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Abstract 

To mcct the increasing demand for food, land use planning in NW-Tanzania recently 
focuses on swampy valley bottoms which arc considered to have the highest produc
tio n potential. Land development also aims at crop diversi ficat ion for nutrition im
provement and self-sufficiency. Locally drainage projects are required to enable dry
season crop production. 1be pilot project data of the Bigombo Valley Development 
Project are used to calculate the actual and potential lowland suitabili ty according to 
the parameter method suggested by SYS et al. (l0)9 t "1"0 199) for 9 different food crops. 
Local food crop priorities disagree strongly with the climatic su itability. Landscape and 
soil suitability is calculated for three different soil wetness levels. The potentia l land 
suitability for all crops is only marginal at the sub-optimal wetness level but moderate 
to vcry suitable at the optimum drainage level. When fully reclaimed, this land is very 
suitable for potatoes, beans and soybeans while moderntely suitable for onions. green 
peppers, cabbage, tomatoes, sweet potatoes and maize. 

The quanti tative assessment of five food crops according 10 the FAO-AEZ method 
(FAD (919) confi rms their sui tabil ity ranking except for potatoes. By relating the es ti· 
mated figures to yield da ta for maize, the magnitude of the management factor is as
sessed, being similarly crucia l for the crop production potential as soil wetness condi-

Introduction 

In the tropical highlands of NW-Tanz.ania with predominant Ferralsols (FAD-UNESCO

ISRIC 1990) and a bimodal rainfall panem , swampy valley bottoms are considered to 
have the highest potential for agricultural devc\opment due to higher fenility of the 
Gleysois. constant water supply and lack of erosion (NGARA DISTRICT COUNCIL 1991). 

Land use planning aims at increasing food crop production by dry-season wetland 
cult ivation and crop diversification to raise the local nutritional standards and provide 
some cash cropping. 

* Institute of Soi l Science, Univcrsity of Bonn, Nussa!lee 13,j3 !15 Bonn/Germany 

... Agricullurai Devdopment and Improvcment Programme, Cantas, Rulenge Dioccse, Rulenge, 
Ngara.Tanzania 

65 



In th is context the Agriculture Development and Improvement Programme of Rulcngc 
Diocese requested an exemplary assessment of the potential land su itability for crop 
diversificlltion at their water scheme in Bigombovalley. 

This assessment had two main objectives: 

I. To qualitatively assess the physical land suitability for nine food crops according to 
the local priority list and identification ofproduclion constraints, 

2. To quantitati\'ely assess the crop production potential for the five most important 
food crops. 

Study a rea, materials and methods 

2.1 Physiography of the study area 

The Bigombo Valley Development Project is located in the Northwest of Tanzania at 
approximately 2"44'S and 30g 37'E at an al ti tude of 1400 rn. Its physiographic unit is a 
fla t valley floor in roughly N-S orientation flanked by smooth hills on the western and 
steep hills on the eastern side. 

Geologically the precambrian basement complex prevails. The Karagwe-Ankolean 
formation consists of acid sedimentary and partly metamorphic rocks. While the mean 
annual temperature ranges around 20°C there is a distinct difference between day- and 
night temperatures. The highly variable amount of rainfall in the two rainy seasons 
reaches nearly 1000 mm/year. Flooding and excessive wetness due to poor drainage 
conditions characterize the hydrological situation of the valley flo or which led to thc 
fo rmation of a papyrus swamp. Lcptosols, Cambisols, Ferralsols (upland) and Gleysols 
(lowland) ate the most frequent soil types in the region. 

Traditional agriculture is confined to subsistence food crop production during the long 
rainy season fro m February to Mny in the uplnnd area. Due to highly unpredictahle 
rainfnll , yields are often low and occasionally fail completely. To meet the increasing 
dcmand for food crop production, an elaborate watcr management system was imple
mented in Bigomho valley near Rulengc town in 1973. Mainly beans and maize ate 
cultivated in the lowland area during the dry season. Prcsently this wa terscheme necds 
rehabilitation, . 

