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ABSTRACT

The study sought determine the potential Eorto areas

production of maize, sorghum, groundnuts and beans based

humidity levels. The specific objectives toon were ;

determine monthly humidity grades of the meteorological

demarcatestations, establishhumidityto tozones,

potential for cultivation the andof toareas crops

the established with those where selectedcompare areas

crops are currently grown.

Rainfall and evapotranspiration data of 97 stations were

from the Directorate of Meteorology while thecollected

maximum water holding capacity, the growing periods and

coefficients of the selectedthe crop crops were

available in the literature.from thoseestimated Data

analysis was based on hydrologic budget balancing model

for stations and the computer packages; Microsoft Excel

95 Version and QUATRO PRO Versionfor Windows 7.0 4.00

determinationapplied for of humidity levels.were

those under current production.

Potential areas were delimited by grouping of stations of 
the same humidity levels. Tpte areas were then compared to
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to provide basic-

information on potentials and therefore be forusedcan

agricultural planning purposes. A fairly large percentage

of established through this method, especially forareas

maize and sorghum, coincide with the current production

the three beans have shown theAmongareas. crops,

greatest potential over the country's total area and only

20% of it is utilized while groundnuts have the highest

percentage of its potential area being unutilized.

study include:Recommendations from the Mapping out of

crop potentials related other factors to improvetoas

predictability of thethe method for agricultural

Similar studies on specificplanning. be carriedcrops

and later on be combinedin smaller areasout to cover

Zonal research centres be involved tothe whole country.

establish meteorological stations that eachmore so

portion of the country is well covered.

The study found that the approach seems
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1 INTRODUCTION

The humidity of a given region is greatly influenced by

the amount of rainfall and evapotranspiration. Tn general

evapotranspiration is of theterms, watermeasurea

demand growing plants, rainfall fullyof and orcan

(Nieuwolt,partially supply the plant water requirements
land surface withExamination of evaporation1973).

of plants has revealed that transpirationa dense cover
95% of evapotranspiration. Thus,thanfor moreaccounts

such conditions evapotranspiration can be assumed tofor
theThis leadsbe equal to transpiration. to compareus

relatedthey tocoefficients (asknown arecrop
ratios of thethetranspiration) of tosome crops
the potentialcalculated actual evapotranspiration over

evapotranspiration (Schmiedecken, 1981).

evapotranspiration balanced andandrainfallWhen are

periods of than three months,prevail for more
agriculture is possible (Nieuwolt, 1973). the driestIn

likeTanzania Dodoma, conditionsparts of marginalare
forms of farming. Proper use of meteorologicalfor most

assistancedata be of great in making rightthecan

on a
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decision selection, timing of planting andon crop

significant role in agriculture due to
the fact that it determines the of naturaltype
vegetation living conditions ofwell most cropsas as
grown in the tropics and subtropics (Schmiedecken, 1981).

the length of the growing period for annualFor example,
andcrops

aridity is a limiting factor for growing perennial crops.
Humidity conditions are produced by precipitation and an

availabilityinterplay between andwater

evapotranspiration requirement (Jatzold, 1977) .

countries (including Tanzania)Developing mostlyare
tropical region of thelocated in the world. thisIn

and rainfall is the major limiting factor in agricultural

production (Nieuwolt, 1973). For instance, in
particular,tropics, in temperature does risenot

sufficiently high or fall sufficiently low to seriously
limit plant growth for any prolonged time throughout the

(Williams and Joseph, 1973). Also rainfall andyear

evapotranspiration are the two major elements in the host

region temperatures show little or no seasonal variation

Humidity plays a

harvesting (Conyers, 1973).

is determined by the number of humid months,

the humid
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of variables which impinge on successful crop product.i.on.
Therefore, there is basic determineneed thetoa
influence theof in ordertwo parameters toon crops
identify potential for crop production toolareas as a
for agricultural planning (Baier, In this regard,1983).
humidity which is affected rainfall andby both
evapotranspiration, is important adequatelyandan
available weather parameter for analysis.

studies currently availableThere severalare on agro­
zoning which done in Tanzaniaecological have been

1984; Food Studies Group, 1992).1973; De(Conyers, Pauw,

(1973) basedThe conducted bystudy Conyers was on

conditionsagriculturalsufficiently homogeneous to
warrant the adoption of a single agricultural policy at

Other studies based on soilthe district level. surveys,

rainfall and length of the growing season also emerged in
eighties Studies(Foodearly 1992).Group, Most

crop-specific although they have
describebeen used whereto variousareas crops can

possibly be cultivated. In this respect, a study based on
mapping out potentials of specific crops is necessary for
effective agricultural planning.

classifications are not
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The success of the crops grown in area depends on thean
environment and how they adapt i t. Beforetoon
attempting production giveninany crop a area,
therefore, many questions have to be answered. What crops

their potentialities? Why onecan be grown and what are
crop is grown in that area and not in another? Theetc.

these questions depend others,to aanswers on, among
thorough understanding of the ecologic conditions of the

area.

Many agricultural projects undertaken with little or no

relationknowledge of crop ecologic requirements in to

inresultedconditions haveclimatic ofthe areaan

example, the1983).failures (Slater, Fordisastrous
failure of a mechanized large scale groundnut production

an area which is ecologicallyin Kongwa (Dodoma region),
is evidence of suchnatural pastures,suited to

Establishment(Eldin, 1983). ofshortfalls crop

of agro-economicpriorities measurepresupposes a

still insufficient inis relationinformation which to
farm-size and extent of coverage in the country (Conyers,

effort has been madelittle this1973) . But addressto
is whyinadequacy and that just mentioned stillcases

occur.
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The significance of this study is based on the fact that
agriculture is the most important in Tanzania'ssector

It employs about 85% of the population workforceeconomy.

and contributes about 75% of foreign exchange earnings.
isIt also the main of food supply andsource raw

materials for the industrial sector (Ministry of Finance,

1996). The production potential in this sector is greatly
influenced by rainfall (Gommes and Houssiau, 1982;

1992; Kingamkono, which isKassase, 1994) also majora
factor that influences humidity level in an area. A study

humidityof levels is, therefore, essential in

understanding the spatial distribution of the potentials

of an area for growing different crops.

and evapotranspirationAlthough both rainfall influence
neither of the parameters alone can be used inhumidity,

agro-ecological zonification. This is because not many,
quantitative studies on relationships between theif any,

and requirementsparameters watertwo have beencrop
(Mavi,conducted 1986). the ratioHowever, of water

availability to potential evapotranspiration (determined
both beby parameters) compared to watercan crop

requirement. willAlso, be later in theas seen
methodology, ratiothe expresses humidity grade ofsame
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relation between humidity andan a crop

water requirements.

It is worth-noting that delineation of humidity iszones
useful for mapping suitable for growingout areas

specific Other alternatives like soilcrops. surveys,
aerial photograph satellite imagery interpretationand
would serve a similar role but they are more expensive as
compared to humidity zoning especially when they toare

Tanzania.vast country like There is
also one big advantage with humidity zoning method, that

available inis, records of past manyyears are
humidity informationmeteorological stations. Therefore,

readily available be used for agriculturalandis can
planning.

groundnuts and beans form a majorMaize, sorghum, source
Tanzania and widely producedin infood theof are

(Ministry Agriculture,of their1995).country Yet

potential areas are not well demarcated. Maize and beans
high water demanding annual crops while sorghum andare

groundnuts adapt well to drought (Doorenbosconditions
1979) .and Kassam, A thecomparison between so

established optimal of above-mentionedareas the crops

be applied over a

area and hence
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willand those in which currently grownthe arecrops
facilitate investigation of other factors influencing the
performance of the crops in the respective zones.

mainThe objective thisof study determinetowas
optimally suitable productionfor selectedofareas

maize, innamely, sorghum, groundnuts and beanscrops,

Tanzania, according to prevailing humidity levels.

The specific objectives of the study were:

i) determine monthly grades humidityof forto
selected meteorological stations in Tanzania;

to demarcate humidity zones;ii)

to establish optimal cultivation ofiii) forzones
maize, sorghum, groundnuts and beans
prevailing humidity levels; and

iv) the established optimalto withcompare zones
wherethose the selected currentlycrops are

grown.

based on
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2 LITERATURE REVIEW

2.1 Introduction

This section reviews importance agroecologicalthe of
classification, especially in the tropics where there is

a great potential for agriculture. Different attempts in
Tanzania agroecological classification alsofor are

Differentcomparatively reviewed. methods for

determination of essential humidity zoningparameters of

reviewed. Emphasis is also madecritically onare
determining or estimating thedifferent alternatives for

its relationpotential evapotranspiration (pEt) and to
grading of humidity of stationscrop water requirements,

coding which is useful the laterits forand finally
Finally, ecologicthecartographic work. crop

reviewedbriefly highlight theirrequirements toare
different humidity conditionsadaptability and theto

length of growing periods.



9

2.2 Importance of Agroecological Classification in the

Tropics

The world food is supplied by distinctly differenttwo
regions which climate. isshaped by There theare
temperate region where climate is seasonal and weather

patterns are often manageable. There is also the tropics
region where climate is less predictable, particularly

rainfall. The is characterizedformer by modern,

mechanized and usually high productive farming while in
the latter agricultural production is manual, small-scale

1983). Despite all thisand subsistence oriented (Slater,
believed that tropical agricultureit isdifference,

the most productive in the world with thecould become

is an integral part of this new science (Kamarch, 1979) .

classificationAgroecological considerablepresents a

problem in that numbers and distribution of stations are
inadequateoften to spatialrepresent relations in

variables (Jackson, 1989). Tanzania has 600over
rainfall, agroclimatological13 and 55 climatological
stations throughout the country (Deckers 1991).al,et
This number of stations, though inadequate, can provide a

use of technology of which agroecological classification
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pool informationof for the evaluation theof

agricultural potentials.

2.3 Agroecological Classification in Tanzania

Sever.al attempts have been made to classify Tanzania into

different agroecological usedThe methodszones. were

and length of growingbased soil, rainfalltypes ofon

for example,1978; 1980a,b). authors,(FAO, Someseason

classified the country into eight(1984)De Pauw zones

divisions constituentphysiographical andbased on

classified it intoOthersproduction twentysystems.

rainfall,soil annual rainfallbased types,onzones

altitudegrowing and (Foodlength ofpattern, season

Rombulow-Pearse and Kamasho1992). (1982)Studies Group,

which aimed evaluating andstudy atconducted wasa

grouping of different physical resources of Mbeya region

The region was divided intointo rural development zones.

four major development zones.

As noted earlier the above classifications crop­

specific 1984).(De The MinistryPauw, of Agriculture

(1991) prepared maps specifically for crops based onsome

of thepercentage total of each administrativearea

are not
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region which is cultivated with those Jacksoncrops.
(1989) pointed approaches for agroecologicalthatout

particular crop
by grouping stations with similar characteristics. Gadgil
and Joshi (1983) used monthly rainfall and humidity index
(the ratio of rainfall to potential evapotranspiration)

minimum temperature classification climate.and o ffor
obtained IndiaThey found that climatic grouping inso

closely corresponded to the vegetation pattern. 01deman

(1982) obtained similar results of agroclimaticand Frere
classification for rice-based cropping pattern. They used

the validityshow ofbalance approach wettowater a

dry monthmonth defined as having more
criterion to delimitwith less than 100mm of rainfall as

climatic classes.

developed an approach whose resultsSchmiedecken (1981)
possibility of identifying potentialindicated areasa

incultivation the tropics.of The methodfor crops

calculates the ratios of the actual water availability to
the potential evapotranspiration (aWA/pEt) and uses them

humiditycategorizeto The ratios thenzones. are
compared to the crop coefficients (kc) for the purpose of

than 200mm and a

classification were available based on a
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determining optimal areas for production of the crops by

grouping of related stations.

The the growth periods ofcoefficient valuescrop over
monthlythe estimated basedcrops onare

usingmeasurement of the crop water requirements
A ten-day period has alsolysimeters (Schreiber, 1981) .

ininstance,studies, forin the relatedbeen used

method.forecastingyields Somedeveloping cropa

countries prefer to work with weekly periods or five-day
1979). The basis for the choiceperiods (Frere and Popov,

timethethey correspond tothese periods is thatof
soiltheoftotal waterduring which the canreserve
furtherthegood water supply toaassure

rainfall (Eldin, 1983).

Satellite imagery interpretation technique is now being

land for developmentevaluation offorused resources
Corporation,Satellite 1976).(Earthplanning De Pauw

applied satellite imagery interpretation to fill(1984)
the blanks in a soil map that resulted from compilation
and transfer of soil data onto Thesources

particularly,interpretation in thewas, easy

(ET,,.P)

a base map.

calculated or

crops before
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northeastern,

considerable assistance in other parts of the country.

2.4 Essential Parameters for Humidity Zoning Method

2.4.1 Potential evapotranspiration

requirements isThe effects climateof watercropon

of potential evapotranspirationexpressed in terms or,

evapotranspiration .sometimes, called reference crop
1979),(cited by andAccording to Popov,FrerePenman

defined maximumpotential evapotranspiration is theas

quantity of water which may be lost by a uniform cover of

short grass when the water supply is not limiting.dense,
and PruittDoorenbos (1977),and Sly (1975) , andWilcox

defined the theterm of(1981) rateJones as

evapotranspiration from an extensive surface of 8 to 15cm
uniform height,of activelytall, grass covergreen

completely shading the ground andgrowing, short ofnot
Papadakis (1966) briefly defined it thewater. wateras
for optimum growth of plants.needed It is whichterma

potentialrefers waterto consumption (Wilson, 1975;
Schmiedecken, 1981).

drier part of Tanzania but it was also of a
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Potential evapotranspiration is the useful andmost

central concept in agrometeorology. isIt ofa measure

evaporative power of the atmosphere. As such, being based

on meteorological parameters only, it does not express

exactly the water needs of which havethe theircrops,

specific physiological requirements The(Gommes, 1983).

soundest determining potentialmethod of

evapotranspiration is inby actual themeasurements

field. regions world,the developed of theIn more

basis formeasured values are available and they form a

In the remainingcalculation of irrigation requirements.

potentialexperimental dataregions, however, on

evapotranspiration non-existent of shorttooor aare

irrigation projects.relatedoften toperiod, and are

Indirect methods based upon different climatic parameters

estimation (Doorenbos andtherefore, used forare,

1979; Critchley et al., 1991).Kassam,

least formulas30 for determinationatThere ofare

potential evapotranspiration reported in the literature,

in complexity ofwide variationcovering calculationa

climatic dataof required.and nature These methods

provide estimates of pEt which are reasonably similar to

lysimeter values of reference (fulla cropstandard or
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cover of grass) under unlimited water supply (Linsley et
al., 1982). Four methods reviewed here the Penman,are
Pan evaporation, Blaney-Criddle and Radiation method. The
choice of method will normally be climat icbaseda on
data available and required (Doorenbos andaccuracy
Pruitt, 1977).

