
ASSESSMENT OF SOIL FERTILITY STATUS OF SELECTED PADDY
GROWING AREAS OF TANZANIA

BY
YOUZE ORGENESS MNGUU

A DISSERTATION SUBMITTED IN PARTIAL FULFILMENT FOR THE
DEGREE OF MASTER OF SCIENCE (SOIL SCIENCE AND LAND
MANAGEMENT) OF SOKOINE UNIVERSITY OF AGRICULTURE

■■■■I 
063306 5



ii
ABSTRACT

Nitrogen, phosphorus, zinc and iron deficiency or limited
soil fertilitythe main constraintsavailability are

limiting rice yield worldwide. The objective of this study
for assessing theto develop diagnostic criteriawas

selected rice growing
availability of the aboveof theinTanzania terms

Soil samples were collected from 10 differentnutrients.
where rice is grown for both laboratory analyses andareas

glasshouse experiment. The laboratory analyses includeda
the screening of suitable indices for available N, P, Zn

Nitrogen availability was assessed by
indices, P by Bray-1,total N,

Olsen and the filter paper strip methods while available

The response of rice
(Oryza sativa L) variety Super India to these nutrients

grown for 51 days.

The results showed that all the soils used in this study
deficient in N and hence required fertilization withwere

N while 60% of the soils responded to P application. All
the soils had adequate levels of K and Zn although three

soils appearedof the betweenbeto borderline cases

and 0.01M EDTA-(NH4) 2CO3

OC and the alkaline-KMnO4

was assessed in a glasshouse experiment where plants were

Zn and Fe were assessed by 0 . IN HC1, 0.005M DTPA at pH 7.3
at pH 8.6.

in soils.and Fe

fertility status of the areas of



adequate and deficient. The extractable Fe content was
high in all soils. theOf nutrient availabilityvery

indices tested, OC correlated significantly with the DM
yield while Olsen extractable P was found suitable for P
assessment with a critical level of 20 mg/kg soil. None of

indicesthe tested found suitable for andZn Fewas
assessment.

these results, and OlsenBasing methodsOCon were
in assessing N and P availability inrecommended for use

respectively. reliablesoils,the forNo extractant
micronutrients Zn and Fe was obtained in this study. Field
experiments are recommended to confirm these findings.
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CHAPTER ONE

1.0 INTRODUCTION

inRice is important food tropical and sub­cropan
tropical regions. is the maj or cerealofIt one crops

inin Tanzania. is of theIt partsgrown manygrown
of ha in variedcountry covering 365 000area overan

ecosystems ranging from upland to irrigated lowland. Of
is mainly grown in large scalelowland ricethis area,

rice and oflike farmsfarms Kapunga covers an area
Small scale farmers irrigationapproximately 20 ha.000

schemes like Lower Moshi also contribute substantially to
The most important ricerice production in the country.

growing regions in Tanzania include Tabora, Shinyanga,
Kilimanj aro, andMbeya (Bureau ofCoastMorogoro,
1992) .Statistics,

indicate that rice yield in thesedataRecent isareas
fast rate. For example, in Ruvu rice farm

(Coast region) , rice yield declined from 4.8 tons/ha in
1978/80 to 2.4 tons/ha in 1992/93 (Anonymous, 1995). The
national average rice yield indicates a decline from 1.47
tons/ha in 1981 0.98 tons/hato in 1990/91 (Bureau of

1993) .Statistics, Low rice yields in these
other things, may be due to soil fertility problems. This

declining at a

areas among
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is deduced from the fact that in areas where fertilizers

good response in rice yield has been realised
added through thenutrientsthat theindicating

fertilizers were limiting.

both macronutrientsAdequate supply of plant nutrients
for high rice yields.is important

Macronutrients and micronutrients are equally important in

formerrice plants only that thenutrition ofthe are
thecomparedrelatively large toin amountrequired

organic isofsupplyadequate matterAlsolatter.
important in soil fertility because it is the main source

in the productivity of rice

1989) .soils (Neue,

nutrient deficiencyIn mineral nutrition of rice plants,
problems frequently encountered are those due to nitrogen,

1981) .and iron (De Ofzinc thesephosphorus, Datta,
nutrients, nitrogen is considered to be the most important
macronutrient in rice production and its deficiency is a
widespread nutritional disorder of rice (De Datta, 1981;

1989). Phosphorus is theNeue, second limitingmost
nutrient in rice production especially in some soil types
(Patnaik, 1978). Neue (1989) reported that most tropical

deficiency ranks disorders

are used,

of N that holds a key role

soils on which rice is grown are low in available P. Zinc
third among the nutritional

and micronutrients
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that limit lowland rice yield (De Datta, 1981) . Iron is
another important micronutrient in rice production next to
Zn and inadequate available Fe has become a major problem

(Kabata-Pendiasnumber of soilsin cultivated anda
Pendias, 1985) .

Most soils have been found to be deficient in one of the
1982) . This makesplant nutrients (Jones,essential

fertilizer use a prerequisite practise to supplement the

the growingthe deficient nutrientsavailability of to
fertilizer recommendations which areplants. In Tanzania,

currently in use were compiled by Mowo et al. (1993) . In
the recommendations are based on a fewthe case of rice,

field experiments which were assumed to be representative
all rice growing In drawing upof

recommendations, al. (1993) didfertilizer Mowo et not
consideration the nutrienttake into of soilsstatus
scarcity of thisdatabecause of This isaspect.on a

shortcoming ofma j or these recommendations. Equally
important but also lacking is the absence of suitable soil
testing methods screened under Tanzanian conditions.

study by SemokaA al. (1996)recent ofet in soils
Morogoro region showed that all the soils tested responded
to application,N 60% responded inapplicationto P

addition to N while 40% required N, P and Zn for optimum

areas of the region.
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yield. In addition, 20% of the soils also appeared to be
Fe deficient. Earlier work by Bashiru (1992) and Msolla et

(1994) indicated that Zn deficiency was an importantal.
constraint in paddy production in Morogoro and Tabora
regions respectively. Fe has also shown to be associated
with Zn deficiency in some of the study areas (Bashiru,
1992) . These studies were however limited in geographical

do not give good indications of theand thuscoverage
where isnutrients in riceof thesestatus many areas

grown.

information is available on suitable indices forScarce
assessing N and P availability in rice soils of Tanzania.

(1996) found no correlation between organicSemoka et al.

carbon and rice DM yield in a glasshouse study indicating
that this parameter was not a suitable index for assessing
N supply capacity of soils. the of ShekiffuIn P,case
(1995) reported that the Pi better than the
Olsen and Bray-1 methods for assessing P status of wetland
soils of Morogoro region under glasshouse conditions. No
similar work has been done in other rice growing areas of
Tanzania.

Limited information is also available ofthe extenton
specific to rice growing areas.

where fertilizers used together with good culturalare
fertilizer use

method was

In areas
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practises, for example, Mbarali rice farm and Lower Moshi
irrigation scheme, yields the
nutrients added through fertilizers limiting.the are

most smallholder farmers do not use fertilizers.However,

prerequisite for increasing production.rice isIt
therefore apparent that studies are required to assess the
fertility status of soils in rice growing areas in terms
of nutrient supply and adequacy toasso
productivity in these areas and hence rice yields.

The specific objectives are :
To assess the suitability of selected indices of(a)

Zn and Fe for use in testing"soils fromN, P,
selected rice growing areas of Tanzania.
To identify nutrient deficiencies in these(b)
soils.
To assess response of rice to application of(c)
these nutrients.

Yet, an appropriate fertilizer technology is an important

are high indicating that

increase soil
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CHAPTER TWO

2.0 LITERATURE REVIEW

Nutrients availability and their deficiency symptoms2.1
Nitrogen2.1.1

limiting nutrient in rice(N) is theNitrogen most
(Buresh andworld wideproduction De Datta, 1991;

1979) . In rice plants, large quantities of N areChandler,
required at early and mid tillering (IITA, 1984). During

adequate N increases thethe panicle initiation stage,
number of spikelets per panicle (De Datta, 1981) .

Nitrogen deficiency is characterised by poor growth rate,
leaves whichshort and yellowishand erectarenarrow

green to yellow in colour (De Datta, 1981) . The old leaves
of N deficient plants become light straw coloured and then

1981). Nitrogen deficiency also reduces(De Datta,die
tillering (IITA, 1984) .

The main of soilN organicsources are matter,
biologically f ixed organicN, chemicalandmanure
fertilizers. Of the total ofamount N taken by plants,
about 60 to 80% is derived from the native pool (De Datta,
1987). The most important natural N supply to rice soils
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is the fixation of atmospheric N by blue green algae and
anaerobic bacteria (Patnaik, 1978). Azolla which harbours
a symbiont, Anabaena azollae, has also been reported to be
important in fixing atmospheric N in rice soils (Patnaik,
1978) .

The former is the predominant form of organic N in wetland
1982) and theand Cruswell, most(De Dattasoilsrice

(Watanabe andsoilssubmergedinofform Nstable
Inubushi, 1986) . The availability of any of these forms is

lowlandininstance,conditions.soil Fordependent on
floodeddry andbetweenfluctuatewhichsoilsrice

soilthevary considerably. Whenformsconditions, N
of mineralisation of organic matterthedries, process

increases to liberate NH/ which is then converted to N03.
Nitrate so formed is prone to leaching and denitrification

1993) .losses during flooding (IRRI, In submerged soils
NH4 + accumulates to as high as 300 ppm within 20 days of

1965) .(Ponnamperuma,flooding The ofpresence
soil fertility becausebenefits both andleaching

denitrification losses are lower than for N03-N (Chaterjee
1985) .and Maiti,

NH4-N

The two important forms of N in soils are NH4- and NO3’-N.
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Phosphorus2.1.2

is required by rice_ plants for various(P)Phosphorus
It plays an important role in root development,functions.

earlier flowering and ripening and enables the plants to
counteract the unfavourable effects of late transplanting

induces good1984) .al. ,(Jones It1982 ; IITA,et
normal grain development and improvestillering, ensures

soil population, P playstheof rice.food value In a
vital role in N fixing free living organisms and plants

involved in the supply andis also1989).(Neue, It
the biochemical intransfer of energy for all processes

1981).rice plants (De Datta,

Deficiency symptoms of P in rice plants are characterised
tillers.few The leavesgrowth and ofstuntedby P
and short,deficient plants and dirtyerectare narrow

purplish tint and the olderwith leaves diegreen
1982) .prematurely (Jones et al.,

The behaviour of P in flooded soils is markedly different
from that of upland soils. In wetland rice soils Chang
(1976) postulated that the reduction of Fe-phosphate was
the main source of available P. He also pointed out that
the transformation of various P compounds and increased
diffusion also contributed to increased availability of P
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in flooded soils and subsequently increased P uptake by
rice plants.

Previous studies have shown that, most soils in which rice
Low levels of(Neue, 1989).low in P

is linked to high P fixation .these soils
(1982) reported P deficiency as the most important factor

limiting rice yields in Ultisols, Oxisols, Sulfaquepts and

the high fixingbecause ofmainlyVertisols Psome
capacities of these soils. On submergence, P availability
in these soils increases thereby reducing the severity of
P deficiency.

Potassium2.1.3

(K) in plants mainly concerned withisPotassium
regulatory roles. It has also been found to increase the

(Tanaka and
1970), increases disease resistance and enhancesYoshida,

P response in P deficient soils (IITA, 1984) .

Potassium deficiency in rice is characterised by dark
short thin stems and stunted plants.green leaves, Under

extremely deficient conditions, tillering may be reduced,
leaf tips and leaf margins dry and the older leaves become
reddish brown with an early senescence (Jones et al.,

is grown are

capacity of rice roots to oxidise Fe2’

Jones et al.

to Fe3’

P in
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1982) .

Potassium occurs in soils in four forms which are always
exchangeablein equilibrium viz: soluble K,K, non

1990).mineral (Haby al. ,exchangeable andK K et
solution and exchangeable K thePotassium in soil are

forms readily available to plants. Flooding has been found
solubleexchangeable formrelease ofenhance K toto

1984). The release of K into the soluble form is(UTA,
and NH4* (Neue,consequence of ion exchange with Fea

commented that high clay(1989) further1989). Neue
material ofand relatively parentcontent young many

for good K supply in such soils.soilsflooded account
changes in physico-chemicalinfluence oftheHowever,

the soil due flooding in enhancing Kproperties of to
non-exchangeable K is wellfrom understoodrelease not

(Goswami and Banerjee, 1978) although it is known that
much of the K in soils is found in non - exchangeable and
mineral forms (Alias et al., 1986) .

In rice production, K deficiency in flooded soil is less
1989). The spread of

K deficiency among other things has been aggravated by the
increasing use of high yielding rice varieties and intense
cropping because these practises deplete K faster than it
is replenished naturally (Brady, 1980).Kemmler,1984

2’, Mn2’

common than those of N and P (Neue,
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(1978) (1984)Uexkul1 cited by UTA reported that,Vai

with time K will be needed in almost all soils.

