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Abstract .

A land resources study was carried out in Lupilo and Tukuzi villages in sznga District. Two pedons
representing the villages were selected for the study to obtain data that are important for land
management. Standard soil and land resources survey procedures were employed. The results show
that the soils are very deep, well drained, red and dark reddish brown sandy clays to clays and classify
as Haplic Acrisol (Isohyperthermic, very deep, kaolinitic, Typic Rhodustult) at Lupilo and Ferric
Acrisol (Isohyperthermic, very deep, kaolinitic, Ustic Haplohumult) at Tukuzi. The structure is
generally poor for the two pedons. Bulk density values are low throughout Tt ukuzi pedon. Both pedons
have medium available water capacity and generally low soil fertility. The clay mineralogical
composition is dominantly kaolinitic with accessgry amounts of sesquioxides. These characteristics
are associated with poor soil conditions. The study shows that the two pedons represent fragile
ecosystems that require careful management. Due to poor chemical, mineralogical and physical
characteristics, the study recommends areas of further research. The commonly used tie-ridge (Ngolo) 3
cultivation system should be studied further to find out its contribution to soil fertility. The use of rock
phosphate as a P-fertilizer and as a possible liming material should be further investigated.
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conditions. A good data bank on soil properties
and related site characteristics is inevitable for
one to be able to advise both current and poten-
tial land users, on how to use the land in the
best possible way (Msanya et al., 1995a).
Proper site selection and characterization are
also basic to the success of agronomic expen—“
ments and to the effectiveness of extending re-
search results to a large number of farmers.
Recognizing this, a project named the
Miombo Woodland Agroecological Research
Project MWARP), was initiated and Mbinga
District was chosen as an area for research
aimed at various aspects of land management
representing the Miombo woodland environ-

ment of Tanzania. Two v111agc|:s i.e. Lupilo and

Introduction

Proper land management is crucial in.agri-
culture. Successful agriculture r?quires
good knowledge of land resources. The most
important factors affecting land management in
Tanzania include clearing and burning of vege-
tation, farming practices, topography and soil
characteristics. To understand these factors re-
search and field experimentation are required to _
generate data needed in the development of
land management technologies such as fertilizer
application and erosion control measures.
Many experiments on land management in
Tanzania have been carried out without proper
prior site characterization. For this reason the

results of such experiments cannot be extrapo-
lated to other areas with similar agro-ecological
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Tukuzi were selected for thfs study with the
broad aim of providing information on natural
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resources for technological and land manage-

“nent’ packages The spec1f1c objectrves of the

“stidy ‘weré: - " ¢ TR

1. to characterrze the soils of Lupilo and
Tukuzi villages in terms of their physrcal
chemical and mineralogical properties;

2. to classify the soils of the v1llages usmg in-

i ternat10nal systems adopted in Tanzama

3 to prov1de data that'Will be used for-the’de-
velopment of land- management technologres
such as fertilizer applrcatron ‘soil conserva-

" tion-and ithproved tillage practices. " ¥ " -

Materlals and Methods

T

Physrcal envrronment of the
study areas

+ « Both. study: sites-are. underlain by similar
-geological.formation ije. mixed intermediate
and mafic rocks (Geological Survéy. Depart-
-ment, 1956), and have similar temperature. re-
g1me (Mchau 1993) However, they represent
contrastmg agro- ecologrcal conditions. - o
Lupilo . o
Lupilo v1llage representlng the Rolling Hills

“is .located approxrmately at longrtude.

35?8 48.1" E and latitude 10°52’ 39.0" S. The:
area has been invaded for agriculture since the
last 15 years and is typified by a secondary
Miombo Woodland.- The prevailing vegetation

.+ species include Brachystegia spp., Parinari cu-j'.
ratelifolia, Uapaka kirikiana and Pterocarpus |

