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Abstract 
As part of an interdisciplinary study on Sustainable Agriculture in Semiarid Areq.s (SASA) in 
south-central Tanzania, soils from five different locations were investigatedfor their mineralogical com­
position and physico-chemical characteristics in order to determine their resilience in relation to land 
use. The results of the inves~igation show tha,t soils developed in such areas on sediments of Holocene 
age to a certain extent are capable of retaining their chemicalfertiliry as long as low intensity agriculture 
is being practised. The content ofweatherable:minerals .in the quite silt-rich soils is so large that the 
weathering taking place, seems sufficient under the prevailing semiarid conditions to ensure adequate 
supply of plant nutrients for low intensity crop production with the exception of N, P and S. The sand and 
silt fractions contained substantial amounts of mica and plagioclase and smaller amounts of 
hornblende/pyroxene. In addition to kaolinite and iron oxides, the clay fraction contains illite and 
smaller amounts of other 2:1 layer silicate clay minerals. The extractable amount of P is low, although 
the P-retention is expected to be limited, as the content of P-fixing components is limited. In contrast, the 
soils in the area formed in situs on metamorphic rocks contain onlyquar:tz andyery small amounts of 
microcline and muscovite in the s{mdfraction. The siltfraction is high in quartz too besides having some 
kaolinite and gibbsite, The clay fraction of these soils is composed mainly of kaolinite with smaller 
amounts of Fe-ox ides and illite, Chemically, the capacity of these soils is so low that they will not to any 
degree release any plant nutrients by weatHering. The extractable P is also low in these soils, as the P 
present may be considered to be ,stronglyretained due to the mineralogical composition of these soils. 
Due to their content of stable micropeds the strongly weathered soils developed in situs are more porous 
than the less strongly weathered soils developed on the Holocene sediments. However, their available 
water holding capacity may be expected to be lower than that of the soils developed on the sediments, as 
such soils normally have a limited number of pores in which plant available water is stored 
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Introduction 

I n less advanced countries where '~ubsistence 
agriculture is commonly, practised (Sanchez 

et al., 1997) sustainable agriculture depends not 
only on the land use practices (Smaling and 
Braun, 1996), but also on the physico-chemical 
and biological propert\es of the so~l~, and their 
resilience as well (Gre~nland et al., 1994)._.--

• Corresponding author 

Subsistence agriculture, in which a vegeta­
tive fallow period is'a part, or where a portion 
of the land is devoted to perennial vegetation, 
results only in restricted plant nutrient depletion 
of the soil as 'long as the population pressure is 
limited. In that case, the fallow period or the 
area covered with perennial vegetation is suffi­
cient for the soil to regain its content of most of 
the plant nutrients removed by the cropping or 
lost by erosion during that period (Nye and 
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38 P.M. Jens et aI. 

Greenland, 1960; Andriasse, 1980). Certain 
plant nutrients, for instance K, Ca, and Mg 
(Andriasse, 1989; Mohr et aI., 1972) and micro 
nutrients (Aubert and Pindo, 1977; Cottenie et 
al., 1981), are removed from the soils. They 
may be replaced by weathering during the fal­
low period. Plant nutrients, such as S and to a 
smaller extent N, lost when the fallow vegeta­
tion is burned, may return to the soil in the pre­
cipitation and through particulate deposition. 
The main part of the N accumulated in the sO.il 
during the fallow period originate from the air 
and is fixed by N-fixing micro-organisms in the 
soil, either symbiotically by rhizobium, or by 
free living N-fixing organisms (Dommergues et 
al., 1984; Szott et aI., 1991). 

Most parent materials only contain small 
amounts of P (Liebau and Koritnig'; 1978) and 
almost no P is released by weathering in plant 
available form in well drained, strongly weath­
ered tropical soils. In spite of the strong reten­
(ion of P in most of such soils and the small 
amount of P added to the soil from the air in 
particulate form (Smaling and Braun, 1996), 
loss of P by leaching and in particulate form 
through erosion and burning over millenniums, 
has resulted in widespread P-deficiency in well 
drained soils of both the humid and semi-arid 
parts of the tropics under natural conditions. 
The main part of the small increase in P in 
plant-available form in well drained soils during 
the fallow period may be due to slow release of 
strongly retained P in the soil (Goedert, 1983) 
through the activity of mycorrhiza living in 
symbiosis with more deeply penetrating roots of 
some of the fallow vegetation (Hogberg, 1989; 
Sanchez et at., 1997). 

, Physically, vegetated fallow will over years 
\result in increase in soil organic matter ~ontent 
(Andriasse, 1989; Andriasse, 1980; Nye and 
Greenland, 1960): That, together with an in~ 
crease in more deeply penetrating roots of trees, 
brush, and other perennials, leads to imprqved 
structure and better porosity of the soil, im­
proved infiltration rate, higher hydraulic con­
ductivity and an increase in the available soil 
water storage capacity. 

With decreasing length of the fallow period 
and reduced growth of woody vegetation soil 
deterioration is a common feature of low inten­
sity flgriculture in the tropic's, as, it leads not 

only to plant nutrient exploitation but also to de­
cline in biological activity in the soil, declining 
soil porosity, and increasing soil erosion (Lal, 
1986). 

Biologically, the increase in organic matter, 
P, and other plant nutrients in available form by 
plant residue added to the soil during the fallow 
period result in an improved environment for 
.both soil fauna and micro-organisms (Yo'ung, 
1989) and thereby to improved chemical and 
physical conditions in soils. 

Presently, the increase in population in the 
Sub-Saharan Africa results in land use systems 
with little or no form for fallow. The result is 
that more plant nutrients are removed f~~m th~ 
soils than returned through farm manure, plant 

. and household residue, etc., and by application 
of fertilizers. This means, that much of the 
farming undertaken there today is not sustain­
able from the soil point of view, neither chemi­
cally, nor physically or biologically .. 

. The aim of the present study is t6 determine 
the role of the properties and the mineralogical 
composition of different soils in the semiarid 
parts of Tanzania on' the resilience of the soils 
and on the sustainability of the land use system: 
presently practised in those areas. 

The investigation is part of a broad~r study 
on sustainable agriculture in semiarid areas of 
Tanzania carried out in form of an interdisci­
plinary investigation involving both social, eco­
nomical, hydrological, and land use aspects, be­
sides soil characteristics r~ported in this paper. 