Zinc2.1.4

(Zn) is one of the essential elements required forZinc
the growth of higher plants. It plays an important role in

(auxins).growth hormones isformation ofthe It an
important constituent of many enzymes that are involved in
protein synthesis like dehydrogenases, proteinases and
peptidases (Marshner, 1990) . It is also important in seed
production, grain maturation and is involved in nitrogen
metabolism.

is characterised by stunted growth,deficiencyZinc
blotches in the lower leaves,reddish brown delayed

maturity of plants followed by low yields in severe cases
(Katyal and 1974) . Yoshida (1973)Ponamperuma, a.1.et

deficiencyindicated being characterisedZn byas
blotchesbrown inchlorotic the midrib ofor younger

leaves and streaks developing in lower leaves, accompanied
by decrease in the size of the blade,

maturity. Zinc deficiencydelayed in grain crops
frequently occurs in the early part of the growing season

1979).(Sedberry et al.,

uneven growth and



12
Zinc deficiency is nowadays a worldwide concern especially
in lowland rice culture where it is considered to be more
widely spread than any other micronutrient deficiency (De

1981). Zinc has reportedbeen affect riceDatta, to
in high yielding-fertilizer-product ion India where

sativaresponsive varieties of (Oryzarice )L are
intensively grown under wetland conditions (Mandal and

1986).Mandal,

Flooding generally decreases Zn availability as compared
to well aerated soils. For instance, in acid soils, much

availability is due flooding.in Thisdecrease Zn to
inis explained by the increase withphenomenon PH

2 +flooding and the dependence of Zn: adsorption on pH (Neue
1989). These workers further pointed out thatand Bloom,

prolonged flooding increase the potential for Zncan
deficiency in soils. In Tanzania, Zn deficiency has been

decrease rice yieldreported in andto Nzega Igunga
districts in Tabora region (Msolla, 1991) and some parts
of Morogoro district (Bashiru, 1992; Semoka and Shenkalwa,

Semoka et al. , 1996) .198 5 ;

2.1.5 Iron

plays important(Fe) role plant nutritioninanIron
(Mandal, 1961). Studies on nutrient requirement in rice by
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(1961) indicated that(1930) cited by MandalGericke Fe
in wheat, barley,requirement in rice is greater than

condition.both theand under Heoat samerye grown
further revealed that rice plants require available Fe in
the growth medium longer than any other element except
nitrogen and potassium.

Fe deficiency is one of the first nutritional disorder to
1980) .be recognized in rice (Lopes, It

nutritional disorder in calcareous soils under both upland
and wetland conditions and is also found in some flooded

to produce soilis lowwhere organic mattersoils too
in some flooded rice1976). However,reduction (Sanchez,

Fe poses a big problem as continuous flooding forfields,
few weeks increases the level of soluble Fe from 0.1 toa

10 0 ppm (Ponnamperuma, 1978) . This increase of soluble Fe
in toxicityresult also referred to ascan

which occur if the content of Fe in the leaves reaches 300
(Tanaka and Yoshida, 1970). Bronzing is described asppm

nutrition disorder that results from malfunctioning ofa
due to precipitation and surface coating ofrice roots

tip by ferric oxide thus inhibiting nutrients androot
by (Kosakiuptake roots and 1986).Juo, Ironwater

rice is frequentin in heavy soilstoxicity textured
(Tanaka and Yoshida, 1970) and is often associated with K*

theHowever, deficiencydeficiency. ofoccurrence Fe

"bronzing"

is a widespread
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symptoms depends more
concentrationcriticaluptake than of water-solubleon

1982) .Fe(II) alone (Jones et al.,

Testing for availability of plant nutrients2.2
Soil Testing2.2.1

important and indispensable tool for
of plant nutrient availability in soilsthe assessment

1983; Beringer, 1985). found to be the(Sahrawat,
most reliable technique to provide information about the
deficiency or adequacy of nutrients in the soil and in the

(Singh and Takkar, 1981).estimation of fertilizer needs
they have to beFor the soil test values to be meaningful,

correlated with the crop response to the added nutrients
One of the shortcoming of soil­ testing forin the soil.

nutrients availability is that it does fornot account
crop-specific nutrient requirement and the interaction

(Beringer,nutrients 1985) . soilTherefore,between

testing values alone might not provide the best indices
nutrient availabilityassessing plants inandfor to

predicting fertilizer recommendations.

Beringer (1985) also indicated that, test data forsoil
recommendation environmentalfertilizer withvary

conditions and with the type of the nutrient required by

It was

Soil testing is an

on the factors responsible for Fe
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no single soil test procedure is

expected to be adequate to predict nutrient availability
fact, soilall situations. view of thisin In more

needed to effectively evaluate thespecific methods are
soilavailable quantity of in that toso as

(Beringer,predict the fertilizer requirement by a crop
available formethods1985) . Different soil test are

different plant nutrients.

Nitrogen2.2.1.1

often deficient inislike NRice morecrop
1981), yet there isthan in any other nutrient (De Datta,

widely accepted methods of testing soils for N in riceno
The necessity of having(IRRI, 1992).growing soils an

liesacceptable index for evaluating N in soils theon
than of N needed by rice plantsthat 50% isfact more

derived from soil organic N (IRRI, 1992). Organic N gives
measure of the potential of a soil to supply N to plantsa

when conditions are ideal for mineralisation (Dahnke and
1990). Likewise, methods for evaluating theJohnson,

mineralised fromof soilN organicamount matter are
needed for accurate fertilizer recommendations which will

of fertilizersefficient ofand reduce risksusegive
polluting underground water (Cabrera and Kissel, 1988).

availability tests either be biologicalSoil N can or

a crop. This means that,

any other

a nutrient
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chemical.

A. Biological methods

The biological methods of soil testing involve incubation
of the soil to promote mineralization of soil N. Two such

aerobic incubation andcommonly- usedmethods are
1971).(Keeney and Bremner, Thesewaterlogged incubation

andgive estimates of NH4-N producedmethodstwo
during microbial decomposition of organic matter in the

thatremembered theit besoil . rate atHowever, must
mineralise is controlled byorganisms Nwhich these

conditionsunpredictable environmental suchseveral as
(Dahnke and Johnson,and aerationmoisturetemperature,

mineralisable under laboratoryresult,1990). NAs a
conditions may not always be proportional to the amount of

N mineralized in the field. Therefore, the resultsthe
methods only give indication thethese offrom an
soils supply N underpotential of ideal conditionsto

than the of N that will become availableamountrather
under field conditions.

Singh al. (1976)Tanzania, et evaluated differentIn
N availability in andfor soilsindices of Morogoro

obtained positive but significant correlation (r =non
yield aerobicpercentagebetween of0.25) maize and

no3-
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incubation method. They established a critical level of 54
ppm using this method.

The chemical soil tests for N are often used because thby
usually rapid and more preciseare

1971). Chemical methods havemethods (Keeney and Bremner,
the factcriticised of thatbeen becausehowever no

chemical treatment of the soil is likely to stimulate the
microbial processes responsible for mineralisation of soil
N or to release selectively the fraction of soil N that is

for plant growth by the microorganismsavailablemade
1971). Some of the chemical methods(Keeney and Bremner,

include total organictesting availabilityfor N,N
carbon,

total organic(EUF), N,etc.
carbon and hot alkaline KMnO. are reviewed below.•1

Organic carbon

(OC) is often usedOrganic carbon
matter estimates which is believed to be the main source
of N in lowland rice (Dei and Yamasaki,

IRRI, 1993) . The determination of OC to19891981; Neue,
the N supply capacity of been widelyassess

as a basis of organic

B. Chemical methods

hot alkaline KMnO, method, electroultrafiltration
Out of the above methods,

soils has

1979; De Datta,

than the biological
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rapid, simple specialadopted because it andis no

equipment is required (Nelson and Sommers, 1990) .

the suitability of inDifferent
supplying capacities of soils have beenestimating N

reported. Sahrawat (1983) found OC to be a good index of
assessing N availability in rice soils in pot experiment.

reported by Singh and TripathifindingsSimilar were
(1976)(1970) in soils of India. In Tanzania, Singh et al.

found a significant correlation (r = 0.77) between OC and
The

their studyestablished in 1.75%.levelcritical was
other hand obtained(1996) theal.Semoka et nonon

significant correlation (r = 0.31) between OC and rice DM
yield in soils of Morogoro indicating its inadequacy in
predicting N supplying capacities of soils

Total N

methods have gained generalTwo for theacceptancea
determination of total N; namely wet oxidation procedures
and dry oxidation procedures (Bremner and Mulvaney, 1982).
Of these two methods, wet oxidation has been adopted by

In Philippines, Sahrawat reported(1983)
good index for assessing N supplying

capacities of soils. In Tanzania, (1976)Singh et al.

percentage yield of maize in some soils of Morogoro.

that total N was a

results on

many workers.

this method
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significant correlation betweenobtained total N
with maize growth data in soils of Morogoro indicating its

N supplying capacitiespredict the offailure theto
soils. The critical level established in their study using

(IRRI,Other workers 1993)this method was have0.15%.

continuously irrigatedcapacities of ricesupplying
systems. This is due to lack of sufficient understanding

organicinfluencethattheof matterprocesses
decomposition and turnover, microbial population mediating

growth and activity in submergedroot
soils.

Although Keeney and Bremner (1966) regarded this method as
giving less satisfactory results in assessing N supplying
capacities of soils, Bajaj et al. (1967) and Singh et al.

obtained significant relationship(1976) betweena
using thisextractable method and andrice yieldsN

recommended it for use in assessing N supplying capacities
soils of Indiaof rice (Tanzania)and Morogoro

respectively. The critical level obtained by Singh et al.

(1978) also indicated the suitability of this method in
assessing N availability in soils.

Alkaline KMnO4

these processes,

a non

(1976) in soils of Morogoro was 190 ppm. In USA, Stanford

also indicated doubt on its suitability in assessing N
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Phosphorus2.2.2.2

Methods of determining phosphorus(P), its various forms
availability­ plants been essential inand haveto

developing principles and knowledge of the andnature
behaviour of P in soils (Olsen and Sommers, 1990) .

Most of the soil tests for P have shown to be inadequate
P-supplying capacity in lowland soilsdeterminingin

theLikewise, of soil1976) .(Sanchez, commonnone
detect solublebeen able whichhave Ptoextractants

becomes available under flooding conditions (Chang, 1976) .
methodscommonly used for evaluatingtheof PSome

availability in soils are Olsen,
Truog, iron hydroxide impregnated filter paper strip (Pi)

Pi methods will be reviewed.

Olsen method

This method was originally developed for use in calcareous
(Olsen al. , 1954) .soils bufferedconsistset It of a

which precipitates CaJ‘ thusCaCO3as
making extractable by loweringCa-P activitymore Ca

better in a number of soils. in Tanzania,For instance,

solution of NaHCO3

Bray-1, Bray-2, Mehlich,

etc. For the purpose of this study only Bray-1, Olsen and

(Thomas and Peaslee, 1973) . This method has proven to work
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Mutagwaba (1986) reported the Olsen method to be superior

in extracting P in soils of Mbeya region.to the Bray-1
reported a significant correlation ((1992)Ussiri r

0.90) between Olsen extractable P and maize growth data in
(Tanzania). Semoka al.soils of MorogoroBenchmark et

the Olsen methodthe other hand reported that(1996) on

in rice soils ofeffective in extracting Pnot aswas
criticalThe levels(Pi) method.theMorogoro as

established from these studies were: 34.60 ppm (Mutagwaba,
(Semoka et1992) and 20.0(Ussiri,1986), 10.5 ppmppm

al., 1996).

Bray-1 method

The Bray-1 extracting solution (0.03N NH4F + 0.025N HC1) as
developed by Bray and (1945) has been employedKurtz
widely to determine the available P in a number of soils.

HC1 is designedof andcombinationThe to remove
easily acid soluble forms of largely Ca-P other thanP,
apatite and portions of Al and Fe phosphates (Olsen and

1990) . The method is very sensitive to the ratioSommers,

extracting solutionsoilof and the shaking time,to
the extractabletherefore, P be the atnotmay same

various laboratories (Randal and Grava, 1971) .

various workers obtained differentIn Tanzania, results

NH..F
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using this method. For instance, Mutagwaba (1986) reported

a nonsignificant correlation between Bray-1 extractable P

and maize DM yield in some soils of Mbeya region. Similar
results were obtained by Semoka et al. (1996) in some rice

Ussiri (1992) thesoils of other handMorogoro. on
(r = 0.65)significant correlation between

Bray-1 extractable P and maize dry matter yield indicating
that it was adequate in assessing P availability in some

The critical levels establishedsoils of Morogoro. in
4.35 ppm (Mutagwaba (1986),these studies were: 3.51 ppm

1992) and 20.0 ppm (Semoka et al., 1996) .(Ussiri,

Pi method

(1989a) and wasThis method was developed by Menon et al.

found well in acid well alkaline andworkto as as
soils. These workers obtainedcalcareous the best

0.94) between Picorrelation (r = extractable and DMP
yield and P uptake by maize grown in acid soil fertilized
with partially acidulated phosphate rock differing widely
in water-soluble P.

In Tanzania, recent work by Semoka et al. (1996) indicated
that this method superior to the Olsen and Bray-1was
methods in assessing availability in riceP soils of
Morogoro district. The critical level obtained in their

obtained a
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study was 35.0 mgP/kg.

