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OBJECTIVES OF THE STUDY 

The objectives of this study were twofold. The first objective 
was to carry out a quantified land evaluation for the Chuka area 
in Kenya. The second was to link this land evaluation to a 
Geographic Information System (GIS). The information system used 
is the Comprehensive Resource Inventory and Evaluation System 
(CRIES), which was to be tried out for possible future use in the 
Department of Soil Science at the University of Wageningen. 

The evaluation was to be at a broad regional level; it is 
restricted to assessment of the potential suitability for three 
annual crops (two cereals, maize and millet, and one pulse erop, 
mungbean) under rainfed agriculture, and the determination of the 
optimum sowing time. The evaluation is a physical one based on 
quantitative estimates of the potential water limited yields. 

For this purpose a data base and a erop simulation model were 
constructed, both commensurate with the availability of data in 
the study area. The model was experimented with to understand lts 
reactions to different inputs, and it was used to evaluate 
selected scenarios. In these scenarios it is assumed that the 
management (e.g. weeding, plant density, fertilizer application 
and water conservation measures) and nutrient availability_a~e 
optimal, and that pests and diseases are fully controlled. All 
calculated yield potentials are expressed in kg dry matter per 
unit area. 

DESCRIPTION OF THE STUDY AREA 

Location 

The study area is located in Kenya at approximately 160 km from 
the capital city, Nairobi. It is located between latitudes 0"15' 
and 0"30'S , and longitudes 37°30' and 38°00'E, and covered by 
the Chuka and Ishiara mapsheets (122/3 and 122/4 respectively, at 
scale 1:50,000) by the Survey of Kenya. A large part of the area 
consists of the southeastern windward slopes of Mount Kenya; 
hence the altitude varies from more than 2100 m in the 
nortwestern part to less than 500 m near the Tana river (see 
Figures 1 and 2). 

Climate 

The location of the study area near the equator accounts for the 
little variation in mean monthly temperatures during the year ( < 
4°C), and for the occurrence of two rainy seasons which coinclde 
with the passing of the Intertropical Convergence Zone twice a 
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year. There is a clear relation between altitude and climate. 
With increasing altitude, the amount of annual rainfall increases 
and both temperature and rate of evaporation decrease. 

Four different seasons can be distinguished over the year: 

Jan-Feb : short dry season, relatively high temperatures, 
clear skies 

Mar-May 

Jun-Sep 

Oct-Dec 

long rainy season, starting at the end of March in 
the eastern parts (duration 40-50 days) and in 
mid-March in the western parts (75-80 days) 

long dry season, relatively low temperatures and a 
persistent cloud cover, especially during July and 
at higher altitude 

short rainy season, starting at the end of October 
in the eastern parts (40-50 days) to mid-October 
in the western parts (60-70 days). 

The high northwestern part of the area has a trimodal rainfall 
pattern with a small third rainy period during July and August. 
Annual rainfall varies from 2200 mm at higher altitudes to 
approximately 700 mm near ~he Tana river. Both the amount o~ 
rainfall and the reliability of the rainfall decrease towards the 
East, as demonstrated by the coefficient of variation for annual 
rainfall which doubles from 0.25 in the West to 0.50 in the East. 

The average annual rainfall pattern of the study area is 
presented in Figure 3. The area can be divided in different soil 
moisture availability zones (Sombroek et al., 1982) expressed in 
different r / Eo * 100% ratios (the annual precipitation, r, over 
the potential evaporation, Eo). If evaporation is approximated 
with : 

Eo(mm) = 2422- 0.358 altitude(m) 

(Woodhead, 1968), this ratio varies from 130% (humid) in the 
northwestern part to 25-40% (semi-arid) in the eastern parts 
(Figure 4). 

( 1 ) 

The annual temperature of tlie study area is related to altitude 
by the relationship (Braun, 1986) 

T(°C) = 29.3 - 0.0066 * altitude(m) ( 2 ) . 

The mean annual temperature ranges from about 15°C at high 
altitudes to 26"C in the East (see Table 1 and the altitude map, 
Figure 2, which presents implicit temperature zones). The coldest 
month of the year is July with a mean temperature of less lhan 
4°C below that of the warmest month, March (see ANNEX A, Table 
1 ) . 
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Table 1. Temperature zones; relation bet ween temperature and 
altitude and the areas occupied by each zone. 