Materials and Methods 

Climate, physiography and 
materials 

The investigation was carried out on the 
soils located around the Mkulula, Ilambilola, 
Ikuwala, and Kipo,nzelo villages in the Iringa 
Region and near the Rujewa village in the 
.Mbeya Region of the south-central part of Tan­
zania. A total of nine soil profiles were de­
scribed and sampled. 

Climatically, the area is located in the 
semi-arid part of the country with a typical 
monomodal wet season. The annual rainfall 
varies from 400 - 550 mm in the RUj6wa -
Mkulula areas up to 700- 750 mmin the 
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IkUwala - Kiponzelo areas (URT/EEC, 1987). It 
seems least reliable in the areas where the rain­
fall is lowest. 

The origin of the parent material ,of the soils 
included in the study, varted substantially from 
site to site. The geomorphologi~al terms em­
ployed are based on the terminology presen~ed 
by Thomas (1996). 

The Mkulula soil has developed on a lower 
concave part of an alluvial fan from material 
originating from a gneiss and schist-rich meta­
morphic rock. 

The Ilambilola soils have been formed in si­
tus from gneiss and schist-rich metamorphic 
rocks on an old erosional surface. 

The Ikuwala soils are situated on a detrital 
pediment. The accumulated sediments, on 
which they are formed, originate from acid 
gneiss, phyllite, schists, and migmatite-rich 
metamorphic rocks. 

The soils, which are situated on an old 
eroded surface, have been formed in situs on 
saprolite originating from phyllite and 
schist-rich metamorphic rocks. 

Table 1: Location, elevation and climate of the soils. 

Resilience of semi-arid soils 39 

The Rujewa soils are formed on older and 
younger seliiments deposited in the main East­
ern Rift Valley north-east of the Rungwe volca­
nic compl{:x. The sediments are. both of volca­
nic and metamorphic rock origin. 

Certain other external features at the loca­
tion, such as elevation, rainfall and the tempera~ 
ture regime are summarized in Table 1. 

Table 2 contains the classification of the 
nine soils according to the Soil TaxonomySys­
tern (Soil Survey Staff, 1997) at family level. 

" 
Methods 

On field level, one soil sample was collected 
from each of the horizons recognized in two 
soil pits from each site, except at the Mkulula 
site where only one soil pit was sampled. 

In the laboratory the following analytical 
procedures were used: 

pHH20 was measured in a 1 :2.5 soil/water 
suspension. The organic C content was deter­
mined by dry combustion after removal of 
CaC03, in case this was expected to be present. 

Soil Location Elevation Rainfall Temperature regime 

Mkulula Ismani District' 

I1ambilola N and S Iringa District' 

Ikuwala NW and Centre tringa Distric' 

Kiponzelo NW and SE Iringa District' 

(m) 

1250-l300 

1390 

1370 

1740 

(mm) 

550-600 

600-700 

700-750 

700-800 

isohyperthermic 

isohyperthermic 

isohyperthermic 

hyperthermic 

BJlj,\;,w"~NW,,,!!:nq,.,S,I;:, .""":"",,,,,,,,,,B,llj\;w'!!:J2.i.§!,r,.i.£t: ...... ,,,,,,),9.19. ",,,,,,,,,;,,,,,,,,,,,,,,,,,,4,QQ~,,?.Q0 .""""""""isQhXp\;,r!h~,r,mic ,,,' 

lIringa Region, 2MbeyaRegion. 

Tabl~ 2: Classificatioq of the soils according to the Keys to Soil Taxonomy (Soil Survey Staff, 1997). 

SoiL' 
Mkulula 

I1ambilola N 
I1amb'i1ola S , 
Ikuwala NW 

Ikuwala Centre 

Kiponzelo NW 

Kiponzelo SE 

RujewaNW 

B,uj~w,!!:"S.E"" 

Typic Paleustalf, fine, mixed, isohyperthermic, semiactive 

Typic Kandiustalf; fine, kaolinitic, isohyperthermic 

Typic Kandiustalf, fine, kaolinitic, isohyperthermic 

Typic Haplustalf, fine loamy, mixed, isohyperth'ermic, 
subactive 

Kandic Paleustalf, fine, mixed, isohyperthermic 

Typic Kandiustox, fine, kaolinitic,. hyperthermic 

Aridic Kandiustalf, fine, kaolinitic, hyperthermic 

Typic Haplustalf, fine, mixed, isohyperthermic, semiactive 

, .. ,."",,,,,,,,,.,,., ... ,,,,.,,,,, ...... ,., .. ,.,.,""""""""" ... ,., , .. Iy.p.i.~"ll~.pIl..IsJ!!:!.f""f'i.I1,e, ,m,i,l'"\;,d,is~hyp~rth.~.r,m,j,c;:",,,~~m.j,l1:,c;:tiye. 
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40 P.M. Jens et aI. 

The P content was extracted by 0.5 M NaHC03 at pH 8.5 and determined bY' the ammonium molybdate-ascorbic 'acid method. In case of the Ilambilola, Ikuwala, and Kiponzelo soils the ex­changeable bases were extra:Cted bY' the NH40Acprocedure. In case of the MkUlula imd Rujewa,soils they were eXtracted,by the silver' thiourea procedure (ISRIC,.1993), using atomic absorption spectrophotometry (AAS) for mea­suring the contents of Ca and Mg' and flame emission spectrophotometry (FES) for measur­ing the contents of K and Na. The cation ex­change capacity (CEC) was determined by the ammonium acetate method at pH 7 in case of the IIambilola, Ikuwala', a:nd Kiponzelo 'soils and by the silver thiourea method buffered at pH 7'by NH40Ac (ISRIC: 1993) in case of the Mkulula and Rujewasoils. The particle size,dis­tribution was determined by the Andreasens pi­pette method in case of the Ikuwalaii,Ilambilola ' and Kiponzelo soils and by the particle size dis­tribution analysis centrifuge in case of the "Other' soilsf All·the above analyses; except for the sil­vet' thiourea eXtra:ction and the last one, were' carried out according to the methods described by M0berg et al. (1994), 
The content of free Al-Fe-oxides was deter­

mined by the sodium (DCB) method described by Mehra and Jackson (1960). 
Both the tqtal elem~ntal analysis (TEA), 

which was carried out on ammonium acetate 
saturated, DCB-treated clay fractions from 
which the organic matte~ was removed by H202 
treatment, and the mineralogical analysis of the 
sand and silt fractions were carried out accord­
ing to the methods described by M0berg et al. 
(1988), XRD was carried out on non-oriented, 
Ca-saturated silt, and clay samples, which had 
not been DCB-treated, and on DCB-treated, ori­
ehted Ca- and K -saturated clay samples. 