Potassium2.2.1.3

Soil test for available K usually relies on the estimate
1990) .(Haby etof exchangeable K al. , of

exchangeable K, which usually include soil solution K’, is
the standard index of K availability in the USA and Canada

1990).(Haby et al. ,

employed in the determination of exchangeable K in soils.
Most of these methods use NH4* or Na' as a cation to replace
K+ on exchange sites. These methods include neutral NH40Ac,

acid,double Mehlichandacid NaOAc, III,
(EUF) thiselectroultrafiltration review, onlyInetc.

neutral NH4OAc method will be dealt with in detail.

This method involves either centrifugation and decantation
or Buchner funnel filtration also reffered to as leaching
(Knudsen and Peterson, 1982). Centrifugation and leaching
procedures are all adapted to flame photometer or atomic
absorbtion spectrophotometry.

Ahmad et al. (1973) assessed available K using total K,
and boiling HNO in Indian soils3

NH4‘

Neutral NH4OAc method

NH4OAc, CH3COOH, cold H2SO4

A number of extractants have been

An estimate
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using maize as a test crop in a pot experiment. They found

and NH^AOc were the most suitable indices
for assessing K availability. They also found that NH4AOc
works better in soils with pH less than 7. The critical

of exchangeable K in pot experiment and farmerslevel
in India was found to be 0.26 meq/lOOg soil (Jonesfields
1982) .et al.,

Zinc2.2.1.4

methodsof have beenlarge numberIn recent years, a
of plant available inZnemployed to status

fall intocommonly used methods threeThesoils. most

and neutral saltcategories namely extraction by water
1955), acidsinorganicandsolutions (Stewart Berger,

and chelating agents buffered to1953)(Chang and Bray,
1961) .(Jensen and Lamm, This reviewvarious pH levels

of inorganic acids and chelatingwill focus
agents in assessing the available Zn status in soils.

Extraction of Zn by inorganic acids(a)

dilute inorganicand acidStrong extractants remove
exchangeablesoluble Zn, Zn, from solubleZn acid

compounds as well as occluded Zn (Trieweiler and Lindsay,
1969). maj or criticismA the acidofon stronguse

that cold H2SO4

on the use

assess the
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is levelled fact that ofthe theextractants on many

soluble compounds in the soil are destroyed and occluded

is normally inaccessible to plants is releasedthatZn
1969). In calcareous soils,(Trieweiller and Linsay, the

of strong acid extractants is objectionable because ofuse
the abundance of acid soluble carbonates which decompose
and contribute to the available Zn fraction. In order to

(1973)and Lindsay usedthis problem, Vietsovercome

ofestimate nonavailablealkalinitytitratable as an

fraction of Zn released by the acid extractants. Another
in assessingacidin usinglimitation extractants Zn

singleis that, acidsoilscalcareousofstatus a
extraction may be partially or totally neutralised and its
effectiveness decreased.

Extraction with 0.IN HC1

modified from HC1 ofThis INextractant extractantwas

Wear and Sommer (1948) . Tucker and Krutz (1958) found 0.IN
HC1 to be more easily adopted in routine testing although
it overestimated the available Zn to plants. These workers
indicated that, soils containing less than 3.0 ppm of HC1
extractable Zn were likely to be Zn deficient while those
with 3 to 6 ppm extractable Zn were, moderately deficient.

(1968)Wear and Evans used three extractants viz: 0 . IN

HC1, 0.05N HC1 in+ 0.025N H2SO4 and 0.05N EDTA at pH 7
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availableassessing soils and obtained bestinZn a

correlation (r = 0.89) between 0. IN HC1 extractable Zn and
Similar observationsZn uptake by maize plants. theon

obtained by Cof fman andperformance of HC10 . IN were
(1984). Coffman and MillerMiller (1973) and Sakai et al.

HC1further revealed that,(1973) 0.25N0.05N +
0.IN HC1 and about 25%extracted 70% as much Zn as more

EDTA- (NH.) 2CO3. These workersextracted bythatthan
andHC1 HC1suggested that 0.25N 0 . IN0.05N +

extractants extract Zn from the same pool.

(1985)Mnkeni and MkangwaNzabayanya andTanzania,In
of HC1 insuperiorityrevealed the 0 . IN(1992) also

extracting Zn from the soil. Nzabayanya and Mnkeni (1985)
in evaluating Zn status oftested different extractants

soils of Morogoro region and obtained a better correlation
Zn and maize DM yield than with otherbetween 0.IN HC1

Similar findings reported by Mkangwaextractants. were
in soils of Iringa district. The critical(1992) levels

established in these studies were 3.3 ppm (Nzabayanya and
1985) and 0.28 ppm (Mkangwa,Mnkeni, 1992) .

(b) Extraction with chelating agents

of testing the availability of micronutrients in soils.

H2SO4

h2so4

Chelating agents provide some of the most promising means
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The advantage of using chelating agents over strong acid
extractants is that, the pH of the extracting media can be
selected and maintained more closely to the normal pH of

(Lindsay, 1972). These chelating agentsthe soils react
ions in soil solution to form a solublewith free metal

complex thus simulating the absorption action of roots.

Extraction with DTPA

The DTPA (diethylene triamine pentaacetic acid) method was
(1969)developed by Lindsay and Norvell for assessing

in soils. foundand Cu Itavailable toFe, MnZn, was
combination of stabilityfavourabletheoffer most
complexing of the abovesimultaneousforconstants

It consists of 0.005M DTPA and 0.01M CaCl2. Theelements.

to attainenables the extractant

which minimizes the dissolution

from calcareous soils. The pH of 7.3 buffered with

(TEA) is usedtriethanolamine excessiveto prevent
elements whichdissolution of is highlytrace pH

dependent.

Using this extractant, Lindsay (1972) managed to separate
77 Colorado soils into Zn deficient and non Zn deficient
categories. In Califonia, Brown et al. (1971) examined 92
soils extractable andfor Zn theintested soileach

of CaCO3
the equilibrium with CaCO3
presence of 0.01M CaCl2
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greenhouse for response to Zn application. They revealed

successful in delineatingthisthat Znextractant was
deficient from non Zn deficient soils in 83 cases out of

had a predictive value of 83%.the extractanti . e.100
of forThey established critical level 0.5 DTPAppma

extractable Zn. Haq and Miller (1972) compared 0.01N EDTA
EDDHA (pH 7.0) and 0.05N0.005M DTPA (pH 7.3) ,(pH 8.6),

for Zn extraction in different soilsHC1
concentration inextractablerelated the ZnZnand to

days in the greenhouse. thefor Among16maize grown
extractablefound thatused they DTPA Znextractants

correlated better (r = 0.602) with maize DM yield and when
regression equation, theincluded in thepH was

increased thesecorrelation coefficient 0.759. Fromto
they suggested that DTPA could efficiently befindings,

used to estimate available Zn in soils below pH 7.0 and

the regressioninclusion of pH in modelthethat may
improve its suitability.

(1979) the other hand reported thatSeedberry et al. on
extracted less comparedZnDTPA to NH.OAc, EDTA-as

EDTA + IN NH4OAc and IN HC1 . In Tanzania, Kamasho
and Singh (1982) compared four extractants for extracting
Zn in volcanic soils of Mbeya region. In their work they
revealed better correlation between DTPA extractable Zn
and Zn uptake with sorghum. They established

(NHJ 2CO3,

in 0.025N H2SO4

a critical
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for DTPA extractable3.7 Zn. ofppm
Morogoro district, Nzabayanya and Mnkeni (1985) found DTPA
to be a relatively inferior extractant when compared with
the double acid (HC1 + H2SO4) They obtained aextractant.

(r 0.78)correlation betweensignificant DTPA
extractable Zn and maize dry matter yield which was lower
than that for the double acid extractant (r = 0.93) . They

ppm for DTPA Zn.
Bashiru (1992) also working in soils of Morogoro district

superior to other
The

critical level obtained with DTPA in this study
(1994) found withal.Msolla et appm.

critical value of 0.86 ppm to be better than DTPA and 0 . IN
HC1 in paddy soils of Nzega and Igunga districts in Tabora
region.

Extraction with EDTA-(NH4) 2CO3

(ethylene diamine tetraacetic acid)EDTA extractant at
concentrations rangingvarious from 0.007M 0.05Mto

forextractant and zinc and(Vietscopper, manganese
Lindsay, 1973) . This extractant has been found to be more
effective in extracting adsorbed ions than NH4OAC and gives
a good recovery of cations like copper and zinc as well as

EDTA- (NH4) 2CO3

reported that the DTPA extractant was
extractants tested in extracting Zn from the soils.

was 1.95

has been used extensively as an

obtained a soil critical level of 0.85

buffered at neutral pH

value of In soils
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PO./' 1955).such (Viro, Thecertain anions EDTAas

extractant is however disadvantageous in calcareous soils
because it dissolves water soluble carbonates that are not
part of the exchange complex (Viro, 1955) .

Trieweiller and Lindsay (1969) proposed the use of EDTA-
buffered at pH 8.6 in assessing zinc in neutral

and calcareous soils. This extractant has an advantage in
that it prevents the dissolution of carbonates and oxides
thereby avoiding extraction of occluded zinc. In testing

Trieweiller andof thissuitability extractant,the
Lindsay (1969) compared it with dithizone and 0.1N HC1 in

Theyusing maizesoilsColorado test42 crop.as a
obtained significant correlations between extractable Zn

0.89 and 0.800.87, for
respectively. They reported0. IN HC1,anddithi zone a

critical level of 1.4 ppm zinc to separate zinc deficient
from non zinc deficient soils. In India, Singh and Takkar
(1981) extractant
soil critical level of 1.0 ppm zinc.

Msolla (1991)Tanzania, used threeIn viz:extractants
0.1M EDTA-(NH.;)-CO, and 0.1N HC1 in assessing0.005M DTPA,

zinc status of Igunga and Nzega districts (Tabora region)
of 0.IM

EDTA- (NH.,) -CO, other authorextractants. Theover

EDTA- (NH.) 2CO>,

(NH.)2CO3

using the EDTA-(NH.) ,CO,

using rice as a test crop and recommended the use

established a

and DM yield of
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established soil critical level of zinc0.86 fora ppm
extractant. Bashiru (1992) on the other hand

0 . IM
EDTA- (NH4)2CO3, 0.1N HC1 and double acid inextractants
Benchmark soils of Morogoro district. Mkangwa (1992) also

used three extractants namely 0. IN HC1, 0.01M EDTA-(NH4) 2C0 3

and revealed thatand 0.005M DTPA was
in extracting zinc0.1N HC1 frominferior soils ofto

soilIn his study, the critical levelIringa district.
obtained using EDTA-(NH4) 2CO3 extractant was 1.29 ppm zinc.

2.2.1.5 Iron

Most of the extractants used to evaluate the available Fe

used simultaneouslybeen in thealsohavein soils
micronutrients (Martensotherof anddetermination

Lindsay, 1990). They include DTPA, 0.1N HC1,EDTA, EDDHA,
There is however little work done to evaluate theiretc .

in rice soils probablysuitability because theof
increased availability of in many paddy soilsFe after

flooding. The review on the chemistry of these extractants

have been covered on section (a) and (b) of 2.2.1.4 .

With regard to their suitability in assessing Fe status of

soils, Lindsay and Norvell (1969) recommended DTPA to be
used in assessing available Fe and Zn in soils. Another

EDTA- (NH4) 2CO3

EDTA- (NH4) 2CO3

obtained better performance using 0.005M DTPA over
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report by Wallace et al. (1955) indicated EDDHA (ethylene

di-o hydroxyphenylacetic acid) as being the most effective

soils. value inextracting fromchelate in ItsFe

extracting Fe from soils is due to the fact that it has
little buffering capacity, is not fixed by clays and is
not easily decomposed by the soil microbes (Wallace et al

(1978) usingal.Randhawa DTPA. 1955) . extractantet
obtained a critical range of 2.5 to 4.5 ppm Fe.

Plant analysis2.2.2

Plant analysis presents another approach in determining
In modern agriculture,nutrients availability in soils.

tool for rapidusefulbecomeanalysis hasplant a
diagnosis of the nutritional needs of crop plants (Brar et

al., 1980). This technique is based on the fact that, the
amounts of nutrients in plant tissues related to theare
available forms of the same nutrients in soils. One of the

analysisplant inof using assessingdisadvantage

the soil is that,availability innutrients theonce
it too

alleviate the problem without considerable loss of yield
(Sanchez, 1976; Sahrawat, 1983). Furthermore, the nutrient

in plants has beenconcentration found be greatlyto
affected by such factors as plant organ sampled, growth

environmental conditionsstage, and the supply theto

nutrient disorder is detected, is often late to
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(Jones and Vernon,plant roots of other plant nutrients

1990).

The use of specific plant part for plant analysis has been
Jones and Case

matured leaves atsuggested the use of recently(1990)
Yoshidawhereas al.of growth, etappropriate stages

leaf in rice plants.(1973) advocated the use of

optimum leafPhilippines,fromfield data NBasing on
(Wallihan etbefound to 1.8concentration was

(1985) recommended the useIn Tanzania,1974) . Temual. ,
of N concentration in index leaves as the best index for

status of rice comparedassessing the N nutritional as
with N concentration in rice shoots and rice straws. He
suggested a critical N concentration of 2.37% for the
leaf .