2.2 Land resources il/ventory of tile study area 

Cl imatic data has been recorded since 197 1 at the FAD Climatic Station Rolengc. 
L::and5cape data was taken from detailed topographical project maps. Bigombo Valley 
Development Project reports also provide information on land usc (HOTnNGA 19S4. 
VANOORT t987). A detailed local soil survey and analysis was carried OUI in 1996197 by 
the Institute of Soil Science, University of Bonn. The corresponding mapping unit 
numbcr in the l and Resources Inventory of Ngara District (NGARA DlSTRtcr COUNCIL 

1997) is Val.o with an ex tent of 39,720 ha (10.6%). 
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Figurt I : Location mJPof Bigombo Valley Development Project near Rulenge IOwn in NW
Tanzania 
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2.3 Description of the selected land use type 

The envisaged land use is dry-season cul tivation of Deans (Phaseolus vulgaris). maile 
(Zea nIllu), tomato (Solanum /ycopersicl/m escl/lelltum), Irish potato (Solal1 l/m wbero
sum). cabbage (Brassica oleracea), green pepper (Capsicllm murllum) , onion (A llium 
cepa), soyDean (Glycine max) and sweet potato (fpomota halalas) by smallholden at 
low management level. During the wet season the valley bottom soils are unusable due 
to waterlogging. 

2.4 Crop requirements 

For asses.sment of the land suitabil ity the crop requi rement tables in Land Evaluation 
1lI from Sys et al. (1993) were used. modified according to local conditions. Main 
changes involve the deletion of precipitation characteristics (s ince on the valley fl oor 
crops are grown on stored water) and soil drainage conditions: an imperfect drainage 
with a water lable at approx. 50 cm depth is optimal for dry-season cultivation and 
rated accordingly. 

Qualitative land evaluation oftbe 8igombo valley lowland area 

Evaluation of physical land suitabi lity is carried out by matching crop requirements 
and land characteristics. In th is evaluation the parametric method is used rat ing the 
relevant characteristics on a scale of a to 100 (for optimum conditions). Subsequently 
indices are calculated by multiplication according to the Storie method ( I = A x 811 00 
x Clloo x ... ; where I is the index, and A, B. and C are the ratiogs ... ) which gives com
paratively low results (SYS el al. t99I). 

WithintileorderS (suitable)suitabilityciassesaredefinedasS I: very suitable (index 
75- 100), S 2: moderately sui table (index 50-75) and S 3: margioally suitable (index 25-
50); below the order is N: unsuitable (index 0-25). The nature of the constraint is indi
cated at the subclass level by addition of a modifier. here c: climatic limitations. w: 
wetness limitations,f: fertility limitatioos. 

3.1 Climatic suitability 

Depending on crop specific requirements, climatic suitability here refers to up to 12 
climaticchar.icteristics rel ated lathe 3 groups: tempera ture, relative air humidi ty and 
radiation. 

With just 2 climatic stations in the Ngara district. the FAO Climatic Station Rulenge 
provides the only reference data for the Southern part (approx. 200,000 hal. As local 
rainfall variabili lY is of no concern for dry-season wetland cultivation this assessment 
of climatic suitabil ity is relevant for valley cultivation al similar altitudes on a regional 
levcl. 
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To iJl uSlrate the estimation of climatic suitability according to the parameter method 
Storie index, an example is given in Table I . Of each group of climatic characteristics 
the lowestmting isehosen forcaleulating the climatie index ( I.:). 

Table 1: Climatic StJitabilily ratings for culLi valiOil of beans in Bigombo lowland, I" Ju ly to 31 ~ 
October 

Growing cycle Lowland 

Data Rating 

Precipitation of growing cycle (mm) BOt rdevant 

Meanlemp. of growing cycle (O C) 

Mean min. temp. of growing cycle (0C) 

Rclative humidityofdevelopmentslage(%) 

Relath-e humidity of malllr.l.tion nage (%) 

nlN ofdevelopment stage 

rVN of m31uration stage 

Climalic Index (1<): 95 x 901100 x 861100 .. 74 
nIN = Sunshine hours per day/day length 