Penman method2.4.1.1

theMost agrometeorologists that Penman's methodagree
realistic estimates under most climates, providedyields

Theused 1983).coefficients (Gommes,appropriate are

method can give the results with possible error of plus

(Doorenbos and Pruitt,low evaporative conditions 1977) .

It relates pEt to a number of climatological parameters,

the mean air temperature, dew point temperature,such as,
radiationincoming solar (Nieuwolt,andwind speed,

1973).

with the methoddisadvantage Penman is itthatThe
requires data on climatological parameters which can only
be obtained from a particularly well-equipped climatical

or minus 10 percent in summer and up to 20 percent under
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station. This precondition is rarely met in developing

countries (Stewart and Mills 1967; Schreiber, 1981) .

2.4.1.2 Pan evaporation method

with possiblePan evaporation method givesThe results

of about 15 percent (Doorenbos and Pruitt, 1977).errors

pan evaporation readings are needed forWith this method,

evaporation is,calculation values.of PanpEt

usually, higher than potential evapotranspiration and has

(Wilson,coefficientmultiplied bybeto pana

1975). Thus,

(1)

but the US Weather Bureau

the most widely used (Jackson,perhaps,Class A pan is,

the coefficient ranges from 0.35For Class A pan,1989).

depending on relative humidity, wind speed and0.85,to

and Pruitt,(Doorenbos 1977;conditionsvegetation

Critchley et al.,Critchley et al., 1992). If the1991;

known, the ofis valuenotprecise pan factor average

be used for approximation. For higher accuracy,

factors has been made availabledetailed table of pana

TrainingIrrigation ManagementWater Manualfrom •

1991) . There are difficulties in using(Critchley et al.,

X K panpEt p pan

Many types of pans are in use,

0.70 can

(Kp.-,n)

(Epnn)
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the directfor fieldbut actualmeasurement,pan

measurements should form an important part in any studies
of evapotranspiration (Wilson, 1975).

In practice pan evaporation measurements of
often be estimated for another adjacent Thus, thearea.
relationship evaporationbetween this and watercrop

requirements from anotheralso be transposed areacan

whose climate bears resemblance to that of the area under
study (Withers and Vipond, 1988) .

Blaney-Criddle method2.4.1.3

The Blaney-Criddle method is straight-forward and perhaps
it requires only thethe best known and widely used as

approximate geographicalanddaily temperaturesmean
latitude of the area for the corresponding value of the

daily percentage of annual daytime hours. However,mean

approximations potentialonly ofmethod,thiswith

obtained which inaccurateevapotranspiration are
(Critchley al.,conditions 1992) .et Thein extreme

formula is:

(2)pEt = p(0.46 Tmco,, + 8)

one area can

can be
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where:

= potential evapotranspiration (mm/day)pEt
= mean daily temperature (°C)

= mean daily percentage of annual daytime hoursP

In order to calculate the mean daily temperature (T,
bethe daily minimum and maximum temperature toare

measured. Thus,

(3)
n

n

in/
(4)

n

(5)

where:

obtained based the approximatevaluesThe on

latitude of the location (Appendix A).

7 min

/ mean

moan) /

7 max

7m«

Tmean

n
^7 Tmaxi 
i~l

n = number of days of the month.

+ 7'min
2

of p are
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2.4.1.4 Radiation method

radiationThe method is considered reliable thanmore

others, especially in tropical is Iands, andsmallzones,

The method is based primarilyregions of high altitude.

additionalwithradiation airand temperature,upon

windrelative humidity and daytimecorrection made for

1991). The formula is:speeds (Critchley et al.,

(6)

where:

average daily evapotranspiration (mm)pEt

graphicallymadeadjustment factorsf & g

estimated values ofusingon

daytime windhumidity andrelative

speed.

incident solar radiation (mm/day)

altitudeand dependenttemperatureW

weighing factor

Hydrologic budget of a station2.4.2

The climatic hydrologic budget of a station is defined as

rainfallbetweendifference and potentialthe

givenevapotranspiration locationat (Schmiedecken,a

pEt - f -\-

Rs

WRS
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1981). The factors of hydrologic equation include
rainfall and part of the soilstored whi ch iswater
available for evapotranspiration (Robertson, 1989) . The

monthly total rainfall is insteadused, of effective

rainfall, to determine the hydrologic budget.

Effective rainfall is defined fraction(P) the ofas
is effectivelytotal rainfall that intercepted by the

vegetation or stored in and used by thethe root zone
system for evapotranspiration. is opposedplant-soil It

evaporates in the atmosphere, lost asto that part which
flow throughgroundwaterrun-offsurface or as

and is not available for evapotranspirationinfiltration,
is not practical(Abdulmumin and Bastiaansen, 1991). It

percolationdeep for allandrun-offto measure
stations these measurementsmeteorological as are

consuming and expensive. Only totaltimecomplicated,
inavailable the meteorologicalrainfall records are

used approximationbe forstations and can purposes

(Eldin, 1983).

Schmiedecken (1981) suggested the following procedure for
balancing of the hydrologic budget:
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The available soil moisture is calculated(St)
differently in two periods. In periods with deficit

hydrologic budget the following equation is used:

(7)St,, =

where:

in soilthe at

= WC

WC = water holding capacity in root zones of
soil

p = mean monthly precipitation.
pEt = potential regional evapotranspiration.

(i.e,surplus budgetswith pEt)periods >In P
carried out by adding the positiveiscalculation

the maximum soilto waterfigures
. holding capacity of a station.

The change in the soil water from month to month is
determined using the following equation:

A57 = Sl„., - Stn (8)
where:

St n-I 
(pE'-P>„ 

e »c

Stn
month n or n-1 with Sto

or Stn-i = volume of water

from p-pEt up
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or Stn-i = volume of water in the soi 1 at
month n or n-1

Thus, the actual evapotranspiration is then(aEt)
calculated. equals potential evapotranspirationIt

for periods of surplus budget and is given by p+ASt

for periods of deficit budget. This is inbecause
the periods of deficit budget, rainfall is Less than

evapotranspiration and can only partially supply the
in soil,moisture thestoreddemand. Thewater

for thesupplementhas totherefore, excess

• evapotranspiration (Schmiedecken, 1981) .

These indicate theaWA/pEt are calculated.Finally,
humidity status of a station in a given month.

capacity of soilsholding (WC)maximum waterThe
the length of the growingto a great extent,determines,

period and the likelihood that a crop may
growing period (De The1984) .Pauw,within thespell

factor varies with soil type and depth of the root zone
difficult giveto generaltherefore,is,and it a

economical solution is inputThe most toestimate.
for the maximum soil moisture"blanket" values reserve

Stn

overcome a dry
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into the waterbalance (FAO, 1979). Nieuwolt used a(1973)
value of 2 5 Omm and found that this is, infactor most

particularly criticalnot with regard thecases, to
general type and consequences of the balances inwater
Tanzania.

Some efforts have already been made in Tanzania

approximate values of the maximum water holding capacity

different compiledof soil units. (1984)De Pauw

maximum holdingestimates the ofof waterrange
capacities that can be expected in broad thatareas are

subdivisions of the physiographic regions (Table 1) . The

soil studies carried out atbased onwork was numerous
1974;(Presant,in the country Maggogo,smaller areas

Similar compilations made by Cookc) .b,1982a, were
1975), Hathout (1975) and Moore (1971).(1974,

to obtain
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Table 1: Physiographic regions/subregions maximumand

water holding capacity (per metre depth) in

root zone of soil

Physiographic Region or Subregion

Coastal zone
5(i-1 *•.<» inn

150- 4 5(1 .’5ti

I so- uu.

.• 752on- 45(i
200-4 nr;

100-?(iu ISO

300-4 00
15n-?ni» 175

400-350 <25

30-50 40
300200*400(I)
150100-200

300-600 4 50

0-5(i 25

150-400 225
200-250 225

3 <

100-200 150

150-225 188

150-350 250
150-300 225

100-150 125

225150-300

200-400 300
150100-200

De Pauw (1984)Source:

Coastal uplands

Coastal lowlands

Average 
wr* (mini

Eastern plateau and mountain blocks 
Semi-arid plains 
Semi-humid upland plains 
Semi-humid lowland plains 
Mountain blocks

(I)
(II)

Inland sedimentary plateaux
Ufipa plateau
Western highlands

Highlands developed on basalts or argillaceous rocks 
Highlands developed on sandstones

Southern highlands
Highlands covered by volcanic products
Highlands developed on basic metamorphic rocks 
Highlands developed on acid metamorphic rocks 
Lacustrine plains 

Northern rift zone and volcanic highlands
Plains developed on sodic volcanic ash 
Volcanic ash plains t cones 
Volcanic ash plains 
Volcanic ash plains c cones (11) 
Rift depressions

Central plateau
Predominantly well drained plains with sandy or loamy soils 
Predominantly well drained plains on lacustrine sediments 
Seasonally water logged plains with hardpan soils 
Predominantly well drained plains on strongly weathered 
Sediments
Predominantly poorly drained plains

Ruaha riftzone

Ur
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2.4.3 Crop coefficients (kc)

Water requirements for agriculture are closely related to

the potential evapotranspiration which depends on crop

environmentaltype and conditions water supplywhen is

not limiting. usually called coefficientET, crop

out empirically (experimentally)(kc) , has been worked

variety of is function of thefor It cropa crops. a

(variety) and of its growth stages. Thus, at early growth

0.5low values around andratiothestages, assumes

sometimes high1.0 1.2 forgradually increases to or

such as, maize (Gommes, 1983) .water demanding crops,

theirforkc valuesReliable monthly some crops over

growth periods are now available in the tropics. Rijks

valuescomputed the kc forexample,(1978), for some

crops at Namulonge, Uganda.

Humidity grades of a station2.4.4

rainfallpointed out that, willPapadakis (1966) alone

is humid. Innot a season

is,a season

of water which is tothe amount produce goodnecessary

crop/pEt,

order to tell how humid or arid climate or

indicate whether a climate or
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that did not suffer fromcrop should bewater stress

known and compared to the actual rainfall. This leads to

the need to estimate ratiopEt. The ofmeasure or

rainfall over potential evapotranspiration is, therefore,

very important and can be applied indicate humidityto

level of a given area.

aWA/pEt are used for characterizationCn the other hand,

of given location humid arid, basedora as on

predetermined limits these values. The valuesof are

the procedure suggested byaccordingcalculated to

rainfallmonthlywhich andSchmiedecken (1981), uses

evapotranspiration as input values.

suggested the following limitsJatzbld based(1977) on

plant water requirements and potential evapotranspiration

for determining the grades of humidity. The water(pEt)

supply of over 1.2pEt is termed as perhumid; 0.8-1.2pEt

subhumid; 0.2-0.4pEtfully humid; 0.4-0.8pEt as asas

fully arid and undersemiarid; 0.1-0.2pEt O.lpEtas as

this thearid. ofextremely In conceptcase,

with thelines humidisohygromenes number ofsameas

the specificationbymonths is supplemented theon

Schmiedeckenphysiology of the (1981) usedcrops. a
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method based on aWA/pEt values alone. The quotient of 2.0

is used to separate between humid semihumidand zones.

Further, between semihumid and semiarid the quotient of

1.0 is used and between semiarid and arid 0.5 is used.

limitsThe climatic regionof be given byalsoa can

humidity index accordingvalues computed(I) to

Thornthwaite The criterion adopted is that the(1948) .

superhumid; 20-4 0values than 40 representgreater

-20-0 dry subhumid;represents humid; 0-20 subhumid; -40

aridthan -40semiarid; and less represent-20to

(Carrillo and Benacchio, 1983).

The methods discussed above are related in that they all

parameters whichconsideration thetake into

and potentialrequirementswatercropare

different approachesNevertheless,evapotranspiration.

determining the andapplied in parametersbeenhave

expressing the limits used for grading of humidity.

Humidity reference number2.4.5

situation of stationhumiditymonthlyThe bea can

(Papadakis, 1966).expressed in two ways One way makes

two major
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use of a 4-figure reference number system based i»n values
of 2.0, 1.0, and 0.5, aWA/pEtof values calculated

according to Schmiedecken (1981). The number monthso f
with the humidity grade is entered follows:same as

of station is, therefore, formed with respect thetoa
number of months in subdivision,each entered in the

for instance, 4134 means a station has

four humid months, subhumid month, semiaridthreeone
months and four arid months. The sum of digits should be

12, corresponding to the number of months in a year.

the monthly humidityisThe second to expressway
situation according to predetermined ratios of rainfall

evapotranspiration. example,potential For 4-over
7;10/12-2 means that the humid season includes April (4),

is also humid;June and July (7) ; October (10) theMay,
dry season includes December (12), February (2);January,

and the months not included in these two seasons (March,

November) are intermediate (Papadakis,September,August,

1966) .

above order. Thus,

humid-subhumid-semiarid-arid. A 4-figure reference number
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method based on aWA/pEt values alone. The quotient of 2.0

is used separate between humidto and semihumid zones.

Further, between semihumid and semiarid the quotient of

1.0 is used and between semiarid and arid 0.5 is used.

limitsThe climatic regionof also be given bya can

humidity index values according(I) computed to

Thornthwaite The criterion adopted is(1948). that the

values than 40 superhumid;represent 20-40greater

0-20 subhumid; -20-0 dry subhumid;represents humid; -40

aridsemiarid; less than -40and represent-20to

(Carrillo and Benacchio, 1983).

in that they allThe methods discussed above are related

major parameters whichconsideration the twotake into

requirements and potentialwaterare crop

differentNevertheless,evapotranspiration. approaches

determiningin theappliedhave been parame ters and

expressing the limits used for grading of humidity.

Humidity reference number2.4.5

situationhumiditymonthlyThe of bestationa can

(Papadakis, 1966) . One way makesexpressed in two ways
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use of a 4-figure reference number system based

of 2.0, 1.0, and 0.5, of aWA/pEt values calculated

according to Schmiedecken (1981). The number of months

wi th the humidity grade is entered follows:same as

humid-subhumid-semi ar id-arid. A 4-figure reference number

of station is, therefore, formed with thetorespecta

number of inmonths each subdivision, inentered the

above order. for instance,Thus, has

semiaridsubhumidfour humid months, month, threeone

The sum of digits should bemonths and four arid months.

corresponding to the number of months in a year.12,

humiditymonthlytheisThe second to expressway

according to predetermined ratios of rainfallsituation

evapotranspiration. example, 4-Forpotentialover

7;10/12-2 means that the humid season includes April (4),

is also humid;(10) theOctoberJune and July (7) ;May,

dry season includes December (12), February (2);January,

and the months not included in these two seasons (March,

August, September, November) are intermediate (Papadakis,

1966).