With regard to P, Tanaka and Yoshida (1970) reported that

bladeleaf isin 0.1% lowerplants whose P Por are
deficient. Those whose concentration in straws at maturity
is 1% suffer from P toxicity. Jones et al. (1990) reported

sufficient for maize 30 45 days after planting.at to
According to Fageria (1976) the critical P concentration
in the 100-day-old plantsoftops cultureingrown

ii y ”

ii y ”

that concentration values ranging from 0.4 to 0.8% P are

to 2.5%

emphasised by many workers. For instance,
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solution was found to be 0.4%.

when K content inAccording to Tanaka and Yoshida (1970),
leaf blade at tilleringharvest or that of is

sufferplants likely fromthethen1%, to Kare
deficiency.

Zn in whole shoot of rice plantsThe critical limits of
andreported by Katyalweeks Ponnamperumaafter 4 was

Tanaka and Yoshida (1970) indicatedto be 15 ppm.(1974)
chat critical Zn concentration of rice shoots was 10 ppm.

critical concentration of Fe in the rice plantsThe was
reported by Tanaka and Yoshida (1970) to be 70 ppm in the

reported thattillering Theybladeleaf stage.at a
concentration of 300 ppm at tillering stage was likely to
cause toxicity.

response to nitrogen, phosphorus,Rice2.4
potassium, zinc and iron

Nitrogen2.4.1

Among the common nutrients applied to rice, N gives the
highest response in terms of grain yield. This response is
dependent on rice varieties, rate of N applied, time of
application, soil N content, planting,of Nseason

straws at
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management and type of N source (De Datta, 1981) . Although
very high rates of N have been reported to decrease rice

levels of up to 100 kg N/ha haveyield (De Datta, 1981),
been reported to increase rice yield (Tanaka et al. 1984) .

infound increases rice yieldhaveworkers withMany
Meelu and Bhandury,(e.g.increasing levels of N 1981;

1995; Hari et al., 1996) . Meelu and BhandurySingh et al. ,
(1981) reported increases in rice yield with increasing N
levels up to 200 kg N/ha. A similar trend was reported by

(1996) when N levels were increased from 0 toHari et al.
200 kg N/ha. They obtained grain yield of 4 tons/ha in the
control plot and 8.3 tons/ha when 200 kg N/ha was used.
Semoka and Shenkalwa (1985) also reported the highest rice

greenhouse experiment usingand grain yields inDM a
Dakawa soils at 200 mg N/ kg soil.

(1981), semidwarf
have higher N response than the tall varieties. Prasad and
De Datta (1979) emphasized that modern improved varieties

N fertilizer
deficiency or toxicity symptoms of other nutrient elements
give low yields, and the yields are even lower than those
of the unimproved varieties.

With regard to timing of N application, (1974)Dzowela
reported that split application increased plant response

when grown without

According to De Datta rice varieties

even in the absence of
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to the applied fertilizer. He recommended half of the N

a top dressing before the booting stage.

Different plant response has been observed from applying

reported different response to the application of(1981)
and sulphate of ammonia. He pointed out that for soilurea

with low Fe, N fertilizers that do not contain sulphur are
preferred. The reason for this

hydrogen sulphide (H2S) develops in reducedadequate Fe,
soils and this adversely affects rice growth. When Fe is

ferrous sulphide (FeS)is precipitatedadequate, S as
which is non toxic to rice plants.

Phosphorus2.4.2

considerable
amount of P for proper growth and yield (De Datta, 1981).

less observed inHowever, response
than in uplandwetland rice rice with similar P

Despite this fact,requirement. has beenPtoresponse
reported in various rice growing areas particularly on

Oxisols, Sulfaquepts,U1tisols, Andcsols Vertisolsand
(Goswami and Banerjee, 1978) . Data Indiafrom allthe
Coordinated Rice Improvement 1977)Proj ect (AICRIP,

dose to be applied at transplanting and the other half as

Rice like any other cereal crop requires a

different sources of N. For instance, De Datta

to P application is

is that in soils without
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indicated rice responded when applied withthat Pto
ofand in the absence in highly Padequate N N some

In Tanzania, Semoka and Shenkalwa (1985)deficient soils.

DM yieldsignificant increase in fromobtained thea

application of P in Dakawa rice soils. A recent study by
(1996) indicated that three soils out of tenSemoka et al.

ofrice growing regionMorogorofromtaken area
significantly responded to P application.

Potassium2.4.3

K application depends thericeofThe to onresponse
rice variety andsoil,theoffertility level season

Philippines, fieldthe1982) .al. , In(Jones et
experiments have shown that when K

yield of 0.33 tons/ha was obtainedof 50 kg/ha without P a
but yield was increased to 1.1 tons/ha when 26 kg P/ha was

1974). The varieties thatapplied together with K (IRRI,
showed no response to K in the absence of P were IR20, IR8

showed thatstudy furtherTheand andIR26 . IR8 IR26
responded to K application by yielding 1.4 tons/ha and 1.3
tons/ha, respectively, in the presence of P. Reports from
long term fertility trials have
with intensive rice monoculture systems, the response per
unit of applied with time compared with N
applied alone (IRRI, 1974) .1973 ; This suggests that K

was applied at a rate

K increases

indicated thatin IRRI
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should be applied in rice soils were continuouslythat
grown with high yielding varieties to which only N and P
had been added.

Zinc2.4.4

with varieties,Zn application variesThe toresponse

applicationdeficiency, of andseverity of Znrate
1982) .environmental conditions (Jones et al., In India,

found the yield of rice(1986)Raju et al. 3.36
tons/ha by applying 110 kg N/ha but yield increased to 3.9
tons/ha when 18.2 kg Zn/ha was applied in addition to N.

India also(1974) in showed thatSubramanyan and Mehta
rice grown in Zn deficient soils (dithizone Zn = 0.6 ppm)

Zn/ha.treated with kgwhen 10 Inyielded 50% more
(1992)and Bashiru also found(1991)MsollaTanzania,

and Morogororice response

(1991)respectively. Msolla obtained goodregions,

response when 10 kg Zn/ha was used in field experiments.
(1992)Bashiru

when the zinc rate was increased from 2.5 to 5 mg Zn/kg.

2.4.5 Iron

Scarce information is available regarding the response of
Fe in rice plants. However, studies in calcareous soils of

obtained an increase in DM yield of rice

to Zn application in Tabora

to be
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Africa have shown dramatic of toresponse Fecorn

fertilizers although few studies have compared sources and
controlof Fe deficiencyFe to (Lopes,rates or ways

1980) . For instance, in Egypt, Lopes (1980) indicated that

with FeSO4 and soil application ofspraying corn plants

2.5 kg/haof best resultsFeEDDHA rateat gavea as
compared to other Fe sources.

applied Fe dependsrice production, toIn response on
factors as soil organic matter and soil pH.such soil A

study in this aspect by Okajima et al. (1970) indicated
that rice response to applied Fe depends largely on soil

failedstudy theytheirreaction. Feto correctIn
pH values of butdeficiency by using Fe-EDDHA 8.5at

acidusingby ofgoodobtained treatmentresponse
sulphuric acid and FeSO4.
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CHAPTER THREE

3.0 MATERIALS AND METHODS
Materials3.1
Soils3.1.1

Ten soil samples were collected from some important rice
Morogoro and Coast regions. Thegrowing areas of Mbeya,

characteristics of the selected sites are given in Table
1.

3.1.2 Test crop

India which(Oryza sativa L) cultivar isSupperRice
commonly grown in the sampled areas used testwas as a
crop in all soils.

Fertilizers3.1.3

in experimentusedFertilizers pot monocalciumwere :
H2O) of Sulphate ofP,as a source

( (NH4)2SO4)ammonia of N, potassium sulphatesourceas a
(K2SO4) source of K, zinc oxide (ZnO)
Zn and ferrous sulphate (FeSO4.7H2O) source of Fe.as a

Analytical reagents were used in all cases to minimize
contamination.

phosphate (Ca(H2PO4)2.

as a as a source of
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Description of the sites selected for fertilityTable 1.
assessment

Duration of FertilizerSite nameRegion
cultivation used
(years)

TSP and11Morogoro
urea

SA or urea28

NilNA

Nil23

TSP and18Coast
urea
Nil19

NA urea and
TSP

Mbeya 5 TSP, urea
and NPK

12 TSP and
urea

8 TSP and
urea

NA = Data not available

Mkindo irrigation 
scheme (phase 1 
area)

Mbigiri prison farm 
(Mgomba rice farm)
Ruvu NAFCO (plot 
no. 4)
Ruvu secondary 
school rice farm

Kilangali rice farm 
(area 2A ext. 1)

Majengo irrigation 
scheme (SI area)

Kigongoni rice farm 
(area B3 plot no.2)
Kapunga rice farm 
(plot NO.B71)

Malenga irrigation 
scheme (S2 area)

Mlali irrigation 
scheme
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3.2
3.2.1

8 subsamples in an area of one hectare and mixingleast
them thoroughly. The composite samples were air dried and

for glasshousesievethrough 8ground to potpass mm

experiment. A subsample of one kg from each location was
ground to pass through 2 mm sieve and used for laboratory
analysis.

Laboratory analysis3.2.2
Soil analysis3.2.2.1

cation exchange capacity (CEC),soilAnalyses for pH,
exchangeable potassium (K) , calcium (Ca) , magnesium (Mg)

and sodium (Na) and particle size distribution were made.

Soil pH

using a pH meter as described by Peech (1965) .

Methodology
Soil sampling and samples preparation

was
At each site, a

Soil pH was measured in water at a 1:2.5 soil: water ratio

Bulk composite soil samples from the top 0 to 20 cm were 
collected from the above sites. The depth of 0 to 20 cm 

chosen to represent the rooting depth of rice plants, 
composite sample was obtained by taking at
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CEC and exchangeable bases

The CEC of the soil was determined using ammonium acetate
(1965).described by Chapman Fivesaturation method as

saturated with neutralthe soil normalof weregrammes
filtered.and thenminutes Theforshaken 30NH.OAc,

filtrate was used to determine exchangeable K, Mg, Na and
Ca using atomic absorption spectrophotometry. Excess NH4OAc

removed by washing four times
soilalcohol. Themethylusing was

shaken for 30 minutes and thenequilibrated with 4% KC1,
filtered . The filtrate was saved for the determination of

for estimation of CEC of the soil.

Particle size analysis

determined bydistribution thesizeparticleThe was
hydrometer method as described by Day (1965) . The textural

determined using USDA textural class triangle
(USDA, 1975) .

Plant analysis3.2.2.2

digestedPlant samples oxidationusingwere weta
procedure of Okabelo al. (1993)et the followingwith

The digestion mixturemodification: seleniumcontained

NH/

NH4-saturated
entrapped by the soil was

class was
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hydrogenlithium sulphate,powder, peroxide and

in the ratio ofconcentrated sulphuric acid 0.42:14 by

weight and 350:420 by volume, respectively. Nine ml of the

digestion mixture were added to 0.3 g of the ground plant

One drop of
samples thataddedhydrogen peroxide to notwas were

few minutes.heated for Afterandsolutioncolourless

25 ml of distilled water were added to dissolvecooling,
sediments and the volume was made up to 100 ml ready for
the analysis of N,

Nutrient availability indices3.3

Nitrogen3.3.1

organicN,indicesThree

determined using micro-Kjeldahl digestion-Total
distillation method as described by Bremner (1965) . One

digested with concentrated H2SO. in thewas 4

and selenium powder
of byratio weight.in the 10:10:1 The digest was

distilled after adding ml of The ammonia50 40% NaOH.
liberated was collected in 4% boric acid-mixed indicator
and then titrated with standard H2SO4. The titre was used
to calculate the total N of the soil sample.

CuSO4

carbon and alkaline KMnO4.

presence of K2SO4,
gram of soil

as a catalyst

samples and digested at 360°c for 1.5 hours.

N was

for N were used namely total

P, K, Zn and Fe.
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The organic carbon was determined using the Walkley and

To one gram of soil,Black method (Allison, 1965). 10 ml
added toof were

The amount of dichromate reducedoxidize organic carbon.
the organic carbon content of theto estimateusedwas

soil after multiplying by 1.33 as a recovery factor. With
availablethemethod,alkalinethe was

determined following the procedure of Subbiah and Asija
(1956) with slight modification as follows: The mixture of
5 g air dried soil, 20 ml of distilled water and 100 ml of
0.32% KMnO, was put in 800 ml Kjeldahl flask and mounted on

The mixture was heated while addingdistillation rack.a
The distillate100 ml of 2.5% NaOH through the side arm.

containing methyl redcollected in 10 ml of 0. IN H2SO.was 4

indicator for 30 minutes and then titrated with standard
0.23N NaOH.. The titre was used to calculate the amount of
N in the soil sample.

V ..

Phosphorus3.3.2

Each soil sample was analyzed for available P using three
(Bray andnamely:methods Bray-1 Olsen1945),Kurtz,

(Olsen et al., 1954) and filter paper strip (Pi)method
(Menon et al., 1989a).method

the method (BrayIn Bray-1 the1945),and Kurtz,

NH..-N

K2Cr2O7

KMnO.,

and 20 ml of concentrated H2SO.,
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0.025N HC1. A sample

of 3 g of air dry soil was put in a centrifuge tube, 20 ml
extracting solution added, shakenof the forwere one

determinedfiltered and the inminute, P thewas
filtrate.

were added to 2In the Olsen method,
for minutesand shaken indried soil 30air a9

reciprocating shaker. The suspension was filtered and 10

ml of the filtrate were used for P determination.

the filter paper strips were preparedFor the Pi method,

(1989a). One gram of air driedoutlined by Menon et al.as
soil was put into 100 ml shaking bottle and 40 ml of 0.01M

then placed in theadded.were
and the mixture was shaken for 16 hours at a speedbottle

paper strips removedthe andThenof 180 werer. p . m.
rinsed with distilled water and transferred into another

4 0 ml of 0.2 added into theplastic bottle. was
bottle and shaken for one hour and the resulting filtrate

(1962)Rileyand andMurphy determined byp was
spectrophotometer.