20. 1 

12.3 

" 62 

0.59 

0.52 

" 99 

" 90 

96 

86 

The appraisal of climatic suitability is confined to the crop growing period which is at 
this site determined by the lowering of the groundwater table after n ooding in the 
previous rainy season. The start of the crop growing season is se t at the likely da te of 
July 1st For beans, tomatoes, pota toes, green pepper and soybeans it lasts tillihe end 
of October; for cabbage, onions and sweet potatoes unti l November. The local maize 
varielY takes until end of December to reach maturity (VAN OORT t987). For tomato· 
and onion-nurseries Ihe month or June is included intheca1culalion. 

Climatically the low land area is very suitable for onions. irish potatoes, green peppers 
and nearly beans (Table 2). Modemte climatic constrnints are· 

for maize cultivation the ripening stage coincides with the months of fcwest sun
shine hours per day due 10 the long growing period of local varieties ( ISO days). 

for tomatoes, green peppers and cabbage the marked differen!;:!;: between day and 
night temperatures (14~C) is ra ther unfavourable. Management practices try 10 re
duce it for young tomato plants by shading (bent banana \eaves) or wrapping up 
(grass). Cabbage is funhermore affected by high air humidity prevailing in the 
lowlandarca. 

for sweet potatoes the relat ively low mean temperature of the growing cycle is the 
mos t limiling factor. 
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Table 2: O imatie suitabi lity ratings for food crop diversification in Bigombo lowland 

Food crop priority ranking Climatic sui tability index Food crop cl imatic suit-
class ability rllnking 

l.bcans 74 52 

2. maize " 53 

3. tomatocs " 52 

4. (lrisll)potatocs ' 1 51 

5. cabbage 6S 52 

6.grecn peppers 80 51 

7. onions 92 5 1 

8. $Oybeans 70 52 

9.sweetpotatocs 43 53 

3. 2 lAndscape and soil suitability 

TIle typical profilc of lowland soils classified as Mollic Gleysols (FAO-UNESCQ-1SRIC 
1990) consists of a thick. (27 - 40 em) greyish-black topsoil and II grey, strongly monIed 
(hydromorphic) subsoil underlain by a weathering zone in transition to bedrock lit 
approx. 2 mdepth (Tablc 3). 

T llble 3: Soil analysis data ofa representative wetland profile in Bigombo 

depth horbon sand silt d ay C~ N C/N 
symbol % % % % % rat io 

0·' ApI 6.' 53.6 39.9 4.97 0.4 1 12.1 

5 - 20 Ap2 6.0 53.7 41).3 4.63 0.44 10.5 

20 - 32 AhlCg 6.S 52.9 40.3 1.33 0. 14 9.5 

32· 130 C I 12.4 52.9 34.7 0.38 0.07 5.4 

130 - t50 C,2 74.6 19.4 6.0 O.OS 0.00 

depth pH C. M, N. S.m CEC .... 
8,0 satu ration 

(U.5) cmol(+)1kg soil % 

0·' '.8 8.2 3.6 0.14 0.4 12.3 25.2 49 
5-20 5.9 8.9 5.3 0. 15 0.3 14.7 26.4 " 20-32 5.8 5.2 2.8 0.05 0.3 8.3 13.5 61 

32 - 130 5.1 2.6 1.3 0.05 0.2 4 .2 8. 1 52 

130-150 5.7 0.7 0.4 0.01 0 .0 1.1 1.8 61 
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Table 4: Lalldscapc and soil suitllb ility rating for eultivation oFbcans (inel. w atcr eontrol)in 
Bigombo lowland 

Lo"land 

Do .. Rating 

Topoglllphy(t) 

Slopc(%) 100 

Wetncss (w) 

Aooding FO 100 

Drainage imperF. 100 

Physicalwilehalllcteristics(s) 

Texturelsuucture SiCL 100 

Soil depth (em) >100 100 

Soli fertil ity eharacterist ics (f) 