4134 means a station

on values
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Formulating reference number of stationa representsa

the climatological characteristics of in thestationa

simplest form useful for cartographic purposes.

2.5 Crop Ecologic Requirements

The following are the crop ecologic requirements for the

selected crops: C'nrnTnr'n

humid,suited themedium rainfall, but to wetnot

pod dueandDropping of flowers totropics. occurs

in thischaracteristiciswhichrainfallexcessive a

region. The length of its growing period varies with the

intended use of the crop and is 60 to 90 days for green

120 days for dry beans (Doorenbos andbeans and 90 to

LivestockAgriculture andMinistry of1979;Kassam,

1987).Development,

is resistant(Arachis hypogaea) toGroundnuts very

well adapted to the short humidtherefore,drought and,
al., 1975).1966;(Papadakis, et ItsKassamseason

growing period is 90 to 115 for the sequential, branched

for the alternately, branchedvarieties 140and 120 to
varieties (Doorenbos and Kassam, 1979).
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Maize (Zea ismays) efficient of and,wateran user

therefore, sensitive to drought. four

months is sufficient. Early grain varieties mature after

80 to 110 days and medium varieties 110 days140to

(Doorenbos and Kassam, 1979; FAO, 1980c).

bi col or) is adapted droughtSorghum (Sorghurn to

soil well and lowersconditions. occupies theIt

maize (Papadakis,thanfertility much lesspotential

1966; Kowal and Adrews, 1975) . Early grain varieties take

Ministry1979; ofand Kassam,(Doorenbosto mature

1987).Agriculture and Livestock Development,

90 to 110 days and medium varieties take 110 to 140 days

A humid season of
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3 METHODOLOGY

3.1 The Study Area

Ninety seven climatological stations in Mainland Tanzania

The criteria used for selectionwere used for this study.

of the stations was the availability of adequate data to

carry out the study.

stationsindex of thealphabeticalAppendix isB an

positionsgeographical andtheirofgiving details

Figure 1 shows the location of stations,thealtitudes.

corresponds that ofthis toinnumberingthe case

Appendix D.

Data Collection3.2

of 30recordsrainfall durationMonthly years were

collected from the Directorate of Meteorology in Dar es

ninetyall stations.for TheseSalaam seven were

published by the Directorate for the period of 1931-1966

MeteorologicalAfrican Department,(East 1966) .
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Figure 1: Stations used in the study
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The monthly potential evapotranspiration data for all 97

stations obtained by three different methods. Thewere

Penman method was considered first in the data collection

for the that it has least and considerablereason error

data currently available in Tanzania based theare on

method evaporation(Woodhead, 1968). methodPan was

applied stations where datathose notto Penman were

applied toavailable. Blaney-Criddle method was theThe

stations theof fromstations theof therest sumas

above methods was still inadequate.

calculated by Woodheadthosestations41ofData were

basedmethod. Theseusing the(1968) Penman were on

1935for the period ranging from 1966, eachtorecords

instation taking into consideration the number of years

calculation. Thetheforavailable Panwhich data were

evaporation method was applied to 40 other stations with

Records of 5 years inrecords ranging from 1976 to 1990.

each station were collected according to the availability

in that period and their monthly averagesof data were

coefficient value of 0.70 usedThe pandetermined. was

for correction of pan measurements as the values for each

evaporation data usedstation where notwaspan were

The Blaney-Criddle method was applied for theavailable.
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remaining stations.16 The daily maximum minimumand
temperatures for a period of 5 years were collected. The

daily percentages of daytime from Appendix Amean were
used.

Maximum water holding capacity data estimated fromwere

those published by De also(1984). ReferencePauw was

Ministryprepared the ofmade soil bytheto map

calculation ofAgriculture used forThese(1991). were
in periods with surplusthe available soil moisture (St)

budget.

(kc) for the selected cropsThe monthly crop coefficients
published by Doorenbos andthoseestimated fromwere

growth Thedifferent stages.based(1979)Kassam on

takeninitial growth stagebeginning of the was as a

determination theof monthlythepoint forstarting
corresponding approximate kctheintervals and hence

values.

Data Analysis3.3

evapotranspiration (pEt) values forPotential Morogoro

(Table 2)Meteorological station from the three methods
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used correlateto the Blaney-Criddlewere and Pan
Evaporation to the Penman method before further stages of

data analysis. The regression analysis was carried out by

using the Microsoft Excel Windowsfor Version 7.095

computer program.

Table 2: Monthly values (mm) forpEt Morogoro

Metereological station 51' 40' E)S,
used for regression analysis

Method Penman

Duration

173 240173Jan

193171159Feb

243184167Mar

142119126

91 94111

85 94106

105 83112Jul

138 136126

172 179146

192 189179

196 226176Nov

239 220179Dec

rainfall,monthly potentialofThe values

maximum soil holdingand waterevapotranspiration

intoentered package,computerthencapacity awere

QUATRO PRO Version 4.00, for analysis.

Aug
Sep
Oct

Apr
May
Jun

1947-1960
(Woodhead, 1968)

Blaney-Criddle
1981-1985

Pan evaporation
1981-1985

(6° 37°
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3.3.1 Balancing of hydrologic budget of a station

The procedure suggested by Schmiedecken (1981) was

employed in the calculation of hydrologic budgets of

stations. The procedure involved the determination of the

difference rainfall and potentialbetween

j udgeevapotranspiration which used thethen towas

givenbudget fordeficit surplus of thestatus aor

The status was in turn used in deciding forstation. an

appropriate means of determining the stored soil moisture

involvedit furtherAlsoavailable use by plants.for

calculation of the change in the soil water from month-

to-month and aWA/pEt values.

station and humidityofgradesHumidi ty3.3.2 a

reference number

used in gradingcalculated aWA/pEt values ofThe were

The ratios 2.0, 1.0 and 0.5humidity of stations. were

used for separation among four subdivisions of humidity:

semiarid and arid, respectively.semihumid,humid,

reference number4-figure usedof toThe system was

numberThe of inmonthsstations. eachcharacterise
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subdivision entered in the order: humid-semihumid-was

semiarid-arid.

3.4 Establishing of Humidity Zones

In order delimit humidityto reference numberszones,

located the map according to their respectivewere on

stations. Stations with numberthe of humid plussame

semihumid months then connected together obtaintowere

isohygromenes. The same was done to obtain the boundaries

between humid withvarious months and thoseofareas

various arid months.

Selection of Length of Growing Season of the Crops3.5

selectedof theeachOnly variety of crops wasone

the basis of thethis studyconsidered in averageon

the length of growing periodsSelection ofconditions.
according Doorenbos andfor tothe Kassamwascrops

considered total length for beans 120(1979). The was

days and for maize, sorghum and groundnuts was 140 days.

coefficients (kc)The estimatedmonthly werecrop

initial,growth stages:according the development,to
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mid-season, late season and at harvest, which constitute

the length of growth period.

3.6 Parallelization of Humidity and CultivationZones

Zones

A comparison aWA/pEt,ratios,made between the ofwas

each month obtained from the calculations theand crop

The values of aWA/pEtcoefficients, (or kc) .ET,

station twelverepresent degree of humidity of overa

,/pEtwhilemonths in those of representyeara

its growingdemand by the cropapproximate water over

/pEt were assessed for eachperiod. The values of

individual station by determining the range of months in

year which can host the growth period of a given crop.a

conditionabovethesatisfyingThe stations were

stationstheselocations ofdetermined. The were,

finalThedelineated directly on theaccordingly, map.

of theoverlays ofresult ofwhich is zonesmap a

humidity and growing conditions of a crop determines the

for production of suchlocation of optimal areas crop.

for otherdone under thisSimilar procedure cropswas

study.

ETCrop.

ETcrop,

crop/pEt
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3.7 Comparison of the Established Zones the Current.to

Growing Areas

The I ‘ihiliii, I v.iliscurrent areas

del. i neatedand groundnu ts basedwe re M| ■

air Itheconducted by of Assthe ResourceBureau SSIIlfHl i

l h>'HThe1973) .Use PlanningLand (Conyers, WO 1 oa re as

superimposed estab.1. ished by lb iwith I hose

determined by 11 s i. n • iPercentages of different we reareas

Planimeter for comparison purposes.

for production of maize,
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4 RESULTS AND DISCUSSION

4.1 Distribution of Stations

noted during plotting of stations that some large

areas especially those occupied by large forest reserves,

national parks, p Lantationsgame reserves, swamps or

(Fig. few meteorological stations.have2) veryno or

This presented

extrapolations had behumid lines therefore, toand,

done.

recently beenstations haveis possible thatIt more

established in these areas but were not yet publicised.

they were not accessed during data collectionTherefore,

for this study.

Blaney-andAnalysis Between Penman4.2 Regression

Criddle and Pan Evaporation

of resultsthe of thetheTable 3 shows summary

basisthe of R-Square, bothanalysis.regression On

methods

strong relationship to the Penman method. The following

(Blaney-Criddle and Pan Evaporation) have shown a

some difficulties in the plotting of iso-

It was
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developed models therefore, used in determiningwere,

Penman evapotranspiration from Blaney-Criddle and Pan

Evaporation data:

+ 57.25 (9)

+ 67.67 (10)

where:

Penman method pEt values;
obtained using Blaney-valuepEtPET BJ.m-Crid

Griddle method;
obtained usingvalue PanpEt

Evaporation method.

regression analysis for MorogoroTable 3: ofSummary
oMeteorological station (6 51' 40' E)S,

Blaney-Criddle Pan evaporation

0.946777 0.941896
0.896387 0.887168

0.886026 0.875884

9.759504 10.184450

57.251580 67.673070
0.575325 0.465170

Intercept
Coefficient

pETpenma/i

37°

PET/Jan

Multiple R 
R Square 
Adjusted R 
Standard Error

- 0.5 <8 pEt ,I Blan-Cna
P  ̂4 Penman

O.47pEt,,a„Penman
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game reserves,Figure 2: Large areas for forest reserves, 
swamps or plantations
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4.3 Monthly Grades of Humidity (aWA/pEt)

4.3.1 Highest and lowest values

The highest values for aWA/pEt of 7.27 found in thewas

northern highlands at Kibosho station. This was followed

by other values in stations like Kilema and I.’arck

stations.Ambangulu and Similar resultsNgaraya were

observed in the southern highlands at Musekera and Tukuyu

stations (Appendix D) . The stations are located in areas

high rainfall (Mhi ta, 1990)receivereported to very

available forof waterwhich is majorthe source

thatnoted thealsoevapotranspiration. It areaswas

experience long period of about six months in which the
This shows thatvalues of aWA/pEt are greater than 1.00.

evapotranspirationforavailablesufficientlyiswater

during that period.

of aWA/pEt less 0.50than for aboutvaluesThe lowest
seven months in a year were observed in the central areas

Mwanza and Shinyanga alsoand Singida. showof Dodoma
Generally, the values in thesesimilar conditions. areas

indication there is1.00, thatthanless an noare
adequate water available for evapotranspiration.
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4.3.2 Humidity reference numbers

It was found that the humidity reference numbers for some
stations the This occurred towere same. some
neighbouring stations where similar method for obtaining
evapotranspiration data was applied, SakuraKorogwe,e.g.

and Karimi stations in Tanga.

TarimeAnother is Igabiro, andexample for Musoma

different methodsstations, although in this forcase

These stationsevapotranspiration data were applied. are

possibleIt is, therefore,almost the same altitude.at

to experience the same ecological condition as implied by

humidity reference number.

Kondoa, Tabora,examples ofotherthereHowever, are
one hand, andTungi and Kilwa as one groupMorogoro, on

Ngurumahamba and Mikindani on the other.Seliani, Narok,

stations have similarofAlthough the two groups

reference numbers they are far apart from each other and
differ in altitude as well as in the methods applied for

evapotranspiration data. This points out to the fact that

locations with differing altitudes.

one ecological condition can be experienced at different
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4.4 Humidity Zones

It is worthwhile noting that the humidity zones discussed
in this section may not necessarily correspond theto
known climatological zones of the country although great

discrepancy is not expected. The zones (humid, semihumid,
semiarid and arid) are defined in this study according to

the predetermined limits of aWA/pEt values.

4.4.1 semi-humid monthshumid plusLines of
(Isohygromenes)

any given station, theshould noted that atIt be as

increases,semi-humid months thenumber humid plusof
number of semi-arid plus arid months decreases.

fromThe

theof Itcountry.south-eastnorth-west to passes

Singida,Shinyanga,through Mwanza,
3). The line divides the country into twoand Lindi (Fig.

parts in which the number of months of humid plus semi­
humid increases toward the respective highlands (Northern

The number increases to the highest, valueand Southern) .
of 6 at Mbozi.

Dodoma, Mbulu, Hanang

line of zero humid plus semi-humid months runs
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Humidity levels of the country differ largely from the

passed by the line to the highlands. centralTheareas

parts experience lower (zero) humid plus semi-humid
months as compared to the northern and southern highlands
which have three months.

like Same in Kilimanjaro regionHowever,
in thethat experience dry conditions like those found

in the northernincludedcentral theybut arezone
the thathighlands climates. This may be due to reason

could be usedthat toinsufficient stationsthere were

demarcate the area precisely.

there are areas
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Figure 3: Boundaries between areas of the same number of 
humid plus semi-humid months
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4.4.2 Humid areas

Figure 4 shows the boundaries between of: theareas same
number of humid months. As the for the humidwas case
plus semi-humid lines, the humid lines concentratedare
in the distincttwo the northern and southernareas,
highlands. lines humidTwo of months engulf thezero

respective areas of the northern and southern highlands.

