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ABSTRACT

A study was conducted to assess the zinc and copper status
in the soils of the central part of Sokoine University of
Agriculture (SUA) farm. Twelve soil samples were collected

soils was extracted with four extractants namely 0.005M
DTPA-TEA (pH 7.3), 0.1M HC1 and0.005 DTPA-AB (pH 7.3),

Two soils (Oxicdouble acid (0.05M HC1 + 0.0125M H2SO4) .

Haplustult and Typic Rhodustult) out of the twelve soils
determinefor glasshouse experiment theto

response of beans (Phaseolus vulgaris) to zinc and copper
zinc andapplication. The soils were each treated with

copper at the rates of 0, 2.5, 5 and 10 Kg/ha.

Zinc application generally increased the dry matter yield
soils. increasesin Thebothplantsof bean were

significant when compared to the dry matter yields of the
controls. Copper application increased dry matter yield in
the Oxic Haplustult where there were positive response to
copper application. However negative response (decrease in

observed in the Typic Rhodustult.
Zinc and copper tissue- concentrations in bean shoots and

the tissue

concentrations reported in the

from selected areas in the farm. Zinc and copper in these

dry matter yield) was

their uptake were significantly increased in both soils by 
the application of zinc and copper. However,

were used

zinc and copper concentrations observed were rather high 
and above the critical
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0.005M DTPA-

TEA was found most suitable for assessing the available
zinc in the soils since it gave significant correlations
with plant parameters (dry matter yield, zinctissue

the second in suitability. none of the methodsHowever,
was found to be suitable for the extraction of copper in
these soils.

literature. Of the four extractants tested,

concentrations and zinc plant uptake). The 0. IM HC1 was
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1.0 INTRODUCTION

With the

be a corresponding drain on the reserves of the micro­
nutrients in the soil. Where these micro nutrient elements
are in short supply for plant growth either due to their
low concentrations in the parent materials from which the

lack ofand developed throughsoils formed orwere

replenishment of the portion taken up by crops over years
of crop production, they may become a limiting factor in
crop yields. Cases of trace element deficiencies in crops

first reported at the end of the 19th century (Camp,were
1945) . It has now been established that various soils or

supplying withplantsofincapablesoil types are

sufficient amounts of these nutrient elements (Sillanpaa,

1982) . Although in most farming systems the problems of

micro-nutrient elements deficiencies are not that crucial,

however, with the adoption of intensive farming practices,

considered sustained highforbe soilthey need to

productivity.

Sillanpaa (1982)According of the soilsto most in

indeficientTanzania of micronutrientthemostare
zinc, boron,elements like copper, iron just to mention a

increase in the use of plant macro nutrient
fertilizers and high yielding crop varieties, there will
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few. This is because of the low contents of these nutrient
elements in the parent materials from which these soils
were formed. In Tanzania most of the research work on soil
fertility fertilizers towardsand directedhas been

primary essential
nutrient andelements nitrogen, phosphorousnamely
potassium (NPK) . This trend of research was based on the
assumptions adequate
soils and generally needed by plants only in very small
quantities (Tisdale and Nelson, 1985). Depletion of micro­
nutrients in soils was, therefore, not considered to be a
problem.

Although the micro nutrient elements are required in very
small quantities for normal plant growth, their roles in
the metabolic activities in plants are equally important

compared to the primary nutrient elements and theiras
deficiencies lead to severe depressions in plant growth
and yields (Tisdale and Nelson, 1985). The increases in

increasedthe levelsyields due ofto N,P,Kcrop
and high yielding varietiesfertilization havecrop

increasedcorrespondingly resulted removal ofto the
soilsthemicronutrients from and thus hastening the

development of the current deficiencies of micronutrients
observed in many parts of Tanzania (Silanpaa, 1982) .

fertilizers which supply the major or

in mostthat micronutrients were
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Inadequate supply of a particular micronutrient can not

optimum yields even with a heavy application of NPKgive
and the other essential nutrient elements (Tandon, 1995) .
Micronutrient elements are therefore increasingly becoming
very important in the production of high yields and good
quality produce. For high yields, all nutrients should be

innot deficient and notthat is,
excess (Tandon,1995) .

The Sokoine University of Agriculture (SUA) farm covers
The1986) .approximately landha of (Mpepo,2,300

objectives and functions of the SUA farm include teaching,
conducting basic and applied research in agriculture and

The SUA farm is also engaged in commercial agricultural

field beans and several other leguminous crops are grown

obtainedthe yields from these have beentime crops
generally low and decreasing constantly despite of the
application of nitrogen and phosphorous fertilizers for
long time. Continuation of the low and decreasing yields

deficiencies especially copper and zinc since very little
is known about the current status of these micronutrient
elements in the soils of the central part of the SUA farm.

at an optimum level,

production. Various crops including rice, sorghum, maize,

on the SUA farm under rainfed conditions. For quite some

providing extension services to farmers in the country.

observed may be attributed to micro nutrient elements
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theZinc been pointedandCopper have out amongas
essential micro nutrient elements that occur in deficient
amounts in Tanzanian soils thus affecting the performance
of many crops (Silanpaa, 1982). In view of the inherently

iszinc,of thereand tocopper
undertake more research on these micro nutrient elements

to generate information on the current
status of the levels of copper and zinc in soils of the
central part of the SUA farm.

In view of the above, this study was therefore carried out
with the following objectives ;

ofinformation the(1) current statusTo generate on
copper and Zn in soils of the central part of the
SUA farm.

To select suitable extractant(s) for assessing the(2)
available fractions of copper and zinc in soils of
the studied area.

To investigate the response of beans to applied zinc(3)
and copper applied to the acid soils in the central
part of SUA farm.

(Cu and Zn) so as

a needlow contents
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2.0 LITERATURE REVIEW

pedochemicalvarious geochemical andofprocesses
weathering during soil formation. Other sources of soil

the products of decay and mineralization of
materials from theplants and animals, natural waters,

insecticidesfungicidesfertilizers, andatmosphere,
(Swaine and Mitchell, 1960).

oxides,soils carbonates,Copper mainly inoccurs as
sulphates, sulphide, both simple and complexsilicates,

(Krauskopf, 1972). Examples of oxides are cuprite (Cu2O)
in offormtenorite also(CuO).and Copper occurs

azuritemalachite (Cu2 (OH) 2CO3) andsuchcarbonates as
(Cu3 (OH) 2 (C03) 2) , silicates such as crysocolla (CuSiO3.2H2O)

bronchatite Simple(Cu4 (OH) 6SO4) .
sulphide include chalcocite and covellite(Cu2S) (CuS)
while complex sulphide are chalcopyrite (CuFeS2) , bornite

and anargite just(Cu3A5S4 )(Cu5FeS4) fewa

(Krauskopf, 1972)

2.1.1.1 Total Copper
contained in mineralsisSoil like charcociatecopper

(Cu2S) , bornite (CuFeS4) ,

2.1 Copper and zinc in soils
2.1.1 Sources of copper in soils
Soils inherit their copper from rocks which have undergone

copper are

oxides such as Cu2O and CuO,

and sulphates such as

to mention
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enargite (CuAsSJ and chalcopyrite (CuFeS,) (Goldschimidt,
1945). The total copper content in soils generally ranges
from 1-200 although amounts greater than 200 ppmppm
occur where excessive copper has accumulated from copper
containing likedusts othersprays, sourcesor any
contamination with Cu containing compounds (Fiskel, 1965) .

(1951) reported total copper of up toFor example, Haff
500 ppm in soils that are near copper deposits. However,

content in soils is of limited value with
it not givesoil fertility since doestorespect an

indication of the fraction which is available to or can be
extracted by plants (Tandon, 1995).

2.1.1.2 Available copper and soil parent material

type of soil parent material and the extent of weathering.
found that old soils formed fromLal and Biswas (1973)

materials thanhad lower the lessalluvial copper
weathered desert soils
fine sand. Relatively, more weathered gray brown, red foot
hill, yellowish brown and black soils derived from various
sedimentary alluvium contained high amounts of available
copper (Lal and Biswas, 1973). Nyandat and Ochieng (1976)
analyzed 121 soil samples for available copper using EDTA
and observed that 34 samples out of the 121 samples had

14 werethese,

total copper

Available copper in the soil is closely related to the

formed from aeolian deposits of

relatively low levels of copper and of
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derived from sand,from volcanic pumice,and 8ash
sandstone or shale, 5 from phonolite and the rest (7) from
various reported byother rocks.

studyingKamasho pumice while the(1980) for DTPA
extractable copper and its distribution pattern in Mbeya
district, Tanzania. Kamasho (1980) found that the pumice
layer contained invariably less available copper than the

Pinkerton (1967)overlying or the underlying horizons.
investigated copper deficiency in Nakuru area, Kenya, by

pumice,unconsolidatedexamining soils derived from
tranchyte andalluvial deposits,

phonolite. It was observed that soils derived from pumice
and ash from mount Mengai, Kenya, were associated with low
available copper. Generally, soils derived from volcanic

containand phonolite lowpumice, shaleash, quartz,
levels of available copper probably due to inherently low
copper contents in the parent materials from which these

Ochieng,(Nyandat and 1976).formedsoils were
may be retained inAlternatively, copper

forms which are not easily extractable by the extracting
reagents.

2.1.1.3 Available copper distribution in soil profiles
Copper is one of the least mobile of the trace elements,
with result that soil profilesthe show littlemany
variation totalof concentration with depthcopper

or may occur

Similar results were

lake deposits, basalt,
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(Hodgson, 1963).
depth in the profile (Swaine and Mitchell, 1960) and is
commonly higher in the organic rich surface layers than in
the lower (sub-surface) horizons.

distribution soilThe available inof plant copper
profiles has been reported by Mehta et al.(1964). Some
investigators have reported that copper contents decrease
with depth, while others have found
with depth. Mayona (1977), working with soils from Tanga,

observed that available copper increased withTanzania,
(1981) reported that there was highdepth. Moshi et al.

EDTA (1%) extractable copper in the upper horizon, low in
the middle and high again in deeper horizon from soils in

(1976) observed that in the majority of theKarim et al.
studied agricultural soils, the highest available copper
occured in the B horizon. They attributed this to leaching
of copper from the A horizon and its deposition in the B

Tanzania, Kamashohorizon. From Mbeya, (1980) observed
that DTPA extractable copper increased with depth in some
of the soil profiles, and in other profiles it increased

much lower than that in the overlain or underlain horizon.
It was thus concluded that copper in the pumice layer had
leached down to lower horizon (Kamasho, 1980). Results

non coffee growing areas of Kilimanjaro region, Tanzania.

copper to increase

Available copper however, varies with

with depth except in the pumice layer where the amount was
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reported by Moshi and Magalhaes(1981)
(1985) in soils contaminated with copper in coffee growing
areas of Kilimanjaro and from vineyards in Portugal showed

available inhighest thethat values Acopper were
and decreased sharply down the profiles.horizons The

accumulations availableof copper
associated with applications ofprolonged copper

1981; Magalhaes et al., 1985).