carried 'out, as no 1.4 nm diffraction peak was detected in any of the XRD analyses on the Clay fraction. 
The CEC 'of the clay fraction was both de­termined directly on the DCB-treated clay frac­tion by' Ca-saiuratiori by CaCh at pH 7 (in the following ihis value is called CECd) and indi_ rectly from the CECpH 7 of the soil after adjust_ ment for theCEC cifthe ~rganic matter (in the following this value is called CECc). The direct CEC determination DY Ca-satUra'tion was car­ried out as follows: After Ca-saturatioh arid re­moval of the Ca in the solution', the exchange_ able Ca wa's extracted by'washing with NH40Ac and thecontenf of Ca in 'the extract determined ~y AA~. ' 

',J 

Resul ts and Discussion' , , 

General characteristiCs ' 
! ,The results, ofthe general physico-chemical characteristics of some selected'horizons are presented in Table 3. Except for the strongly weathered Kiponzelo soil, the soils are slightly acidic to basic in reaction, The saline ,subsurface horizons of the Mkulula soil may be due to the semiarid climate and its location on a lower concave part of the alluvial fan below a mountain range with very shallow soils causing an influx of groundwater rich in dissolved cal­cium and magnesium, 

The organic matter content is low in all the soils except in the surface horizon of the Kiponzelo soils, to which manure had ,been ap­plied for a number of years. The high C-cont<:nt in the subsurface horizons of the Mkulula/s"oil may be due to incomplete removal of dol~mite prior to the determi~ation of organic C by dry . combustion. \ 
, The extractable P content is very low in all , I 

In case of the sand fraction, the XRD analy­sis was carried out on non-magnetic, pulverized sand. A Phillips XRD-unit equipped with. a Co-tube was used for all the XRD analysis. Be­
sides the use of XRD, magnetic separation and microscopic analysis were used for the mineral analysis of the sand fraction, All the mineralogi­
cal analyses were carried out las described by M0berg et al. (1988), except that Ca-saturation of the clay fraction was used'in stead of Mg-saturation and no glycerol treatment was 

the horizons of the spils investigated, except in ,the surface/horizons 'of the Kiponzelo soils and , in the upper horizoris of the Rujewa soils,. In - case of the Kiponzel6 soils, the higher content of P may, as in case 9f the higher organic mat­ter content, be due to applic'ation of manure' and of P-containing fertilizers in the past. 
In relation to sub,sistence farming, the amounts of exchangea/ble Ca and Mg in the hine soils may be considered to ,pe in the medium 
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:1:-, ,: .1.::,/ • ..J 

bl 3: Results of selected phy~i~o~c~!!!.11i~al' ~!I.l1lyses of.th~:s_oils, ,,;, '" r,ln '2 ';." ';r : ~ ) ~:;r:~ ;L~ :':- 0 

1a e __ , "1 cnit~ TfJ,:1..; ..-;~ ~r,.; -' ,;.~ ~~ _._,3 f "_';'~' !~ .. ;-.... ~ ;,r/:~ '!·:·:.::;-r ,.. 
Mg~:r,K'(' ~i'I)I!I,!:r;CE~',Sa.lld;_,-Sjlt;:,' ,',i ~laYi' ~ 1:1::;1 

Soil 
pHH20 C 

(%) (%) (mglkg) cmol(+)/kg , " n" ... ,,% ;--: .~ - L· ... ,~r::~~~ 

.2~!C - :!.:,:· ... __ lB( 

Mkulula 

Ap 

BII 
I 

BI21 

lIambilola N 

Ap 

BIoi 

Bema 

Jlambilola 5 

Ap 

BIoi 

Bl03 

Ikuwala NW 

Ap 

Blml 

BCm 

Ikuwala Centre 

Ap 

BI 

Cm3 

Kiponzelo NW 

Ap 

BI 

Bl02 

KiponzeJo SE 

Ap 

Blm 

Bl02 

Rujewa NW 

Ap 

BII 

C 

Rujewa,SE 

Ap 

Em 

Bmw 

BI 

c. 

8.2 

86 

88 

6.3 

5 I 

54 

58 

5.6 

59 

6.2 

65 

80 

6.2 

67 

80 

55 

54 

46 

60 

58 

50 

79 

76 

8 I 

73 

68 

69 

76 

r, 

041 

I 37 

I 78 

048 

056 

0.3.4 

065 

034 

087 

050 

037 

078 

034 

I 39 

052 

036 

I 40~ 

058 

034 • 

o 19 

090 
, ~ \ . 

050 

036 

.:~-.r ,.-;1 9:. ':., ",8.37 J 

'-:- 32 :'~'i. 22·9i; 

-, . 
q,q~ :.' 0"07,- _~ ,!)9 

",003.; '! 5 -{ri~2:i9:; 

. , 
,~, 

'006~;'2'S:"::' ,166:~ 

005 '991;':',"156 

'007 47,1:;1. 2.81 

~ ~.O 05 .• i O· 7 ':. ~'- .4":1 48: .: 

::f54"-' 

'U " :;; 

I, 006 ,"10;14 'o~, 6;3 c-. 

:'001 : '4 7~ 1 !';. 2_28; '"' 

<, ':; .. 'JO 

... ~, o~if';-:'iv4:" 'JO.85!L' 

~t004.i! io '/' ~'6~5s'P 

~91~; 063 

( ... ~ r ," .... : 'I 

o 13' I ~ .;' "j ii3 f 

003' 19.' .:ibio· 
002 ,: I j, ::,\.. (ut . 

42 
• ' '"':"1. r~ ..... 

71 . 
6;2 

, 4.9 

7 07\r ...3 

• 737 I,? 

,n 8 -1 

,756 

9 : 

819(i_.!.~078·; ~30.03 ._)79"'~8Jr:J~):I.6 ~_.:!:56-::( ~:J~-, 

14~O ,:0,60' {_0~6'::: 188":22;',: 29. :.[. 49Ci ~.!..i. 

084~ (- 030 • ~_O.03~~ (~j:2~:~ L81 :L -, 7 ::: 4;·12f~r:.\.·-'"?·_ . J 
2.24 r- 631 - '10:24 ~ 6~9""'-'" 40 .~ ~\6 .......... , ~S4· ... :. ~-' ,,' j~~:: 

I 30: _ (0 65"'" " 0 12::' ':1 4 i J"; ,74" 

2 48 : ~ 0.23'. # '003, i. \ 6:0';; ,'48 , ." 