The number of humid months is 3 in the areas around Mount
Kilimanjaro is around Njombeand Chunya. 2It and 1

The above characteristics indicate thataround Bukoba. a
small part of the country has humid months as compared to

the remaining vast area which experiences generally semi-
semi-arid and arid conditions as can behumid, fromseen

Figure 3.

the humid boundaries (Fig. 4)Distribution of compares

closely to the patterns of the unimodal rainfall regime
established by Nyenzi(Fig.October-April 5)of etas

Relationship noted also withal., (1997). thewas

patterns according to Nieuwolt (1973) .rainfall Ogallo
categorised Tanzania into(1980) seven

The boundarieshomogeneous regions (Fig. 6) . for these

regions compare fairly well to the boundaries made by the



49

humid lines. The comparison carried betweenoutzero

humid boundaries and evapotranspiration established by

Woodhead (1968) could not, however, indicate de f lur'da

relationship.

humidity isperhapsabove situation thatThe suggests

This

rainfall andbothnoted fromalso becan

evapotranspiration data that rainfall variation in a year

is greater than evapotranspiration (Table 4).

more related to rainfall than to evapotranspiration.
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Table 4: Range and variation of monthly rain fal1 and

evapotranspiration in for samplea year

stations

VariationRange
Rainfall Rainfa1 IpEt pEt

Musorna Met. 156-189 48-225 17733
Mbulu 1-165108-187 7 9 164
Seliani Coffee 3-276 72111-183 273
Dodoma Met. 149-188 0-146 39 14 6
Lindi Met. 5-176 58 171152-210
Ujiji Mission 72128-200 0-144 144

76Singida 138-214 0-149 149
23-241 66Bagamoyo Agric. 137-203 218
0-211103-212 109 211Mbeya Boma
0-198136-217 81 198Malangali School

11-228 28 217115-143Rubya Mission
4-264 6899-161 260Olmotonyi Forest

22-290 168111-192 81Rombo Mission
133-217 43-291 84 248Tungi Sisal

73106-179 11-191 180Pangani
68 193Mean-variation



humid months
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regimerainfall o funimodalofFigure 5: Patterns

October-April

(1997)et al.,Nyenzi,Source:
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Figure 6: Climatological homogeneous regions of Tanzania

Ogallo (1980)Source:
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4.4.3 Arid areas

Perhaps the interesting humiditymost feature of the

iscountry the large arid The highest number ofarea.

arid months is found in the central part of the country.

theContrary to number of humid months, the number of
arid months decreases from eight in the central regions
toward the northern and highlands. issouthern 5It

Victoriaaround lake and Mbinga and around Mountzero

Kilimanjaro and Bukoba (Fig. 7) . The lines discontinue at

especially the forest reserves, game reserves,

large swamps and plantations.

thelarge parts of countryobserved thatIt arewas
dominated by arid conditions which last for up to eight

situationThe changescentralinmonths the areas.

slightly to the northern and southern highlands and lake
number of arid months drops tothewhere zero.zones

Very small areas over Lake Victoria in Kagera region and

situationarid months. inTheexhibit theseto zero

(1992), who reported the highestVenalainenMhita and

mean annual rainfall in the country about 3000mm. Both

over the slopes of mount Kilimanjaro and Meru were found

areas corresponds to the rainfall conditions as noted by

some areas
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Boundaries between areas of the same number of 
arid months

•>
Figure 7:
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long and short rains occur in these areas and constitute

a long period over a year. Again as

humid lines, the above situation suggests s t ronga

relationship between rainfall and humidity.

4.4.4 Combination of the three types of humidity

boundaries

Figure 8 combination of the boundaries between

humid plus semihumid months andregions of humid months,

It can be noted from the figurecompletely arid months.

continuous pattern ofthe boundaries representthat a

when a boundaryin which the difference,humidity zones

be only one month upwards tois crossed, can

higher degree of humidity or downwards to the next lower

implications alsoSimilarhumidity.degree of were

Nigeria byconducted forstudyin thepointed out

Schmiedecken (1981)

was for the case of

the next

shows a



p

Figure 8: The— > combined three boundaries of the areas with 
similar humidity levels

■
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4.5 Potential Areas for Production of the Selected

Crops

Potential areas for production of the selected crops can
be classified into two: optimal areas, where crops can

be produced without suffering water shortage problem and

marginal areas, where crops can suffer water stress. It
exclusions thenoted that there large ofwas were

the potentialin for thegrowingcurrent areasareas

water requirements, of theBased somecrops. cropon
derivedcovered by thegrowing notcurrent areas

reliablenecessarily be forpotential notmayareas,
semi-arid ofofMostproduction of the areascrops.

Shinyanga,and forSingida, Mbulu, HanangDodoma,

growingcurrentin theincludedinstance, areasare

distribution anddue tofailuresthough poorcrop

uncertainty of rainfall are quite pronounced (Ministry
This can be one of the1995).of Agriculture, reasons

of the current in theexclusion offor the areassome

potential areas.

It should also be realized that potential areas provide
for the best crop growth requirements and that cultural
preferences could partly explain production of crops on
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which are marginal. A good example is the stapleareas

preference of maize and sorghum in cultures.some
Cassava and wheat grow well at Dodoma and Singidacan
but the respective Gogo and Turu tribes would prefer to
produce maize and sorghum at risk theto formerany
crops.

4.5.1 Maize

values thethat the kc ofIt noted atcropswas
approximatelydifferent thegrowth stages samewere

Since the growth duration considered in this(Table 5).

study is the same for the three crops then on the basis

of the crop water requirement and the data collected it

found that the three crops have the same potentialswas

(Fig. 9).areas

(kc) forTable 5:

Month

III IV VII VICrop I

0.28*0.701.130.750.35Beans
1.100.88 0.750.75Groundnuts 0.45

0.95 1.20 0.850.78Maize 0.40
0.53’1.00 1.15 0.780.73Sorghum 0.40

= Crop coefficient at harvest stage
Doorenbos and Kassam (1979)Source:

Approximate monthly crop coefficient 
selected crops

0.58'
0.58'
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Figure 9: maize, sorghum andPotential areas for 
groundnut production
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fairly large number of stations

fall under the optimal for maize production. Thezone

zone is formed by the southern and eastern region of the

includingcountry the highlands of Iringa, Mbeya,

andMorogoro Rukwa. Other the coastalwetareas are

parts of Tanga, the slopes of the volcanic mountains of

Meru and Kilimanjaro and the northern parts of Kigoma,

Kagera and Mara region. The marginal formed by

including Lindi, andthe coastal Coast Tangaareas
region Lakeregions. aroundofparts MwanzaSome

regionVictoria, and the northernsouth of Kagera

portion of Kigoma region are also included in this zone.

maize is produced atthatpointed out(1973)Conyers

this is withalmost every part of the country. However,
occupied by forestexclusion of reserves,a

A narrow belt alongand national parks.reservesgame
Ukerewe and Mafia islands alsoIndianthe wereocean,

excluded from the production zone.

Comparison between the established areas and the current

growing ones
country has been represented by the study as potential

for maize production (Fig. 10) . The reason for this can

The results show that a

few areas

zone is

indicated that only a small region of the
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be of only one variety of maize
growing season. This is hardly possible, for example, in

the semi-arid areas. Also there are areas which were not

shown by Conyers (1973) as suitable but have been shown

in this study as maize potentials. Suitability of these

is based on water requirements but other factorsareas

like soils may not favour maize production.

Iringa, Mbeya,noted that regions (Ruvuma, Rukwa

maize production have beenforand Morogoro) famous

Thevalidated by the study as well as from the surveys.
(Ministryrainfall ofreliableexperienceareas

maizetherefore, supportandAgriculture, 1995) can,

varieties of longer growing period.

Sorghum4.5.2

potential for sorghumthenoted above,As areas

production as established in this study are the

located the following(1973)maize.those for Conyers

for sorghum cultivation whichareas
northern and thatcentralThe partinto parts.two

Shinyanga and Mara regions.Dodoma,includes Singida,

and includeseastern part thatsoutherntheisThere

same as

can be categorised

and of longer

11 was

the use
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Mtwara and small areas in'Rukwa, Coast:,

Kigoma, Tabora and Kagera regions (Fig. 11) . Similar

noted by the Ministry of Agricultureareas were and

Livestock Development (1987) .

The southern and eastern part where sorghum is currently

also potentialmapped foroutgrown was as a area

covers only a

This impliessmall that sorghumthis region.part of

production can still be extended to other areas

region. The situation was different for the northern and

central part where only a small portion was mapped out.

Shinyanga and Tabora notof Singida,Large wereareas

included. Again this may have resulted from the use of a

variety that requires longer growing period.

Sorghum production has not been extended to

Kilimanjaro and ArushaTanga,Kagera,

Sorghum demands higherdue following reasons.theto

labour inputs for weeding, bird scaring, harvesting and
maize. Unpopularitywinnowing compared to ofas

improved varieties is constraintalsoavailable toa

Cultivation improved varietiesofthis extension. is

limited and is mostly undertaken in largestill scale

some areas

sorghum. The current production, however,

of Ruvuma, Mbeya,

Morogoro, Lindi,

of the
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Figure 11: Current and potential areas for sorghum 
production



66

farms by public institutions (Ministry of Agriculture

and Livestock Development, 1987) .

4.5.3 Groundnuts

The largest production areas of groundnuts as identified

by Conyers (1973) constitutes the Shinyanga, Kahama,

and ManyoniNzega includeSmallerareas. areas some

in Lindi and Mtwara regions in the southern limbareas

minorof the country and, of Morogoro, Tabora,areas

RukwaandKigoma and regions. Dodoma, MtwaraMbeya

regions were also pointed out by Bolton (1980)

the groundnuts producing(1987)and MwendaDo to asas

areas.

noted that only a small portion (Mtwara andIt

delimitedcurrent growingLindi) theof area was as

production (Fig. The12) .groundnutspotential for

results point out that large potentials for groundnuts

production have not been fully utilised.

Possible reasons to this under-utilisation can be due to
agroecologically adapted cultivars forlack mostof

of the country (Sibuga, et al., 1989). Groundnutsareas

as well

can be
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Figure 12: Current and potential areas for groundnut 
production

I.
5I
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in most areas below an altitude ofare grown 1500m and

the unimodal rainfall pattern regions like Dodoma and

Tabora favour most of the groundnuts varieties (Mwenda,
1987) . The above two explain thereasons may non-

prevalence of groundnuts in most high rainfall areas,

such the northern and southern highlands, althoughas,

they mapped potential based waterare as on crop

requirements.

4.5.4 Beans

Figure 13 shows the optimal and marginal zones for beans

formed by thoseproduction. The optimal areas

optimal and marginal for maize, sorghumnoted above as

The marginal zone covers the Kigoma andand groundnuts.

region andof MwanzasouthernShinyanga region, areas

The Mbulu andthe northern parts of Singida and Tabora.

in Dodomaof KondoaHanang of Arusha plus small areas

identified the(1973)byobtained ConyersResults

production:suitable for beansfollowing asareas

Kilosa, Morogoro, Mbinga, Songea,Kiteto, Mbulu, Hanang,

Lushoto districts theandand PareHandeniTanga,

are also part of the marginal area.

zone was
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mountains. There in Kagera and

Kigoma which cultivate beans (Fig. 14) .

The comparison between the established and theareas
current ones points out that, from the point of view of

water availability, production of beans

extended. A similar observation was made by the Ministry

of Agriculture (1987). Conyers (1973) identified only a

in the Figuresmall for beans production asarea seen

unimodalconsidered only the14 . The above study

whichArusha, Kigoma)rainfall regions (like Karagwe,
suppliers of market beansknown betoare

have been1987).(Ministry of Agriculture, Fewer areas

noted in this study most probably due to the use of one

bean variety.

Comparative Summary of Areas from Planimeter4.6

the andof currentpercentagestheTable shows6
theoftotal countrythepotential areaoverareas

shows thewater bodies. alsoItmajorexcluding the

fallthe potential which underofpercentages area

and that of unutilized potential, over thecurrent area,
total potential area for each crop.

can greatly be

are also small patches

the major
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Table 6: Percentage of current and potential f romareas

Planimeter measurement

Crop

Maize Sorghum Groundnuts Beans

area
58 42 39 20

area
45 45 4 5 63

with 67 51 20 21

33 49 80 79

in Table 6.following noted based on dataThe becan
potential theshown the greatesthaveBeans over

is utilized.it Inwhile only 20% ofcountry's area
coinciding withthe potential currentregard to area

be argued that the crop zoning method useditarea, can
in this study has proved fairly successful for maize and

whose potential areas coincide by 67% and 51?.,sorghum,

grown withlow coincidences ofrespectively. The areas

groundnuts and beans may mean that the potential areasi

inadequately being utilized or the study of currentare!

did not take into account other possiblegrowing areas
for production. A good example is for beans whereareas

delimited only(1973)conducted by Conyersthe study
which are good suppliers of marketed beans.those areas

Groundnuts have the highest percentage of its potential

Current 
country 1s

Potential 
coinciding 
area (%)

area
current

Potential area over the 
country's total area (%)

Percentage of unutilized 
potential area

over the 
total area (7.)
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being unutilized whicharea also be duemay to the

reasons mentioned earlier.

4.7 Relation Between Humidity Lines and Crop Zones

It was observed in this study that there no definedwere

relationships between humidity lines and the crop zones

be observed in Figure 15. consideringHowever,as can

Figure 4 Figure 9 together it can be deducedand that

the main production zone (southern part of the country)

is limited on the north by the line of zero humid month

while the south-the north-eastern

theline. Both toalso by thewes t zones runsame

with simultaneoussidesborderrespective country

humid months. Thethreeincrease tohumidity upof

clear in those production zones insituation is not so

Kagera and Mara regions.

The limits for the marginal zones in relation to the

humidity zones could not be clearly defined as can be

noted from Figure 15. This was for both cases, i.e, for

production of maize, sorghum and groundnuts; and beans.

zone is limited on
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Figure 15: Relation between humidity and crop zones
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5 CONCLUSION AND RECOMMENDATIONS

The study has shown more positive results on maize

and sorghum as opposed to beans and groundnuts. The

reason may be due to the fact that the current areas
only those

places where they produced for commerciaIare
such so 11Other factors,purposes. as

preferences and 1 owcharacteristics, cultural

alsothe crops, may

have contributed to the discrepancy.

The approach seems

used fortherefore, bepotentials and can,crop

agricultural planning purposes. The reason behind is

established through thistheofthat most areas

coincideespecially for maize and sorghum,method,

fairly with the current areas for production.

Although the information provided is based only on

humidity and crop water requirements, still

especially during initialindicatoranserve as

Consultationsplanning foragricultural process.
detailed information on other factors is thusmore

and groundnuts were based on

to provide realistic results on

domestic consumption rates of

for beans

it can
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inevitable for specific varietya andcrop

particular areas.

ecological zoning not all guest ionsmay answer
related to agricultural potentials and constraints.

the basis of the data collected and results obtainedOn

the following can be recommended:

potentials relatedMapping toofout crop aso
soil types, temperature,)production factors (e.g.

improve the predictability of theis

method for agricultural planning.

Similar studies on specific crops be carried out ino

combinedbe tolaterwhichsmaller oncanareas

cover the whole country.

involved inshould becentresresearchZonalo
meteorological stations thatestablishing more so

each portion of the country is well covered. There

is also a need to use more crop varieties in order
to obtain better and more conclusive results.