In view of the above,
consistent trend of available copper distribution in soil
profiles. While in some soil profiles available copper is
higher in the upper parts and lower in the lower parts,
other soil profiles have higher levels in both the upper
and lower parts and low in between.

relation soil organicinAvailable to2.1.1.4 copper
matter
Soil organic matter has been found to have effects on the
available copper fraction in soils (Hodgson et al., 1965).
Available copper normally decreases with increase in soil
organic matter content. This is due to the fact that large
amounts of copper are retained by soil organic matter as
highly stable complexes whichorgano-copper notare
readily available plants.to Hodgson (1965)al.et

containing fungicides as sprays and dusts (Moshi et al.,

soils werein those

that there is noit is evident

et al.et al.
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peats and mucks where deficiencies of copper were common.
Osiname et al. (1973) working with soils fromFurther,

Western Nigeria, observed that soil organic matter was not
significantly correlated (r=-0.270) with available copper
using 0.IM HC1 as an extractant. Mayona (1977) using 0.IM

reported negative and non significant correlationHC1,
(r=-0.23) between extractable copper and organic matter in
Tukuyu soils and non significant correlation (r=+0.01)
with Tanga soils. With chelates (EDTA and DTPA), Singh et

(1986) reported significant correlations between EDTAal.

(r=+0.5709), andmatter
between DTPA and extractable copper and organic matter

significantThey, however, reported(r=0.579). a non
correlation between HC1 extractable and0.1M copper
organic matter (r=-0.146). It could thus be concluded that
copper is retained by soil organic matter as highly stable
organo-copper complexes which are variably extracted by

2.1.1.5 Available copper in relation to soil pH
The availability of plant nutrient elements is known to be
highly related to soil pH (Lucas and Knezek, 1972). The
solubility of copper has been shown to decrease slightly
from acid towards the alkaline pH ranges (Lindsay, 1972).
Haynes and Swift (1985) observed a general decline in 0. IM

the common extractants like 0.IM HC1, EDTA or DTPA.

extractable copper and organic

observed that the retention of copper were highest in
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HC1 and 0.05M DTPA-extractable copper with increasing soil
pH due to liming. The decrease in extracted copper was
from 3.4 to 1.5 ppm for HC1 and from 2.6 to 1.0 ppm for

(Haynes Swift, inDTPA and The decrease1985). the
extractability of with increase in pH wascopper
attributed to the reduced activity of copper in the soil.

(1977) significant, negativeMayona reported a non

correlation (r=-0.46) between extractable copper and soil
pH for acid soils of Tukuyu. Further, Martens and Chester

similar in which negative(1967) reported results a
correlation between extractable copper and soil pH in acid
soils was -0.259. It could therefore be concluded that the
relationship between the amounts of extracted copper and
soil pH is needrather complex, hence further
investigated.

2.1.1.6 Effect of phosphorous on copper availability
Phosphorous interactions with copper may result from heavy

of phosphatic fertilizers (Bingham,prolonged useor
highProlonged of doses1963) . of phosphoroususe

fertilizers have been found to interfere with the soil
Bingham et al.available copper. (1958) observed severe

copper deficiency in citrus where 360 kgP/ha or more were
in California. Application of copper

corrected the symptoms and increased the growth of citrus.
(1966) observed that phosphorous applicationsSpencer

applied to soils

to be
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reduced concentrations of copper in leaves and roots of
Cleopatra mandarin seedlings at four levels of applied
copper from 0-250ppm. Bingham and Garber (1960) obtained
significant decrease in concentration of copper in sour
orange seedlings as the rate of phosphorous increased from
100 to 900 kg P/ha. These observations might have been due
to the fact that high doses of phosphorous in the soil
tend to interfere with the uptake of copper by plants and

1987) .(Barrow,
negative significantMacias and(1973) , reported a

correlation (r=-0.5116) between soil phosphorous and 0.1M
HC1 extractable copper in pasture soils of Spain.

2.1.2 Zinc in soils
The source of soil zinc is the soil parent material. The
most dominant form of zinc in soil solution is Zn2*, though
Zn(OH)+ may also form at high pH values (Xie and Mackenzie,

Zinc1988).
Lindsay (1972) reported that theweathering of rocks.

zinc solubility isinorganic
Kittrick indicated(1976), however,unknown. that

sphalerite (ZnS) may be a factor controlling zinc levels
in well aerated soils.

ions are released into soil solution during

translocation in the plants

zinc mineral controlling

hence its
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solution exist as organic complexes. Thus, the free ions
organic complex

forms must be considered in the fractions of soluble zinc

soil inzinc soiltotal zinc minerals andcontent,
available zinc.

2.1.2.1 Total zinc
Total soil zinc is very variable depending on the nature
of parent material, clay content and soil type (Shukla and
Lyngdoh, 1990). Zinc is found in several minerals namely,
sauconite (ZnSiO3) , zincite (ZnO), smithsonite (ZnCO3) and
sphalerite (ZnS) (Lindsay, 1972). The total zinc in soils
varies widely from 25 to 272 ppm with the lowest values
being in soils which are almost devoid of clay as well as
those with high soil organic Carbon (Singh et al., 1987).

in the lithosphere according to
(1982) is estimated as 80-89 ppm.Katyal et al.

indicateVarious soilthat the rocksreports parent
a significant

(1982) observed that
more zinc was contained in soils developed from limestones
extent. For instance, Katyal et al.

The average total zinc

influence total zinc content of soils to

Liang et al. (1989) indicated that 60% of the zinc in soil

in soils.

and various hydrated forms as well as

than those derived from gneisses or quartzite. Soil type

Soil zinc can be conveniently classified as
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is also a factor which influences soil zinc. For example,
Sharma Motiramaniand zincreported that(1969) was
highest in fine textured vertisols and lowest in coarse
textured alluvial soils. observedKatyal et al. (1982)
that alkaline vertisols had the highest total zinc levels
(69 76 ppm), whereas the lowest values (24-30) were
found in relatively coarse textured oxisols.

zinc in soilsTotal however, doesnt reflectcontent
availability of zinc to plants. Singh and Abrol (1985)
determined available in soilszincand total from
different climatic and found thatzones
agroclimatic zone, available zinc was 0.35 ppm while the
total zinc was 62 ppm. In the tropical semi arid climatic
zones,
was 253 ppm. Hazra and Mandal (1987) showed that a large

soil zinc inproportion total relativelyof occured
inactive form.

2.1.2.2 Available zinc
Available zinc is the fraction of the total zinc which can

with plantcorrelated uptakebe and generally this
fraction constitutes only a small fraction of the total

in soils (Mengel and Kirkby, 1987) . Available

cultivated soils (Wear and Sommer, 1948; Silanpaa, 1982) .
common in

soil zinc

available zinc was 0.53 ppm while the total zinc

zinc levels ranging from 0.5 to 0.9 ppm are

in a tropical
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surrounding zincIn smelting plants extractableareas

(available) zinc levels can be as high as 22 ppm (Singh
and Lag, 1976). The amounts of available zinc may vary
with soil types, pH and climate (Cottenie et al., 1980;

and Youngdahl, Glinski ThaiKanwar 1985). and (1971)
working with ferralitic soils Vietnamfromtwenty
extracted between 0.2% and 10.6% of the total zinc using
0.1M HC1. The amounts
correlated with total zinc Soepartin et al.(r=0.76).
(1980) found the correlation between total and available
Zn extracted by EDTA and dithizone to be low (r=0.55) for
Indonesian soils.

Generally, available (or extractable)
sandy soils, muck soils and soils with high pH due to high
degree of leaching, high levels of soil organic matter and
reduced zinc solubility respectively (Randhawa and Nayyar,
1982). Light textured soils appear to be more vulnerable
to zinc deficiency than other soils and this could be due
to the high degree of leaching and low retention capacity
because of the low cation exchange capacity (CEC) of sandy

Chavan et al.soils. (1980) reported that acid oxisols
contained more available zinc than neutral to alkaline

and vertisolsalfisols attributed to the
influence of pH on the solubility and activity of zinc in
soils.

zinc is minimum in

of zinc so extracted were highly

and this was
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2.1.2.3 Available zinc distribution in soil profiles
distributionThe in soilzincavailableofpatterns

profiles differs widely. Swaine and Mitchell (1960) using
2.5% acetic acid and IN NH4OAc (ammonium acetate) buffered

7.0 zincreported extracted by thesepH thatat

soildecreased sharply with depth in theextractants
profiles. Similar observations were reported by Kanehiro
and Sherma Fagbami(1976) and (1985) . Suchal.et
observations could be attributed to the minimum leaching

a result of zinc being strongly adsorbed by
soil organic its accumulationand thus thematter on
surface soil horizons. studies conducted inIn contrast,

Tanga and Tukuyu (Ngaiza, 1977) and Mbeya (Kamasho, 1980)
specificTanzania, therein showed that was no

available zinc in soildistribution of thepattern
investigated. Moshiprofiles that al. (1981)etwere

analyzed soils from coffee and non coffee growing areas of
Kilimanjaro and observed that while available Zn decreased
with soil depth in the non coffee growing areas, in the
coffee growing areas, the pattern was reversed such that
available zinc was high in the surface and lower horizons

middlein the horizons. Thisand low ofpattern
distribution could be attributed to the complexion of zinc
by the soil organic matter in the surface horizon and
leaching of the free zinc to the lower horizons. However,

of zinc as
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more investigation need to be undertaken with respect to
the trends available distributionof zinc in soil

profiles.

2.1.2.4 Effect of phosphorous on zinc availability

Zinc deficiency in beplants has been reported to
associated with high levels of available soil phosphorous.
It has been reported that phosphorous fertilization of
soils resulted in decreased utilization of zinc by plants

deficiency could beand that phosphorous induced zinc
in soils that are low or marginal in available zincsevere

(Pasricha et al., 1987). Bingham and Garber (1960) using
orange seedlings as test crop in California reportedsour

that high levels of available phosphorous
associated with acute zinc deficiency.

The effect of phosphorous on zinc uptake by crops vary
soils and crops,with

It was suggested that phosphorous limitsother factors.
interaction inavailability by a the plantzinc Zn-P

rather than in the soil (Barrow, 1987) . Excess phosphorous
for example, has been reported to inhibitfertilization,

variousinmetabolism plantszinc by reducing the
zinc by roots, thus inducing zinc

deficiency (Barrow, 1987).

in soils was

zinc and phosphorous levels and

absorption rate of
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Singh et al. (1988) using three pedogenically different
reported that the

phosphorous induced zinc deficiency in could bebeans
attributed interference inthe absorption andtheto
translocation of zinc by bean plants thus influencing zinc
metabolism in bean plants.

2.1.2.5 Available zinc in relation to soil organic matter
Zinc can
immobile in soils thus constituting a fixation mechanism
in which zinc is not readily released and made available
to plants. Hodgson et al. (1966) demonstrated the presence
of zinc-organic complexes in soils and concluded that on
average about 60% of soluble zinc in soils is complexed.
The degree of complexion of zinc in soils was correlated

(r=0.88).with organic andStevensonmatter contents
reported that insoluble zinc complexesArdakani (1972)

were most likely bound to the humic fraction, particularly
humic acids, while the soluble zinc complexes were mainly
bound to amino acids.

2.1.2.6 Zinc availability in relation to soil pH
The solubility of zinc in soils decrease with an increase

soil pH thereby affecting its availability toin crops.
Hayness and Swift (1985) evaluated the effects of liming

soils in growth chamber experiments,

that arebe bound into organic constituents
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on available zinc and observed a general decline in 0. IM
HC1, 0.005M DTPA and 0.0 4M EDTA ex tractable zinc with
increasing soil pH. Singh and Abrol {1985) reported that
zinc solubility at pH higher than 7.9 was controlled by
(precipitation) zinc as Zn(OH) and Zn(CO3) .2

2.2 Extractants used for assessing available copper and
zinc in soils
Many extractants have been tested for their ability to
extract available fractions of copper and zinc in soils.
These include water and neutral salts (Stewart and Berger,
1965), acids, particularly 0.1MHC1, and several chelating
agents especially EDTA and DTPA (Viro, 1955; Jensen and

1961) . Out of these,Lamm,
been tested intensively.