angolensts (Msanya et al., 1995b). The type of
agriculture being practiced in Lupilo and other
newly opened areas is ridge cultivation with
maize and beans, and slash and burn cultivation
system 1nvolvmg finger millet. The topography
is undulatmg to rolling with low to medium al-
titude ranging between 600 and 900 m above
-sea leyel. The’ ramfall is‘about 1000 mm per an-
num (Mchau 1993) T .
- 'F P R
'Tukuzr Boone .
Tukuzi village represents the steeply dis-
sected Matengo Htghlands and is located ap-
proximately:at Iongitude-34°57°28.4" E-and
latitude 11701°20.6" S, The area is intensively
cult1vated and the 0r1g1nal Mzombo vegetatlon
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has been cleared completely and replaced by
agrrculture The type of ‘agricultute being prac-
ticed"is &' tie- rrdge (Ngolo) cultivation system
(Kimato ef al -1995). The main crops grown
mclude maize, beans and wheat In some areas,
coffee under- Grevillea’ robusta is grown;-in
other parts where agrrculture is not feasible
Eucalyptus trees:are planted. The topography is
_rolling ‘to hilly with high altitude ranging be-
‘tweén- 1200 to 1500 m above sea. level. The
rainfall i§ about 1200 mm pér annum (Mchatu,
1993)

Field methods

Study sites were selected using existing soil
-information, aerial photo interpretation and
field observations on'both'landforms and soils.
Representatrve soil profile pits were excavated,
described and sampled following standard pro-
cedires (FAO, 1990; Munsell .Colour Com-
pany, 1975; Soil Survey Staff; 1951).

Laboratory methods .

Texture was determmed by pipette method
(Day, 1965). Bulk density and particle density
* were determined using a three-phases meter
model DIK-1120 (Daiki Rika Kogyo Co. Ltd.
J apan) Soil moisture character1st1cs were de-
termined using pressure. plate and membrane
apparatus (Klute, 1986).

.PH was measured at the ratio 1/2.5 soil-
water and soil-KCl. Organic carbon was deter-
mined by wet oxidation method (Nelson and
Sommers, 1982). Kjeldahl'method (Bremner
and Mulvaney, 1982) was used to determine to-
tal nitrogen. Phosphorus was extracted by Bray
and Kurtz-1 method (Bray and Kurtz, 1945)
and determined spectropliotometrically (Mur-
phy and Riley, 1962). Cation exchange capac-
ity (CEC) and exchangeable bases were ex-
tracted using neutral 1M NH40Ac (Thomas,
1982). Bases Ca® ¥, Mg**, Na*, and K*,
.displaced by NH4+ were. measured by atomic
,absorptron spectrophotometer Exchangeable
‘Al was determined using. unbuffered 1 M KCl1
(Hesse 1971). AT e 3
- Subsoil samples for,,clay mrneralogrcal
analysis were first. treated wrth 30%.H202 to
remove organic matter Samples were then
_shaken.oyemight in-an end- -over- end shaker



66 Pedon characteristics in Mbmga district
e [P

and to allow.thorough d1spersron l ml of lN
NaOH was added to each sample Soil suspen-
,srons were then. allowed to settle and at appro-
pr1ate time. mterval clay, samples were taken
and, mounted on glass slides for x-ray drffrac-
t10n analysis. X-ray d1ffractometer model Shr-
mazu XD-D1 was used for. analysrs X- -ray dif-
fracto grams were 1nterpreted manually using
standard guidelines .and books. (Brrndley and
Brown; 1980; Dixon and Weed, 1989). -

R
<

Soil classification and mterpreta-
tion

- Soils were classified upto level 2-soil unit
names according to FAO Classification (FAO,
11988) and up to family level according to
USDA Soil Taxonomy. (Soil Survey Staff,
1990)..Interpretation of both physical ; andt
chemical data was based on ‘standard guidelines
(EUROCONSULT, 1989; Msanya et al.,
1995).

cussed below.. C

KRN

relevant forgland management at the two sites
are presented in Tables 2, 3 and 4, and are dis-

i - . ras Teve e . FOEERN

Sorl structure T

‘In Luprlo pedon s011 structure of tops011
and. part of subs011 is weak. Structure of Tukuzr
pedon is weak throughout the pr0f11e Weak

\_structures are vulnerable to destructlon by till-

age which 1eads to compactxon and s011 erosion.