322 

I 15 

I 86 

036 

o 15 

o 17 

031 

o 17 

! 
2.32 - '062 

448 024 

023 

(h'l. 
'-'.~ .. ~ 
PP", 

42 

30 

~ '* ~L . 
10 3 50 

I'" .~ 
._.i' 

165 .1.5 

256 o 08,. 0 2?,'.. 99 47 

226 076. 

246 ' 0 35 
J I 

263 .\: 020" 

432 031, 

2 08 0.07 

,006 
" , 
.0: _ ,,~ 1,0,4 

55 

,52 

0.07 • .... ~ : .. 176 ,?6 

8.6~; 50 

_,_.. _., , ...... .-,r •• 

'l6':... '_ 46'. __ ' . _11. .. h .. -' 

4 " 

18 

34 

25 

23 

17 

18 

31 

35 

54 

63 

, 
~ji ..I 

51 

28 

33 , 

)0 . 

_ 43 

'; 1 

- j • ; .'! t ..; 'i"' ~ .. ~ , • 

I These two horizons contained some poorly,'crystall ine calcite-dolomite;this'is no' doubt the reason for the high contents ofC, Ca 
and Mg. , .. j: . 

range, except in case of lh'e', soils, ~here the 
contents are low, and in th~ Mkulula soil, where 
the contents are in the"high';ange. ' - , 

',!' 'The excp,angeabl,e Kc'ontent irrthe soils is in 
the medium range. 'The amount o'fexchangeable 
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Na is low in all the soils, even in the Mkulula soil in preference to the layer silicate clay min­
soil, in spite of the salt accumulation ai'depth, '. .' 'erals theinselv'es, and (dHhatthe 'NH4 +, u'sed 

Taking into consideration the quite high con- for,saturation and buffering in case of the soil 
tent of clay in the subsurface horizons of mosi CEC deiermi'tiation, blocks 'some of,the ~x-
of these s,oils their _7 isJow",especially-in the -, change sites of the 2: 1 layer silicaw clay, miner­
Kiponzelo, s,oils,and. to some extent in th'e: _iials,so'::mat theimett{od-does,not-give ,the true 
Ilambilola soils. CEC-value in case of soils containing such min-

In all the soils some of the subsurface hori- erals. On the other hand, by using the's'e'f~o 
zons are richer in clay than the surface horizon. different methods one'obtain a better pictureof 
In case of soils developed on sediments this 'may' , the' weathering state of the day fraction iq ·the 
be due to.selective deposition of clay-rich or" soils and'their weatherability. 0' 

clay poor material, as for instance in case of the The reasons mentioned under (c) and' (d) 
C horizons in the Rujewa soils. In other cases, may seem more plausible to be the causes of the 
selective removal of clay from. the ,surface hori"~ differences in values'obtainedby the two rrieth-
zon could have played a role, but also clay ods. However, in spite of the differences oe-
eluviation-illuviation may have been involved in tween,the results obtained by the two methods 
the development of such clay~enriched';: I the trend:is certainly~the same for all the soils~ 
subsurface·horizon(s), as. clay skins were·de->:. 'Table,5 contains the results of the total'ele-
tected in most of the B horizons, ' f, " mental analysis,(TEA)'of th" DCB-treated clay, 

~~ . ~ . -~ .. 

Mineralogical composition -j; The data indicate that there is a detectable 
,': i difference in mineral ·composition of the clay 

The investigation of the mineralogical com-.:, fraction in the soils. Taking into consideration 
position of the nine soils gave the results pre- that the parent materials of the soils at the dif-
sented in Tables 4 and 5, and in the Figures) to ferent 10c,aJions have"originated from metamor-
5 which contain diffractogrammes of some of phic rocks ,of not too;,different composition, ex-
the X-ray diffraction (XRD) analyses. cept in the case of the Rujewa soils, the low 

Table 4 contains the results of the DCB anal- contents of Ca and Mg in the Kiponzelo .soils, 
ysis and of the CECc and CECd. Compared with . and to a,c,ertain' extent in the Ilambilola soils, 
the amount of DCB-extractabl~ Fe a7tCi Al ~n the.'·· indicate" that they are much more strongly 
well drain~d soils of the more humid parts of.. w~athered t41m the.Mkulula, Ikuwala, and 
the tropics (Menzies and Gillman, f997;' Rujewa soils. The high content of Al in com-
Melberg et al., 1982) the DCB-extractable Fe c parison with the Si content in ,the clay fraction 
and Al of the clay fraction of the nine soils may." of, t11e Kiponz~lo soils show that leaching mu~t 
in all cases be corisidered to be quite low ,This ~. have been str<:>nger i~ these soils at some PQjn,t 
observation holds even for the Kiponzelo soils,' , in time during their development than, i~ t~e 
although they vary quite,substantially from the otI:ter soils, The very ~ow cont((nts of K, Mg aI?-,g' 
other soils in min~ralogical composition. C~ in these, two .soils

l 
support that hypothesiY::a 

\ The CECd is sybstantially higher than the" , XRD analyses \w,ere ca~ried out on th~ 
CECc, The difference could be due to the fol- ". non-magnetic sand and silt fractions, and.on the 

I '".j ;,:-, 

lowing reasons: (a) When lacking a high-speed DCB non-treated and treateq clay fraction~ 
centrifuge it is difficuit to remove all the (::. from fiye Of the ninb soils. The results of the 
non-adsorbed Ca2 + ions completely from the ' analyses are. presented in Figures 1 to 5, The re:: 
soil after its saturation with that ion, (b) that the' .!; 'sults of the mictoscclpi'C and XRD analyses of 
estimation is based on wrong premises, e.g. the the' magnetic sand fiactions a'ie not presented 
CEC allocated to the organic fraction could be . ~u~ were considered litogether with ~he ~valua: 
too high due to neutralization of the negative t1~n of th~ XRD anal~s,es when estlmatmg ~he 
charges by"complexed Fe-oxides; (c) that:.in":, mmeral~glca~ cOl!lpositlOn 'of the sa~d fractIOn 
soils containing substantial amounts of iron ox- of the different SOils, Table 6 contams tl]e're-

sults of this estimation. 
ides the CECc will be too low because it will be . :' Q'uartz w~s fou~d to be the dominant'Ininc 
the irqn oxide,cqatings onth~ l;ty,er s,ili<;:ateclay eral in the sand, fraction of, ;iiI; the', soils; a,S 
minerals which will determine the charge, of the 
.... '_I. ."::-. _ , ... 1', •. : : _ " :.t. -, •. ,.~. ' L 1..; 
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Table 4: Sodium dithionite-bicarbonate-citnite,(DCB) extractable Fe and AI on the clay fraction, CECc 
.~ ... ' ~ a·ni:l:(2E'Cd.-; ~ ,··tI, ,- . \.s '.' ~I~' • ~ ~ ,fe'" ,;.'._ 1: )~~~~:,._.::.) • ~\1·. :' ,;, ...;; ::.~ ~ • 

I • 

. ..... '.J'~;:'. ~.' -·~'.li .. ;l ... ., ..... "-_ ... 