The reason is that the broad agro­

necessary to
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Mean daily percentage (p) of annualAppendix A:

daytime hours for different latitudes
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Appendix B: Alphabetical index of stations

Station Location

1 Alavi Sisal Estate 300
2 911 225
3 1220 225
4 1372 30n
5 9
6 1402
1 854 150

inn8 1479 Penman
3009 1144 PenmanBukoba Met. Station
250 Penman10 9Dar es Salaam Lab.
225112011 Dodoma Met. Station
225114312 Dodoma Reservoir No.l
25067713 Handeni Distr. Office
25027414 Ifakara Mission
300 Penman152415
22516
30017
1501220IB
30079319
2502B620
300129621 Kawalinda Coffee Est.
22522 Kibondo Mission
30023 Kibosho Mission
30088524
450143325
22549126

927
122028

300113429
30
31

30029232
33
34

15050335
15036
15037
300139638
250115939
25061040

41
42

22543
15044
25045
175176846

47
48

2501849
50
51
52

Penman53

Kigoma Met. Station
Kilema Mission

Magunga Estate 
Mahenge Hospital 
Malangali School
Manyonl Dlstr. Office 
Masasi Mission 
Mazinde Factory 
Mbeya Boma
Mbeya Met. Station 
Mbulu Boma 
Mlkindanl
Milo Mission
Mkoe Plantation 
Morogoro Met. Station 
Moshl Met. Station

Kala Mission
Karimi Estate

1220
91

1759 
1738

1107
1524
1243
457
439

1372
40

1585
1386

579 
813

1518
1479

1640
1296

518
457

250
300

150 
250

172
150

225
225

225
250

172
225

275
150

250 
inn

Penman
Pan evaporation
Pan evaporation
Pan evaporation 
Penman

Penman
Pan evaporation
Penman

Penman
Blaney-Crlddle
Blaney-Crlddle
Penman

Penman
Pan evaporation
Penman

Penman 
Blaney-Crlddle 
Pan evaporation 
Penman

Pan evaporation 
P»nman 
Blaney-Crlddle 
Penman
Pan evaporation 
Blaney-Crlddle 
Penman

Maximum KC 
(mm)

Altitude
______ (m)

152

Komera Coffee Estate 
Kondoa Mission
Korogwe Dlstr. Office
Kurlo Mission
Lindl Met. Station
Lluli Mission-

Amani Malaria 
Ambangulu Sisal Est. 
Arusha Agric. 
Bagamoyo Agric.
Balangai Coffee Est.
Berega Mission
Biha ramulo

Lituhi Mission
Liwale
Lushoto Agric. Office
Madibira Mission

Penman
Pan evaporation 
Pan evaporation 
Penman
Pan evaporation 
Pan evaporation 
Pan evaporation
Pan evaporation 
Penman
Pan evaporation
Penman
Pan evaporation 
Pan evaporation 
Penman

Penman
Pan evaporation 
Pan evaporation 
Pan evaporation 
Pan evaporation 
Blaney-Crlddle 
Pan evaporation
Penman

Kilosa Agric. Office 
Kilwa Kivinje 
Kipalapala Seminary
Kome Mission

Igabiro Estate
IrInga
Kagondo Mission
Kahama Dlstr. Office

Method applied 
for pEt data

6° 50' S, 38° 52' E 
5° 06' S, 38° 38' E 
5° 05’ S, 38° 26' E 
3° 23' S, 36° 41' E 
6° 25' S, 38° 55' E 
4° 56' S, 38° 28' E 
6° 12' S, 37° 10' E 

2° 38' S, 31° 19' E 
1° 20' S, 1° 49' E 
6° 49' S, 39° 18' E 
6° 10' S, 35° 46' E 
6° 13' S, 35° 46' E 
5° 26' S, 38° 02' E 
8° 09' S, 36° 39' E 
1° 48' S, 31° 33' E 
7° 47' S, 35° 42' E 

1° 33' S, 31° 42' E 
3° 50' S, 32° 36' E 
8° 09' S, 31° 00' E 
5’ 14' S, 38° 35' E 
1° 34' S, 31° 43' E 
3° 35' S, 30° 42' E 
3° 15' S, 37° 19' E 
4° 53' S, 29° 38' E 
3° 18' S, 37° 30' E 
6° 50' S, 37° 00' E 
8° 45' S, 39° 25' E 
5’ 06' S, 32° 48' E 
2° 21' S, 32° 29' E 
9° 09' S, 32° 56' E 
4° 55' S, 35° 47' E 
5° 10' S, 38° 28' E 
5° 13' S, 35° 23' E 

10° 00' S, 39° 42' E 
11° 05' S, 34° 38’ E 
10° 34' S, 34° 36' E 
9° 47' S, 37° 58' E 
4° 47' S, 38° 17' E 

8° 14' S, 34° 49' E 
5° 00' S, 38° 38' E 
8° 41' S, 36’ 43' E 
8° 34' S, 34° 55' E 
5° 44' S, 34° 50’ E 

10° 42' S, 38° 49' E 
4° 49' S, 38° 13' E 
8° 54' S, 33° 27' E 
8° 56' S, 33° 28' E 
3° 52' S, 35° 33' E 

10° 16' S, 40° 0?' E 
9° 53' S, 34° 37' E 

9° 32' S, 39° 39' E 
6° 51' S, 37° 40' E 
3° 21' S, 37° 20' E
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54 36° 30' E 1128 225 Penman
55 15 25n Penman
56 46 250
57 1220 172
58 1148 300
59 1067 225 penman
60 1131 450 Penman
61 51 250
62 1829 300
63 305 250
64
65

66 1067 225
67 335 250
60 1220 4 50
69 250

70 225

71 1220 225

72 1501220
73 3001610
74 2259

75
76

30077 1433
3778

137279 Sakarre Coffee Est.
2254080 Sakura Estate
300140281
150 Penman134182
225149883
225173884
350106785
300172386
300122087
150126688

989
152490

300146391
172
150
15050394
30077795
2755296
27599197 Uvinza Salt Mine

East African Meteorological Department (1966)Source:

92
93

Tabora Observatory 
Tanga Town Council 
Ta rime

Singida Distr. Office
Singu Estates
Songea Met. Station
Sumbawanga
Sumvwe Mission

Selian Coffee Est.
shanwa

Rubya Mission
Ruvu Estate

Ngara 
Ngaraya Coffee Est. 
Ngombezi Sisal Est. 
Ngudu Distr. Office 
Ngurumahamba Estate 
Njombe Distr. Office 
Nzega Distr. Office 
Old shinyanga 
Olmotonyi Forest 
Pangani Distr. Office 
Peramiho Mission 
Rombo Mission

Marok Forest Station
Mdanda Mission
Mewa1a

Mwanza Agric. Office
Mwita

Musokera Estate
Mnsoma Met. Station
Mvuml Mission

Mpwapwa Vet. Office
Msimbazi Mission
Mtotohovu

1616
701

1159 
1433

21
1829

793
1799

250
300

250
275

350
450

25n
30n

Pan evaporation
Pan evaporation 
Blaney-Crlddle
Pan evaporation
Pan evaporation
Penman

Penman
Pan evaporation
Penman

Penman
Blaney-Criddle
Penman

Pan evaporation
Pan evaporation 
Penman

Pan evaporation 
Pan evaporation 
Blaney-Crlddle 
Blaney-Crlddle 

Penman 
Blaney-Crlddle 
Blaney-Criddle 
Pan evaporation 
Blaney-Criddle 

Pan evaporation 
Penman

Pan evaporation 
Blaney-Crlddle 
Penman

Pan evaporation
Pan evaporation 
Pan evaporation 
Penman

Pan evaporation
Pan evaporation 
Penman

Tengeru Coffee Est.
Tukuyu Distr. Office
Tunduru Distr. Office
Tungi Sisal Estate
Ujlji Mission
Utete District Office

Pan evaporation 
Blaney-Crlddle 

Penman

6° 20' S, 
6° 48' S, 39° 15' E 
4° 43' S, 39° 09' E 
9° 20' S, 33° 41' E 
1° 30' S, 33’ 48 ' E 
6° 23' S, 35° 55' E 
2° 31' S, 32° 54' E 
10° 17' s, 40° 05' E 

3° 20' S, 36° 40' E 
10° 30' S, 39° 02' E 
10° 57' S, 39° 18' E 
2° 28' S, 30° 38' E 
5” 01’ S, 38’ 27' E 
5’ 10' S, 38’ 25' E 
2’ 57' S, 33’ 21' E 

10’ 02' S, 39’ 38' E 
9’ 20' S, 34’ 46' E 
4’ 13* S, 33’ 11' E 
3’ 33' S, 33’ 24' E 
3’ 18' S, 36’ 39’ E 
5’ 26' S, 38’ 59' E 

10’ 34* S, 35’ 28 ' E 
3’ 12' S, 37’ 36' E 
1’ 45' S, 31’ 37' E 
6’ 48' S, 38’ 43' E 
4° 59' S, 38° 25' E 
5’ 37' S, 38’ 53' E 
3’ 21' S, 36’ 36' E 
3’ 10' S, 33’ 46' E 
4’ 48' S, 34’ 45' E 
4’ 12' S, 35’ 40' E 

10’ 41' S, 35’ 35' E 
7° 57' S, 31’ 36' E 
2° 46' S, 33’ 13' E 
5° 02' S, 32’ 49' E 
5° 04' S, 39’ 06' E 
1’ 22' S, 34’ 23' E 
3’ 22' S, 36’ 48 ' E 
9’ 15' S, 33’ 38' E 

11’ 06' S, 37’ 22' E 
6° 46' S, 37’ 42' E 
4’ 55' S, 29’ 41' E 
8° 01' S, 38’ 45' E 
5’ 07' S, 30’ 22' E
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Appendix c:

Cl: Stations with Penman evapotranspiration data

Altitude (1149m) WC: 300mm

Jun Nov

13

98 159 98

Mar Apr May

738

Aug Oct

7069 130

TTI□□□□□□ODQOOC II

35° 46' E)

DecJulJun

Altitude (40m)

JulJun Aug SepMar Apr MayFeb

16

146

■■■"■■■■■I

................

39° 42' E) 
11 rrrmm

WC: 250mm 
HD 
Oct

]
Dec

WC: 300mm
TDULU 1.1 jl XXI

Nov

WC: 150mm 
naxnxn 
Aug Sep

Balancing of water budget for sample 
stations

164
163
166

133
165

32
33
32

133

149
51

120 
276 
156 
159 
156 
120

41
41
10

156
225

69
72
69

156

166
40

192
33

113

152
11

12 
-10 

11

18 
-10 

15

118
5

111
10

un 
160 

0

80
-48 

51

120
3

31 
-18 

66

165
48

172
5

139
2

179
75

187
13

Uli 
210 

0

3 
-3

6

187
20

1 
-0

6

210
46

0 
-0 
22

pEt
P

181 
142 
-39 

1 
-0 

142

167 
146 
-21 

0 
-0 

146

169 
110 
-59 

1 
-0 

110

184 
176 
-8 

1 
-0

176

160 
121 
-39 

0 
-0 

121

22
-19

25

150
1

6 
-6

6

pEt 
P 

P - PET 
St 

cSt 
aEt

56
-43 
54

25
-21
30

166 
119 -47 

8
121

168 
140 
-28 

1 
-0 

140

181 
153 
-28 

3 
-0 

153

99 
-65 
105

28
77

128
-64
74

160 
72 

-88 
1

188 
105 
-83 

0 
-0 

105

CD 
Dec

150
68 

-82 
4

166 97 
-69 

3

151
129
-22

3 46
-34
41

20
-11
85

152
66

-86
9

209 
146 
-63 

1

Dec
CD 171 

118 
-53 7
-1 

120

171 
149 
-22 

1 
-0 

149

189 
113 
-76 10
116

165 
128 
-37 

1 
-0 

128

154
67 

-87 
5

69

165 
90 

-75 
1 

-0 
90

3
3

JUULXl 
Dec 

JUulLI 
146 
94 

-52 7 
9l

178
74 

p - pET -104 
St 

cSt 
aEt

Lindi Met. : (10° O' S 
□(XJOODDCIXJ irXl III 

Jan □□□□oaxioocxDCDa 
pEt 

p 
P - pET 

st 
cSt 
aEt

rrmr 
Nov

Dodoma Met.: (6° 10' S □□□□□(XDoaoaDoaxiiaoDa 
Jan Feb ixxxmcx 

153 
116 
-37 

0 
-0 

116

Seliani Coffee: (3° 21' S 36° 36' E) 
□□!!□□□□□□□□  □(XXlLX.LaXIJLJJJXXXCOTTTl 

Jan Feb

□□□□□mnca
pEt 

P 
P “ PET

St 
cSt 
aEt   — 

aWA/pEt 0.87 0.76 0.76 0.07 0.16 0.07 0.04 0.02 0.01 0.03 0.11 0.56 
maxaoaDOODlJLJUJJUOCDLUJLUJLl 1 Lu m.l1 LMJLLLLI(XLlLLLI:uxuajaLx1JU.LXJ

Mar Apr May Jun 
□□□□□□□OCDQQDDOCDDDOCWLJLlLLILLLlXLjLJjJXDa 

pEt 
P 

P “ PET 
St 

cSt 
aEt

Mbulu: (3° 52' S 35° 33' E) Altitude (1738m) 
□□□DtJCDDtJQXlCOXJDtXOJLLLLLUJLLLLLLLLLLLLJtJULLLJ 

Jan Feb Mar Apr May Jun Jul

4

76 .. __  ... „ „ ... ...  
aWA/pEt 0.43 0.59 0.85 1.44 1.00 0.59 0.40 0.48 0.47 0.62 0.73 0.70 

 .□jjoxGDXia}circainn]iiii^^

Aug Sep Oct uriinuu 
160 165 179 186
75 48 75 81

-85 -117 -104 -105
49

-20
95

Altitude (1120m) WC: 225mm 
nT rrmrr 111111111111111111111 

Mar Apr May Jun Jul Aug Sep Oct Nov---------- ■ 1 iinn 111 rnrri iiiim rm 11 mu m 
160 150 160 188 210 229 209

6 1 0 0 0 5 22
-98 -154 -149 -160 -188 -210 -224 -187

1 
-2 

2

LTjUOL
Oct Nov

2 
-2 
22

aWA/pEt 0.65 0.55 0.87 1.00 0.72 0.13 0.07 0.05 0.04 0.12 0.45 0.78 
□□□□□CIXECiXIOOCJOLLllJUL^^ fl 11DLLU Ll.l 1 Li 111 x 11 <X1XJJ.IXJlxLljuulju.IJ