CaCl2

was used for P determination. Colour was developed in all

extracting solution contained NH..F +

40 ml of 0.5 M NaHCO3

N H2SO4

the above cases by the phospho-molybdate blue method of

A paper strip was
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Zinc and iron3.3.3

extractable micronutrients in all soilsDTPA were
determined using the procedure of Lindsay and Norvell

contained(1978) . The 0.005Mextractant DTPA
(diethylenetriamine pentaacetic acid) , 0.01M CaCl2 and 0 . IM

(triethanolamine) adjusted to pH of air7.3 . 20TEA 9
dried soil were mixed with 40 ml of extracting solution
and shaken for two hours and then filtered.

micronutrientsextractable performedwere

using the procedures of Trieweiller and Lindsay (1969).
(ethylenediamine-contained EDTA0.01MThe extractant

tetraacetic acid) plus IM (NH4)2CO3 adjusted to pH 8.6 using
shaken with20 g soil samples ml of the40were

extracting solution for 30 minutes and then filtered.

0. IN HC1 extractable micronutrients determinedThe were
following the procedure of Cox and Wear (1977) . Two grams

soil were mixed with 50 ml of theof shakenextractant,

for 30 minutes and filtered. Micronutrients concentration

in all the above extraction procedures was determined by

atomic absorption spectrophotometry.

NH4OH.

EDTA- (NHJ 2CO3
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Pot experiment3.4
Preparation of potted soils3.4.1

from selected rice growing areas of Morogoro,Ten soils
used inMbeya and Coast regions pot experimentwere a

Four kilograms of each soilcarried SUA.out at were
weighed into a clean five litres plastic pot. The plastic
pots had drainage holes at the bottom which were plugged

soil loss. Appropriatewoolwith preventtocotton
quantities of all nutrients except N were thoroughly mixed

sowing. Sixsamples beforesoil treatmentsthewith
designated as shown below were tested:

(i)
(ii)
(iii)
(iv)
(v)
(vi)

The subscript numbers on the nutrients indicate the rates
in mg/kgnutrientsdifferent soilof the added theto
replicatedsoil. The threetreatments andtimeswere

randomized complete block designarranged in theina
glasshouse.

N2oo

N2oo

N2qo

N2oo

N2oo

P 0K0Zn0Fe0

N0P0K0Zn0Fe0

P 5oKoZn0Fe0

P50^50^^5pe0

P 50^S0^n5^’e2 0

P 50^50^^qP®0
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Cultural practises in the glasshouse3.4.2

Pre-germinated seeds were transplanted at the rate of 10
seedlings/pot and thinned to 5 plants/pot fourteen days
after planting (DAP) . A bowl was placed under each plastic

solution flowing out of the pot.pot
Water content was maintained at FC for the first
after which the pots were flooded soon after the first N

Before flooding, the bowls retaining leachate were removed
and replaced by 12 L plastic pots to enable flooding of
the pots. The second N dose was applied 36 DAP.

Shoots were harvested 51 DAP by cutting at 1 cm above the
washed inThe shoots HC1surface. andsoil 0.5Nwere

in distilled water. The samplesrinsed twice thenwere
placed in paper bags and dried in the oven at 65°C for72
hrs. The samples were weighed to obtain DM yield and then
chopped to pieces of about 1 cm and ground using a cyclone
sample mill with stainless steel blades to a fineness of
less than 1 mm.

Data analysis and interpretation3.5

The DM response to application of N, Zn and Fe andP, K,
the uptake of these nutrients by plantsrice were

21 DAP
to collect excess

dose of 1904.76 mg sulphate of ammonia/pot was applied.
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subjected to analysis of variance using the statigraphics

Range Test.
Zn and Fe using the followingP, K,

formula defined by Sanchez (1976).

= DM yield of the treatment control% yield x 100
DM yield with all nutrients

suitable method for assessing the
simpleandavailability of correlationFe,N, P, Zn
theobtained using statigraphicsrelationships were

relationshipcorrelationThe simple wereprogramme.

calculated by using the DM yield of the controls and the
Fe)(N, and by differentnutrientsextractable ZnP,

methods. The graphical method of Cate and Nelson (Cate and
1965) was used to estimate the critical levels ofNelson,

a particular nutrient using a particular method. This was
scatter diagram of the relationship

between extractable nutrient and percentage yield.

Percentage yield was calculated to estimate
programme and means were compared using Duncan Multiple

the response to N,

done by drawing a

For the selection of
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CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

Physico - chemical properties of the soils4.1

The physico - chemical properties of the soils used in the
in Tablesummarized Theexperiment data2 .pot are

indicate wide ranges in physical and chemical properties
of the soils used in this study. The soil pH ranged from

values obtainedThe inPH6.7. extreme4.9 to were
respectively. This pH rangeKilangali and Kapunga soils,

(1984) medium.categorized by Landonis as
nine of the soils have mediumresults also indicate that,

to 7.0 and only one soil acidic. The pHpH range of 5.0
range obtained in this study is within the pH range of 4.5
to 6.6 reported by van Breeman (1980) to be satisfactory
for rice production.

1.55 to 12.25
0.53 to 9.55 cmol ( + )/kg, Na* 0.24 to 2.70

(+)/kg and K* 0.21 to 1.19 cmol (+)/kg (Table 2). Thecmol
results from this study indicate thethat among

was the most abundant followed by
Mg2*, Na* and lastly K*. Similar findings obtained bywere
Msolla et al. , (1994), Bashiru (1992) and Ussiri (1992) in

[The

exchangeable bases, Ca2’

Ca2*
cmol ( + )/kg, Mg2*
The ranges of exchangeable bases were:

low to
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production basing on their good water holding capacity and
good supply (De andnutrient Datta, 1981; Moorman
Veldkamp, 1978) . This indicates that all the soils used in

suitable rice production.this forstudy However,are
(1978) ranked clayey soils as beingMoorman and Veldkamp,

the best for paddy production.

Nutrients availability indices4.2
Nitrogen4.2.1

evaluated using three indices namelyAvailable N was
organic carbon (OC), total N and alkaline KMnO4. The first

method has

values for the three indices of N availability are given
in Table 3.

Total N values ranged from 0.08 to 0.20% with a mean value
(Table 3) . Landon (1984) categorized soil totalof 0.13%

1.0), high (0.5 1.0), medium
(0.1(0.2 0.5), low 0.2) and very low The(< 0.1) .

values of total N from this study indicate that three out
of ten soils are very low in total N and seven soils are
low in total N. The values of total N obtained in this
study also indicate that seven soils have total N

soil analysis in Tanzania, while alkaline KMnO4

N as follows: very high (>

two indices are standard methods recommended for routine

been found to work better in a number of soils. Soil test
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Table 3. Nitrogen contents of the experimental soils as

estimated by three indices

AlkalineTotal N Organic CLocation
(%) (%) KMnO.,

(mg/kg)

Kilangali 257.600.13 1.59

Mlali 257.600.19 2.49

1.49 128.80Mkindo 0.08

257.600.18 2.04Mgomba

386.401.31Kigongoni 0.12

193.201.120.11Ruvu NAFCO

school 1.18 257.600.08Ruvu sec.

193.200.930.08Majengo

193.200.10 0.99Malenga

1.89 322.000.20Kapunga

0.13 1.50 244.72Mean
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below the critical level of 0.15% established by Singh et

for maize in soils of Morogoro,(1976) Tanzania.al.

Organic carbon values ranged from 0.93 to

20), high
2) .(10

The results from this study show that all soils have low
indicates that they have loworganic carbon which also

levels of organic matter content. Studies in rice soils of
(1994) and Bashiru (1992) alsoTanzania by Msolla et al..

in soils of Tabora andlow organic carbon contentgave
These results alsorespectively.regions,Morogoro

demostrate that three out of ten soils have organic carbon
critical level ofthan the 1.75%values greater

(1976) in soils of Morogoro.established by Singh et al.

to 322.0 mg/kgAlkaline-KMnCb, N values ranged from 128.8
244.72 mg/kg (Table 3). Results fromwith a mean value of

study indicate that only soil (Mkindo) hadthis one
below criticalthe levelN of 190 ppm

established by Singh et al. (1976) for maize in soils of
Morogoro.

20) , medium (4 -10) , low (2 - 4) and very low (<
organic carbon content as follows: very high (>

Alkaline-KMnO4

mean value of 1.50% (Table 3). Landon (1984) categorized
2.49% with a
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Phosphorus4.2.2

Three
Olsen and filter paper stripThesestudy. Bray-1,were

and Olsen methods were chosen based(Pi) • The Bray-1 on

Tanzanianstandard methods forrecommendationtheir as
National Soil Service, 1990) .(Singh et al. ,soils 1977;

had recently beenmethod(Pi)paper stripfilterThe
good method for evaluating P availability

1996).in some rice soils in Tanzania (Semoka et al.,

The ranges for extractable P using the three indices are
shown in Table 4. The Bray-1 extractable P ranged from 1.2

categorized(1984)mg/kg 4) . Landon(Table24.5to
50), medium (15 50)high (extractable P in soils as:

sixthis study show thatresults ofThe(<15) .and low
soils are low in available P and four soils have medium P
supply. Except for the Malenga and Ruvu secondary school,
the rest of the soils have extractable P values above the

mg/kg established byandoflevelscritical 4.35 3.51
(1992)(1986) and Ussiri for ofMutagwaba maize soils

Mbeya region and of Morogoro district, respectively. Nine
used this study hadsoils intheof 10 extractable P

mg/kgvalues below the critical level of and25 20
suggested by Singh et al. (1977) and Semoka et al. (1996)
in some soils of Morogoro district, respectively. Mlali,

suggested as a

indices for P availability were evaluated in this
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Table 4. Extractable phosphorus as determined by three

extractants

PiLocation OlsenBray -1

mg/kg 

Kilangali 66.1 15.46.4

Mlali 24.713.4 38.2

80.2 64.5Mkindo 24.5

48.2 24.310.6Mgomba

8.215.9Kigongoni 5.2

7.413.04.7Ruvu NAFCO

Ruvu sec. school 6.8 3.91.6

28.450.5Maj engo 15.0

6.3 4.11.2Malenga

9.5 5.67.2Kapunga

33.5 18.69.0Mean
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Mkindo, Mgomba and Majengo soils have extractable P above

The Olsen extractable P ranged from 6.3 to 80.2 mg/kg with
33.5 mg/kg 4) . Basing(Table thevalue of onmeana

(1984) ,by Landon thecategorization of extractable P
available P from Kilangali, Mkindo and Majengo are ranked

Mlali,
in this study hadthe soils usedAlllow.rest as

extraxtable P values greater than the critical value of
(1982)et al. in soils of4.25 mg/kg reported by Jones

Ruvu secondary shool, Malenga and KapungaIndia.Punj ab,
soils have extractable P values lower than the critical
level of 10.5 mg/kg established by Ussiri (1992) for some

Tanzania.soils of Morogoro district,

The Pi extractable P values ranged from 4.1 to 64.5 mg/kg
with a mean value of 18.6 mg/kg (Table 4). These results
differed from those of Menon et al. (1989a) who obtained
higher extractable P using Pi method as compared to other
methods which also included Bray-1 and Olsen methods. Only
one soil (Mkindo) had extractable P value greater than the
critical value of 35.0 mg/kg suggested by Semoka et al.

(1996) in some soils of Morogoro district.

as high;

Gravo (1990) in Brazilian Amazon Oxisols.
the critical value of 9 mg/kg established by Smyth and

Mgomba and Kigongoni as medium and the
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4.2:3 Zinc

0.1N HC1, 0.005M
TheDTPA

results demostrate that the ranges of extractable Zn in
10.3 mg/kg for 0.IN HC1,these soils were 5.3 to

to 4.8 for EDTA- (NH„) 2CO3.3.3 mg/kg for DTPA and 1.8 The
extractable Zn values were 6.4 mg/kg for 0 . IN HC1,average

mg/kg for DTPA and 3.0 mg/kg for EDTA-(NH4) 2CO3. The2.3
quantities of Zn extracted are ranked in the order: 0 . IN

0.005M DTPA.HC1 >

The values of 0. IN HC1 extractable Zn from this study are
higher than the critical values of 3.3 mg/kg reported in

(Nzabayanya and Mnkeni,
0.28 mg/kg in soils of Iringa district (Mkangwa,1985),

mg/kg soils of andin1992) and Igunga Nzega0.88
(Msolla, 1991) .region Sims andTaboradistricts in

5.0 mg/kg which also indicate that all soils used in this
study had extractable Zn values above this critical range.
Except Mlali and Ruvu NAFCO, the rest of the soils have
extractable Zn values within the range of 1.0 to 7.5 mg/kg

for thisZn reported by Sanchezextractant (1976) in
tropical soils. The higher values of 0.IN HC1 extractable
Zn levels found in this study is probably due to higher

and 0.0 IM EDTA- (NH4) 2CO3

Johnson (1991) reported a

are given on Table 5.