Bulk densrty

Bulk dens1t1es in Lup110 pedon vary from
1.11 to 1.41 g/cc. Accordmg to.Taylor et al.
(1966) such BD values can cause deleterlous ef-
fects of reducing air-filled poré space. In
Tukuzi pedon, BD values-are generally low
throughout the profile (ranging from 0.9 to
1.15 g/cc) and hence do not pose limitations.to
root penetration. However low values of BD

[ oL . ".:34‘.3

Table 1: Salient morphologlcal and diagnostic features of the studied sorls and thelr classrficatlon

Pedon Dragnosuc 0-t herDe P th. Mrueralogy Soil names
horizons diagnostic clxsses class’
v . features. -.* . . i\ . '
o - FAO - Unesco , UsDA Soil Taxonomy . . .
L. 7" Level-1 level-2 Order  Suborder _ Grealgroup _Subgroup Family
‘Lupilo  *ochric A Ustt ic Very deep Kaolinitic  Acrisol Haplic Ultisol ' Ustuit * Rhodultidt ‘T y p i ¢ Isohyperth
(ochric S M R , | ot [ Acrisol s - e Rhodustult  ermic, very
epipedon); isohyperth (ACh) T T deep,
*argillic emic STR “-+ - s - e 7 Lot O kaolinitic,
horizon) & . ) - Typ,ic
_ - R : T
Tukuzi -+ *ochric- A Ustic SMR; Very deep Kaolinitic  Acrisol Ferric Ultsa. .. "Humult ~ ~Haplohum :U-s.t i ¢ Isolrypetth
- (ochric isohyperth - . Acrisol . ) ut . Haplohum ermic, very
epipedon); ermic STR; (ACH o 4 ult - deep,
_argillic * ferric P e AR - oo " kaolinitic,
horizon).  properties; . ’ . . Ustiece
~ % ger-ier ) e oL v e L T Haplohum
properties s - L
(small . ’ b N .- :
. textural Lo o 1 o d ¢ s 3
) gradieut in " 5 -
- \-. .- *  the -B - <i-t ot . ! ‘- [ -
. . horizon)

"'termmology used pamcularly in the FAO—Unesc;o classrﬁcatron, those wrthout * are used in USDA System

*Results and D1scuss1on

-Both pedons are very deep, well drained,
-red and dark reddish brown sandy clays to
clays developed oit ¢olluvium derived from
mixed metamorphrc rocks. Tlie pedon’at
Tukuzi has & vety thick, dark ye110w1sh brown,
man—made tops011 Detailed classification of the
“two pédons is given in-Table 1. S

Important characteristics identified to' be

~ Con e : :
coupled wrth,weak tops011 structures are an ero-

1992). -

' i
{ .

sion hazard especially after; cultivation which

transforms the soil into dust that is difficult to
protect against wind erosion (Van Wambeke,

‘- O
, P Loy

rE

‘,Availat‘)“le' water cap'acityi R

Accordrng to Landon (1984) available
watér ¢apacity of both ‘pedots cin generally be
rated as medium for purposes of” 1rr1gatlonf

N



Table 2: Son;e_ [iilysi:_cal éh‘éfacteristicg ;)f the siudi;d"éoilé s
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Sample Mo is t_ Structure

- % Texture

Textural Silt/Clay B u 1 k Particle % Porosily % AWC A W C

and depth Munsell U class ralio density density (vol.) (mm/m)
, (o) soil eolour _ . .. e i e e e e e - - glee - glee . — -
‘e .+oSand . Silt. 4. Clay | . : L. - '
LUPILO N FEPI
ARO-10 7.5YR2 weak - 63 15 22 SCL 0.7 1.11. 2.60 51.3 12.5 119.6
(db) . -
BA10-25 5YR3/4 weak  §7 ™ 14" 'Y 39 ''scL 0.5 nd nd nd nd :
drb) . T
Btl 25-60 2.5YR3/4 moderate, S + . 13 36 sC 0.4 139 2.69.c 483 8.4
(drb) ' -
Bt2 60 - 2.5YR3/4 moderale | 43 . 12, 45 .. C..-. -03 nd nd nd nd.. .-
100 (drb) o
Bt3 100 - 25YR4/6 moderate 42 9 49 [ 0.2 1.41 2.67 41.2 14.7
155 ° (x) >
. 'IUKUZI . Ll -
ApO-25 lOYR4/4 weak 41 .- 16 - 43, ..C 0.4 0.90 278 61.6 74 144.5
oy o R S A .
Btl 25-70.10YR4/4 weak © 35 13 .7 52 <t 0.3 1.15 2.79 58.8 13.0
. L . a
"Bt2 70 - 2.5YR4/6 weak 31 12 . 57 c 0.2 1.08 2.81 61.6 18.7
300 0 @ e P . . oo . .
Bt3 130°- 2.5YR4/6 weak™ 214 S14 ES T C . 02 nd nd- - nd nd
180 @ . -