Musoma Met.: (1° 30' S 33° 48' E) 
□□mocxjomfxjoiDoixnxiiiiijjiiiD 

Jan Feb Mar Apr May Jun Jul 
riuQDDomaoaoocxnxxiijxnjajoaDoaxiiiDDnnxxii 

‘ ‘ 159
159 

0 
69

Altitude (1402m) I 
Lui 1 ijujlujlluXJJj 

Jul Aug Sep 
ULLLU.l lluxxxi 

164 
9

113 111 120 147 164 183
146 10 3 7 9 15
33 -101 -117 -140 -155 -168

13
-12 27

aWA/pEt 0.45 0.46 0.86 2.30 1.29 0.66 0.42 0.28 0.18 0.15 0.46 0.66 -------- Tin 111 ii 1111 rn 1111 rn 11 n 1 r n 11111 n 11111 > 111 h 11 llliijij

108 118 119 139 167
73 5 1 2 3

-35 -113 -118 -137 -164 -167
11 6
-7 -57

166 166 152 161 172 187 210
170 40 11 7 5 13 14

4 -126 -141 -154 -167 -174 -196 -164
30 16 8 4 2

-26 -14 -8 -4 -2
 - - --- — - 33 20 21 18 48

aWA/pEt 0.79 0.83 0.96 1.02 0.63 0.35 0.20 0.12 0.11 0.09 0.23 0.70mmaaxxDcxxxiiiixjiJLij i ixn m 11 m ix_mxmxxx i mmci 1111111 i i lwju
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C2 : Stations with Pan evaporation data
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58 99
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16
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13
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52

84 
-48 
51

157 
0

149
26

179 
0

167 
0

212
1

166
23

200
23

214
6

217
51

191
76

145
169
24
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149

ijuuuLitrt
123
18057
23157
123
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214
76

180
74

138

8 
-8
8

128 
139 
11
3 
0 

139

pEt 
P P “ PET St 

cSt 
aEt
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-2 
76

179 
103 
-76 

2 
-0 

104

129 
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-2 
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116
11

132
-73
125

13
16

2
-2
8
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-5
82

4
78

46 
-22 
76

85 
-30 
102

51 
-34 
47

82
-38
90

14 
-13 
13

44 
-38 
41

51 
-33 
33

16
13

28 
-23 
24

46 
-29 
65

174 
120 
-54

0 
-1

120

133 97 
-36 

2 
-0 97

178 
118 
-60 
115 
115 

3

122
-58
98

29
-22
23

26 
-20 
43

I i.i ■ I 
Dec

206 
164 
-42 

0 
-0 

164

197 
132 
-65 

1 
-0 

132

pEt 
P P “ PET St 

cSt 
aEt

(8° 54' S 
LULL! 
Feb

130 
113 -17 

3 
-0 

113

pEt 
P P - PET St 

cSt 
aEt

Feb

158
198

40
68
40 

158

(4" 55' S 29° 41' E) Altitude (777m) WC: 300mm 
lElCTlXlLlXlXLUJLLLCDDlilXJLJOOtllODCnDODDCl'XXjrEIX] 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct—------------- ------- --------
140 
120 
-20

2 
-1 

120

203
75

p - pET -128 -112 
St 

cSt 
aEt

188
149
-39

1 
-0

149
aWA/pEt 0.79 0.69 0.02 0.49 0.09 0.17 0.09 0.05 0.03 0.04 0.19 0.67 

□LunnrjacixicnjooDocnxiocixnTnxnjDonnTixioDnTiinxcujzninixnjixjcnx)

205
-26
124 ___
.00 1.00 0.44 0.26 0.16 0.09 0.10 0.30 1.17
□TjanDmaaujuLLJiJLJuuuLJLXjLJULUjjjjjjj-i^

Malangali School: (8° 34' S 34 55' E) 
□□CDCKXOaXDDO(IjQULItJ^^ 

Jan 
tminmniiniin 

pEt 
P 

P - PET 
St 

cSt 
aEt

150 136 161 157 158 212 177
54 5 0 0 0 1 5

-96 -131 -161 -157 -158 -211 -172 -166
27

-19
24

pEt 203 187
p 75 75

Altitude (9m) WC: 250mm 
juuujuLiTiTnzna^^ 
Aug Sep Oct Nov Dec 
midmuajuommaomuxm 

137 149 157 166 183 191 199
40 26 36 23 47 76 96

-97 -123 -121 -143 -136 -115 -103
75 

-47 
73

inniinjtixn
Oct Nov Dec

160 179 199 200 181
3 0 1 23 43-96 -157 -179 -198 -177 -138

21 10 5 3
-23 -11 -5 -2

22 3 28 45
aWA/pEt 0.86 0.73 1.01 0.09 0.61 0.26 0.12 0.02 0.14 0.25 0.87 1.09

rjmoaxjajixnajaiiaaiixnxajma^^

124 125 116 125 153 184 212 178
94 16 2 0 1 2 14 51

-30 -109 -114 -125 -152 -182 -198 -1276 4
-2 
53

Altitude (1524m) WC: 225mm 
JUJUJtlJUULLUJ1-! 
Aug Sep Oct

8 4 2 1 0
-6 -4 -2 -1 -0

7 4 3 6 51
aWA/pEt 1.05 1.14 1.25 0.51 0.17 0.08 0.04 0.02 0.02 0.03 0.24 0.80

□□□miTEoaajaDa^^ < i J rm i i iuiiiiuhiiihiihi ulllldd

(4’ 48' S 34’ 45' E) Altitude (1498m)

Jan Feb

Altitude (1768m) WC: 175mm i i i i rrn.i.i 1i rrri ri rmn 111 n n 111111 in 
Mar Apr May Jun Jul Aug Sep Oct 

125 153 184 212 
0 1 2 14

Mbeya Boma:
□□□□XDCQDDDCtXD

Jan 
muraxroaaxma

125
211
86

110
86

125 .103
aWA/pEt 1.69 1.62 1.46 1

148 142 138 149 167 193 214 205
72 13 2 0 0 1 6 39

-76 -129 -136 -149 -167 -192 -208 -166
1 

-1 
40

Bagamoyo Agric. : (6° 25' S 38’ 55' E)
□□□□(XKxeoaxJDaa^^ i jluxjlt

Jan Feb Mar Apr May. .. . .... rjjQDCDQC
137
241 
104
106
104

._ ... 137 ...
aWA/pEt 0.38 0.41 0.58 1.76 1.55 0.71 0.49 0.41 0.26 0.32 0.43 0.50
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C3: Stations with Blaney-Criddle evapotranspiration

Mar Apr May

117
U I I

WC: 300mm
Jun Oct Nov

85 98
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water availability toactualofRatiosAppendix D:
potential evapotranspiration (aWA/pEt)

0.71 0.79 1.09 1.56 0.94

0.56 0.64 0.86 0.07 0.12 0.05 0.03 0.06 0.11 0.41 n.67
.65 0.55 0.87 1.00 0.72 0.13 0.07 0.05 0.04 0.12 0.45 0.78

.92 1.70 0.72 0.52 0.43 0.41 0.42 0.49 0.27

0.59 0.71 0.99 1.33 0.58
0.59 0.61 0.86 1.04 0.56

1470 
0561 
2550 
0264 
1470 
0264 
0264 
0165 
0165 
0165 
no66 
0048 
0048 
0525 
0066 
0057 
0057 
0156 
1263 
2172 
1137 
2073 
2361 
1137 
3180 
0552 
2370 
0426 
0246 
0057 
0039 
0237 
0147 
1182 
1182 
1182 
0219 
0138 
0156 
0147 
0237 
0048 
0048 
2280 
2640 
2370 
0282 
0028 
0255 
0255 
0255 
2002 
0246 
0273 
0048 
0048 
0048 
0048 
0147 
0156 
0147 
0137 
0228 
0237 
0138 
0228 
0228

0.99 0.94 0.91 0.83 0.80
3.12 3.42 1.06 1.00 1.00 1.00 1.00 1.00 1.08

0.62 0.52 1.15 4
0.24 0.24 0.60 1
0.42 0.41 0.68 t

0 85 1.77 1.23 0.55 0.38 0.32 0.30 0.34 0.54 0.44 
0^88 1.90 0.95 0.51 0.28 0.20 0.16 0.27 0.50 0.49 
0.67 1.86 1.47 0.72 0.49 0.35 0.26 0.29 0.35 0.38 
0^76 1.88 1.44 0.70 0.46 0.34 0.25 0.34 0.40 0.40

- - — - 0 10 <1.30 1.00 1.16
o'o9 0.61 0.26 0.12 0.02 0.14 0.25 0.87 1.09

□□□□□□□□□□□ouumcDDDoomoDcnmrjoooooooooooDDOOoaoocnoooDOOOOOoaocDOOon(.io(iwccunarotiCT..ai---
Ho. Station Jan Feb Mar Apr May Jun Jul Aug S“P Oct Hov D»c Hu.P.ef.

ITOljriDDroDDOOnnODDQDODODDOOOOODODDODOQOOOnJDOOOOODOOOOOODOQOOCDtlJCinjtllOOtnaiOnnOOOtJOtnnXIl---
1 Kagondo Mission
2 Rubya Mission
3 Bukoba Mot.
4 Igabiro Estate
5 Kawalinda Coffee
6 Musoma Met.
7 Tar Imo
0 Ngara
9 Biharamulo

10 Mwanza Agric.
11 Kome Mission
12 Sumvwe Mission
13 Ngudu
14 Kibondo Mission
15 Kahama
16 Old Shlnyanga
17 Shanwa
18 Mbulu
19 Olmotonyi Forest
20 Arusha Agric.
21 Selian Coffee
22 Tengeru Coffee
23 Narok Forest
24 Moshi Met.
25 Kibosho Mission
26 Rombo Mission
27 Kilema Mission
28 Kigoma
29 Ujijl Mission
30 Nzega
31 Singida
32 Kondoa Mission
33 Singu Estate
34 Balangai Coffee
35 Lushoto Agric.
36 Sakarre
37 Mazinde Factory
38 Mtotohovu
39 Uvinza Salt
40 Tabora Observatory
41 Kipalapala Seminary
42 Manyoni
43 Kurio Mission
44 Ngaraya Coffee
45 Amani Malaria
46 Ambangulu Sisal Est.
47 pangani
48 Handeni
49 Korogwe
50 Sakura Estate
51 Karimi Estate
52 Magunga Estate
53 Ngombezi Sisal Est.
54 Tanga Town
55 Dodoma Met.
56 Dodoma Reservoir
57 Mvumi Mission
58 Mpwapwa Vet.
59 Morogoro Agric.
60 Kllosa Agric.
61 Tungi Sisal
62 Berega Mission
j63 Bagamoyo Agric.
64 Ruvu Estate
65 Alavi Sisal Estate
66 Dar es Salaam Lab.
67 Mslmbazl Mission

0.99 0.97 1.50 2.54 1.85 0.89 0.65 0.60 0.72 0.87 1.33 1.24
0.85 0.89 1.20 1.81 1.22 0.77 0.50 0.50 0.63 0.80 1.12 1.06
1.13 1.10 1.62 2.87 2.50 0.93 0.93 0.98 0.91 0.99 1.33 1.52

0.41 0.29 0.26 0.49 n.65 0.85 0.95
0.96 n.98 1.31 2.33 1.79 0.90 0.68 0.64 0.67 0.89 1.24 1.25
0.43 0.59 0.85 1.44 1.00 0.59 0.40 0.48 0.47 0.62 0.73 0.70
0.43 0.59 0.85 1.44 1.00 0.59 0.40 0.48 0.47 0.62 0.73 0.70
0.63 0.70 0.79 1.26 0.69 0.15 0.07 0.13 0.38 0.43 0.82 0.75

0.16 0.06 0.15 0.21 0.39 n.76 0.72
0.12 0.06 0.10 0.20 0.29 0.67 0.79

0.40 0.59 0.81 0.96 0.45 0.12 0.10 0.25 0.42 0.64 0.71 n.65 
0.46 0.41 0.76 0.80 0.45 0.13 0.05 0.04 0.11 0.17 0.52 0.60 
0.52 0.45 0.22 0.92 0.38 0.08 0.03 0.03 0.05 0.13 0.52 0.72 
0.96 1.06 1.20 1.46 0.67 0.25 
0.78 0.63 0.82 0.82 0.32 0.18 
0. .- 
0.58 
0.-- 
0.61 
0.58 0

0.81 0.88 0.88 
0.83 0.80 0.91 
0.79 0.84 1.05 
0.86 0.62 0.77 0.03 0.20 0.08 0.04 
0.78 0.64 0.75 
0.65 0.51 1-00 
0.95 0.78 1.15

0.12 0.09 0.14 n.34 1.06 1.25 
 0.11 0.07 0.10 0.23 0.62 0.78 

.72 0.65 0.77 0.80 0.05 0.15 0.07 0.04 0.04 0.17 0.38 0.79

., g 28 0.18 0.15 0.46 0.66 
^58 0.97 2^80 2.56 0.93 0.75 0.60 0.45 0.38 0.72 0.78

— ---• °-58 0-42 °'49 1-44 1-02
.57 4.23 3.73 1-27 0.97 0.91 0.73 0.68 1.13 0.82

0.60 0.57 0.59 0.56 0.41
0.02 0.01 0.03 0.11 0.56
0.02 0.01 0.02 0.07 0.55

0.30 0.05 0.08 0.03 0.02 0.01 0.01 0.07 0.52
0.05 0.40 0.16 0.09 0.05 0.03 0.03 0.15 0.59

*63 0.96 0.44 0.25 0.20 0.16 0.17 0.35 0.48
.48 0.71 0.25 0.14 0.15 0.11 0.14 0.35 0.59

0.26 0.23 0.31 0.28 0.36
0.60 0.48 0.52 0.30 0.29
0.54 0.45 0.45 0.61 0.44
0.56 0.47 0.54 0.48 0.34

2^94 3.49 0-98 0.92 0.88 0.86 0.89 0.74 0.56
1.56 1.81 0.87 0.67 0.56 0.44 0.50 0.33 0.33

7-3 ~ "• 0.02 o.oi 0.02 0.19 0.62 
0.02 0.37 0.17 0.09 0.05 0.03 0.03 0.16 0.52 
3.27 4.43 1.10 1.00

^93 5^83 7.27 2.40 1.11 0.94 0.74 0.56 0.66 0.67
1.14 1.91 1.05 0.84 0.64 t.S. - ■’ 2’