2.2.1 Assessment of available zinc
2.2.1.1 Dilute HC1 extractant
Dilute HC1, particularly at the concentration of 0.1M has
been widely tested in the extraction of micronutrients.

(1955) reported that there was a goodTurkey and Kurtz
zinc

deficiencies found in the field. Boawn et al., (1957) used
neutraland0.1M HC1 NH4OAC added zincto extract

fertilizers and reported that the former extracted twice
as much zinc as the later extractant.

correlation between 0. IM HC1 extractable zinc and

0.1M HC1, EDTA and DTPA have
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Contrary to the above findings, Stewarts and Berger (1965)
reported that 0.1M HC1 was not a very suitable extractant,
especially when compared with other extractants, because
they obtained correlationbetter betweena

performance of the 0.1M HC1 extractant on available zinc

(1968), Kamashohave been reported by Wear and Evans
(1980), Sakar et al (1984), Nzabhayanga and Mnkeni (1989)
and Singh et al (1986). Kamasho (1980) observed that 0. IM

suitable extractant of
Mbeya district because, although it was associated with a

0.42 with dry matter yield ofvalue of
however the relationship with grain yield was nonwheat,

district,soils of(0.06).significant MorogoroIn
Nzabhayanga and Mnkeni (1989) obtained a lower correlation
coefficient between double acid ( 0. IM HC1 + 0.025M H2S04)
extractable zinc and maize dry matter yield (r=0.98) . They
reported a critical concentration of 3.3 ppm for 0 . IM HC1

opposed to 1-2 ppm reported by Kanehiro and Shermaas
in Hawaiian soilusing the extractant(1967) same

working with rice and 25Sakar et al (1984) ,profiles.
sub Himalayan hill forest regionsoils in India,of

negative, significantobtained correlationnona
coefficient (r=-0.192) between 0.IM HC1 extractable zinc
and plant uptake.

2M MgCl2

significant R2m

HC1 was not a

extractable zinc and uptake (r=0.73). Similar results on

zinc for soils of
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Generally 0.1M HC1 has been found to be a satisfactory
indicator of zinc uptake by plants especially when the

limited genetic
variations (Martens and Chesters, 1967). The disadvantage

dependent.

2.2.1.2 DTPA extractant
The of assessingfor theDTPA extractantuse as an
availability of zinc, iron, manganese and copper in soils

Lindsayreported Thisby and Norvell (1969) .was
extractant consists of 0.005M DTPA, and 0 . IM
triethanolamine (TEA) buffered at pH 7.3. The selection of

enables the extractant to attain
is not dissolved

from the calcareous soils (Singh and Takkar, 1981) .

Kamasho and Singh (1982), compared DTPA, EDTA and 0 . IM HC1
for zinc extraction in soils of Mbeya district. They found
DTPA to be better correlated with zinc uptake by wheat and
suggested a critical value of 3.7 ppm in soil. Banda and
Singh (1989) recommended the use of DTPA for assessing
zinc extractability by maize plants in high rainfall areas
of Zambia and established a critical level of 0.7 ppm in
soil. Singh and Takkar (1981), found DTPA to be the best

equilibrium with CaCO3.
pH 7.3 and 0.0IM CaCl2

In this way, CaCO3

0.01M CaCl2

of 0. IN HC1 is that the amount of zinc extracted is pH

correlation is made on soils of very
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method for estimating zinc availability for rice in salt
affected soils of India and recommended a critical level
of 0.86 ppm in soil.

al for(1971) compared severalBrown et extractants
determining available 92 neutral calcareous

Californian soils. Their predictive forvalues DTPA,
dithizone, 0. IM HC1 and EDTA were 83, 73 and 72 %79,
respectively. They recommended a critical level of 0.5 ppm
extractable
deficient soils.

suitablein beDTPA notHowever, some cases may a
extractant for estimating soil available zinc fraction.

reported that there(1979)al.Sedberry et were no
significant correlation between DTPA extractable zinc and

maize zincconcentration in (r=0.332),zinc uptake
(r=0.388) and dry matter yield (r=0.326). Similary, for

has been reported to be inferiorMorogoro soils, DTPA
extractant when compared with the double acid (HC1 + H2SO4)

(Nzabhayanga and Mnkeni, 1989) . These workersmethod
reported that DTPA extractable zinc gave a significant but

correlation coefficientslightly lower (r=0.78) than
(r=0.93) with dry matter yield. Also Mkangwa,double acid

(Personal communication, 1988) found DTPA to be inferior
status of soils ofto 0.1M HC1 when assessing the zinc

a separator for deficient and nonzinc as

zinc using
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Iringa district. Dolar and Keeney (1971) obtained poorer
results with DTPA buffered at pH instead of 7.310.9
compared 0.1M HC1 buffered 7.0.andto pHEDTA at
MikkeIsen beand (1977) also found theKuo DTPA to
ineffective italkaline soilsfor although wassome
suitable for others.

it can be pointed outIn view of the above observations,

soilspromisingis forthat, extractant mostDTPA a
except in a few cases where it has been reportedtested,

to be relatively inferior to other extractants.

2.2.1.3 Double acid extractant
The double acid extractant is most useful in soils where
cation exchange capacity (CEC) is less than lOme/lOOg (pH

and have relatively low organic matter (Wear and7.0)
obtained the best(1968)Wear and Evans1968).Evans,

correlation between extractable zinc and zinc uptake by
(r = 0.89) with the double acid extractant in acidcorn

medium Nzabhayanga andwithsoils texture.tocoarse
recommended the double acidMnkeni (1989) ofuse

for maize of Morogoro district inextractant
They proposed a critical level of 3.8 ppm zincTanzania.

to separate zinc deficient soils from non deficient soils.
Coffman and Miller (1973) obtained correlation coefficient

0.1M HC1 and 0.1Mof 0.83, 0.85 and 0.79 for double acid,

in soils
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Double acid correlationbettergave

coefficient than the other two extractants. acidDouble
extracted zinc gave better correlation coefficient with
zinc uptake by corn (r = 0.89).

other workers acidHowever, have found the double
extractant to be inferior to other extractants for example

(Singh et al,. 1987) .

2.2.2 Assessment of available copper
2.2.2.1 Dilute HC1 extractant

extracting ability ofSeveral workers have compared the
Neelkantan and Mehta

(1961) in soils of Kaira district,
significant correlation r=0.217 between 0.IM HC1 available
copper and copper uptake by sorghum plants when evaluating

extractants for assessing the available copper inseven
soils namely neutral NH4OAC, 0.1M HC1, 0.05M

Other
workers reported similar results on performance of 0. IN

In Mbeya district,HC1 available copper. Kamasho (1980)
reported the least and non significant R: (0.28) value
with respect to 0.1M HC1 extractable copper and dry matter
when he evaluated the extracting ability of 0.1M HC1,
0.05M EDTA and 0.005M DTPA using wheat
Bangldesh, Singh et al., (1986) evaluated five extractants

2
■ m

0.5N NHO3,

EDTA- (NH4)2CO3.

EDTA, IN HC1, Morgans universal solution and IN HNO3.

0.1M HC1, DTPA and EDTA-(NH4) 2CO3

as a test crop. In

India, observed a non
0.1M HC1 with other extractants.
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among which They reported that 0. IM HC1
significantextractable had the leastcopper

correlation coefficients in relation to copper
concentration in wheat (r=0.109), copper uptake (r=0.170),
relative yield (r=0.282) and percentage copper in plants
(r=0.072). Martens (1961) working with 16 soil series from
Virginia, reported that there were no correlation between
0.1M HC1 extractable copper and copper uptake (r=0.55) by
oats.

correlated with concentration in plants, copper uptake,
relative yield or dry matter. These findings suggest that

is not a suitable extractant for assessing the available
fraction of copper in soils.

2.2.2.2 DTPA-TEA extractant
Lindsay and Norvell (1969) developed DTPA as an extractant

itfor micronutrients They used for the
extraction of copper, zinc, iron and manganese and managed
to separate 77 Colorado soils into zinc deficient and non

categories. Sincedeficient then the method has been
tested by many workers.

From the available information, it can be concluded that

and non

in Colorado.

was 0 . IM HC1.

extracting copper using 0.1M HC1 is not significantly

among many extractants tested on diverse soils, 0.1M HC1
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Sharma cited by Lindsay(1987) and Norvell (1978),
reported a significant correlation between 0.005M DTPA
extractable copper and plant copper uptake. They also
reported a soil critical concentration of 0.2 ppm. Kamasho
(1980) , after evaluating DTPA, EDTA and HC1, reported that
0.005M DTPA was the most suitable extractant for assessing
copper availability in the soils of Mbeya district, since
it yielded significant R: values with respect to dry
matter (0.9) and grain yield (0.71) of wheat. He reported

critical extractable0.7 DTPAppma
Singh et al. (1986) , found that four out of sixcopper.

extractants tested were more promising for the prediction
of critical level and response of barley grown in pots to

soils Bihar,ofcopper
India. It was observed that 0.005M DTPA was more promising
than other extractants tested since it gave the highest

coefficients withcorrelationsignificant respect to

copper concentration in plants (r=0.981), copper uptake
relative yield (r=0.827) and percent copper(r=0.872),

uptake (r=0.819). Contrary to the above findings, Haq and
reported that,Miller (1972) not

maize as a test crop.

2
■ m

extractant for copper for soils of Ontario, Canada, using
DTPA was

application on young alluvial

concentration of

a suitable
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However, from the surveyed literature, the DTPA extractant

is likely to be a good extractant because it has given
consistent determination plantresults offor the
available copper in a number of diverse soil types. The
critical concentration in soil for this extractant seems
to be between 0.6 - 0.7 ppm.

2.3 Response to copper and zinc fertilization
2.3.1 Crop response to copper

been tested forhave toMany copperresponsecrops
application; some of which responded while others didnt.
Bridger et al. (1962) , reported on Cu(NH4)PO4.H20 as a source

for foliar and soil application for sorghum,
theirAccording toradishes andturnips,

results, this compound appeared to be an effective source
of copper with both methods of application. Berger (1965),
cited by Murphy and Walsh (1972) , investigated the copper

in Wisconsinof andrequirement and cropsresponses
in red beets,reported yield increase oats, carrots,

cabbage, potatoes, field beans, sweet corn and onions from
application of 28 Kg CuO/ha.

Reith (1968) , investigated copper deficiencies in crops in
He noted corrections of copper deficiency inScotland.

spring seeded oats by soil application of 11-12 Kg copper

of copper
snap beans.



28

sulphate per hectare. and Cox (1973)Barnes
Carolina, reported that a rate of 2.8 Kg Cu/ha from either
complexed or sulphate sources increased significantly the
yield of wheat and soyabeans. Makar im and Cox (1983)
working with maize, reported thatwheat and soyabeans,
there were yield increase due to copper application at
three out of seven sites with wheat and two out of five
sites with soyabeans. Maize did not respond in all sites
tested.

(1985), conducted a number of field trialsKruger et al.

(0.2-0.4 ppm) using DTPA extractant and wheat as a test
They reported that in six of the eight experimentscrop.

carried out in soils of clsss 2 there was an increase in
grain yield of up to 50% and in soils of class 3, there

in yield result ofincrease as a coppernowas
fertilization. The response to copper application by wheat

therefore a function of the copper status in the soil.is

Copper deficiency in wheat and barley has been observed in

station,experimentalMbimba malformationroot was
observed in wheat especially where copper was not applied

1.5-2 copper.