0.8 to

> 0.01M EDTA- (NH4) 2CO3

soil critical range of

The extractable Zn data extracted by

some soils of Morogoro district

1.0 to
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Table 5. Extractable zinc as determined by 0.IN HC1, 0.005M

DTPA and 0.01M EDTA-(NHJ2CO,

Location 0.IN HC1 0.005M DTPA 0.0IM EDTA-
(NHJjCOj

mg/kg 

Kilangali 5.5 3.22.0

Mlali 10.3 2.4 2.7

Mkindo 5.3 3.2 3.1

Mgomba 5.8 2.1 2.3

Kigongoni 6.0 2.0 1.8

3.28.0 3.3Ruvu NAFCO

Ruvu sec.school 3.26.0 4.8

6.0 1.7 3.1Majengo

2.3 3.3Malenga 5.3

0.85.8 2.5Kapunga

6.4 2.3 3.0Mean
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(1987) and Meelu and Randhawa (1973).

The quantities of extractable Zn by DTPA from this study
lower than the critical level of 3.7 mg/kg establishedare

by Kamasho and Singh (1982) in volcanic soils of Mbeya but
higher than the critical level of 0.5 mg/kg reported by

(1971) in soils of Califonia,Brown et al. U.S.A.. Except
the rest of the soils had extractable ZnKapunga soils,

mg/kgcritical value ofthethanvalues 1.18greater
(1984) in some rice soils ofestablished by Sakai et al.

India. All the soils used in this study had extactable Zn
0.85 mg/kgvalue ofthan the criticalvalues greater

reported by Nzabayanya and Mnkeni (1985) in some soils of
Morogoro and, Tanzania.

The EDTA-(NH.;) 2CO3 extractable Zn values are higher than the
mg/kg (Trieweiller andreported critical values of 1.4

1.0 mg/kg (Singh and Takkar,Lindsay, 1969), 1981), 1.5
ppm (Randhawa et al., 1978), 0.6 mg/kg (Bashiru, 1992) and
0.86 mg/kg (Msolla, 1991). Mlali, Mgomba, Kigongoni and
Kapunga had extractable Zn values below the critical level
of 2.8 mg/kg tentatively suggested by Semoka et al. (1996)
in some rice soils of Morogoro district.

clay content of the soil as postulated by Singh et al.
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4.2.4 Iron

Three extractants were evaluated for available Fe in soils

viz: Data
on available Fe for these extractants are shown on Table

172.5 to 2227.5 mg/kg for

- (NH4)2CO3.

that 0. IN HC1 extracted the highest amount of Fe followed
in that order. The higher

extractable Fe by 0. IN HC1 in these soils could be due to
tends to

acidify the soil thereby solubilizing more from FeFe
(Hematite),containing compounds like Fe2O3 Fe(OH)3. nH2O

hydroxide) (ferrosoferricand(amorphous

hydroxide).

The values of DTPA extractable Fe from this study are
criticalhigher than the of mg/kg2.5 to 5.0range

reported by Randhawa et al. (1978) and Sims and Johnson
(1991).

by DTPA and lastly EDTA-(NH4) 2CO3

Fe3(OH)8

0.1N HC1, 57.4 to 678.8 mg/kg for 0.005M DTPA and 6.6 to

the acidifying nature of the extractant which

1034.8 mg/kg for EDTA
values are 1099.5, 227.0 and 221.1 mg/kg. These indicate

0.1N HC1, 0.005M DTPA and 0.01M EDTA-(NH„) 2CO3.

Their respective mean

6. The data showed a range of
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Table 6. Extractable Fe as determined by 0.IN HC1, DTPA and
0.0IM EDTA (NHJjCOj

Location 0.1N HC1 0.0IM EDTA-0.05M DTPA
(NH.,) 2CO3

mg/kg 

Kilangali 260.02025.0 490.4

Mlali 1087.5 49.0127.8

1034.8Mkindo 678.82227.5

42.6Mgomba 162.01035.0

Kigongoni 11.8107.2555.0

917.5 160.4 34.4Ruvu NAFCO

school 6.6172.5 57.4Ruvu sec.

Maj engo 110.81127.5 216.8

Malenga 1302.5 191.6 570.4

545.0 77.8 90.2Kapunga

1099.5 227.0 221.1Mean
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4.3 Rice response to different nutrients

Performance of rice plants4.3.1

Visual observations for nutrients disorders on rice plants
made starting from days after planting (DAP).14were

Yellowish green colour of leaves was observed in all pots
before the application of the first N dose. At 21 DAP, the
leaves of plants from the absolute control pots were all

characteristic symptom ofyellowish green which is Na
deficiency and the plants Generally

Ruvu
NAFCO, Malenga and Kapunga soils were more stunted and the
yellowish green colour of leaves
all pots indicating that probably N deficiency

in these soils.severe

Phosphorus deficiency became clear tillers28 DAP. Few
observed in almost all pots that treatednotwerewere

(absolute control and N treated pots)with P as compared
with those treated with P. Another deficiency symptom for
P observed was the drying of older leaves. This was noted

all pots before flooding of the pots and disappearedin
thereafter suggesting that availability mightP have
increased after flooding. Flooding is known to increase P
availability in the wetland rice culture 1976) .(Chang,

exceptional in that

was observed in almost
was very

there was no clearMkindo soil was

plants grown on soils from Ruvu secondary school,
were also stunted.
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difference in plant performance between treatments with P
and those without P. This was possibly due to high levels
of extractable P in this soil (Table 4) .

observeddeficiency symptoms forvivid otherNo were
soils (Mgomba,andnutrients i. e. InK, Zn Fe. some

chlorosisand Mlali), intervenal observedKilangali was
attributed particularcould bethisbut tonot any

element.

Dry matter (DM) yield and percent yield (PY)4.3.2

and 8 give the response of rice to N, P, K, Zn' Tables 7
of yield andinapplication DMand PY,termsFe

application of all nutrientsrespectively. On average,
together gave the highest response over the control. The
mean value for DM of the control was 3.3 mg/pot while that
of all nutrients was 22.1 mg/pot.

Plants in all the soils tested gave significant responses
to N application indicating that N was

soils. Higherthesein inobtainedresponse were

Kilangali, Mkindo, Mgomba and Majengo soils. The higher
responses in these soils were expected because of their
relatively lower values of organic matter and relatively
higher amounts of extractable P. Similar responses to N

a limiting nutrient
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Table 7. Rice response to nitrogen (N) , phosphorus (P) , potasium (K) ,

(Fe) applied to soils from different(Zn) and ironzinc

rice growing areas of Tanzania

Location Treatments

Control NPK NPKZn NPKZnFeN NP

g/pot

5. 5b 23.6“ 25.0* 27 . O'1 25 . 8*27.3Kilangali

22.9*5.9CMlali

3.9b 19.8*19.4* 21.5*Mkindo

4 . lb 28.0* 29.0Mgomba

2.2d 23.9*Kigongoni 24.0

2.7° 16.3*Ruvu NAFCO

16.5*1.5C 16.2Ruvu sec.
school

2.8b 23.4* 24.5*23.8* 23.8* 25.0*Maj engo

15.8*1.9CMalenga

20.9* 20.4*2.5CKapunga

15.0 21.5 21.5 21.8 22.13 . 3Mean

<

19.3*

21.7*b

3.3b

25.7*

20.6*

23.1*13.5C

28.2*

24.2*

20.8*

19.6*

31.2*

14.4*

24.3*

20.1*

20.7*

19.6*

18.5b

8.0b

14.4*

17.3* 17.3*

8.4b

21.0b

14.2*

Mean in the same row followed by the same letter are not significantly 
different (P < 0.05) using Duncan multiple range test.

5.3b
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Table 8.

PY forPY for PY forPY for PY forLocation
NPKZn NPKZnFeNPKN NP

98.6Kilangali 92.7 106.123.4 94.5

89.6105.4 100.1Mlali 32.1 80.6

108.5 95.290.5Mkindo 19.6 101.0

99.3 97.482.5 111 . 1Mgotnba 16.0

100.687.2 103.3Kigongoni 64.216.3

84.4 95.8120.642.632.2Ruvu NAFCO
98.6 95.2 99.9school 44.3 20.4Ruvu sec.

106.695.3 95.6100.0Maj engo 11.7

98.5 91.4101.536.536.5Malenga
98.9 99.3102.431.8 38.2Kapunga

Percent yield (PY) data for response of rice to application 
of nitrogen (N) , phosphorus (P) , potasium (K) , zinc (Zn) and 
iron (Fe) to different soils
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were reported by Temu (1985) in soils of Mbarali (Mbeya

Semoka and Shenkalwaregion), (1985) and Semoka al.et
(1996) in soils of Morogoro district both from Tanzania.
In India, Singh and Kumar (1996) found good responses to
N application when N rates were increased from 0 to 200 kg
N/ha under field conditions. They found the mean grain

tonnes/hathe control be andyield for 3.7 8.0to
tonnes/ha when 200 kg N/ha was applied.

The data from this study (Table 7) also show that plants
grown in six soils out of ten responded to P application
indicating that P is also

In the soil from Ruvu secondary school,soils.
limiting than N while in Malenga, Kapunga and Ruvu NAFCO,

Thus P

application of N and P together had also been obtained by
(1985)Semoka and Shenkalwa and Semoka et al. (1996) in

of Morogoro district.soilsrice Response to in thisP
study ranged from -1.0% in Mkindo 79.6% into Ruvu
secondary school (Table 8) . This is above thatrange
obtained by Lian (1989) in rice Taiwan whichsoils of
ranged from 5.4 to 6.7%. No significant response to P was
obtained in Kilangali, Mkindo, Mgomba and Majengo soils.
Lack of P applicationtoresponse soilsin these was

P was more

application in these soils increased DM yield by two times
The significant increase in DM yield due to theor more.

in these (a limiting nutrient

P was comparable to N in increasing rice yield.
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theirprobably due relatively highto ofcontents

extractable P (Table 4) .

Except in Kigongoni soil, potassium application did not
significantly affect DM yield in other soils. In five of
the soils, K

slight decreases in yield.five Theseother K

fromtested. thissoils K
study (Table 2) also show that nine soils had exchangeable

level ofK values greater than cmol0.26

(1982) .(+)/kg al.reported by Semoka andJones et

(1985) on the other hand obtained response to KShenkalwa
application when K was applied in combination with 200 kg

P/haN/ha experimentkg in when theand 60 pota
(+)/kg in

respectively. Despite the higher
amounts of exchangeable K contained in the soils used in
this study (Table 2), lack of significant response
application may other things, be attributedamong to
enhanced K release following flooding as reported by IITA
(1984) .

In general, Zn application, did DM yieldincreasenot
significantly although in soilsRuvu and MlaliNAFCO
increases of 15.5% and 10.4%, respectively were observed.

slightly increased DM yield while
causedI

results suggested that K was not limiting in nine of the

to K

exchangeable K values were 0.52 and 0.32 cmol
the top and sub-soils,

in the

The results of exchangeable

the critical
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The lack of a significant response to Zn in Kapunga soil

not expected since the extractable Zn values by DTPAwas
and EDTA were below critical values established by Msolla

Bashiru (1992)region,(1991) in soils of Tabora in
Benchmark soils of Morogoro and Singh and Takkar (1981) in

Ruvu secondary school withsoils of India. In addition,
EDTA extractable Zn of 4.8 mg/kg gave
due to Zn application (Table 8) while Kigongoni with 1.8
mg/kg extractable negative ZnZn toresponsegave a

contradictory results thatTheseapplication. suggests
reliable predictors of Zneither the extractants were not

there othersoils thatavailability in these wereor
factors that were responsible for Zn uptake and which were
not evaluated in this study.

significant increase in DM yield from all
soils due to Fe application (Table 7) indicating that Fe
is also not a problem in the study area. This was expected
since all the soils studied had very high extractable Fe
values far above the critical level of 2.0 ppm found to be
adequate for healthy growth of rice plants (Agarwal and
Sharma, 1979) .

a response of 4.8%

There was no
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Evaluation of nutrient availability indices4.4
Nitrogen4.4.1

The correlation coefficients between soil test values for
N and the DM yield of the control treatments are shown on

The results show a significant correlation (r =Table 9.
yield of the control and0.05) between DM0.73, P <

indexthat this goodorganic carbon indicating was a
supplying capacities soils.of Theseofpredictor N

in agreement with the findings of Singh and
(1976) who concluded thatTripathi (1970) and Singh et al.

for assessing Nalternative testcouldOC as anserve
India andofof soilssupplying capacities Morogoro,

contradicthoweverrespectively. The resultsTanzania,
earlier findings that organic carbon was a poor indicator
of N supplying capacities of soils (Semoka et al., 1996) .

showed andand NTotal N poor non
significant correlations with DM yield. This differed from
results by Singh and Tripathi (1970) and Singh al.et

who reported higher and significant(1976) correlation
N and percentage yield of crops and

recommended it for use in assessing N supplying capacities
of soils.

