 1.6 0.4 0.3 17.80 12 6.2 8.40-30 53 4 14 0 32 6 1 86 10.6

16.22.2 1.4 0.5 0.36.70.72 0.09 6.430-70 44 6 7.0 39 4 4 9

Section 2 (Field no M4)

0.40 19.01.78 2 2.00.12 6.00-30 50 0 14.6 35.4 1 64 12.3

1580.321.16.3 6.9 1.830-70 6 3 0.0744.0 18 4 36.4 0 81