- 0.02 0.03 0.12 0.57
0.11 0.06 0.07 0.35 0.64
0.88 0.76 0.67 0.56 0.51

7 96 2^32 0.95 (LSI 0.65 0.50 0.49 0.72 0.70
2.14 3.01 0.99 0.92 0.83 0.69 0.59 0.55 0.51

17- --“3 ‘ “1 °-s7 051 °‘41 1-001-16
^26 0^ 58 2^01 L56 (L82 0.57 0.40 0.27 0.24 0.24 0.29

~  0.02 0.07 0.15 0.73 1.11 
0 82 0.20 0.03 0.01 0.01 0.02 0.06 0.41 1.06 
0.89 0.20 0.04 0.01 0.01 0.03 0.07 0.43 1.09

.34 5.79 1.63 1.00 1.00 0.99 0.97 0.89 0.79 

.61 1.91 0.94 0.79 0.68 0.56 0.57 0.58 0.51 
0.98 0.05 0.50 0.32

0.27 (719 0.51 1.62 1.97 0.93 0.72
0.28 0.21 0.56 1.28 1.27 0.87 0.64
0.25 0.27 0.57 1.48 1.54 0.91 0.68
0.40 0.39 0.78 2.
0.27 0.20 0.48 1-----------
0 16 0.19 0.60 1.32 1.94 0.86 0.67
0.87 0.76 0.76 0.07 0.16 0.07 0.04
0.83 0.69 0.77 0.06 0.16 0.08 0.04
0.82 0.82 0.71
0.81 0.81 0.81
0.55 0.64 0.95 1
0.62 0.65 0.94 1

0-85 °’” °*“ 3:33 3:33 o.n 0.06 0.07 0.14 0.50
Ji 0^8 K76 i:55 0J1 0.49 0.41 0.26 0.32 0.43 0.50

3 33 3:33 0.82 1.52 0.76 0.36 0.24 0.17 0.15 0.17 0.26 0.50 
oiag 0.75 0.83 1.00 0.02 0.35 0.19 C... Z.Zt ~ " .3 2 22

0.38 0... 
0.45 0.43 
0.29 0.37 0 
0.31 0.41 
0.29 0.33

0.60 0.92 2.22 1.45 0.86 0.60 0.40 0.26 0.27 0.80 1.04 
.64 1.21 3.13 2.08 0.91 0.68 0.52 0.36 0.32 0.83 0.98 

0.45 0.46 0.86 2.30 1.29 0.66 0.42 
0.50 0.-  
0.66 0.78 1.22 4.10 3.73 0.97 0.83 
0.24 0.— - 
0.59 0.55 0 
0.66 0.63 
0.62 0.72 1 
0.88 0.86 1.15 1.13 0.46 0.15 0.08 0.04

(LOS 0^ 0.77 0.78 0.39 0.17 0.08 0.04 0.03 0.08 0.37 0.84 

0.79 0.69
0:02 0M9 0.09 0.17 0.09 0.05 0.03 0.04 0.19 0.67

CL63 0.01 0.80 1.00 1.00 0.16 0.08 0.04 C.C2 0.0? 2.12 "
0.57 0.58 0.02 1.07 0.74 0.38 0.21 
0.39 0.34 0.73 1.99 3.09 1.00 0.94
0.54 0.47 0.96 1.
0.28 flJo (L45 1.00 1.28 0.30 0.16 0.13 0.09 0.12 0.35 0.33 

0.16 0.09 0.40 0 - --
0.88 0.25 0.03 0.01
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Ref. = Humidity reference number* Hu.

order of the stations is from west to east* The
from north to southand

1.00 0.98 1.03 0.01 0.42 0.20 0.12 0.09 0.06 0.05 0.16 0.92
1.15 0.96 1.14 0.90 0.14 0.04 0.02 0.01 0.01 0.04 0.20 0.91
1.50 1.90 1.31 0.96 0.65 0.38 0.22 0.12 0.08 0.13 0.59 1.00
1.69 1.62 1.46 1.00 1.00 0.44 0.26 0.16 0.09 0.10 0.30 1.19
1.56 1.60 1.31 1.01 0.60 0.36 0.22 0.14 0.08 0.09 0.29 0.99
0.81 0.95 0.82 0.05 0.31 0.14 0.09 0.04 0.02 0.02 0.16 0.49
1.05 1.14 1.25 0.51 0.19 0.08 0.04 0.02 0.02 0.03 0.24 0.80
1.09 1.04 1.99 2.34 1.00 0.82 0.54 0.32 0.19 0.13 0.25 0.59
1.90 1.52 2.51 2.69 1.00 0.83 0.59 0.38 0.31 0.24 0.42 1.28
0.59 0.49 0.98 0.33 0.96 0.39 0.21 0.11 0.11 0.15 0.35 0.54
0.68 0.56 0.99 1.35 0.59 0.19 0.12 0.09 0.08 0.08 0.22 0.45
2.05 2.24 2.20 1.53 0.90 0.59 0.36 0.22 0.14 0.25 0.98 1.80
2.01 2.09 3.41 6.12 2.29 1.00 0.88 0.92 0.48 0.25 0.99 1.68
2.02 2.10 2.89 4.94 2.98 1.00 0.93 0.99 0.59 0.42 0.84 1.52
1.99 1.93 2.30 2.25 0.99 0.96 0.50 0.32 0.20 0.16 0.59 1.58
2.15 1.89 2.08 1.29 0.88 0.60 0.39 0.25 0.16 0.14 0.31 1.39
1.26 1.40 1.52 0.90 0.52 0.28 0.15 0.09 0.09 0.06 0.20 0.59
0.91 0.55 0.80 0.15 0.63 0.30 0.16 0.10 0.11 0.12 n.24 0.59
2.02 1.82 1.83 1.21 0.89 0.59 0.38 0.23 0.13 0.09 0.19 0.92
1.82 1.99 2.06 0.99 0.99 0.50 0.32 0.20 0.11 0.08 0.29 1.16
2.41 2.12 2.03 1.00 0.82 0.53 0.33 0.21 0.13 0.09 0.28 1.26
1.31 1.45 1.26 0.95 0.50 0.25 0.15 0.08 0.09 0.09 0.24 0.58
0.99 0.83 0.96 1.02 0.63 0.35 0.20 0.12 0.11 0.09 0.23 0.90
1.68 1.52 1.34 1.51 0.44 0.21 0.13 0.09 0.05 0.09 0.14 0.84
1.14 1.09 1.10 1.08 0.32 0.13 0.09 0.05 0.04 0.06 0.21 0.80
0.89 0.93 1.03 1.09 0.19 0.22 0.11 0.10 0.09 0.10 0.22 0.60
1.15 0.84 1.02 0.92 0.28 0.11 0.06 0.04 0.10 0.10 0.25 0.66
1.04 0.99 0.89 0.88 0.10 0.26 0.15 0.09 0.11 0.11 0.19 0.61
1.92 2.24 2.80 1.92 1.00 0.90 0.90 0.44 0.29 0.23 0.54 1.49
1.92 1.85 1.60 0.91 0.66 0.39 0.21 0.12 0.09 0.06 0.19 0.80

68 Sumbawanga
69 Iringa
70 Kala Mission
71 Mbeya Boma
72 Mboya Met.
73 Madibira Mission
74 Malangali School
75 Ifakara Mission
76 Mahenge Hospital
77 Utete
78 Kilwa Kivlnje
79 Komera C Estate
80 Musekera Estate
81 Tukuyu
82 Milo Mission
83 Njombe
8 4 L iwa1e
85 Mkoe Plantation
86 Lituhi Mission
87 Peramiho Mission
88 Songea Met.
89 Masasi Mission
90 Lindi Met.
91 Newala
92 Ndanda Mission
93 Ngutumahamba Estate
94 Mikindani
95 Mwita
96 Liuli Mission
97 Tunduru

0228 
02 39 
04 35 
0606 
0426 
0039 
0329 
1344 
2 3 34 
0048 
0147 
32 34 
5142 
5151 
234 3 
2325 
0 3 36 
0059 
1335 
1335 
3135 
0329 
0156 
0416 
0419 
1139 
1139 
0149 
2343 
0336 

i/Joocgdudcioodg □□□□□□ □□□□□□ □□□□□ooooooooo  ooizcdqccoooqdddooqjddddoceoo  □□□□□□ good oocoaocEcntJOCEO
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Appendix E: Reference for drawing of isohygromene map

□□□□□□□□□□□□□□□□□□□□□□□□□□□uotxDomci dodooo oooo ar oar

i

7
7

1 Kagondo Mission
2 Rubya Mission
3 Bukoba Met.
4 Igabiro Estate
5 Kawalinda Coffee
6 Musoma Met.
7 Ta rime
8 Ngara
9 Biharamulo

10 Mwanza Agric.
11 Kome Mission
12 Sumvwe Mission
13 Ngudu
14 Kibondo Mission
15 Kahama
16 Old Shinyanga
17 Shanwa
18 Mbulu
19 Olmotonyi Forest
20 Arusha Agric.
21 Selian Coffee
22 Tengeru Coffee
23 Narok Forest
24 Moshi Met.
25 Kibgsho Mission
26 Rombo Mission
27 Kilema Mission
28 Kigoma
29 Ujiji Mission
30 Nzega
31 Singida
32 Kondoa Mission
33 Singu Estate
34 Balangai Coffee
35 Lushoto Agric.
36 Sakarre
37 Mazinde Factory
38 Mtotohovu
39 Uvinza Salt
40 Tabora Observatory
41 Kipalapala Seminary
42 Manyoni
43 Kurio Mission
44 Ngaraya Coffee
45 Amani Malaria
46 Ambangulu Sisal Estate
47 Pangani
48 Handeni

„ 49 Korogwe
50 Sakura Estate
51 Karimi Estate
52 Magunga Estate
53 Ngombezi Sisal Estate
54 Tanga Town
55 Dodoma Met.
56 Dodoma Reservoir
57 Mvumi Mission
58 Mpwapwa Vet.
59 Morogoro Agric.
60 Kilosa Agric.
61 Tungi Sisal
62 Berega Mission
63 Bagamoyo Agric.
64 Ruvu Estate

1470 
0561 
2550 
0264 
1470 
0264 
0264 
0165 
0165 
0165 
0066 
0048 
0048 
0525 
0066 
0057 
0057 
0156 
1263 
2172 
1137 
2073 
2361 
1137 
3180 
0552 
2370 
0426 
0246 
0057 
0039 
0237 
0147 
1182 
1182 
1182 
0219 
0138 
0156 
0147 
0237 
0048 
0048 
2280 
2640 
2370 
0282 
0028 
0255 
0255 
0255 
2002 
0246 
0273 
0048 
0048 
0048 
0048 
0147 
0156 
0147 
0137 
0228 
0237

1 
0 
2 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
1 
2 
2 
1 
3 
0 
2 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
2 
2 
2 
0 
0 
0 
0 
0 
2 
0
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0

31° 42* E 
31° 37' E 
31° 49' E 
31° 33' E 
31° 43' E 
33° 48' E 
34° 23' E 
30° 38' E 
31° 19' E 
32° 54' E 
32° 29' E 
33° 13’ E 
33° 21' E 
30° 42' E 
32° 36' E 
33° 24' E 
33° 46' E 
35° 33' E 
36° 39' E 
36° 41' E 
36° 36' E 
36° 48' E 
36° 40' E 
37° 20' E 
37° 19' E 
37° 36' E 
37° 30' E 
29° 38' E 
29° 41' E 
33° 11' E 
34° 45' E 
35° 47* E 
35° 40' E 
38° 28' E 
38° 17' E 
38° 25' E 
38° 13' E 
39° 09' E 
30° 22' E 
32° 49' E 
32° 48' E 
34° 50' E 
35° 23' E 
38° 27' E 
38° 38' E 
38° 26* E 

'38° 59' E 
38° 02' E 
38° 28' E 
38° 53' E 
38° 35* E 
38° 38' E 
38° 25' E 
39° 06' E 
35° 46' E 
35° 46' E 
35° 55' E 
36° 30' E 
37° 40' E 
37° 00' E 
37° 42' E 
37° 10' E 
38° 55' E 
38° 43' E

7
6
5
6
7
6
6
6
6
6
6
4
4
2
6
5
5
5
6
7
3
7
6
3
8
5
7
2
4
5
3
3
4
8
8
8
1
3
5
4
3
4
4
8
4
7
8
2
5
5
5
8
4
7
4
4
4
4
4
5
4
3
2
3

0 
1 
0 
4 
0 
4 
4 
5 
5 
5 
6 
8 
6 
5 
6 
7 
7 
6 
3 
2 
7 
3 
1 
7 
n 
2 
0 
6 
6 
7 
9 
7 
7 
2 
2 
2 
9 
8 
6 
7 
7
8 
8 
0 
0 
0 
2 
8 
5 
5 
5 
2 
6 
3 
8 
8 
8 
8 
7 
6 
7 
7 
8 
7

5 
5 
7 
2 
5 
2 
2 
1
1 
1 
0 
n 
n 
5 
0 
n 
n

9 
in 
10 
7 

10 
8 
7

3 
2 
2 
5 
2 
4 
5 
5 
4 
2 
0 
0 
2 
1 
2 
2
2 
2 
1 
1 
1 
2 
0 
0 
4 
8 
5 
2 
0 
2 
2 
2
2 
2 
2 
0 
0 
0 
0 
1 
1 
1 
1 
2 
2

0 
in 
12 
12 
10 
11 
10 
10 
10 
10 
11 
11 
11 
10 
12 
12
8 
4 
7
10 
10 
10 
10 
10 
10 
10 
10 
12 
12 
12 
12 
11 
11 
11 
10 
10 
10

5
10

1
10
10
11
11
11
12
12
12
7

12
12
12
11
n

□arararoan 
No. of months falling under 

 aiararDar---Darararofrcmrara) 
No. Station Location Hu.Ref. HU SH SA AR H A
□cDoaannLinDaaoaDaatxicioDuoaxiaararaarararoar aro araro ar □oooooooooaroararnnraii

4 
5 
5 
2 
4 
2 
2 
1 
1 
1 
0 
0 
0 
5 
0 
0 
0 
1 
2 
1 
1 
0 
3 
1 
1 
5 
3 
4 
2 
0 
0 
2 
1 
1 
1 
1 
2 
1 
1 
1 
2 
0 
0 
2 
6 
3 
2 
0 
2 
2 
2 
0 
2 
2 
0 
0 
0 
0 
1 
1 
1 
1 
2 
2