Apparent CEC (cmol (+)lkg clay 23.2 " Base saturation 54 100 

Sum of basic cations (cmol{+}lkg.roil 12.6 100 

pH (H20) ,., 93 

Organic carbon (%) 4.0 11 0 

Land Index (U ): lOOx 1001100 x lOOlI OOx 1001100 x 941100 x 93flOOx 110llOO=96f 
Aooding class F 0: no flooding 
Drainage dass "imperfect": groundw3ter.table at approx. SO em depth 
Texture: depth weighted average (o~'er 1 m) 
Apparent CEC: tota l mineral CEC x 1001% clay (al SO em depth) 
Basesaturation:weighte<!average{over lm) 
Sum of bas ic ca tions (Ca. Mg and K), pH and organic carbon: weigh ted average of the topsoi l 

(C).25 em» 

Regarding general landscape and soil suitability (Table 4) the topography of this flat 
valley floor is optimal for crop production. So arc the soil physical characteristics of 
the very deep. line textured Gleysols. Textures range from clay to si lty clay loam, 
without any coarse fra gments. Improved by the still high organicearb oncontellt (3 - 5 
%) their topsoil structure is very favourable. Soil fertility is slightly limiting with reo 
gard to moderate acidi ty for sensitive crops only. The apparent cation exchange capac· 
ity (CEC) of the clay fraction is slightly above or closely below the optimum (~ 24 
cmol(+)lkg). Among the three soil fertility characteristics base saturation, sum of basic 
cations and pH. the most limiting is pH (H20 ) with topsoil average values of 5.6 10 6. 1. 
Since the development of the th ick mollic topsoil is much better than the usual opti. 
mum with an organic carbon content being mostly more than double the crop require. 
ment. an exceeded rating of 110 (SYS ct al. 199 1, I p.67) is att ributed. According to 
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these criteria. soil fertility is high with fertil ity index values or75 10 97 for the different 
food crops. 

Within this evaluation method no further differentiation with regard to single bases is 
made, so possible imbalances/antagonisms and deficits are not considered. These 
Gleysols have a marked K-deficiency which constitutes a fertility limitation (k: < 0.2 
cmol(+)lkg; SANCHEZ et al. (982) which has nol yel been recognized. 

However, the major constraint is soil wetness limiting the growing period by nooding 
andiorlJOordrainage. There is greallocal varialion wilh regard 10 welness conditions 
due 10 the present deterioration of Ihe water scheme (Table 5). 

In places where both nooding and poor drainage occur during the crop growing season. 
the former swamp conditions are restored and Papyrus grows again. Index values by 
the Storie method drop below 2S which renders the site unsuitable (order N). 

Land improvement by elimination o f nooding needs 10 be achieved by technical means 
(repairing of the dams, maintenance of main canals) . Full reclamalion up 10 optimal 
drainage conditions suplJOrted by individual on-site management practices like con
struclion of raised beds could raise the potcntial landscape and soil suitability enor
mously. Liming could further enhance the suitability to an index of 100 for all crops 
but would have a marked effect only for tomatoes. cabbage and green peppers. 

Table 5: Land5cape and soil suitabi lilY of Bigombo lowland 

ActualSllillilbility Potential suit-
ability 

area wi th: flooding and poor poordraioBce irnperfectdrlln· 
drainllg't 'g' 

(huc:optimal) 

Index class Index class Index class 

beans 24 48 53w 96 51 

maize 13 4S 53""J 91 51 

21 S3w.f SJ 5 1 

(lrish)polaloes 24 48 53w % 51 

cabbage 38 53w.f " S IfS2 

gretnpeppers 21 41 53w.f 83 51 

onions , 38 S3w,f " 51152 

soybeans 24 48 53w % 51 

sweelpol31oes 24 49 53w 97 51 
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J.J Land suitability 

For the tota l evaluation the climatic index is first transformed by the ronnula: 

R,;:= 16.67 + 0.9 x 1.: where It., = climatic rating. and I.: = climatic index 

into a rating and then multiplied with the landscape and soil index d ivided by 100 
according 10 the Storie method. Only the order suitable is considered. 