Soil F:e .' 
-------------..:.:; . ..:.'-~'.' '. 

% :~ ,; 

0 
_------'-' .:-' ____ -':"-_-=--:-_"""--'---'%-"0_··;;-' _......;;.0r;;.;~;............;;.c;.:.m:..:'0..;.;1('-+-")I'-'-k~g'-'c:,:.la::.y'--_---iI....,.'_· __ ---,-__ -:', 

• j , ( \ -,... -.~ . • . 

Mkulula 

Ap 
BII 
BI2 

lIambilola N 

Ap 
BIoi 
Bemo 
lIambilola S 
Ap 
BIoi 
Bl03 
Ikuwala NW 
Ap 
Blml 
BCm 
Ikuwala Ce~tre 

Ap 
BI 
Cm3 
Kiponzelo NW 
Ap 
BI 
Bl02 
Kiponzelo SE . 
Ap 
Blm 
Bl02 

Rujewa NW 

Ap 
BII 
C 
Rujewa SE 
Ap 
Em 
Bmw 
BI 

., , 

.,1 

~I 

:: 1. 

',c"U 

'.N.: 

C .~~==,~~ 

, 0 

£ .• 

" 

!I..!J 

" ' 

!O,C 
:~ " 

l , 

3.6 
3.2 

2.9 
2.6 
3.6 

5.9 
5'.5 
5.9 

3.5 
J.3 
j I 

3.3 
~3:6 

: ~ i 
2.8 
3.5 
,3J 

3.5 
3.1 
3.7 

3.7 
3.7 
3.6 
3.0 

- 3.5-'· 

t, ~ 

'f, .• 

r , 

f -.I 
,J(' 

c:. '. 

" 
1,.,1 

()f _ 

• { ~ ('I' 
0.36 . .... 

~.\: 0.38 .~. 

a: 0.31 C 
0.34 ,: 

I 042 .. ' .. 
0.63 

r.~ 0.63 ' 
0.67 I I 

·'.l ",. 
0.42 
0.34 

i 0.30 
(i , ;C 

0.3 I 
.:: ~ OJ3 ~" 
i,: 

, 0.82 !" 
1.03 

• 0.94 ... ! 

" 0.81 .. 
.:: 0.94 ' 

0.87 

0.42 
0.39 
0.41 

0.49 
0.48 
0.50 
0.40 

!:, 

C'Jl 

r J 

l.li 

".' 

; r 

'," 

'" t 

19 
1.1 
17 

16 
Ii 
16 ; 

43 
25 
20 

.... 25 1 

2 " 

6· ... 'J 

4 ~.) ~ 
4 .. , 

27 
3 I 
34 

24 
32 

32 
39 

Q 'r 

.' ~ 

,II" 

51' 
58 
97' 

28 
15 
19 

23 
13 
18 

36 
32 
34 

)3 

20 

~ .. ~ 
" . 

'( 

31 i, '.:-

12 
4 
3 

14 
6 

39 
46 
47 

38 
39 
43 
45 

.. , f~::' 

lCECc= The estimated CEC of the c,~ay f~~ction from the soil CECpH7 minus the estimated CEC ofthe organic 
fraction at pH 7 (200 cmol(+)/kg organi~ C).; 2CECd = The CEC determined on the clay fraction at pH 7;,3Prob-
lematic due to presence of carbonates:' " '~ .., 

-~ .; 
" I' "\ 

.. '/ 
- i '", i 

shown i~,Figure 1. In}~~~,!<ip6~~~I~ soiUhe .!, I shown in Figure:2, Also)n this ca)se the 
XRD'and,tne"rfiicroscopic dat~ .showed' that.7 ,c.-'Kiponzelo,soil-is distinct;'as its silt fraction con­
more tha,p: 95% of the sand fraction, ~as quartz, ,rained both kaoliniteand_gibbs'it~ besides 
Quarti'w~s:a]s'oofound"lo' tie- th~;'d(JIni?~nrrPiii:c- \ "Iquarli, cwhereas alino~st no feldspars ~e?e pres­
eral in the,sand fraction(of\the,'Ilambiiolailuid,),jent. The Ilambilola-soil va"ri'ed also from the 

" ,! -' ,,",;;,;_ ~ - .' v _ ~ d, - "-. -/ ~~ "'- 10 ' _~_ ~ ; ~ -:; ~.~ ~ ~ _ • ' ,~ 

the Mkulula soils but the percentage .was lower other soils, as it was found to contain much less 
than,jn the,Kiponzelo soil. In tontrast,,--\weatherable,minerals, such"as ~niicia and 
plagioclase" and to a smaller extent,'biotite-rich plagioclase in this fraction, than the Ikuwala 
mica, ampqibole/pyroxene;-epidote,alld magn.e"~ ',:-~"/<md Rl,lj~'!Va soils. "',~~'" :..-., ~. 
tite/ilmenite'Jormed a substantial part of'the The silt fraction ofthe and Rujewa soils 
sand fraction of the Ikuwala and Rujewa soils, contained larger amounts of both plagioclase 
K-feldspar w'as als~~presei}(in 'these soils': but' ., arid mica gnC( smaller airiou.rits ~f'quartz ~rtd 

~,-,",-< ~. r..· , .~" .' 1,.·. I', , 

only in splall amounts; <,' <_ K-feldspars:" 
Diifract~g)-~riiriies ~fthe 'XRD an~lys:fsori'"'' ;' .. ~:' .,'. 

the silt fraction of five of the nine soils are 
I 
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\ , .' -
Table 5: Results of the total elemental analysis (TEA) and the ignition loss (in.Yo), b~~ed on air dry, 

DeB-treated, NH.+-saturated clay samples. . 