Mbeya district as far back as (1973) Kamasho (1980) . At

on several soils belonging to classes 2 (<0.2 ppm) and 3

in north

ppm DTPA extr actableand on soils with
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Application of with nitrogen andtogethercopper
phosphorous enabled wheat head andand barley to to
produce yield (Nilson, also1973) . Round potatoes
responded to copper application at Uyole Agricultural
Centre and at Mbimba Experimental Station (Jacobsen 1976;
Kamasho and Ley, 1976). Also, Kamasho (1980) reported that
application of copper at 5 Kg/ha increased both dry matter
and grain yield of wheat substantially in Mbeya district.

Iringa district, SreedhannAkehurst and (1966),In
fertilized flu-cured tobacco with Cu and obtained a slight

tested. They
concluded that copper was not a limiting nutrient in soils
of Iringa with respect to tobacco growth.

Iringa,soils Semoka al. (1981),Working with of et
significant response on flu­observed that there was a

cured tobacco when copper was applied to soils testing
less than 1 ppm EDTA extractable copper. Murphy and Walsh
(1972), gave a summary showing crops that are high, medium

response. They reported that the highand low in copper
onions,copper responsive lettuce,

while mediumand wheat thespinach, carrots copper
responsive ones are sweet corn, maize, barley and cabbage,
and the crops peas,
potatoes and soyabeans.

response in two out of the three seasons

are beans,

crops include oats,

low copper responsive
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2.3.2 Crop response to zinc
Reuter et al. (1982),
those that application zinc.oftogave a response

zincGenerally, uptake withincreasefound towas

reported response of zinc application. Singhtocrops
fertilized 17 zinc deficient soils (containing(1986), <

0.54 ppm DTPA extractable zinc) with zinc fertilizer and
obtained marked response of cluster beans in all soils.
The percent mean response at lOKg Zn/ha was 70%. Sanzo et

(1984) and Raju et al.al. (1986) found that paddy yields
of 3.36 tons/ha in rice given 100 Kg N/ha were increased
to 3.9 tons/ha by applying 18.2 Kg Zn/ha. Wheat, lucerne

soilsmaize Tanzania,of Mbeya,and grown on some
responded to application of 10 Kg Zn/ha as ZnSO, (Kamasho,4

Semoka et al. (1981), reported that there was1980) . a
significant increase in yield of flue-cured tobacco when
zinc was applied to soils of Iringa district containing

zinc.Ippm EDTA extractablethan Nzabhayanga andless
Mnkeni (1989) observed that, only two out of eight soils
from Morogoro district responded to zinc fertilization
with maize as the test crop. The soils which responded to
zinc application contained less than 2.8 ppm double acid
extractable zinc. Long term trials in Iringa district by
Akehurst and Sreedharn (1986), indicated a slight response

increasing rates of zinc applied. Numerous workers have

classified Zn deficient soils as
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to zinc fertilization on tobacco in one out of the three
seasons tested. They concluded that zinc was not deficient
in the soils of Iringa district.

from elsewhere indicate that field crops may orReports
respond to zinc fertilization. In India, Kanwarmay not

15% yield increase(1962), reported that there was on
(1985),potatoes due

potash and phosphateevaluated
application alone and in combination. The grain yield data

yield both alone and in combination.

Contrary to the above results, Hilton and Zubriski (1985)
in Virginia Dakota, reported that there were no response
to zinc fertilization by maize and sunflower even when the

zinc below 0.5extractable ppmwas
extractable zinc. In soils of Saskatchewan, Canada, Singh

(1987) obtained a significant response to zinc inet al.
only one trial out of 23 trials using wheat, barley, peas,
alfalfa and maize as test crops. Safaya and Malakondaiah
(1985), reported that none of the tested plants (wheat and
barley)
extractable zinc in the soil was as low as 0.28 ppm.

DTPA- (NH4)2CO3

showed any serious disorder even when the DTPA

Raju et al.to zinc application.

revealed that all elements tested, positively increased

rice response to zinc,
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The above observations indicate that the susceptibility of
plants zinc deficiency considerablyvariestocrop

depending on According to
Viets et al. (1954), cereals such as wheat, oats, barley
and rye are rather insensitive to zinc. Other crops such

and lucerne are only moderatelytomatoes
highlysensitive while maize field beansand are

susceptible to zinc deficiency.

2.4 Copper and zinc in plants
2.4.1 Copper in plants

the essentiality of forevidence ofThe copper green
plants was reported as far back as 1931 (Sommer, 1931).

differ with plantin plantsOptimum copper contents
maturity soilof andspecies, plant stageparts,

the range of 2-22
(1979)(Reuther and Labanauskas, 1966) . hasBowenppm

plants ofin thethatreported most range copper
concentration is from 5-15 ppm and in crop plants, the
usual range is 5-20 ppm (Jarvis, 1981). The common copper
content found in plant tissues of various vegetable crops
is 1-40 ppm and for beans the concentration is between 15-

(Geraldson et al. 1973) .
plant materials were reported by Gough et al. (1980) for
western wheatgrass (0.34-9.8 ppm). In citrus leaves, the

conditions. But generally, they are in

species and even varieties.

Low copper content in30 ppm

as potatoes,
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adequate copper range has been reported as 5-16 ppm (Jones
and Smith, 1964). Makarim and Cox (1983), reported that
the optimum copper content in wheat ranges between 2.8-9.8

reported the adequate copper content inppm. Tso (1972),
flue-cured tobacco to range from 14.9 - 21.1 ppm. Rogers
(1975), analyzed the copper content of some ranger grass

Tanzania.infrom Selous SouthGame HeReserve East
Londentiareported that had 2.6-6.2 ppm when thespp

dry and 8.1-11.6 ppm whenleaves were were
green, Andropogon spp had 2.8-8.2 ppm when the leaves were

The copper levels observed were adequate for thegreen.
nutrition of range animals.

Differences in the concentration of copper varies from one
Mathurplant part to another. (1979)

reported the mean copper concentration in roots, straw and
respectively.6.84 and 5.46grain to 80.95;be ppm,

Similar trend was observed in roots and tops of silver
(1985). The copper concentration inbeans by Merry et al.

tops was 91 ppm while in the roots it was 205 ppm.

some
of plant thecontent soilacopper grown on same

conditions. (1972)Jones ten days after
emergence of soyabeans the copper concentration in leaves

For oats,

The stage of maturity or age has

et al.

the leaves

implications on

noted that at
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al. (1979) reported copper concentration values of 5.5 ppm
and 3.3 after transplanting,30 and 6 0 daysatppm
respectively. Sekhon al. (1975) reportedet copper

concentration of wheat plants at initial tillering to be
6-60 ppm and while at heading it was 1-60 ppm.

to plant,
critical levels also differ considerably. Karim and Vlamis
(1962) reported the critical level for copper in mature
rice plants to be 6 ppm. Jones and Eck (1973) reported the
critical level of copper in maize as 5 ppm. Other critical

for soyabeans (Small andreported 10 ppmlevels are
Ohlrogge, 1973), 4 ppm for wheat (Makarim and Cox, 1983)
and 6.75 ppm for barley (Singh 1986) .

2.4.2 Zinc in plants
The usual levels of zinc in plants range from 10-100 ppm
for most field crops and pastures (Chapman,

in very young seedlings andcontent is generally highest
with (Carrol and Loneragan,decreases 1968). Theage

concentration of zinc varies from one plant or one plant
part to another. For example Tso (1972) observed that the
optimum growth for tobacco was recorded when leaf zinc

51-84 Accordingcontent Karlsonto (1952),ppm.was

was 12 ppm, this increased to 15 ppm at pod formation and

Since copper requirements differ from plant

then decreased to 13 ppm at maturity. In rice, Haque et

1973). Zinc
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optimum zinc content for most pasture plants range between

observed that
maize grew optimally when the earleaf zinc content was in
the range of 20-70 ppm and for maize at 32 days the range
was between 54.5-73.2 ppm (Ragab, 1980).

Differences in zinc concentration between crops are
exhibited even under excessive zinc fertilization. Boawan

zinc concentrations ofand reported(1971)Rasmussen
various field crops after the application of 100 ppm zinc

beans 46 ppm, pea 132 ppm, potato 67 ppm, field maize 205
ppm, sweet corn 255 ppm, sugar beet 162 ppm and tomato 150
ppm.

Plant age exerts an impact on zinc concentration even from
working withconditions. (1972)soil Jonesthe same

soyabeans, reported that zinc concentration of the stem
decreased from 38 ppm at 10 days after emergence to 19 ppm

inconcentration wheat plantsmaturity. Theat was
observed to be 7-210 ppm at initial tillering while at
heading it was between 2-27 ppm (Sekhon et al., 1975).

Plants differ in their ability to accumulate zinc from the
Some plants have greater

ability than others. Using rice as the test crop and soils

in a growth chamber as follows : field beans 60 ppm, snap

14-18 ppm zinc. Barber and Olsen (1968),

same soil nutrient solution.
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treated with 75 Kg zinc sulphate per hectare, Singh and
Singh (1976) reported that in the

leaf sheathes and leaf blades were 90,roots, 63.6 and
68.2 respectively. Mascianica and Baker (1979)ppm,
reported that when the soil was supplied with 50 ppm Zn

249 ppm while the root content ranged from 123 to 184 ppm.

Zinc requirements between plant species differ and hence
the critical levels also differ considerably. Andrew et
al. worked with tropical and(1981), sub tropical8

which inand legumes Thepastures pots.were grown
tentative critical zinc levels observed were 20,
24, 19, and 16 for17 pubescens,Centrocemappm
Stylosanthes humilias, Lotononis bainessi, Neonotania

wightii, Macroptilium atropurpureum, Desmodium nitortum,

Vigna senensia and Medicago sativa, respectively. Coffman

that at 30 days after emergence the critical level of zinc
in maize above which no further significant increase in
dry matter yield occured was 12 ppm.

zinc requirements.
others require less.

a test crop reported

zinc while

34, 22,

From the literature surveyed, it can be pointed out that

zinc concentrations

Some crops require more
crops differ in their sensitivity to zinc supply or in

and Miller (1973), using maize as

EDTA, the zinc content of radish shoots ranged from 178-
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3.0. MATERIALS AND METHODS

3.1 General characteristics of the SUA farm
3.1.1 Location and extent

isThe farm of Morogoro,theSUA town
Tanzania (Fig 1) between longitude 37° 39‘ E and latitude

6° 51' bordered by Morogoro town to the east,S.
to

the west and Lugalla hills to the north-west.

1986) . The central part of the SUA farm which is the focus
of this study covers approximately 420 ha of land between
Morogoro-Iringa road from the farms border with Morogoro
town.

3.1.2. Soils, geology and mineralogy
(1972), the soils in the studyAccording to Kasseba et al.

presumed to have been derived from colluvial
materials from the Uluguru mountains. The soils along the
Ngerengere river which crosses the farm have been derived
from parent materials brought from Uluguru mountains by

erosion followed byfluvial deposition along the
Ngerengere flood plain (Msanya, 1980) .

It is

area are

Uluguru mountains to the south-east, Mindu mountains

The farm covers approximately 23 00 ha of land (Mpepo,

located near
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Geological survey of Morogoro area by Sampson el.et

(1961) indicate that the study area is covered by red and
The Uluguru and Hindu mountains

belong to the metasediments of the Usagaran System of the

Mozambican Belt (Saggerson, 1962).