1° 33' S 
1° 45' S 
1° 20' S 
1’ 40' S 
1’ 34 ' S 
1° 30' S 
1° 22' S 
2’ 28’ S 
2° 38’ S 
2° 31' S 
2° 21' S 
2° 46' S 
2° 57' S 
3° 35' S 
3° 50' S 
3" 33’ S 
3° 10' S 
3° 52' S 
3° 18' S 
3° 23' S 
3° 21' S 
3° 22' S 
3° 20' S 
3° 21' S 
3° 15' S 
3° 12' S 
3° 18' S 
4° 53' S 
4° 55' S 
4" 13' S 
4° 48' S 
4° 55’ S 
4° 12' S 
4° 56' S 
4° 47' S 
4° 59' S 
4° 49' S 
4” 43' S 
5° 07 ' S 
5° 02' S 
5" 06' S 
5° 41' S 
5° 13' S 
5° 01' S 
5° 06' S 
5° 05' S 
5° 26' S 
5° 26' S 
5’ 10' S 
5° 37' S 
5° 14* S 
5° 00' S 
5° 10' S 
5° 04' S 
6° 10' S 
6° 13' S 
6° 23' S 
6° 20' S 
6° 51' S 
6° 50' S 
6’ 46' S 
6’ 12' S 
6’ 25' S 
6" 48' S
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I

Ref. = Humidity reference number
- Humid months
- Sub-humid months
- Semi-arid months
= Arid months
- Humid + sub-humid
- Arid + semi-arid

0138 
0228 
0228 
0228 
0231 
0435 
0606 
0426 
0039 
0327 
1344 
2334 
0048 
0147 
3234 
5142 
5151 
2343 
2325 
0336 
0057 
1335 
1335 
3135 
0321 
0156 
0416 
0417 
0237 
0237 
0147 
2343 
0336

Hu.
HU
SH
SA
AR
H
A

38° 52' E 
39’ 18' E 
39’ 15' E 
31’ 36' E 
35’ 42' E 
31’ 00' E 
33° 27' E 
33’ 28' E 
34’ 49' E 
34’ 55' E 
36’ 39' E 
36’ 43' E 
38° 45’ E 
39’ 25' E 
32’ 56' E 
33’ 41' E 
33’ 38’ E 
34’ 37' E 
34’ 46' E 
37’ 58' E 
39’ 39' E 
34’ 36' E 
35’ 28' E 
35’ 35' E 
38’ 49' E 
39’ 42' E 
39’ 18' E 
39’ 02’ E 
39’ 38' E 
4<3’ 07' E 
40’ 05' E 
34’ 38' E 
37’ 22' E

0 
0 
0 
0 
0 
0 
0 
n 
0 
0 
1 
2 
0 
0 
3 
5 
5 
2 
2 
0 
0 
1 
1 
3 
0 
0 
0 
0 
0 
0 
0 
2 
0

1 
2 
2
2 
2
4
6 
4 
0
3 
3
3 
0
1 
2
1 
1
3 
3
3 
0
3 
3
1 
3
1 
4
4 
2
2 
1
3 
3

3 
2 
2 
2
3 
3 
0 
2
3 
2
4 
3 
4 
4
3 
4 
5
4 
2
3 
5 
3 
3
3 
2
5 
1
1 
3 
3 
4
4 
3

4
2
1
3
5
6
7
5
5
5
7
6
6
7
7
7
7
3
6

6
9
7
4
4
8
7

8
8
8
8
7
5 
K

4
5 
n
1
5
6
6
5
5
3 
0
4
4
4

4 
<1

1
4
4
2
2
1
5
3

8 
7

12
11 
7 
5 
6 
7
7
9

12
8 
A 
8 
9

11 
7 
8

10 
10 
n 
7 
9

1
2
2 
s
p
4
6

11 
in 
in 
in 
10
A 
6 
A 

12
9

6’ 50' S 
6’ 49' S 
6’ 48' S 
7’ 57' S 
7° 47' S 
8’ 09' S 
8’ 54' S 
8° 56' S 
8’ 14’ S 
8" 34 ' S 
8° 09' S 
8° 41' S 
8’ 01' S 
8’ 45' S 
9° 09' S 
9’ 20' S 
9’ 15' S 
9’ 53' S 
9° 20' S 
9° 47' S 
9’ 32' S 

10° 34' S 
10’ 34' S 
10’ 41' S 
10’ 42' S 
10’ 00' S 
10’ 57' S 
10’ 30' S 
10’ 02' S 
10’ 16' S 
10’ 17' S 
11° 05' S 
11° 06' S

Key:

65 Alavi Sisal Estate
66 Dar es Salaam Lab.
67 Msimbazi Mission
68 Sumbawanga
69 Iringa
70 Kala Mission
71 Mbeya Boma
72 Mbeya Met.
73 Madibira Mission
74 Malangali School
75 Ifakara Mission
76 Mahenge Hospital
77 utete
78 Kllwa Kivlnje
79 Komera C Estate
80 Musekera Estate
81 Tukuy’u
82 Milo Mission
83 Njombe
84 Liwale
85 Mkoe Plantation
86 Lltuhi Mission
87 Peramiho Mission
88 Songea Met.
89 Masasi Mission
90 Lindi Met.
91 Newala
92 Ndanda Mission
93 Ngurumahamba Estate
94 Mikindani
95 Mwita
96 Liuli Mission
97 Tunduru
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Appendix F:

Table Fl: Maize, sorghum and groundnut optimal areas

Station
III IVI II

Mission

3

Stations and their aWA/pEt values in the 
crop potential areas

Met.
Mission

0.97 
0.89 
1.10 
0.71 
0.98 
0.43 
0.43 
0.96 
0.60 
0.64 
0.46 
0.58 
0.78 
0.93 
0.63 
0.72 
0.73 
0.47 
0.68 
0.51 
0.78 
0.52 
0.60 
0.51 
0.56 
0.57 
0.78 
0.48 
0.60 
0.55 
0.62 
1.00 
1.17 
0. 99 
0.57 
1.28 
0.78 
0.97 
1.52 
1.58 
1.39 
0.59 
0.92 
1.16 
1.26 
0.58 
0.84 
0.80 
0.54 
0.80

1.50 
1.20 
1.62 
0.79 
1.31 
0.59 
0.59 
1.06 
0.92 
1.21 
0.86 
0.97 
1.22 
5.83 
1.14 
1.57 
1.99 
0.96 
2.14 
1.00 
1.15 
1.15 
1.67 
1.62 
1.28 
1.48 
2.94 
1.56 
1.32 
0.64 
0.65 
1.50 
1.69 
1.56 
1.07 
1.90 
1.80 
1.68 
2.02 
1.97 
2.15 
1.26 
2.02 
1.82 
2.41 
1.31 
1.68 
1.14
1.47 
1.72

1.85 
1.22 
2.50 
1.56 
1.79 
1.44 
1.44 
1.46 
1.45 
2.08 
1.29 
2.56 
3.73 
2.40 
1.05 
3.73 
1.00 
2.32 
0.99 
4.43 
3.42 
5.79 
0.94 
0.93 
0.87 
0.91 
0.98 
0.87 
0.86 
1.63 
1.48 
1.31 
1.46 
1.31 
1.79 
2.51 
2.24 
2.07 
2.87 
2.30 
2.08 
1.52 
1.83 
2.06 
2.03 
1.26 
1.34 
1.10 
2.24 
1.60

0.65 
0.50 
0.93 
0.41 
0.68 
0.59 
0.59 
0.25 
0.60 
0.68 
0.42 
0.75 
0.83 
0.94 
0.64 
0.97 
0.88 
0.81 
0.83 
1.00 
1.00 
1.00 
0.68 
0.60 
0.54 
0.56 
0.88 
0.56 
0.60 
0.44 
0.25 
0.65 
1.00 
0.60 
1.00 
1.00 
1.53 
6.12 
2.78 
0.97 
0.88 
0.52 
0.87 
0.79 
0.82 
0.50 
0.44 
0.32 
1.92 
0.66

2.54 
1.81 
2.87 
1.09 
2.33 
0.85 
0.85 
1.20 
2.22 
3.13 
2.30 
2.80 
4.10 
7.27 
1.91 
4.23 
3.09 
1.96 
3.01 
3.27 
3.12 
4.34 
1.91 
1.97 
1.27 
1.54 
3.49 
1.81 
1.94 
0.95 
0.94 
1.70 
1.62 
1.60 
1.04 
1.52 
2.05 
2.01 
2.10 
1.93 
1.89 
1.40 
1.82 
1.97 
2.12 
1.45 
1.52 
1.09 
1.92 
1.85

1470 
0561 
2550 
0264 
1470 
0264 
0264 
0525 
1263 
2172 
1137 
2073 
2361 
3180 
0552 
237 0 
1182 
1182 
1182 
2280 
2640 
237 0 
0282 
02 55 
0255 
0255 
2002 
0246 
0273 
0147 
0156 
0435 
0606 
0426 
1344 
2334 
3234 
5142 
5151 
2343 
2325 
0336 
1335 
1335 
3135 
0327 
0416 
0417 
2343 

Tunduru 0336
□Q.UUULlLLJtDDCCCnntiQDnmDtl

□omixjaLcmnmmmuccmaxLDCDijaj 
Humidity

Re ference 
No.□ocua :iu:iJDDDDccrmjn xcurjcmcocEi 

Kagondo Mission 
Rubya Mission 
Bukoba Met. 
Igabiro Estate 
Kawalinda Coffee 
Musoma Met. 
Tarime 
Kibondo Mission 
Olmotonyi Forest 
Arusha Agric. 
Selian Coffee 
Tengeru Coffee 
Narok Forest 
Kibosho Mission 
Rombo Mission 
Kilema Mission 
Balangai Coffee 
Lushoto Agric. 
Sakarre 
Ngaraya Coffee 
Amani Malaria 
Ambangulu Sisal Est. 
Pangani 
Korogwe 
Sakura Estate 
Karimi Estate 
Magunga Estate 
Ngombezi Sisal Est. 
Tanga Town 
Morogoro Agric. 
Kilosa Agric. 
Kala Mission 
Mbeya Boma 
Mbeya Met. 
Ifakara Mission 
Mahenge Hospital 
Komera C Estate 
Musekera Estate 
Tukuyu 
Milo Mission 
Njombe 
Liwale 
Lituhi Mission 
Peramiho Mission 
Songea 
Masasi 
Newala 
Ndanda 
Liuli Mission

aEt/pEt or p/pEt values In months nxrxiurjniiii 
r V VI

0.89 
0.77 
0.93 
0.94 
0.90 
1.00 
1.00 
0.67 
0.86 
0.91 
0.66 
0.93 
0.97 
1.11 
0.84 
1.27 
0.94 
0.95 
0.92 
1.10 
1.06 
1.63 
0.79 
0.72 
0.64 
0.68 
0.92 
0.67 
0.67 
0.96 
0.71 
0.96 
1.00 
1.01 
2.34 
2.69 
2.20 
3.41 
4.74 
2.25 
1.27 
0.90 
1.21 
0.99 
1.00 
0.95 
1.51 
1.08 
2.80 
0.97 

TTTITt
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Table F2: Additional optimal areas for bean production

sEt/pEt or p/r.£t values in
Station

I II III IV V

JI1

Table F3: Marginal areas of bean production

Station
VIVIIIIII

]JC

0048 
0048 
004 8 
004 8 
0048 
004 8

0066 
0048 
0048 
0066 
0057 
0156 
0246 
0057 
0039 
0237 
0147 
0219 
0156 
0147

0.40 
0.46 
0.52 
0.78 
0.72 
0.65 
0.86 
0.75 
0.79 
0.63 
0.57 
0.30 
0.81 
0.83 
0.79 
0.86 
0.78 
0.87 
0.83 
0.82 
0.81

LLl 111 
0.59 
0.41 
0.45 
0.63 
0.65 
0.55 
0.73 
0.69 
0.69 
0.01 
0.58 
0.45 
0.88 
0.80 
0.84 
0.62 
0.64 
0.76 
0.69 
0.82 
0.81

0.70 
0.71 
0.61 
2.01 
0.86 
0.92 
0.82 
1.76 
0.85 
0.88 
1.86 
1.88 
1.15 
1.05 
0.79 
1.15

0.96 
0.80 
0.52 
0.82 
0.80 
1.00 
0.09 
0.78 
0.49 
1.00 
1.07 
1.28 
0.88 
0.82 
0.89 
0.03 
0.02 
0.07 
0.06 
0.30 
0.05

1.26 
1.33 
1.04 
0.82 
1.13 
0.72 
0.76 
0.71 
1.23 
0.95 
0.72 
0.70
1.14 
1.25 
0.59 
1.02

0.45 
0.45 
0.72 
0.32 
0.79 
0.72 
0.61 
0.39 
0.67 
1.00 
0.74 
0.30 
0.25 
0.20 
0.20 
0.62 
0.52 
0.56 
0.55 
0.52 
0.59

0.81 
0.76 
0.22 
0.82 
0.77 
0.87 
1.01 
0.77 
0.02 
0.80 
0.02 
1.00 
0.88 
0. 91 
1.05 
0.77 
0.75 
0.76 
0.77 
0.71 
0.81

0165 
0165 
0165 
1137 
0426 
0138 
014 7 
0228 
0237 
0138 
0228 
0228 
0237 
0327 
0147 
0237

0.63 
0.59 
0.59 
0.58 
0.88 
0.40 
0.59 
0.58 
0.43 
0.37 
0.67 
0.76 
0.71 
0.80 
0.56 
0.66

0.69 
0.59 
0.55 
0.57 
0.46 
0.52 
0.36
0.49 
0.55 
0.51 
0.49 
0.46 
0.70
0.51 
0.19 
0.92 
ii n~rr

0.79
0.99
0.86
1.56
1.15
1.70
1.52
1.55
1.77
1.90
1.47
1.44
0.96
1.14
1.35
0.84

Humidity aEt/pEt or p/pEt values in months 
Reference 
No.□□mmuacmamnDcr 

Koine Mission 
Sumvwe Mission 
Ngudu 
Kahama 
Old Shinyanga 
Mbulu 
Ujiji Mission 
Nzega 
Singida 
Kondoa Mission 
Singu Estate 
Mazinde Factory 
Uvinza Salt 
Tabora Observatory 
Kipalapala Seminary 0237 
Manyoni 
Kurio Mission 
Dodoma Met. 
Dodoma Reservoir 
Mvumi Mission 
Mpwapwa Vet. □rnrrrrrnTimrn

□axtijajumocEmci^^
— t JI » y 

Reference 
No.

□xixixriXDDDaxnxcotrn: 
Ngara 
Biharamulo 
Mwanza Auric. 
Moshi Met. 
Kigoma 
Mtotohovu 
Tungi Sisal 
Bagamoyo Agric. 
Ruvu Estate 
Alavi Sisal Estate 
Dar es Salaam Lab. 
Msimbazi Mission 
Iringa 
Malangali School 
Kilwa Kivinje 
Mikindani 
nrn i 07n(i~irTinnnrTifTinf 111 f

ITiJi