Ap 
Btl 
Bt2 
!lambilol. N 

Ap 
BIOI 
Bemo 
!lambilol. S 

Ap 
Btol 
Bt03 
Kiponzelo NW 
Ap 
Bt 
Bt02 
Kiponzelo SE 

Ap 
Btm 
Bt02 
RujewaNW 

Ap 
Btl 
C 
Rujewa SE 
Ap 
Em 
Bmw 
Bt 

IIgnition 

15 

12 

M 
"~" ·(E) 

52.8 

47.5 
44.6 
45.4 

46.3 
45.7 
45.2 

34.1 
33.5 
34.2 . 

34.8 
33.3 

? • 

34.6 ,;.. 

49.3 
49.3 
46.9 

47.0 
48.2 
47.3 
47.8 

24.3 

29.5 
31.0 
30.8 

30.6 
32.2 
32.5 

40.7 
41.1 
40.6 

39.7 
41.2 
40.5 

28.9 
29.4 
27.3 

29.7.-
29.0 
28.3 
29.2 . 

5.68 

4.98' 
4.67' 
4.70 

4.15 
3.25 
3.27 

3.69 

0.63 
0.37 
0.38 

0.60 
0.42 

1.~4 

0.05 
0.04 
O.DJ 

J.7r;. 0.05 
3.40 ,0.05 

3.53.~ 0.04 

,~ 

"7.71 

8.22 
9.47L 

1.92 
1.34 
2.43 

7.69". 1.57 
7.73 1.57 
8.45 1.80 
8.43' 1.18 

,', 

0.16 

0.03 
0.02 
0.01 

0.05 . 

0.01, 
0.D7 

0.01 
om " 
0.01 

,.-,-" 

3.30 

2.43 
1.74 
1.72 

2.06 
1.55 
2.29 

0.35 
0.35 
0.35 

0.05 ; ~ 0.37 
om 0.35 
0.01 , 0.36 

'·,ll 

0.24 2.36 
0.14 1.54 
0.14 1.76 

0.15 ," . 2.04. 

0.15 1.91 
0.14 1.83 
0.13 1.J3 

'It. , _ ".;- ""', .' 

',,". I ., . ./' 

'Q 

0.24 

0.16 
0.06 
0.D7 

0.13 
0.07 
0.21 

0.04 
0.03 
0.04 

0.03 
0.03 
0.04 

0.51 
0.34 
0.37 

0.40 
0.35 
0.33 
0.30 

MI 

::::IfQ~ .................. " .......... ~ ..... _ .. _~ ............... . 

in8 ,,1.67 
0.95 - 0.04 16.6 

98.9 
97.6 
98.4 1.03 0.04 7.50 

',' 
0.94 

1.21 
1.19 
1.22 

I .. tJ 
1.09 
1·.D7 

1~40 

1.32 
1.23 

1',32 

I.,J] 
1.-25 
1:2'3 

• < 

I L 

.- L 

0.02 
0.02 
0.01 

14.5 
14.7 
14.2. 

0.02 13.2 
0.02 14.7 

. 0.06 18.5 

0.01' 18.7 
om . ;19.1 
0.01 18.8 

18.2 
19.6 
18.4 

99.8 
97.2 
97.3 

97.4 
99.4 
102.5 

99.3 
98.6 
98.5 

98.1 
,99.0 
98.6 

8.99. 101.4 
9.33, '.' ", . , 100.9 

8.99 98.6 

9.70 
9.59 
9.82 
9.83 

. i-'; , " ';1 ~ ::. 'c 

99.0 
99.0 
99.3 
99.4 

. ".~ -n ... ·t ,' .. :,. 
I ~,_ .. '" Q 

/ 
. / 

,( Y·.· 
'. ,,-. J. 0,:." (0) . 

- '~1.; ~ . ~}~# r'";:,~OWI~""~'-:~' .~' '~.;f'~J~~..: ... ~:~; !~l~~ ~~. N\.'"Y':':'~&::';'...J 
~:.. .. , .6 .. '!J.i .. -~~ 

JEll (.; <.' 

·;Ji~~-___ .....;.....,;..,.~..II .... __ ~ __ . 
·lAf ,-
", .' ,"'. 

o..c:::::::;::=f::'· ===r~Lk~d..-~*===--==~~."'· 
".14 .. li,: ·21;; I' .1'28 - .. '36 n' ,'·c·'deg.26' 

_.. 't., ~ {.., ,'l.j(.,.... c. "r:",_ \1-, .. ': .\f'·:· . .' . .7 .... ") -'~') 

.Fi~rel: XRD ~alyticaldat~ ~~~h,e n?q~m~g":~t~ sand fract!0};lS in the, subsqffac~ ~oriz~n ~~aJlP(p"xi!!lately 
one meter depth. [A] Mkulul;t,[B] Ilambilola N; [C] Ikuwala NW, [D] Kiponzelo NW,.and,[E] 
Rujewa NW. Symbols of the:ide~iifi~(} minerals: M: Mica; Mi:;Microdine; Pi Plal!io~l3se; Q: 
Quartz. . I . 
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P' ure 3 contains the diffractogrammes of 
Ig . d I fr ' 
n-oriented, non DCB-treate c ay actIOn 

the no 'd th ' al 'd ' 
the five soils, Besl es e mmer s 1 ent!-

from , 
f d by XRD on the orIented clay samples 

Ie thite was found to be present in all the soils, 
goe , h K' I 
this was especially the case m t.:. lpo,nze 0 

14 21 
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soil. Haematite is possibly present too, but in so 

small an' amount:that it could not be detected 

with certainty by the XRD instrument used, . 

. TheXRD analysis on the DCB-treated, ori­

ented clay samples from'the Ap horizons are 

presented in Figures 4 and 5, Together .with the 

,28 315 deg.26 

Figure 2: XRD analytical data of the silt fractions in the subsurface horizon at approximately one meter 

depth. [A] Mkulula, [B) I1ambilola N, [C] Ikuwala NW, [D) Kiponzelo NW, and [E) Rujewa 

NW.' Symbols of the identified minerals: A: Amphibole; Do: Dolomite; Gi:Gibbsite; Go: 

Goethite; K: Kaolinite; M: Mica; Mi: Mic!ocline; P; Plagioclase; Q:Quartz. 