3.1.3 Geomorphology and drainage

Mpepo (1986) described the SUA farm as having a saucer-

it is surrounded by Ulugurulike theshape because
mountains which rise to a height of over 2000 m above sea

and the Hindu mountains and Lugalla hills whichlevel,
above level,heights and 820mrise of 1200to sea

respectively (Commissioner of Surveys, 1970) . The study
is generally on undulating slopes to almost flat atarea

altitude of 480 to 600 m above sea level.an

There are two seasonal streams from the Uluguru mountains
which drain into the study area. These streams remain dry
for most of the time in a year except during the heavy
rains period.

3.1.4 Climate
The climate at the SUA farm is of a sub-humid tropical
type (Sharma, 1987). The area experiences bimodal rainfall
pattern characterized by two peaks in a year. The short

reddish brown soils.
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and lighter rains last from November to January with their
peak in December. The long and heavier rains last from
March May with their peak period in April. Theto
distribution pattern of the long rains is irregular and
unreliable. Since most of the crops in the SUA farm and
areas around it are cultivated under rainfed conditions,
this irregularity and unreliability of rainfall has most
often resulted in low yields or failure of crops because
planting dates cant be predicted accurately and most often
the rainfall period lasts for shorter period than the
growing periods of many crops. The SUA farm is
leeward side of the Uluguru mountains and this is likely
to be responsible for the low rains received at the farm.

3.1.5 Vegetation and current land use
the natural vegetation in the farm have beenNearly all

cultivation.interfered through The localby man
is mainly grassland dominated by Andropogonvegetation

spp, Hyperrhenia spp and Themeda spp. Cultivation of maize
and sorghum is the main land use which is practised in the

Beans and rice are also cultivated.study area. Various
other leguminous crops are grown in experimental plots.
All these crops are grown under rainfed conditions.

3.2 Soil sampling
Twelve soils in the area (Figure 2) were collected from
the plough layer (0-20cm) based on the soil map of the

on the
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samples from each location were taken and bulked to make
one bulk sample. The soils were composited, air dried and
grounded to pass through 2 mm sieve for the glass house
pot experiments and for chemical and physical analysis.
Two soils namely Oxic Haplustult and Typic Rhodustult were
selected for the glass house pot experiments for both
micro nutrients elements (copper and zinc).

3.3 Routine soil analyses
3.3.1 Soil pH

usingelectrochemically 1:2.5measuredSoil pH was
suspension (Peech, 1965) .

3.3.2 Available phosphorous
The available phosphorous was determined following the
Bray-1 procedure (Bray and Kurtz,

colorimetricallydetermined afterthe extract was
developing blue colour with ascorbic acid as described by
Murphy and Rickey (1962).

3.3.3 Organic carbon
Total organic carbon was determined by the wet digestion
method of Walkley-Black (Allison, 1965) .

soil:0.01M CaCl2

central part of the SUA farm (Kaaya, 1989). Fifteen soil

1945). Phosphorous in
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3.3.4 Total nitrogen
The total nitrogen was determined by the micro-kjeldahl
digestion and distillation method (Bremner, 1965) .

3.3.5 Cation exchange capacity and exchangeable bases
determinedcation capacityThe theexchange bywas

ammonium acetate saturation method as described by Chapman

Ca and Mg (exchangeable(1965). Na,

bases) in the NH4OAC-filtrate were determined using AAS.

3.3.6 Particle size distribution
Particle size distribution was determined by the Bouyoucos

1965) after dispersion of soilHydrometer method (Day,
particles with sodium hexametaphosphate solution.

3.4 Determination of available copper and zinc in soils
in determinationused the ofextractantsFour were

available copper and zinc in the soils. These extractants
were ;

(1) 0.005M DTPA-TEA (pH 7.35).
The method used was described by Lindsay and Norvell
(1969, 1978). The extraction solution consisted of
0.005M DTPA, and 0 . IM Triethanolamine
(TEA) adjusted to pH 7.35.

0.0 IM CaCl2

The amounts of K,
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(2) 0.005M DTPA-AB (pH 7.6).

The method used was described by Soltanpour and
Schwab (1977). The extraction solution consisted of
0.005M DTPA and 1. OM NH4HCO3 (Ammonium bicarbonate) .

(3) 0.1M HC1.
The method used was described by Brown et al. (1971)
and Whitney (1988).

(1968) .The method used was developed by Cox It
(doubleand 0.0125Mconsists 0.05M HC1of

acid).

3.5 Glasshouse experiment
Two soils were used in the glasshouse experiments. These

Haplustult and Typic Rhodustult.Oxicsoils Twowere

the glasshouse SUA.zinc) at Aand was
complete randomized block design with three replications

used for each element and four levels of 0, 2.5, 5 andwas
10 Kg/ha for both copper and zinc were tested using copper

zincof andzinc sulphateand sources copperas
respectively.

(4) 0.05M HC1 + 0.0125M H2SO4.

H2SO4

glasshouse pot experiments, one for each element (copper
conducted in
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Nitrogen and phosphorous was applied uniformly to each pot
as Ammonium sulphate (SA) and trippie superphosphate (TSP)
in amounts equivalent to 100 Kg N/ha and 80 Kg P/ha so as
to meet crop requirements for optimal crop growth. Also
zinc applied experiment into amountswas copper
equivalent 10 Zn/ha while in zinctheto Kg copper
experiment applied in amounts equivalent 5 Kgtowas
Cu/ha. Nutrients were added prior to planting to 4 Kg air­

soildried sieved mixedthrough mesh2 mm screen,
thoroughly and put in 5 litre plastic pots with perforated

Soils withbottoms. distilledwatered water,were
incubated for about four days and then five bean seeds
{Phaseolus vulgaris L.) were planted in each pot.

after germination and nitrogen fertilizer was applied two
weeks after planting.
whenever possible to avoid water stress on plants.

3.5.1 Plant sampling, sample preparation and analysis
Bean plants were harvested four weeks after germination by
cutting shoots close to the soil surface, washed, dried at
70°C and weighed to get weight of dry matter. Samples were
grounded to pass through 40 mm mesh sieve for analysis of
copper and zinc using dry ashing method as described by
Chapman and Pratt (1961).

Thinning to two seedlings per pot was done seven days

Watering of the plants was done
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3.6 Data analysis

obtainedData from pot experiments subjected towere
Analysis of Variance using MSTAT- Statistical package so

on the model :

th= Response for i treatment (level).
U = General mean.

= Effect due to ith treatment (level) .
th= Effect due to j block (replications).

th= Random effect due to i
block.

Means were separated using Duncan New Multiple Range Test
coefficientscorrelation alsoSimple(DNMRT). were

(drythe plantcalculated between parameters matter

yields, tissue concentrations and plant uptake) and soil
theduetest-values extractants toto asso assess

for assessing availablesuitability of the extractants
fractions of zinc and copper in the soils of the central
part of SUA farm.

Ti

Eii

Where
+ B j + Ei;j.

treatment and jth

= U + Ti

as to assess treatments effects in pot experiments based
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4.0 RESULTS AND DISCUSSION

4.1 Some of the properties of the soils used in the study
4.1.1 Soil pH

are
presented in Table 1. The pH values in water ranged from

6.8 while the range was
values in 0.01M CaCl2- In water there were three soils with
pH values below 6.0 and nine soils with pH values of

The pH values obtained are almost similar to those6.0.
(1981) in some soils of Iringa,obtained by Semoka et al.

LandonTanzania for which the pH range was 5.5 to 6.6.
(1984) categorized pH values as follows; very high (>8.5) ;

; medium (5.5 - 7.0) and low (<5.5).high (7.0 - 8.5) In
view of this the pH of the soils in the central part of
SUA farm can be rated as medium and the range could be
considered as optimum for crop production, when other soil
and plant factors are not limiting.

4.1.2 Total nitrogen
The data for total nitrogen of the soils are presented in
Table 1. The total nitrogen content ranged from 0.09% to
0.21%. Metson (1961) cited by Landon (1984) categorized
soil total nitrogen as follows : very high (1.0%) ; high
(0.5 - 1.0%) ; low (0.1 - 0.2%) and

With0.1%). thelow (< exception of the Mollievery
; medium (0.2 - 0.5%)

The soil pH data as determined in water and 0.01M CaCl2

from 4.3 to 6.1 for pH5.3 to
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UstifInvent soil which fell under the medium category, the

soilsof the inrest the central of farmSUApart
contained low and very low total nitrogen levels. The low
levels nitrogenof total in soilsobserved these is

burningprobably due prior cultivationto tograss
practised by the farm management and low return of crop
residues to the soil and rapid decomposition of organic

practices nitrogenprobablyThesematter. causes
volatilization and leaching of nitrogen. for highThus,
and sustained crop production in the central part of SUA
farm adequate amounts of nitrogen should be applied in all
the soils.

4.1.3 Organic carbon
organic carbon data ranged from 0.8% 2.4%The to as

presented in Table 1 with an Landonaverage
(1984) categorized percent organic carbon as follows: very
high (>20) ; high (10 -20) ; medium (4-10) ; low (2-4) and

From the results obtained, most of thevery low (<2) .
soils (10 soils) fell under the very low category with the
exception of Paleustult and Mollie Ustifluvent soils which

This indicateslow category. thatthe thefell under
levels of soil organic matter in the central part of SUA
farm are low when compared with the data reported by Birch
and Friend (1956)
averaged 1.77%. Prolonged cultivation on the same piece of

for some soils of East Africa which

of 1.57%.
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land and repeated burning of crop residues may probably
account for the low organic carbon contents obtained in
the soils of the central part of SUA farm.

4.1.4 Available phosphorous
The Bray 1 extractable phosphorous ranged from 1.2 ppm to

in Landon25.5 presented Table (1984)1.ppm as
categorized extractable phosphorous in soils as follows:

Based on thishigh (>50) ; medium(15-50) and low (<15) .

categorization, only 2 soils (Mollie Ustifluvent and Udic

whilemedium phosphorous levels thehadHaplustalf)
remaining soils (10 soils) have low levels of phosphorous.
Phosphorous deficiency symptoms often occurs when soils
contain less than 15 ppm available phosphorous (Sperow,

Singh and Uriyo found the phosphorous critical1975).
level to be 25 ppm for maize in Morogoro, Tanzania. Thus,
high crop production in this part of the SUA farm requires
the application of phosphorous in the form and fertilizer.

4.1.5 Exchangeable potassium
The exchangeable potassium data is given in Table 1. It

Doll (1973)
reported a critical concentration of potassium of 0.22

the soils studied inme/lOOg for most field crops. Thus,
the central part of SUA farm contain adequate potassium

and Lucasranged from 0.48-1.64 me/lOOg.
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levels. soils of Morogoro district, Shelukindo
(1992) reported potassium levels of 0.59 to 1.79 me/lOOg
while in Iringa district, Akehurst and Sreedharn (1966)
and Semoka et al. (1981) reported potassium ranges of 0.04
to 0.50 and 0.09 to 0.20 me/lOOg, respectively.

4.1.6 Exchangeable calcium
The exchangeable calcium levels ranged from 0.37 to 1.98
me/lOOg (Table 1). Chapman (1973) reported that soils with
pH 5.0 or lower are likely to be deficient in calcium. In

(1970) reported that' 0.4 me
exchangeable calcium/lOOg were inadequate for nutrition of

field Since soils studied hadmost mostcrops.
exchangeable calcium value greater than 0.4 me/lOOg and pH

soilsbe concluded that the
contain adequate levels of exchangeable calcium for crop
production.