Table 6: Land suitabili ty ratings afler partial and fuH land rcdamation: 
Case b:pooi'drainageJpanJyre<:laimed 

CliDllllticrating Landscape + soil index La.od suitabilily 
factor inda d~ 

beans 83 0.48 40 5)w.c 

m.uzc: " 0.45 26 S)w,c.f 

68 0.41 " S3w.c,f 

(I rish)potatocs 90 0.48 43 S)w,';: 

cabbage 75 0.38 29 S)w,e,f 

green pcppers 89 0.41 J6 S3w,f,c 

onions 99 0.)8 38 S)w,f 

soybeans 80 0.48 38 S)w.e 

swectpotatoes " 0.49 S)w,c 

Casec:optimaldrainagdfuHyreclaimcd 

Climatic rating LandscapeTsoilindu Landsuilability 
factor inda cl~ 

beans 83 0.96 80 51, 

" 0.9\ 52 S2d 

68 0.8) " S2c,f 

(Irish) potatoes 90 0.96 86 51 , 

cabbage 75 0.75 " S2c.f 

green pcppers 89 0.8) 74 S2f.c 

onions " 0.75 74 S2f 

soybeans 80 0.96 77 51 , 

swcct potatocs " 0.97 53 52, 

This evaluation of polentia11and suitability clearly shows tha t soi l wetness condi tions 
are crucial for crop production in Bigombo valley lowland area (Table 6). Correcting 
water conditions improves suitabi li ty from class N to 51 and 52. Soil fen ili ty limi ta· 
tiuns arc less important and would require - besides K-fertilizers - liming only locally 
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for acidity sensit ive crops. Climatic limitations for severa! kinds of crops may be over
come by spccially adaptcd varictjes in future 

Q uantitative assessment of crop production potential 

4.1 Yield prediction 

For the main food crops beans. maizc. Irish potatoes, sweet potatoes and soybeans the 
yield potemial is also calculated according to the FAO-AEZ methodology (FAO 1979). 
Based on infonnation on radio-thenna! conditions the climatic production potential 
(CPP) is calculated first. In the second step water condi tions at the si te expressed as a 
factor of :!> 1 (to account for yield reduction due to insufficient water supply) is in
cluded. Under the assumption of optimal water conditions after land rcdamation here 
the water production potential (WPP) would be I . In the third step soil and manage
ment are included. The relcvant i nde~ of landscape and soil suitability as calculated by 
the parametric method is considered in terms of anticipated yield reduction (SYr S 1 ) 
due to such limitations. 

CompuTed to good commercial (inigatcd) yield lcvcls, the physically attainuble y ields 
of beans and soybeans is very good, that of maize is moderate while the results for 
Irish potatoes as well as sweet potatoes are \'cry poor due to low respiration coeffi
cicnts (Table 7). 

Table 7: Quamit8tive cropproduClionpotentiat 

main food erops CPPtlha WPP Sy, Phys.yicld potential tIhB 

beans (dry) 2.8 0% 

maizc (grain) 6.' 0.91 

(Irish) potatocs {tubcrsj 6.J 0.% 

soybcans(sccds) 4.0 0.96 

SWCttpotltocs (H1bcrs) 9.6 0.91 

cpp = Climatic Production Potcnlential 
wpp = Water Production Potent ial 
SyP=Landsca!X:andsoilindex.expressedasafactor bct\\,cenlandO. 

4.1 Matching predicttd and obsen'ed yields 

2.1 

' .9 

6.0 

3.' 

9.J 

The fig ure of 5.9 tlha for potential maize yields at high management level is confirmed 
by thc only availablc yield da ta for maizc in 1985 which is 4.5 - 6.5 tlha on experi 
mentul plots (monocropping. optimal water supply, and management). with 0.9 - 1.3 
tlha average farmer's yields (VAN OORT 198~) and 0.65 tlha marginal yie lds ( HOm NGA 

1984). This implies that the management fac tor has a large effect ranging betwcen 1.0 
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and 0. 1 and thus determines the crop production potential at the same magnitude as the 
wetness limitations. 
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