Since plants in all the soils used in this study responded
appreciably to N application (response

alkaline-KMnO4

> 50%), it was not

between alkaline-KMnO,,

results are
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(r)Method

Total N

0.73‘Organic carbon

Table 10.

critical level(r)Method
(mg/kg)

10.0Bray -1

0.85" 20.0Olsen

26.0Pi
significant at 1%

Correlation coefficients (r) for relationship between 
extractable P and DM yield of the control treatments

0.61ns

0.61"=

0.4 6n=

Table 9. Correlation coefficients (r) for relationships between 
IJ determined by three methods and the DM yield of the 
control treatments

-0 . lln=Alkaline KMnO4
ns = non significant

ns = non significant,
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possible to establish a critical level for N.

Phosphorus4.4.2

coefficientscorrelation for thetheTable 10 gives
by differentextractablebetweenrelationship P

extractants and the DM yield of the control treatments.
Among the extractants tested,
highest and significant correlation coefficient (r = 0.85,

0.01).
which was non significant ( r = 0.61) and lower than that

Walmsley and Cornforth (1973) also

better (r = 0.37) with percentage yield of maize in pot
experiment, and they recommended it for use in West Indian

is less sensitive to changessoils on the basis that it
with soil properties. Similar findings were also obtained

(1992)by Mutagwaba (1986) and Ussiri in soils of Mbeya
districts, Tanzania, respectively. Theand Morogoro

results from this study differed from those of
al. (1989b) who obtained better correlation coefficients
(r = 0.837) between DM yield of maize and Pi extractable

significantly higher than that of Bray-1 and
Olsen. Menon et al. (1992) on the other hand revealed that
P extracted by Pi and Olsen correlated equally with DM
yield of maize grown in soils fertilized with single super

P which was

P < Bray-1 and Pi methods gave the same r values

Menon et

found that extractable P by the Olsen method correlated

the Olsen method gave the

of the Olsen method.
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phosphace or acidulated phosphate rock in a glass house
experiment’ Similarly, the report by Semoka et al. (1996)
showed different results from this study. In their study

significanthigher and correlationobtainedthey a
coefficient (r = 0.60) for the Pi method followed by Olsen
and Bray-1 both of which were non significant. The close
correlation between Bray-1 and Pi from this study suggests

from thethat probably both extractants Pextract same
source.

scatter plotsc) the for theshows(aFigures 1 to
relationship between P extracted by the three extractants

Like thethe control.yield oftheand percentage
the Olsen method showed a bettercorrelation relations,

distribution of points than the other methods. Bray-1 and
Pi methods had the same distribution pattern. The results

forcritical levels thethethatshow extractants are
mg/kg for Bray-1,and Olsen and Pi,26.020.010.0,

respectively. The critical levels for Bray-1 extractable
9 mg/kgstudy is comparable thatfrom this oftoP

reported by Smyth and Gravo (1990) for Brazilian Amazon
Oxisols. However the Bray-1 and Pi P critical levels from
this study differed from those of Semoka et al. (1996) who
obtained critical values of 20.0 mg/kg for Bray-1 and 35.0
mg/kg differencefor Pi . This attributedbe tocan
differences the physicalin 1.Figureand chemical
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properties of the soils used in this study. For example,

(1996) used soils with pH range ofSemoka et al. 6.3 to
7.9 while the pH of the soils used in this study ranged
from 4.9 to 6.7 (Table 2).

Zinc4.4.3

shows the correlation coefficients (r) betweenTable 11
extractable Zn by three extractants and the DM yields of
the control treatments. The results show that none of the
correlation coefficients were significant, indicating poor

furthervariables. Thisrelationships between the two
adequate inof thesethat extractantsshowed wasnone

assessing Zn availability in the soils.

respondedsoils testedtheof ZntoSince none
application, it was not possible to establish a critical
Zn level for these soils. the results indicatedHowever,
that Zn was not limiting in any of the soils tested. Thus,
although Zn deficiency is known to be a problem in some

of Tanzania, Igunga and Nzega districts ande.g.areas
parts of Morogoro districts, it does not
widely spread problem in all rice growing areas.

appear to be a
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(r)Extractant

0.IN HC1

0.005M DTPA (pH 7.3)

(r)Extractant

0.IN HC1

0.005M DTPA (pH 7.3)

Table 12. Correlation coefficients (r) for relationship between 
extractable Fe and dry matter yield of the control 
treatment

0.12ns

0.20ns

Table 11. Correlation coefficients (r) for relationship between 
extractable Zn and dry matter yield of the control 
treatment

-0.35n=

0.01M EDTA-(NHJ 2CO3 (pH 8.6) 

ns= non significant

-0.42"°

-0.53"=

-0.12no

0.0IM EDTA- (NH4) 2CO3 (pH 8.6) 

ns = non significant
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4.4.4 Iron

The correlation relationship between extractable Fe
and the DM yield of the control shown intreatments are

The results indicate that none of theTable 12.
correlation coefficients were significant, suggesting that

adequate in assessingtheof Feextractants wasnone
availability in the soils used in this study.

Nutrients concentration in rice shoots and uptake4.5
Nitrogen4.5.1

shoots and uptakefor N concentration in riceData are
shown on Table 13 and Appendix 2a, respectively. Nitrogen
concentration in the control treatment ranged from 0.86%

with a mean value of 1.05%in Malenga to 1.44% in Mlali
belowThese values the optimum13) .(Table Nare

1.8 to 2.5% reported by Wallihan et al.concentration of
allconfirming that the soils(1974) tested could not

rice.sufficient Nitrogensupply concentrationN to
significantlyincreased the control after Nover

application in all soils. Nitrogen concentration in plants
from N created soils ranged from 2.27 to 3.24% with a mean
value of This2.74%. is within the optimum rangerange
reported by Wallihan et al. (1974) and above the critical
level of 2.37% reported by Temu (1985) in soils of Mbarali
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Table 13. Effects of N, Zn and Fe application on N concentrationK,

Location N Concentration (%)

Control N NPKZnNP NPK NPKZnFe

Kilangali 2.55“ 2.45“ 2.51“ 2.45“

3.16bMlali

1.13b 2.91“Mkindo 3.11“ 3.18“ 2.98“

0.95bMgomba 2.13

Kigongoni

0.97b 2.48“2.49“ 2.40“Ruvu NAFCO

2.80“ 2.79“Ruvu sec.
school

2.51“0.97c 2.65“Majengo

0.86b 3.27“ 3.26Malenga

1.05b 2.79“ 2.91“ 2.88“2.84“2.88Kapunga

1.05b 2.69“ 2.722.74Mean

followed the letterin theValues notrow samesame areby 
significantly different at 5% using Duncan multiple range test

2.72c

2.45“b

2.35“b

2.68“

2.70“

2.23“2.27“

2.34“

2.66“

2.83“

2.73“

2.97bc

3.00“

3.46“

2.20“

1.98b

2.64“

3.33“3.19“

3.24“

2.60“

P, 
in rice shoots

2.70“

2.24“

2.10b

1.13b

2.4 8“b

2.64“

1.03b

2.54“

2.84b

1.02c

1.44d
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rice farm,
mg/kg soil corrected N deficiency in all soils. The
application of Zn and Fe to the soil from Mlali decreased
nitrogen concentration significantly while in Kigongoni a
significant decrease in concentration dueN Ktowas
application. In general, when the means over all the soils

application of nutrients other than N didare compared,
not significantly affect N concentration in rice shoots.

The data on N uptake (Appendix 2a) also indicate that N
application significantly increase N uptake from all soils

Mean N uptake in the control was 34.92
mg/pot which is significantly lower than the uptake from

Zn and Fe. Kigongoni,
Ruvu NAFCO, Ruvu secondary school, Malenga and Kapunga had
significantly higher N uptake when N and P were applied

This observationtogether than when N was applied alone.
thewith results of Semoka Shenkalwaandalso agrees

Phosphorus4.5.2

shown Table and respectively.14 Appendix 2b,on
Phosphorus concentration in the P control treatment ranged

(1985) who obtained a positive interaction of N and P on

over the control.

in Tanzania. Thus the application of N at 200

N uptake in soils of Morogoro district, Tanzania.

shoots and uptake areData for P concentration in rice

treatments which received N, P, K,
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Table 14. Effects of N, Zn and Fe application on P concentrationK,

Location P Concentration (%)

Control N NPK NPKZnNP NPKZnFe

0. 2 9b 0.30bKilangali

0.26b 0.27bcMlali

0.30b 0.43dMkindo 0.42

0.16bMgornba

Kigongoni 0. 18d 0.13d 0. 15d 0.15° 0.19°

0. 18b 0.18b0.31dRuvu NAFCO

0.24d 0.21-Ruvu sec.

school

0.30°Majengo 0.28-

0.15-0.20- 0.11°Malenga

0.08b 0.15-0.18- 0.17Kapunga

0.20-0.25- 0.19- 0.23d 0.24dMean

Values in the same row followed by the same letter are not 
significantly different at 5% using Duncan multiple range test

P, 
in rice shoots

0. 23db

0.16-b

0.3 0,,b

0,21db

0. 36db

0.30-

0.16-

0.26-

0.23c

0.25-

0.25-

0.17-

0.16-

0.18ab

0.35ab

0.16-

0.18ab

0.32db

0.23db

0.52- 0.27b

0.23d

0.14db

0.13d

0.26-

0.26b

0.34db

0.18b 0.19b

0.34-

0.12b

0.24b

0.14b

0.2db
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from 0.11 to 0.35% (Table 14). Malenga, Kigongoni, Ruvu
NAFCO and Kapunga had the lowest P concentration. The P
concentration values in these soils are higher than the
critical value of 0.1% established by Tanaka and Yoshida
(1970). Phosphorus application had significantno
influence in shoot P concentration except in Mlali. The

of concentration in the withP treatment Prange
application was 0.08 to 0.34%. The lowest P concentration

innoted and theof 0.08% highestKapungawas
recorded inof Mkindo.concentration 0.34% Low Pwas

highconcentration in and concentration inKapunga P
extractableattributed the inMkindo Pto contentwas

4) . from study(Table The results thissoilsthese
the value of is below the criticalthat 0.08%indicate

value of 0.1% reported by Tanaka and Yoshida (1970) which
that the of the soils hadindicatealso rest P

above this critical level.concentration Semoka and
also(1985) obtained relativelyShenkalwa low P

concentration values of 0.09 to 0.19% using three levels
kg/ha inandi . e.of 30 60 soils0, ofP, Morogoro

district. Temu (1985) on the other hand obtained slightly
ranging fromhigher values 0.20 flowering0.25%to at

stage under field conditions.

Phosphorus uptake varied soilsconsiderably between
(Appendix 2b) . P control treatmentIn (treatment with N
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application), P uptake ranged from 5.79 mg/pot in Malenga

P
application increased

Ruvu secondary school and Malenga soils.Ruvu NAFCO, In
Ruvu secondary school and Malenga, P application increased

than threefold.P uptake more
deficient in P as demostrated by their low extractable P

application(Table 4) and thus causedPcontents a
dramatic increase in DM yields and P uptake. The overall

wide variationuptake also show whenresults in P
thatdifferent

andP uptake N, P, K Zn werewasmore
unexpected results contradicttogether. Theseapplied

earlier findings that P and Zn have antagonistic effects
(Lindsay, 1972).

Potassium4.5.3

The results of K concentration in rice shoots and uptake
are shown on Table 15 and Appendix 2c, respectively.
Potassium concentration ranged from 1.00% in plants grown
in Malenga soil to 2.57% in Majengo soil for the K control
(treatment with N and P but no K). When K was applied, K

plusandalone significantlyN N P decreased K
concentration in rice shoots in Mlali, Mkindo and Malenga

nutrients were applied.

concentration changed from 1.45 to 2.41%. Application of

These soils were severely

to 67.79 mg/pot in Mkindo. The results also show that,

The results show
obtained when

P uptake significantly in Mlali,
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Zn and Fe application on K concentrationTable .15. Effects of N, P, K,
in rice shoots

K Concentration (%)Location

Control NP NPK NPKZn NPKZnFeN

2.41“ 1.81“2.09“Kilangali

Mlali

1.45c 2.12Mkindo

2.50“2.40“ 2.54“2.33Mgornba 1.96“

Kigongoni

2.37“2.35“Ruvu NAFCO

1.75“ 2.30“1.69“1.99“Ruvu sec.

school

1.77bMaj engo

1.45b 1.00c1.77“Malenga

Kapunga

1.99“Mean

followed the letterthein notValues samerow aresame

significantly different at 5%

by

using Duncan multiple range test

2.38“

1.95“b

1.94“

1.77bc

2. 16“b

2.25“b

1.97“

2.34“

2.27“

2.18“b

1.12c

2.07“bc 1.85c

1.82 “b

1.66bc

1.54“b

2.57“

1.75bc

1.58“b

1.94bc

1.37bc

2.03“

1. 56“b

1.92“

2.14“

2.22“b

1.92“ 1.8 9“b

2.04“ 1.48b

1.82c

2.34“

1.52b

2.14“b

1.44c

1.82“ 2.02“

1.61cd

1.45b

1.87“1.88“

1.82“

1,76b

1.94“

1.60d
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soils. These soils had exchangeable K levels of less than
0.4 enrol ( + )/kg which are close to the soil critical level
Of 0.26 cmol ( + )/kg reported by Jones et al. (1982). The
results indicated that plants in all soils had K
concentration above the critical level of 1.00%
established by Tanaka and Yoshida (1970) . This accounts
for the lack of K application in all soilstoresponse
(Table 7) since all soils supplied sufficient amounts of

the three soilsplants. whereHowever,K to K
andconcentration decreased when appliedN P were

suggested that the K supply in these soils was marginal
and this needs to be considered in the management of these
soils.