4.1.7 Exchangeable sodium
Exchangeable sodium ranged from 0.28-0.52 as presented in

categorized soilLandon (1984) exchangeableTable 1.
sodium as follows high (> 1) and low (< 1). Thus soils
studied recorded low levels of exchangeable sodium. But

levels interfere withthese expected to thenotare
nutrition of most field crops rendering the soils free

In some

Puerto Rico, Abrunal et al.

it canvalues above 5.0,
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from salinity hazards. Msolla (1991) reported exchangeable
sodium levels of 0.35-2.9 me/lOOg for some soils of Nzega
and Igunga districts while Shelukindo (1992) reported a

soils of Morogoro

4.1.8 Exchangeable magnesium
The data on the exchangeable magnesium are presented in

The exchangeable magnesium ranged from 1.3 5 toTable 1.
According to soilsLandon4.52 me/lOOg. (1984), the
in mediumthe level (0.5-4.0 me/lOOg).

Shelukindo (1992) reported exchangeable magnesium ranges
of 1.0-5.0 me/lOOg for soils of Morogoro district, while

soils of Igunga and Nzega districts.

4.1.9 Cation exchange capacity (CEC)
The cation exchange capacity ranged from 5.8-12.5 me/lOOg

Landon (1984) categorized CEC as follows verysoil.
high (> 40); high (25-40); medium (15-25); low (5-15) and
very low (< 5) . From the results (Table 1) , all the soils

The range obtained is a typical CEChad low CEC values.
range of sands and loamy sands.

The variations in soils properties as presented in Table
the findings1 of

district, Tanzania.
range of 0.22-2.69 me/lOOg for some

somehow confirm to

Msolla (1986) obtained a range of 0.19-4.28 me/lOOg for

Nzabhayanga and

studied were
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Mnkeni (1984) . inThe variations physico-chemical
properties indicate initial fertilitythat the and
productivity status of these soils are markedly different.
Such variations may be attributed to the nature of the
parent material, extent of weathering and mode of soil
formation.

Relative efficiency4.2 availableof forextractants
copper and zinc
4.2.1 Available copper
The amounts of copper extracted by 0.005M DTPA-TEA (pH

0. IM HC1 and double acid (0.05M HC1
The amounts of

copper extracted ranged from 0.47 to 2.02 ppm for 0.005M
DTPA-TEA, 1.78 to 6.81 ppm for 0.005M DTPA-AB, 0.20 to 2.6
ppm for 0. IN HC1 and 0.06 to 0.50 ppm for double acid
respectively. Thus on average, 0.005M DTPA-AB extracted

0.1N HC1 whilecopper followed by 0.005M DTPA-TEA,more
double acid extracted the least.

Similar trends in the amount of copper extracted by these
extractants have been reported by other workers. Singh et

(1986) using alluvial soils, reported that the averageal.
extractable copper values for 0.005M DTPA and 0 . IM HC1

7.3), 0.005M DTPA-AB,
+ 0.0125M H2SO4) are as given in Table 2.
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Table 2.The amounts of available copper extracted by different extractants.

Soil available copper (ppm)

0.005M 0.005M 0.05M HCI +

Soil 0.0125M H2SO4DTPA-TEA DTPA-AB 0. IM HCI

0.39HO 1.18 3.06 1.28
0.39P 1.571.22 4.15
0.50HO 2.602.02 6.81
0.080.81UV 1.28 4.28
0.060.252.26UM 1.40
0.180.931.76 3.40HU
0.361.344.12UV 1.14
0.210.532.770.50ET
0.130.201.78PO 0.47
0.411.513.51UT 1.13
0.481.453.351.02PU
0.401.133.311.90RT

0.06 - 0.500.20 - 2.601.78-6.811.13-2.02RANGE:
0.301.133.551.25MEAN:
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soils Kaira district,of India,
(1961) reported that the average values of 0.005M DTPA and

probable reason for the higher amounts of available copper
extracted by chelates was due to their ability to react
with metal ions in solution. These metal ions form soluble
complexes which reduced the ability of the free metal ions

release more metal ions into the solution (Lindsay, 1972) .

The above observations are contrary to those observed by
(1980) who observed that 0. IM HC1 extracted moreKamasho

copper than DTPA. Martens and Chester (1967) attributed
this to the ability of HC1 to extract some organic-bound

available Theto plants.copper which is usually not
average organic carbon in soils of the central part of SUA
farm is 1.57% (Table 1) and lower than the 3.44% for soils
of Mbeya district as reported by Kamasho (1980) . Based on
such observations it appears that available copper from
the soils of the central part of SUA farm is extracted

and various copper complexes and
smaller quantities from organic matter which is very low.

were 1.10 and 0.61 ppm, respectively. Working with some

in solution. This reaction cause labile solid phases to

0 . IN HC1 extractable copper were 3.52 and 1.5 ppm. The

chiefly from adsorbed Cu2+

Neelkantan and Mehta
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When compared to soils from other areas, the soils from
the central of contain relatively lowfarmSUApart

availableof In Spain Macias (1972),amounts copper.
reported that the mean copper concentration was 3.20 ppm
for the 0.1M HC1 extractant. Martens and Chester (1967) in
Virginia reported that the average 0.IM HC1 extractable
copper was 1.29 ppm. In view of this, the soils of central
part of SUA farm appear to be inherently low in copper

the
parent material from which the soils formed. Inwere
addition, continuous cultivation and the coarse texture of
the soil may have aggravated the problem.

4.2.2 Available zinc
the soils by thezinc fourlevels ofThe extractable

presented in Table The3. ofamountsextractants are
available zinc extracted by 0.1M HC1 ranged from 1.34-4.72
ppm, that by double acid ranged from 0.56-3.38 ppm, that
by DTPA-TEA ranged from 0.56-2.25 ppm and from 0.46-2.36

The average values obtained by thesefor DTPA-AB.ppm
0.1M HC1,for 1.622.12 forextractants ppmwere ppm

double acid, 1.19 ppm for DTPA-TEA and 1.03 ppm for DTPA-
AB. Thus on average, the relative efficiencies of the four

in the order: 0.1M HC1 0.005Mextractants were >

HC1+0.0125M H2SO4 > DTPA-TEA > DTPA-AB. The trends of these

content probably due to the low copper content of



57
Table 3. The amounts of available zinc extracted by different extractants.

Soil available zinc (ppm)

0.005M 0.005M 0.05M HC1 +

Soil 0.0125MH2SO,DTPA-TEA DTPA-AB 0.1MHC1

HO 0.960.99 0.95 1.38
P 1.15 1.03 1.291.78

1.54HO 2.361.24 1.21
0.56UV 0.56 0.46 1.39

2.36 3.484.72UM 2.25
2.411.20 3.38HU 1.50
1.661.890.891.09UV
1.240.83 1.341.07ET
1.480.90 1.75PO 1.12
1.592.100.901.06UT
1.361.590.710.92PU
1.831.710.911.32RT

0.56 - 3.480.46 - 2.36 1.34-4.720.56 - 2.25RANGE:
1.622.121.031.19MEAN:
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Alley et al (1972) for some soils of USA. They found the
amounts of zinc extracted decreased in the order : 0. 05M

> 0.1M HC1 > DTPA.

Further, Singh and Takkar (1981) found that the order of
0. 05M0. 005Mthe decreased DTPAextractants >as

> 0.1M HC1. Banda and Singh (1989) found
extractable zinc to decrease in the order 0.1M HC1 > IN
NH4OAC >DTPA for soils of high rainfall areas of Zambia.
Kamasho (1980) reported that 0.IM HC1 extracted more zinc

soils of Morogoro, Nzabhayanga and Mnkeni (1989) reported
zinc than DTPA and EDTA inthat 0.IM HC1 extracted more

the soils studied.

obtained with acidichigher valuesrelativelyThe
extractants compared to the chelating agents were due to
the ability of acids to acidify the soil and in this way

release organically bound zincsoilthe to
(Lindsay and Norvell, 1978) whereasduring extraction

chelates keep the pH close to that of the soil.

the observations made in this study are contraryHowever,
to studies reported by Osiname et al. (1973) who reported

HC1+0.0125M H2SO4

HC1 + 0.0125M H2SO4

results are not very different from those reported by

may cause

followed by 0.05M EDTA while DTPA was the last. In some
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that 0.005M zincextracted than 0.1M HC1DTPA more

The possible explanationextractant. provided bywas
Lindsay (1972) who said that chelating agents combine with

Zn2++ ZnLln'21'
where L represents the chelating ligand and n the negative
charge of free ligand. During the reaction, chelating zinc
accumulates in solution as the chelating agent combines

with Zn2+, to be released from the labile
solid pool.

The mean available zinc of the soils of the central part
of SUA farm is relatively low compared to the values from

In Spain, Macias using 0.1M HC1(1973)other areas.
zinc.extractableobtained of 5.70average ppman

Nzabhayanga and Mnkeni (1989) in some soils of Morogoro
observed that the mean available zinc extracted by 0. IM
HC1 was 4.26 ppm. Kanehiro and Sherma (1967) observed an
average of 4.5 ppm available zinc using 0. IM HC1
extractant.

The differences in the trends of available zinc extracted
by the four extractants from the above discussion could be

differences in physico-chemicalsoilsattributed to
properties such as soil pH, organic carbon and texture.
Differences in amounts extracted by different extractants

associated withmight also be the differences in the

causing more Zn2+

as an

free Zn2+ according to the reaction:
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expected to dissolve different forms of zinc in the soil
differently.

4.3 Glasshouse experiment
4.3.1 Response of beans to zinc and copper application
4.3.1.1 Beans response to zinc application

matter response to zinc application are presented in Table
zincin overall,that,data Table show4. The 4

application increased the dry matter yield significantly.
The dry matter yield of the zinc control pots ranged from
3.0 to 4.0 g/pot compared with 4.0 to 6.0 g/pot in the
zinc treated soils. The dry matter response in percentage

The highest37.67%.Zn/Kg range toat
zincyield result ofin dry matter as aresponse

application was observed between the control and 5 ppm as
compared with those between control and 2.5 ppm and also
between control and 10 ppm. The mean percentage responses

34 and 35%, respectively.between these levels were 52,

it is evident thatFrom the data presented in Table 4,
positive-significant zincthere toresponsewere

application in soils planted with beans. Addition of 2.5
mg Zn/kg increased the dry matter yield by 40 and 28% for
Oxic Haplustult and Typic Rhodustult soils,

extractants in zinc extracting power. The extractants are

from 34

Results for dry matter yield of beans and percent dry

10 mg
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and 10 mg Zn/Kg increased positively the dry matter yield
by 70 and 33% and by 34 and 37% for Oxic Haplustult and
Typic Rhodustult.

Positive responses to zinc application observed in these
soils could be due to the fact that these soils had low

zincextractable (Table 2) comparedDTPA-TEA theto
critical level for this extractant of 1.95 ppm established
by Shelukindo (1992) for soils of Morogoro. The results
obtained in this study confirm to those obtained by Singh
and Steenberg (1974). Singh (1986) fertilized seventeen
soils which had less than 0.54 ppm DTPA extractable zinc
with zinc fertilizer. He reported that in all the soils,
beans responded to zinc application and the mean responses
was 70% at 10 Kg Zn/ha. Mhosole (1995) in Mufindi district
observed a positive response in tea yields as a result of

application in soils with less than 1.77zinc ppm DTPA
inFurther, of Morogoro,

Tanzania, Shelukindo (1992) reported an increase in yields
of rice and maize as a result of zinc fertilization in
soils testing less than 1.95 ppm.