Go+H H 

I .(E]. 10 

8 

6 
(C) 

4 (s) 

2 
[Al 

O~--------~---------,------~--~---------.------
--~~ 

16 24 32 40 deg.26 

Figure 3: XRD an,alytical'data of the Ca-saturated, non-oriented clay samples in the subsurface horizon at 

approximately 'one meter depth. [A] Mkulula, [B) I1ambilola N, [C) Ikuwala NW, [D) Kiponzelo 

NW, and [E) ~ujewa NW. Symbols of the identified minerals: Gi: Gibbsite; Go: Goethite; H: 

Hematite; I: Illite; K: Kaolinite; P; Plagioclase; Q: Quartz; V: Vermiculite-like. 
I 
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46 P.M. Jens et aI. 

XRD analyses on the heat-treated samples (not 
included) the figures indicate that kaolinite and 
illite were present in all the samples. Kaolinite 
dominated completely in the Kiponzelo clay 
fraction. No other minerals were detected in the 
clay fraction of this soil except iIIite and 
gibbsite which were also detected, but only in 
smaller amounts. Kaolinite dominates over illite 
in the Rujewa soil, whereas the opposite was the 
case of the Ikuwala soil. However,both these 
soils contained some feldspars. The Mkulula 
and the IIambilola soils contained substantial 
amounts of illite and kaolinite and detectable 
amounts of feldspars. The IIambilola soil was 
the only one in which quartz was detected in the 
oriented clay fraction. 

v 

a 

(E)' 

(0) 

(e) 

[8] 

XRD analyses on samples from the deeper 
horizons of the Rujewa soils (not shown) indi­
cated that a regular interstratified vermicu_ 
lite-like mineral was present in the clay fraction 
of these. soils , as the Ca-saturated oriented sam­
ples had a diffraction top at 1.24 nm. The top 
disappeared when the samples were heated to 
350EC (Righi and Elsass, ·1996). 

Estimates of the composition of the silt and 
clay fractions in the five soils considered above 
are presented in the Tables 7 and 8. 

The Resilience of the soils 

When considering the coimection between 
the soils included in this investigatiqn and their 

10 12 

B 

K 

/ CA) 

o~--~~======~~~~======~~~~~ 28 I 
~ 

16 20 24 deg.26 

Figure 4:XRD analytical data of the Ca-saturated, DCB-tre~;ed, oriented c1ayisample~ from the Ap hori-zon. [A] Mkulula, [B] I1ambilola N, [C] Ikuwala NW, [D] Kiponzel~ NW, and [E] Rujewa NW. A: 3-16° 22; B: 12-35° 22. Symbols of the identified minerals: Gi: Gibbsite; Ii lIIite; K:Kaolinite; Mi: Microcline; P; Plagioclase; V: Vermiculite-like. 
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A 

10 [E] K 

8 

[0] 
6 [e] 

4 
[8] 

[A] 

0 
8 8 10 12 

counts x 100 B 

K 

K 

[E) 

[0] 

.. [e) 

[B] 

[A] 

O--------~------_,~~----r_------~----~~--~~ 
16 20 24 28 deg.26 

Figure 5: XRD analytical data of the Ca-saturated, DCB-treated, oriented clay samples from the subsurface 
horizon at approximately one meter depth. [A] Mkulula, [B] lIambiIola N, [C] Ikuwala NW,[D] 
Kipo~zelo N\Y, and [E] Rujewa NW. A: 3-16° 22; B: 12-35° 22. Symbols of the identified miner­
als: Gi: Gibbsite; I: Illite; K: Kaolinite; Mi: Microcline; P; Plagioclase; V: Vermiculite-like. 

,: 1. • '/ . 

/ 

sustain ability of the lo'Y mtensity land use sys- terns practised in the area, the main question is: 
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Table 6. Estimate of the mineral composition of the sand fraction from the surface horizon and the subsurface horizon at approximately one meter depth of the Mkulula, I1ambilola N, Ikuwala NW, Kiponzelo NW, and Rujewa NW soils, based on XRD and microscopic analyses. 

-'-Soil Quartz K- Ca-Na- Magnetite/ Amphiboles/ Mica Epidote 
f~ld~Qars feld~Qars Ihnenite pi:rQxeges 

Mkulula 

Ap xxxx xx xx (x) x tr. tr. 
Bt2 xxxx x x tr. x tr. (x) 
lIambilola N 
Ap xxxx (x) (r. tr. tr. tr. 
Btol xxxx x tr. tr. tr. tr. 
Ikuwala NW 

Ap xxx x xx tr. tr. x tr. 
Btml xxx x xx tr. tr. x tr. 
Kiponzelo NW 
Ap xxxxx tr. tr. 
Btol xxxxx (r. tr. 
Rujewa NW 

Ap xxx xx .~ 
" 

xxx tr. x x (x) 
Bt xxx x xxx tr. x (x) (x) 

The intervals are as follows: xxxxx =>90%; xxxx =90-60%; xxx =60-30%; xx =30-1 0%; x= 10-3 %; (x)=3-1 %; tr. =< I %. 

How resilient are these soils towards the impact 
of cultivation, chemically as well as physically? 

Chemically, the substantial to high content 
of weatherable minerals, such as mica, 
plagioclase, pyroxene/hornblende and illite re­
veal, that the Mkulula, Ikuwala, and Rujewa 
soils seem able through weathering to supply a 
number of plant nutrients, such as K, Ca, Mg, 
and certain micro nutrients. The supply will en­
hance the sustainability of these soils fora much 
longer time than that of the Kiponzelo and 
Ilambilola soils. The same holds true for acidifi­
cation, in case more manure and acidifying fer­
tilizers are applied, the Mkulula soil in particu­
lar has a high buffering capacity against acidifi-
cation. On the contrary, the buffering capacity 
against acidification of the Kiponzelo soil is 
low. Based on the composition of the soils, the 
P-retention is expected to be comparatively 
weak, except in the Kiponzelo soil, which due 
to its high content of variable charge com­
pounds and a low pH at depth retain P very 
strongly, and in case of the Mkulula soil, where 
the high pH and Ca-Mg carbonate content may 
cause substantial P retention. The low content 
of extractable P in the other soils, except in the 
Rujewa soils, may reflect a low total content of 
P in these soils. 

The mineralogical composition of the 
Kiponzelo soil indicates, that positively charged 
plant nutrients can only be stored to a limited 
extent in that soil. The storage problem is less 
acute in the Ilambilola soils and is not a serious 
problem in the other soils, as th,eir mineralogi­
cal composition is such that most positively 
charged plant nutrients can be stored in ex­
changeable form in these soils, making them 
quite easily available for the plants. 