- *Bs(inated as the dlfference between water held at 10 kPa and that héld at 1500 kPa

nd = not estimated; db = dark brown; r = red; & = da:k red .1b = reddish brown, drb = dark reddlsh brow; yb = yellowish brown ;

C = clay; SCL = sandy clay loam. : . . el

ST
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Table 3: Some chemical properties of the studiedfs'oils

Horizon Sample pH, P oc, N | . C ‘Mg-+ K Na Al CECsoil C E C BS
depth " - Taaln .o v _dcay
(m) _ WO, KO  mghkg % % o cmol(#) amol(+ %
A e e T e e e - L fkg Ykg
.o - R .- cmol(+) / kg soil
Luemo = . L .. o 7
“ap”" o107 60 56 28 ° 18 C 02, 24 14 0.42 0.06 0.00 7.0 32 61
‘BA 10-25 32 CC.ds 200 T 0 W 007 1.3 0.7 0.33 0.04 <004 7.0 24 3
Bl ~ '25-60 S 42, 24 0.6 - "0.04 L6 0.6 0.49 0.07 0.4 “ 14 21 37
B2. ] .60-100, 53 . 45 12 0.4 - 003 -,18 12 . 033 0.08 0:11 8.8 20 .39
B3’ 100 -52 49, 04 0.2 0.2 L5 .12 0.67 0.6 0.00 9.6 20, 35
oeqsTiss 0 T w0 L ) C '
STUKUZE e - o g - , . .
CAp L. o/ 25, 53 . 4S Lo al 0.29 33 1.9 0.57 0.07 - 018  -14.6 33 4
Bi- [ 25- 70 47 4.0 0.1 1.0 007 07 0.1 0.30 0.08 0.41 10.6 20 11
B2 70-130 4.6 ‘42 0.1° 0.5- " 0.04 0.7 0.2 031, 0.08° 030 10.6 19 12 "
Bd [ f130. T4 0427 o 702 0.02 0.7 0.4 0.36 0.09 * 038 11.6 18 14
180 : .
) : [ ' . .-
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Table 4: Clay mineralogical data of subsoil clay samples of the studied soils

Pedon Diagnostic x-ray diffraction peaks . , ' _ .- Mineral spe.c:i.es:;‘ )
.and e %
S y 'appAr'oxi'i'nat'e;‘
.. s amounts L
LUPILO 7-2A, 4.4A, 3.6A - the peaks disappear after heating at 5500C ~ kaolinite (95%)
T T T 10A,5A,3.3A illite (5%)
4.85A° T gibbsite (tr) -
TUKUZI 7.2A, 4.4A, 3.6A - the peaks disappear afier heating at 5500C . kaolinte (74%) s
104, 5A, 3.37A illite (7%)
4.85A, 4374 " gibbsite (15%)
4.18A . .. peethite (4%) -
planning. y L trated in topsoil. Higher organi¢ matter ievels

Soil reaction and exchangeable
Aluminum

Soil reaction of both pedons is acid to very
acid. At Lupilo, pH values are slightly highef.
with topsoil being moderately acid. Acid pH

calls for soil management practices that will, _

prevent further acidification of the soils. Such
practices include liming and use of non-acidify-
ing fertilizers e.g. calcium ammonium nitrate
(CAN) in lieu of the commonly used sulphate
of ammonia (SA). Exchangeable Al was de-
tected in both soils, with relatively higher val-

ues in Tukuzi pedon. However, Al toxicity is ™~

currently. not a problem as the exchangeable Al
in both soils is less than the critical level of 2-3

cmol( +)/kg soil (Chapman, 1966) above. whlch -~
. +I'..pedons is low. Relatively high topsoil CEC-in

many crops are likely- to. suffer.

Available phosphorus - S

Available P ¢in be fated as high and me-
dium, respectively in the topsoils and in the
subsoils of Lupilo pedon; while it is low
throughout Tukuzi pedon. Phosphorus level
above 7 mg/kg is considered m1n1mum below
which P-deficiency symptoms are 11ke1y to oc-
cur in many crops. From the data it.can be in-
ferred that Tukuzi soil has a serious limitation
of P.