In view of the above, the soils studied contained marginal
levels of zinc, and as such addition of zinc to such soils
significantly increased the dry matter yield of beans.

respectively. Further increase in the rate of zinc to 5

extractable zinc. some soils
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4.3.1.2 Zinc concentration in bean shoots and zinc uptake
The zinc concentrations in shootsand uptake bean
harvested 30 days after germination are as presented in
Table 5. zincValues theshow that both
concentrations in zinc respondedshoots and uptake
significantly to the zinc levels applied and that there
was a significant increase in both the zinc concentrations
and uptake at 2.5 ppm, 5 ppm and 10 ppm over
control. The increase was expected because the plants had
more available zinc at their root It was probablyzone.
easy for the plant roots to absorb the zinc applied.

The zinc uptake by plants grown in Oxic Haplustult soil
lower than that from Typic Rhodustult soil. Their meanwas

The(Table 5) .pg/pot and 178 pg/pot137uptake were
difference might be attributed to the differences in the
physical and chemical properties of the soils (Table 1) .
The Oxic Haplustult soil had a relatively higher pH and

Typic soil,Rhodustultthethansandy loam texture
characters prone to zinc deficiency (Lindsay, 1972) .

the zinc

in Table 5
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Several other workers have also noted an increase in zinc
concentration and uptake upon zinc application. Singh
(1986) found that
sulphate applied resulted in a progressive
zinc content of beans, the same to zinc uptake. Singh and
Abrol (1985) observed that zinc application significantly

zinc zincand therebyextractable
uptake by rice over the zinc control. Other workers like

reportedShelukindo (1968)(1992)
the zincsimilar observations in different areas. However,

concentrations in bean shoots observed in this study were
than 20 ppm which is the sufficient range for mostmore

field crops (Jones, 1972).

4.3.2.1 Beans response to copper application
the effect of copper application on dry

matter yield and percent dry matter yield response. The
dry matter yield was 2.7 and 3.7 g/pot in control pots and
it ranged from 3.4 to 4.8 g/pot in copper treated soils.
The response of bean plants to added copper varied between

Significant positive responses ofthe two soils tested.
bean plants were observed in the oxic haplustult soil.
Addition of 2.5 mg Cu/Kg increased the dry matter yield by
41% in this soil. Increasing the rates of copper to 5 and
10 mg Cu/Kg caused a substantial increase in dry matter

increase in

Table 6 shows

increased the DTPA

and Wear and Evans

every increase in the dose of zinc
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yield by 54 and 76%. These results indicated that this
soil (Oxic Haplustult) can benefit from copper application

demand attributed soilotherto
properties such as soil texture (clay content), presence

ions. (Oxic
Haplustult and Typic Rhodustult) , the Oxic Haplustult soil
had a relatively lower DTPA-TEA extractable copper (1.2
ppm) compared to 1.90 ppm for typic rhodustult soil. This
difference in the amounts of extracted copper could also
partly explain the observed positive response of beans to
copper application.

Positive responses of crops to copper application has been
reported elsewhere. Bridger et al. (1962) reported that
yields of beans,
copper application.
(1980) observed that application of copper increased both
dry matter and grain yield of wheat substantially. Mkangwa
(1992) working with some soils of Iringa district reported

increased bythat
application of copper in the soils studied.

of Ca2+ and Mg2+

for sustainable higher crop production. Since this soil

sorghum and turnips increased due to

has a pH value of less than 7.0, Table 1, the increased

the dry matter yield of maize was

Of the two soils studied

for copper might be

In Mbeya district Tanzania, Kamasho
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Non-significant negative response to copper application

soil. this soil,was In
application of 2.5 mg Cu/Kg to this soil resulted in dry
matter yield decrease by 1.7%. Further application of 5
and 10 mg Cu/Kg resulted in even greater reductions in dry

of respectively.5.4 andmatter 7.8% These results
indicated that the soil had adequate initial amounts of

and additionsthat further ofcopper copper was
detrimental This soilthe hadto DTPA-TEAcrop. a
extractable copper of 1.90 ppm (Table 3)
than the critical level of 1.20 ppm for this extractant
(Gough al., 1980), hence theet toresponse copper
application in this soil was not expected. Further more,
the Typic Rhodustult soil had a low acidic pH value (5.3) ,
at such pH value copper solubility and availability may
have been so high to the extent that further additions of
the element caused a decrease in dry matter yield.

Lack of response to copper application has been reported
Makarim and Cox (1983) reported thatby other workers.

application in soilsmaize didnt respond to copper
(1981) noted lack of response in

tobacco as a result of copper fertilization in some soils
In soils of Saskatchewan,Tanzania.of Iringa, Canada,

(1985) reported that thereKruger et al.

a result of copper application in
was no increase

which is more

in yield of wheat as

studied. Semoka et al.

observed in Typic Rhodustult
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soils with copper concentration which ranged from 0.20-
0.40 ppm DTPA extractable copper.

4.3.2.2 Copper concentration in bean shoots and copper
uptake
Copper concentration in bean shoots and copper uptake in
bean shoots which were harvested 3 0 days after germination
as influenced by copper application are presented in Table
7. Copper content of bean shoots in the controls were 8.0
and 10.8 ppm while those in copper-treated soils ranged

The application of copper at 2.5from 10.8 to 13.9 ppm.
and 5 mg Cu/Kg increased both copper concentration in bean

significantly.shoots and uptake The average copper
Concentration in bean shoots increased from 9.4 ppm in the
control to 13.3 ppm in copper treated soils. The copper
uptake by bean plants in controls were 29.2 and 29.6 pg,

from 39 to 65 pg respectively.

had copper concentration higher than 5 ppm, which is the
lower value of copper sufficiency range
(Jones, 1972), and can therefore be considered to contain
adequate amounts of copper for crop growth.

as compared to that in copper-treated soils which ranged

for most crops

Thus, in view of the above, bean shoots from both soils



70

V-)

C3

oo
CM

O

CM

CQ
CO

O\

S

cn
oo

xq 
cm

r"j
O 
<n

oo
O

CM
CM

C\ 
ox 
CM

xr 
^r

-a 
00
o

C3 
m 
ox 
m

-O 
oo 
o

£ 
ex 
CL 

*n 
CM

o 
oo

»n

a 
xo
ex 
cn

Q <n

X) 
xq 
ci 
CM

£ 
ex ex 
in 
cm’

£
ex ex 

«n

CM
Cx 
CM

O xq

E 
ex ex o

E 
ex ex 
o

E 
ex ex 
o

E 
ex 
ex 
o

£ 
ex 
ex 
in

X)

Ox

co 
Ox 
C*S

s' 
ex 
ex
a o
3 s
Q 
U

o 
O
3 
O

a 
o 
E Uf 
C

rn

a 
O
oo

jj
oo
tT 
\O

a

-e-
3 
o

CL 
3
3 o

S z 
Q
To 

£ a 
§

C£

§
Qs

c 
j3 
"cl
E 
rt 
o

-fi*
<w

a ex 
3

TJ 
C 
w 

o o 
JS

w>

.=
c 
.2
a 
b 
c 
Q

C g
Q 
CL 
ex 
o u

Z

.2- 

s 
£ o 
Z 
§ 
o

3 
Q
o

"E 
o 
o

in 
o 
o
V 
ex *»✓ 

i
•6

I o 
5 ’E 
.E? ‘55

c 

2 
C3

U 

5
V 
E 
CO 
V3 

o 
•S
>»

"8

£ 
o 
o 
S 
a 
’-O

O 

c 
‘•s

c 
3 
S

s
s 8 

c 
o o

.2 
ex s r>^ -o 
H o

«
i s.3

siO g.
K



71

4.4 Selection for suitability of extractants tested

4.4.1 Zinc
Results in Table 8 show the correlation coefficients ('r')
between zinc extracted by different extractants and plant
parameters. The plant parameters involved were dry matter
yield (g/pot), zinc leaf concentration in plants (ppm) and
zinc uptake (pg/pot).

Results show that of the four tested forextractants
suitability, 0.005M DTPA-TEA was highly and significantly
correlated with the plant parameters. The correlation
coefficients ('r') were 0.96 and 0.75, 0.72, and 0.86 and
0.76 for dry matter yield,
Zinc uptake. 0.1M HC1 the second by also showingcame

withcorrelation plantsignificant Theparameters.
correlation coefficients with this extractant were 0.84
and 0.68 for dry matter yield and 0.72 for zinc uptake.

0.005M DTPA-TEA was highly correlated with plantSince
then it is suggested that this is the mostparameters,

suitable zinc extractant for these soils. In addition to
this, could alternative0. IM HC1 methodserve as an
because it was also significantly correlated with plant

resultsThese further thatparameters. thesesuggest
(0.005M DTPA-TEA and 0. IM HC1) extract zincextractants

zinc leaf concentration and
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from the same pool as the plant. The 0.005M DTPA-AB and
double acid did significantextractants shownot

correlation with any plant parameter. These extractants
are not suitable extractants in these soils because they
probably dissolve water-insoluble carbonates and extract
unavailable zinc.

suitabilityThe of 0.005M and HC10.1MDTPA-TEA
to estimate the available fraction of zincextractants

from the soil has been reported by other workers as well.
In Igunga and Nzega districts of Tabora, Tanzania, Msolla

positively and(1991) reported that 0.005M DTPA was
withsignificantly correlated plant Theparameters.

correlation coefficients were DMY ('r' zinc leaf=0.95),
concentration ('r' = 0.73) and plant uptake ('r' = 0.82).

soils of MorogoroShelukindo (1992)
fourTanzania, observed that of the used,extractants

found to be the most suitable for0.005M DTPA-TEA was
in soils. obtainedavailable zinc theassessing He

correlation coefficient ('r') with plant uptake of 0.56.
and Sakar al (1984) has(1977) alsoCox and Wear et

reported the suitability of 0.005M DTPA-TEA extractant.
Mkangwa (1992) and Nzabhayanga and Mnkeni (1989) reported

Iringa and Morogoro district, Tanzania.
that 0.1N HC1 extractant was suitable in some soils of

working with some
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Singh and Takkar pointed(1981) that hightheout
correlation value of DTPA with plant parameters is due to
the fact that zinc extraction by this extractant was least
affected by soil properties such as soil pH and CaCO The'3-

is that the pH thisof beenhasextractantreason
carefully selected and controlled. This prevents gross
destruction acid mineralssoilof soluble such as
carbonates and oxides especially in calcareous soils which
may release occluded zinc which is normally not accessible
for use by plants.

4.4.2 Copper
The correlation coefficients between copper extracted by
different extractants and plant parameters are presented

testedof thein Table 9. extractantsNone gave
significant correlation with any of the plant parameter,
suggesting that none of the extractants tested extracted

This indicatescopper which was related to plant growth.
didtested adequatelyfour notthat the extractants

reflect the ability of the soil to supply copper under the
inprevailed glasshousetheconditions that pot

experiment.
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Unsuitability of the extractants tested to estimate the
available fraction of also beencopper
reported by other workers In Mbeya district
Tanzania, significantKamasho (1980) reported a non
correlation coefficient ('r' = 0.28) value with respect to
0.1M HCl-extrac table copper and dry matter yield of wheat.
Singh et al. in India, reported non significant(1986)
correlation coefficients with respect to 0.005M DTPA and

yield ofdryHCl-extractable0.1M mattercopper on
barley. The correlation coefficients ('r') were 0.22 and

respectively.HC1for and0.10 InextractantsDTPA
Virginia, Martens and Chester (1967) working with 16 soil
series reported that there was no correlation between 0. IM
HCl-extractable copper and copper uptake ('r' = 0.55) by

reported non significantHaq and Miller (1972)oats.
multiple regression correlation (R2) between tissue copper

additional screeningwork forthatresults suggest a
suitable extractant for copper is required.