Physically, the high content of kaolinite and 
oxides and the very low content of 2: 1 layer sil­
icate clay minerals in the Kiponzelo soil incli-. / cates, that it has a high amount of s'table 
micropeds which ~ecure good infiltration and 

I 
drainage. The ot:her soils, especially the 
Ikuwala and RujeW;a soils, have low hydraulic 
conductivities due tb their high amount of illite 
compareJf with that \of kaolinite and oxides and 
due to their more silty texture. This, together 
with their low cont~nt of organic matter, leads 
to"surface crusting ~nd formation of a cultiva­
tion pan below the Ap horizon. 

On the other hand, retention of water in 
available form is undoubtedly lower in the 
Kiponzelo soil than in the other soils, due to 
high content of stable micrqpeds resultjng in a 
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bl 7: Estimate of the mineral composition of the silt fraction from the surface and subsurface horizon at 

Ta e approximately one meter depth of the Mkulula, lIambilola N, Ikuwala NW, Kiponzelo NW, and 

Rujewa NW soils, based on XRD analyses. 

- Quartz K- Ca-Na- Amph'/ Mica Kaolinite GibbsitD 0 I 0- Chlorit 

Soil 
feldsQars feldsQars Pl:rox. I e mite e 

-Mkulula 

Ap 
xxx x xx x x x 

BtZ 
xxx x xx x xx x 

lIambilola N 

Ap 
xxx (x) xx . (x) x tr. 

Btol xxx (x) xx (x) x tr. 

Ikuwala NW 

Ap xxx xx xx tr. xx 

Btml xxx xx xxx tr. xx 

Kiponzelo NW 

Ap xxx tr. tr. xx x 

Btol xxx tr. xx x 

Rujewa NW 

Ap xx x xxx' x xx tr. (x) 

Bt xx x xxx x xx tr. {x) 

I Amphiboles/Pyroxines. The intervals are as follows:XXXXX=>90%; XXXX=90-60%; XXX=60-30%; XX=30-IO%; 

X=IO-3%; (X)=3-1%: tr.=<I% 

Table 8: Estimate of the mineral composition of the clay fraction from the surface horizon and subsurface 

horizon at approximately one meter depth of the Mkulula, lIambiiola N, Ikuwala NW, 

Kiponzelo NW, and Rujewa NW soils, based on XRD analyses, TEA, and CEC determinations. 

Soil Quartz K- Ca-Na- Hornl. Illite Illite- Yermo Kaol 3 Fe- Gibbs4
. Chlorite 

feldsQ. feldsQ. Verm2
• oxides 

Mkulula 

Ap x tr. tr. xxx x xxxx x 

BtZ xx tr. tr. xxx x xxxx x 

llambilola N 

Ap x tr. xxxx tr. xxx x xx 

Btol x tr. xxxx tr. xxxxx xx - ; 

Ikuwala NW 

Ap tr. tr. x xxxx x xxxx x: 

Btm.! tr. tr. x xxxX. x xxxx xx 

Kiponzelo NW 

Ap tr. tr. tr. x xxxxx xx xxx 

Btol tr. tr. tr. xx xxxxx x xxx 

Rujewa NW 

Ap xx x x xxxx x xxxx xx 

Bt xx x x xxxx X. xxxx xx 

lhornblende; 2vermiculi~e; 3kaol inite; 4Gibsite. The intervals are as follows: XXXXX=>50%; XXXX=50%-20%; 

XXX=20-\O%; XX=IO-5%; 5-2%; tr.= <2% 

I the subsurface hori~ons of the Mkulula soil may 

low content of pores i~ which water available to 

plants can be stored. Ifhe saline properties of 
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also cause a lower available water storage ca­pacity in that soil than in the other soils. 
Biologically, the low content of organic mat­ter in the soils prevents high soil faunal anp mi­crobiological activity.' Even in the Kiponzelo soil with its higher organic matter content in the surface horizon the biological activity may be limited, as organic matter coated by Fe-oxide complexes makes the humus fraction quite inac­cessible for the microbes. 

Conclusion 

Investigation on the properties and mineral­
ogical composition of five soils from the south­
ern part of the semiarid region of Tanzania indi­
cated that parent material, the climate in the 
past, and geomorphological features of the area 
have influenced the development of~he soils 
and caused a substantial variation in their ,min­
eralogy. Tnat is certainly a strong impact on / their physico-chemical characteristics and resil-
ience. 

The Mkulula, Ikuwala and Rujewa soils may 
be considered to be younger soils ped?logically, 
speaking than the llambilola soil and' particu­
larly the Kiponzelosoil. 'The reason for' thiii,' is 
that the 'three first mentioned soils are formed 
on sedimentary plains on which new deposits of 
sediments occur from'time to dme and where 
there is an influx of base-rich ground·water. On 
the other hand, the llambilola and Kiponzelo 
soils are formed on hillocks where no fluvial 
deposits have taken place and from where bases . 
are leached down and removed through the" 
groundwater. 

The high clay content in the subsurface hori­zot;J.s, which contain a large amount of kaolinite and a substantial content of gibbsite, discloses that the climate in the past might have been more much more humid than,atpresent, as these characteristics cannot have developed un­der the present semi -arid conditions. On the other hand, no gibbsite is present in the clay fraction of the llambilola soil and the percentage of kaolinite is lower. In that case, its location on a hillock instead of on a lower slope may be the reason for the lower content of weatherable 

minerals in this soil compared with tha~ in the Ikuwala soil, which is situated not too far away. From a plant nutrient point of view, the larger content of weatherable minerals both in the sand, silt, and clay fractions of the Rujewa and Ikuwala soils, leads to greater release of Ca, Mg, K; and of certain micro nutrien,ts by weathering. This means, that a land use system involving low intensity subsistence farming will be much more sustainable on these two soils than on the Kiponzelo soils and to a certain ex­tent on the llambilola soil. The Mkulula soil falls somewhat outside this grouping due to its salinity problems. 
Physically, the problem of .compaction and crusting causes the Ikuwala and Rujewa soils to be much more erodible than the Kiponzelo. soil. This-makes land use on these soils less sustain­

able than the Kiponzelo soils"if proper soil con­servation measures are not applied. 
Inclusion of deep rooting perennial crops in the land use system, especially those which are able to absorb the strongly retained p' at depth, and which are able to fix N, will prolong sus­tainable agriculture, as they will both assure more recycling of leached down plant nutrients and those rele~sed by weathering, besides greater avaHability' of P and N. 
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