Generally, application of N and K significantly increased
K uptake while application of the other nutrients did not
increase K uptake significantly (Appendix 2c). This also
implies that K supply was adequate in almost all soils at
least for the immediate cropping.

4.5.4 Zinc

The results of Zn concentration in rice shoots and uptake
are shown on Table 16 'and Appendix 2d, respectively. The
results from this study indicated no significant increase
in Zn concentration over Zn control treatment (Table 16).
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Zn and Fe application on ZnEffects of N,Table 16. P, K,
concentration in rice shoots

Zn Concentration (ppm)Location

Control NPK NPKZnNP NPKZnFeN

43.3d 25.6“33.3d 40.0“ 43.0“Kilangali

35. 6b 48.9“Mlali

22.2b 38.9°40.0a41. laMkindo

Mgomba

28.9b30.0bKigongoni

90.0aRuvu NAFCO

50.0°Ruvu sec.
school

101.la71.la48.9“Majengo

45.6CMalenga

48.9° 47.8°Kapunga

49.9a40.5aMean

followed by the letterthe notinValues rowsame same are
significantly different at 5% using Duncan multiple range test

106.7a

21. lbc

46.7“

22.2bc

42.2“b

53.3“

26.7“b

51.1bc

38.9“

75.5“

47.8“b

48.9bc

31.1“b

53.1“

48.9“

65.6“b

22,2C

13.3C 34.4“

63.3“

35.6“b

56.7“

40.0“

62.2“

105.6“

84.4“ 54.4“

47.8“

33.3bc

70.0“

32.2bc

44.4C

49.3“

65.6“

54.4“

47.8“73.3“ 34.4“

50.4“

34.4b

47.4“

52.2“

44.4“b
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Zn concentration in Mlali and Mkindo increasedHowever,

significantly after N application. al. (1985)Kumar et
also reported that N application produced a synergistic

concentration in leaves andeffects Zn Instems.on
general all the values aboveconcentration theare
critical concentration of 15 mg/kg reported by Katyal and
Ponnamperuma (1974) suggesting that all soils supplied
sufficient amounts of Zn to plants.

Zinc uptake differed considerably between soils (Appendix
accounted for bybe thedifferenceThis2d) . can

chemical properties of the soilsdifference in physico
(Table 2) and the extractable Zn (Table 5). Plants grown

secondary schoolMgomba andsoils Ruvuallin except
showed a significant Zn uptake after N application. This

attributed to the higher DM produced in response to Nwas
application. Zinc uptake from Kigongoni and Malenga soils

significant increase the controlshowed Znovera
(treatment with NPK).
that application of P significantly increased Zn uptake in

secondary school the earlier findingscontrary toRuvu
that P depresses Zn availability (Giordapo and Mortvedt,
1974). The results from this study also agree with those
reported by Giordano and Mortvedt (1974) who, among other

consistency ofthings found thehighno P rates on
depressing Zn uptake. Since more Zn uptake was observed

Results on Appendix 2d also show
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soils with relatively lowin extractable theZn,even
phenomenon can be related to plant characteristics like
root distribution and morphology rather than to the soil.

4.5.5 Iron

Results for Fe concentration and uptake are shown on Table
respectively. Iron concentration in17 and Appendix 2e,

mg/kg in theshoots ranged from controlrice 232.2 Fe
480.9 mg/kg in the where Fetreatmenttreatment to was

concentrationof in17) . Values the(Tableapplied Fe
inhowever higher thancontrolabsolute treatmentsare

overall ofand The Fewith K, Zn Fe.N, P, mean
significant increase inconcentration also showed Fea

control compared to otherin absoluteconcentration as

treatments. The values from this study are higher than the
critical value of 70 mg/kg reported by Tanaka and Yoshida

They also reported that concentration of 300 mg(1970).
Fe/kg at tillering stage is likely to cause Fe toxicity.
The values from this study are higher than those obtained

(1979) . In their study, they
found the Fe concentration to be 161 mg/kg when the plants

harvested at 41 DAP in flooded soil with medium pH.were
Higher values of Fe concentration also obtained bywere

(1989)and PatrickMoore who leaf Fereported
concentration values ranging from 25 to 1205 mg/kg. They

by van Vorm and van Diest
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Zn and Fe application on FeEffects of N,Table 17. P, K,
concentration in rice shoots

Fe Concentration (ppm)Location

Control NPK NPKZn NPKZnFeN NP

448.9° 465.6aKilangali

368.9° 287.8aMlali

408.9°425.6°530.0a372.2°Mkindo

300.0b662.2°Mgomba

Kigongoni

448.9°498.9° 562.2478.9°Ruvu NAFCO

386.7Ruvu sec.
school

276.7°367.8°294.5a388.9aMaj engo

313. 3b594.4aMalenga

3 07.8°375.6“Kapunga

347.8b441.7°Mean

by thefollowed letterthein notValues same aresame row
significantly different at 5% using Duncan multiple range test

316.7°

494.4°

234.4C 315. 6bc

376.7a

370.0ab

294.4a

250.0a

227.8C396.7°b

288. 2°b294.5ab

270.0c

358. 8°b

522.2°

206.6b

297.8b

295.5°

312.2a

403.3a

452.2a

267.8b

405.6“

375.6b

216.7“

246.6“

411 ,lb

274.5b

312.5b

322.3°

343.9b

366.7“

255.6b

262.2b

276.7b

412.2°b

272.2b 232.2b

323.4b

374.4“

343.3b
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however observed bronzing, symptom of Fe toxicity ina

samples with high Sincerice in Fe contents. Feno
toxicity was observed in this study, it is possible that
the variety used was tolerant to Fe toxicity or that the

concentration be partly duehigh Fe in plants tomay
contamination during sample preparation.

Data on plant Fe uptake (Appendix 2e) also showed the same

responsible forother factorssuspected that Fewere
uptake by rice plants. Moore and Patrick (1989) suggested

important factor in
determining Fe uptake by rice plants.

observed despite the high values of extractable Fe, it was
Since no Fe toxicity wastrend as in Fe concentration.

ion competition as being the most
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7.0 APPENDICES

Appendix 1. Extractable Mn and Cu (mg/kg) extracted by different
extractants from the experimental soils.

EDTA- (NH.,) ,CO7Location 0.1N HC1 0.005M DTPA

CuMn Mn CuMn Cu

Kilangali 39.8 5.9 70.4 6.810.295.0

Mlali 64.4 3.6 60.08.7 5.4345.0

2.3Mkindo 108.4 179.2 3.15.0227.5

130.4100.8 4.2 5.96.7Mgomba 345.0

81.893.6 3.9 6.0Kigongoni 7.7312.5

47.24.2 5.557.67.5190.0Ruvu NAFCO

1.7 12.6 2.7Ruvu sec. school 29.23.5102.5

139.6 1.0 122.4 1.8Maj engo 2.0215.0

3.5 135.0 9.899.2190.0 7.7Malenga

2.363.841.4 1.13.5192.5Kapunga
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Appedix 2. Effect of N, P, K. Zn and Fe application on nutrients uptake by rice plants

Appendix 2a. Effect on N uptake

N uptake (mg/pot)Location

Control N NP NPK NPKZn NPKZnFe

674.80’ 670.81’ 702.73’599.29’ 604.23’Kilangali

583.49“ 752.52’75.10'Mlali

633.57’ 611.54’621.25’636.81’ 609.32’Mkindo

601.14’ 630.58’ 647.13’662.42’586.10’Mgomba

361.57“ 586.40’ 584.29’518.59’ 506.89’22.45'Kigongoni

527.05’451.12’498.93’25.87'Ruvu NAFCO

93.38“ 467.67’ 485.41’461.62’16.46' 427 95Ruvu sec.

school

427.99'555.50“ 668.45’Majengo

159.74“ 514.84’475.02’ 468.24’458.87 ’16.59'Malenga

229.67“ 601.03’569.43’ 598.65’592.40 ’26.51 'Kapunga

402.79“ 583.14’ 579.16’570.07’34.92' 568.06’Mean

Values in the same row followed by the same letter are not significantly

different at 5% using Duncan multiple range test

689.64’“

644.98’“

655.94’“

393.06’“222.51“'

628.59’“

679.35 ’“

27.07 d

43.63“

56.69“

38.81 “
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Appendix 2b. Effect on P uptake

P uptake (mg/pot)Location

Control N NP NPK NPKZn NPKZnFe

79.26°5677“16.11' 148.89° 71.47°Kilangali

55.97°69.63’ 70.72’42.18'Mlali

91.44° 87.96°11.51'Mkindo

41.92° 71.36° 64.83’9.45'Mgomba

44.38°36.44’ 36.99’3.99'Kigongoni

11.21°8.42° 35.38’ 41.56’28.25'35.06’Ruvu NAFCO

19.52° 34.81’5.88'3.48'Ruvu sec.

school

69.49°7.87° 62.30° 73.53°63.20° 54.65’Majengo

24.86’3.78° 5.79° 21.56’ 18.22’Malenga -

35.27’35.06’4.63' 10.99'Kapunga

32.25“ 59.36’8.71°Mean

Values in the same row followed by the same letter are not significantly

different at 5% using Duncan multiple range test

49.74’°

59.12’°

52.72’°

67.79°° 72.34’°

29.93“

27.76“33.02’

16.77°° 30.52“

60.37“

57.03“

66.86°

17.86“

44.56°

17.42“

18.61 ’

41.81 “
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Appendix 2c. Effect on K uptake

K uptake (mg/pot)Location

Control N NPK NPKZnNP NPKZnFe

540.73°477.45° 475.66° 650.74° 481.30°Kilangali

206.26“ 357.28° 368.91°120.26c 312.77° 316.04°Mlali

282.30“ 418.08° 363.11°75.47'Mkindo

732.49°657.69° 707.07°620.56° 717.48°Mgomba

277.89" 526.00°404.68'40.01'Kigongoni

180.08“ 385.97’ 450.17° 512.48°467.11 ’Ruvu NAFCO

55.41“ 391.00’300.62° 302.35°264.68°Ruvu sec.

school

535.19’555.91’ 500.46’539.84’ 527.99°Majengo

250.52°222.29’221.29°76.46'34.24'Malenga

127.38“ 393.15’396.23’356.64°378.31 °40.56'Kapunga

284.36“ 441.02’ 455.41’424.60’63.19'Mean

Values in the same row followed by the same letter are not significantly

different at 5% using Duncan multiple range test

354.59°“

515.51°“446.50““

49.69“

29.06“

397.67 ’“

115.48“

144.79“

46.50“

283.21 “

80.61 “
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Appendix 2d. Effect on Zn uptake

Zn uptake (mg/pot)Location

Control N NP NPK NPKZn NPKZnFe

0.18b 1.09’0.94' 1.10' 1.16’Kilangali

0.16d 0.89c 1.36’Mlali

0.08b 0.97’0.80' 0.79' 0.82' 0.83’Mkindo

0.40bc 0.97’ 0.91’0.11CMgomba

0.62b 0.69b0.47b 1.01' 1.11’0.07cKigongoni

1.22’ 1.35'0.80' 1.28’ 0.89'Ruvu NAFCO

0.52b 0.77’0.83' 0.83’0.03c 0.11CRuvu sec.

school

0.13b 2.62’2.58' 2.53’ 1.77’1.65’Majengo

0.24d 1.11’0.70c 0.72'0.09cMalenga

0.13b 1.00’ 0.71’ 1.00’0.99’Kapunga

0.68b 1.17’0.12CMean

Values in the same row followed by the same letter are not significantly

different at 5% using Duncan multiple range test

0.69'b

1.04’b

1.29’b

0.55'b

0.62'b

1.00'b

0.39*

1.18'b

1.08’b

1.07*

0.94b

0.21b
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Appedix 2e. Effect on Fe uptake

Location Fe uptake (mg/pot)

Control N NP NPK NPKZn NPKZnFe

11.12”2.47' 12.353Kilangali

5.40b1.86'Mlali 8.03’7.37’ 7.61’

1.43b 10.54’Mkindo 8.30’ 9.32’ 7.94’ 7.89’

2.76b 10.74’ 12.04’Mgomba

0.86' 10.76’Kigongoni

1.24' 10.37’Ruvu NAFCO

0.57” 0.96b 4.74’ 4.50’ 4.12’ 4.43’Ruvu sec.

school

1.08b 9.14’Majengo

1.15b 1.42b 3.93’ 4.49’ 4.70’3.87’Malenga

0.96' 8.35’Kapunga

1.44b 5.35’ 7.49’ 7.09’7.66’ 7.63’Mean

Values in the same row followed by the same letter are not significantly

different at 5% using Duncan multiple range test

3.02"

6.99’b

8.32’b 8.38’b 8.50’b

6.55’b6.16’b

6.90’b 5.87’b

2.96"

2.82"

11.02’b

5.07’b

9.67’b

4.86“

5.54"

9.89’b9.34’b

5.07’b

6.13"

6.91’b

10.48’b

7.31b