4.5 Zinc and copper status of the soils of the central
part of SUA farm
4.5.1 Zinc

tested are presented in Table 3. The values ranged from
zinc of the twelve soilsData for DTPA-TEA extractable

as well.
from soil has

concentration and DTPA (0.32) extractable copper. These
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0.56 to 2.25 ppm with an average of 1.19 ppm. On the basis

criticalof concentration of 1.95 ppm established by
Shelukindo (1992), the soiltwelve samples from the
central part of SUA farm were divided into two categories.
Soils 1.95 zinc were
ranked as low in zinc whereas those with > 1.95 ppm DTPA-

zincextractable and thusDTPA-TEA expected towere
respond to zinc fertilization. Only one soil had DTPA-TEA

zinc suggesting littleextractable >1.95 ppm, or no
likelihood of response to zinc fertilization. This soil

thus categorized as having high zinc fertility.was

The poor zinc status in these soils emanated probably from
the parent material from which the soil were developed.
Trace element content of a soil is largely dependent on
the rocks from which the parent material was derived. The
parent materials of Morogoro district consists mainly of
deeply weathered granite and old alluvium (calcareous).

liable zincmaterials theseof types toParent are
deficiency problems according to Mengel and Kirkby (1987);
Mikkelsen and Kuo (1977) . They indicate zinc rich minerals
to be augite, hornblende and biotite.

soils i.e 92% of all the soils tested contained < 1.95 ppm
TEA extractable zinc were ranked as high in zinc. Eleven

ppm DTPA-TEA extractablewith <
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4.5.2 Copper
Data for 0.005M DTPA-TEA, 0 . IM HC1 and0.005M DTPA-AB,
double acid (0.05M HC1 + 0.0125M H2SO.) extractable copper

The 0.005M DTPA-TEA extractable
copper ranged from 0.47 to 2.02 ppm with average ofan
1.25 ppm, 0.005M DTPA-AB ranged from 1.78 to 6.81 ppm with
an average of 3.55 ppm, 0.1M HC1 ranged from 0.20 to 2.60
ppm with an average of 1.13 ppm while that of double acid
ranged from 0.06 to 0.50 ppm averaging 0.30 ppm. None of

suitable for thefound bethese toextractant was
assessment of copper status in the soils of the central

criticalreliableand hencefarmof SUApart a
concentration for these soils could not be pointed out. In

fertility­delineation ofthis, theview of copper
categories was not possible.

are given in Table 2.
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5.0 CONCLUSION AND RECOMMENDATIONS.

This study involved greenhouse experiments coupled with
soil analysis of samples from the study area. A total of
12 soil samples were collected from selected areas in the
central part of the SUA farm from the plough layer (0-20
Cm) . Two soils namely Oxic Haplustult and Typic Rhodustult
were used for glasshouse studies for each element (zinc

Four treatments were tested for both zinc andtest crop.
copper trials. The objectives of this experiment were to

zincstudy the (effect) of andresponse copper
applications on bean growth. This experiment was also used

suitable zincfor andextractantto copperscreen a

extracted using four extractants which were
for suitability. These 0.005Mtested extractants were

0.005M DTPA-AB (pH 7.3), 0.1M HC1 andDTPA-TEA (pH 7.3),
double acid 0.0125M H2SO4) and the results

correlated with plant parameters (dry matter yield,were
tissue concentration and uptake).

zinc application generallyindicated thatresultsThe
dry matter yields in both soils.increased bean The
significant if comparedincreases to dry matterwere

the controls. Copper application increased theyields of

soils were

(0.05M HC1 +

and copper) and common beans (Phaseolus vulgaris) as the

availability to crops. Available zinc and copper in the
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bean dry matter yields in one soil (Oxic Haplustult) where
there were positive response to copper application. But
negative response (decrease were
observed in Typic Rhodustult soil.

The zinc concentrations in bean shoots were significantly
increased by the application of zinc and ranged from 28 to

soils. zinctreated Also uptake by bean plants was
significantly increased by zinc application with a range
of to 222

Similarly,in zinc soils.treatedpg/pot copper
concentrations in shoots and the uptake by beans increased
significantly. The copper concentration ranged from 8.0 to
10.8 ppm in the controls and from 10.8 to 13.9 ppm in the
copper treated soils. The uptake was 29.2 and 29.6 pg/pot
in

The tissue zinc and copper concentrationstreated soils.
rather high and above concentrationwere

reported in the literature.

Among the four extractants tested, 0.005M DTPA-TEA was the
soilszinc for thesuitable underextractant

Zinc thisextractedinvestigation. by method gave
significant correlations with dry matter yields, tissue

in dry matter yield)

90 and 123 pg/pot in controls and from 137

concentrations and plant uptake. 0.IM HC1 was ranked the

3 0 ppm in controls and from 31 to 37 ppm in the zinc

the controls and from 39.3 to 64.8 pg/pot in copper

the critical



81
second after correlating significantly with dry matter
yields and zinc uptake. the critical
concentration of 1.95 ppm established by Shelukindo (1992)
for this extractant, 11 of the soils in the study area
were ranked as low in zinc fertility and 1 soil was ranked
as high in zinc fertility. However, it was not possible to
delineate soil fertility categories for copper since no
suitable copper extraction method was found.

following conclusions may be made in view of theThe
results of these investigations :

The 0.005M DTPA-TEA extractant was most suitable for(1)
availability in the

The 0 . IM HC1 extractantcentral part of SUA farm.
it

followed closely the trend shown by DTPA- TEA.
A large portion of soils in the farm appeared to be(2)
deficient in zinc.

Soils in the central part of SUA farm are likely to(3)
but this needs tobenefit from zinc fertilization,

experimentationsfieldconfirmed with beforebe
realistic recommendations can be made.

Further screening of extractants for copper need to be(4)

study.
done, because no suitable method was found in this

assessing zinc

On the basis of

may serve as an alternative extractant since

the soils of
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the response of beans to zinc and

copper fertilization basing on field experimentation
is necessary.

(5) More research on
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7.0 APPENDICES

Appendix 1.0: SOIL PROFILE DESCRIPTIONS
Appendix 1.1: Profile no. 1.

Information on the site:I:
(a) Profile number: 1
(b) Higher category classification:

FAO: Dystric Nitosol.
USDA: Oxic Haplustult.

(c) Date of examination: 1st April, 1987.
(d) Location: UTM Zone 37 M CC 500428.
(e) Elevation: 524m
(f) Land form:

Physiographic position: gentle convex slope
Surrounding land form: Undulating.
Microtopography: Nil.

(g) Slope on which profile is sited: gentle (3-4%).
At the time of examination the land(h) Land use:

covered by tall grass (Hyparrhenia rufa) but itwas
previously undercultivation of maize and beans.was

(i) Climate: As described under section 3.1.4
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II: General information on the soil;

sediments of Uluguru mountains
(b) Drainage: Class 4-well drained.
(c) Moisture conditions in the profile: moist below
106cm.
(d) Depth of ground water table: below 152cm at all
times of the year.
(e) Presence of surface stones and rock outcrops:
none.

Evidence of erosion: none detected.(f)
Presence of salt or alkali:(g) none.

slight and confinedinfluence:(h) Human
plough layer.

Ill: Brief description of the profile.
topsoilDeep, well drained yellowish red with sandy clay
includeover clayey subsoil. Diagnostic horizons present

ochric A over an argillic B horizon.an

Profile descriptionIV:

slightly sticky, slightly plastic (wet), friablecrumb;
(moist) , hard (dry) , very frequent very fine and few fine

Ap 0-llcm Brown to dark brown (7.5YR 4/4) moist and brown 
(7.5YR 5/4) dry; sandy clay; moderate medium and coarse

(a) Parent material: Colluvial material from meta-

to the
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roots; abrupt, smooth boundary.

B21t ll-36cm Yellowish red (5YR 4/8) moist and yellowish
red (5YR 5/8) dry; clay; moderate fine subangular blocky;
slightly sticky, slightly plastic, friable moist), hard

common very fine and few fine tubular pores;(dry);
frequent very fine fine and few fine
boundary.

Yellowish red (5YR 5/8) moist and reddish
yellow 5YR 6/8) dry; clay; moderate fineangular blocky;

friableslightly plastic (wet);slightly sticky, very
(moist) , slightly hard (dry) ; many very fine and few fine

(0.5-1.Ocm); fewfew weathered gravelstubular pores;

gradual,termites burrows; wavy

boundary.

slightly sticky, slightly plastic (wet); friable (moist),
slightly hard (dry); many very fine and few fine tubular

B23t 82-153+cxn Yellowish red (5YR 6/8) moist and reddish 
yellow (5YR 6/8) dry; clay; moderate fine angular blocky;

B22t 36-82cm

roots; clear, wavy

pores; few weathered gravels, very few fine roots.

few very fine roots;
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Appendix 1.2 Profile number 12.
Information on the site:I:

Profile no.: 12(a)
Higher classification category:(b)
FAO: Dystric Nitosol
USDA: Typic Rhodustult
Date of examination: 11th April, 1987(c)
Location: UTM Zone 37 M CC 509443(d)
Elevation: 526m(e)

(f) Land form:
Physiographic position: Level plateau
Surrounding land form: almost flat
Microtopography: nil

(g) Slope on which profile is sited: Flat (< 1%)

cultivated with a good growing sorghum crop.was
(i) Climate: As described under section 3.1.4

II: General information on the soil
quartz-richPlagioclase andmaterial:(a)Parent

conditions inmoisture themeta-sediments. (b)
profile: dry throughout.
(c) Presence of surface stones and rock outcrops:
none.
(d) Evidence of erosion: none detected.

(h) Land use: At the time of examination the land
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(f) Human influence:
plough layer.

Ill: Brief description of the profile:
Deep, well drained, red with sandy clay loam topsoil
over sandy clayey subsoil.
horizon lying over argillic B horizon.

IV: Profile description.
(5YR 3/3) moist andAp 0-17cm Dark reddish brown

sandy clay loam;reddish dry;(5YR 4/3)brown
sticky,medium granular,andmoderate coarse

slightly plastic (wet), friable (moist), hard (dry);
fine and common medium inped tubular pores;many

frequent very fine and fine roots; abrup t, smooth
boundary.

(2.5YR 3/6)17-42cm Dark red
(2.5YR 4/6) dry; sandy clay; moderate medium angular
blocky; sticky, plastic (wet), friable (moist), hard
(dry), frequent fine roots; gradual smooth boundary.

B22t 42-100cm Red (2.5YR 4/6) moist and red (2.5YR
4.5/6) dry; sandy clay; moderate fine subangular

plastic friable (moist),sticky, (wet),blocky;

B21t

(e) Presence of salt or alkali: none.

There is an ochric A

moist and red

Slight and confined to the
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slightly hard medium(dry), fine fewandmany
tubular smoothfew fine abrupt,roots;pores;
boundary.

B23t 100-121cm Red (2.5YR 4/6) moist and red (2.5YR
4.5/6) dry; sandy clay; moderate fine subangular

(moist),friablesticky, plastic(wet),blocky;
slightly hard (dry); dominant angular quartz gravels
(l-3cm); abrupt, smooth boundary.

B24t 121-150cm+ Dark red (2.5YR 3/6) moist and red
fine subangularmoderatedry; clay;(2.5YR 4/6)

blocky, sticky, plastic (wet), friable (moist), hard
(dry) ; common very fine and fine tubular pores; very
few fine roots; abrupt, smooth boundary.