Organic matter and nitrogen:

Organic matter content is medium in topsoil
of Lupilo. It decreases with depth to low and
very low values in the subsoil. At Tukuzi or-
ganic matter content is very high and is concen-

in topsoil is attributable to Ngolo management
practlce This indicates that Ngolo system®of
land management is effective in improvement
of organic matter. Moreover, it has been seen
to be effective against soil erosion (Kunaro et
, 1995). However, apart from: organic mat-
‘-,;ter it does not contribute significantly to’ other
nutrients (Table 3).. e B
.. Total nitrogen_content-in-both Lupilo_and
Tukuzi is low and very low except in topsoil of
Tukuzi which has medium levels. C/N ratios
are medium indicating only moderate quality of
organic matter.

‘Cation exchange capacity (CEC)
" and exchangeable bases .

Except for topsoil of Tukuzi, CEC of both

Tukuzi pedon is most likely due to high. orgamc
- matter content of this section of pedon. Ex-
:‘changeable Ca can be rated as medium in both
pedons Exchangeable Mg levels are low to me-
"dium throughout Lupilo pedon, whereas in
Tukuzi they are medium in topsoil and-very
< low’ to low'in subsoil. At Lu\pllo exchangeable
Kis med1um in topsoil and low to médium. i in
- nsubsoil while in Tukuzi' K- levels :are medium in
- topsoil and low in snbsoﬂ. X
/

Nutrient balance

In terms ‘of nutrient balan(]:e Ca/Mg ratios
of 2 to 4 are considered favourable. Ca/Mg ra-
tios of most horizons of the two pedons are out-
side this range, indicating that there is a nutri-
ent imbalance in the soils. K/TEB (total ex-
changeable bases)ratios are above 2%/whlch is



said to be favourable for most Ltropical crops.

Base saturation (BS) values are loL “(less‘than
50%) throughout both: pedons-except.for topsoil
of Lupilo Wthh ‘ha§’ "2 BS'0f 69 %. BS in subsoil

6f Tukuzi pedon i$ exceedmgly“low reachmg"

‘a

levels as low;as llfA} in. some honzons Y

. o . Ky i
SR PN IR W,

SOil"clay'rﬁiﬁeralog)'f'"" R

Clay mmeralogrcal data aré summar1zed in

Table 4. Mineralogy. of Lup1lo pedon is pre-
dommantly kaolinitic, containing about 95%

kaolinite’and about 5% (illite."Some traces (less’

than" l%) of g1bbs1te were also identified in this
soil. Mineralogical composition of Tukuzi pe-
don is also prédominantly kaolinitic with about
74% kaolinite and accessory amounts of gibb-
site (15%), illite: (7%) and goethite (4%).

Dominance of kaolinite and Fe- and/or Al 0x-
ides-in-both pedons clearly points to advanced
stage of weathermg in the soils. Content of ox-

ides is higher in Tukuzi soil than in Lup1lo soil

indicating a relatively more advanced stage of
weathering in Tukuzi.: The mineralogical com-
position explains the low CEC of the soils.

Conclusions

The following concluding remarks can be
made about the studied pedons:

1. the two pedons are similar in some charac-
teristics i.e. they are both in advanced stage
of weathering as indicated by dominantly
kaolinitic clay mineralogy and low silt/clay
ratios; and available water capacity is me-
dium for both pedons;

2. phys1cal characteristics of Lupilo pedon do
not pose serious limitations for use and man-
agement, whereas.in Tukuzi pedon, low BD
values coupled with poor structure pose seri-
ous erosion hazard;

3. soil fertility of Tukuzi pedon is very low
(particularly in subsoil) as indicated by very
acid pH and very low levels of N and P;

4, tie-ridge (Ngolo) cultivation system has re-
sulted in improvement of OM and N content
in topsoil of Tukuzi pedon.

In view of the foregoing remarks on the two pe-

dons, the following. recommendations are

made:

1. due to low pH values, non-acidifying inor-

/
/
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gamc fert111zers should be’ preferred -Use of
rock phosphate m relatlon to its poss1ble de-
,r..acrdrfymg effects.should be investigated;
2:-further studies on Ngolo~cultivation system
“‘should be carried’out to: look into’ ways of
olINproving its. conmbutlon to.soil fertlhty, 3
3 due-to dominantly, kaol1n1t1c clay mineral-
_ ogy, P-fixing capacity- of the stud1ed soils
* should be determined to ass1st m develop-
“ment of fertlhzer-P recommendatlons

PR . . .
ite .
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