Zone annual m1nimum maximum altitude(m) area(%) 

VI 14 - 16 20 - 22 8 - 10 2300 - 2000 l 
v 16 - 18 22 - 24 10 - 12 2000 - 1700 7 
IV 18 - 20 24 - 26 12 - 14 1700 - 1400 15 
II I 20 - 22 26 - 28 14 - 16 1400 - 1100 22 
II 22 - 24 28 - 30 16 - 18 1100 - 800 20 
I 21, - 26 30 - 32 18 - 20 800 - 500 33 
I+ 26 - 27 32 - 33 20 - 21 500 - 350 2 

Soils and geology 

In general the area can be divided in two distinct units : the 
slopes of Mt. Kenya in the West and the areas belonging to the 
Basement System in the East. The slopes of Mt. Kenya are strongly 
dissected by perennial streams and rivers, descending from the 
mountain, with steep valley si des (slope > 16%). The soils have 
developed on so_called lahars (consolidated mudflows) which embed 
all kinds of volcanic rock_in a matrix of pyrocl•sticg,_and are 
in general deep, clayey NITISOLS (de Meester, 1987). 

The Basement System consists of dissected, undulating to rolling 
uplands (slopes < 16%) together with some hills and mountains. 
Most hills and mountains are intrusive rocks, granitoid or 
(ultra)mafic. The remaining area consists of gneisses rich in 
ferromagnesian minerals (hornblende and biotite), or granitoid 
gneisses. The soils developed on ferromagnesian gneisses have a 
deep red colour due to iron compounds formed upon weathering. 
Soils developed on granitoid gneisses have a more orange colour, 
because of the lower amounts of ferromagnesian minerals and 
higher amounts of quartz, and a higher gravel content. They are 
in general moderately deep to deep, slightly gravelly to 
gravelly, sandy clayloam to sandy clayey LUVISOLS. 
In contrast with the slopes of Mt. Kenya, the soils of the 
Basement system area show a large variation in properties such ;1s 

depth, gravel content or texture. 
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PROCEDURES AND DATA 

The Geographic Information Syste~ 

' 
Geographic InformatioA Systems provide means to facilitate the 
storage and manipulation of spatially distributed data. The data 
are stored in a grid based reference system which permits 
analyses on a locational basis. Each grid cell possesses row and 
column 11umbers as lts location identifiers. 
For the present exercise, these numbers correspond wi th the map 
grid coordinates. Columns 333 to 388 correspond with map grid 
coordinates J.33 to 3.88 E., and rows l to 27 with coordinates 
99.71 to 99.45 S. These rows correspond with latitudes from 
0°15'S to 0°30'.S. 
Each grid cell is chosen to represent an area of one square 
kilometer because of the small map scale and the low resolution 
of climatic and soil data. 
Several aingle attribute rasters are necessary to describe a 
cell. More specifically, these are one raster with overall 
altitude readings, one with mapping unit codes and one with the 
codes of the representative climatic station. The GIS used 
(CRIESI can only support single value rasters; the values in the 
individual raster cells refer to data files containing data of a 
more complex nature about climatic zones, mapping units-and -
soils. 

Potential yield estimations from the simulation model described 
in the next paragraph, are presented in a format suitable for the 
GIS (Schultink et al., 1986). This offers the possibility of 
making overlays, grouping of yields into (suitahllity) classes, 
and cross- tabulation of several rasters. 

The Simulation Model 

In line with the scarcity of climatic and soli physical data, the 
simulation observes time intervals of one decade (ten days) for 
the calculation of assimilation rates. Yet, the distribution and 
conversion of fortned assimilates into structural dry matter, 
whicb is dependent only of the erop, is on a daily basis. 
For more detailed information on erop porformance simulation tl1e 
reader is referred to Driesson (1986) and van Keulen and Wolf 
(1986). For the actual program code see ANNEX D. 

A hierarchical simulation model is used which considers different 
land qualitles/limitations at different levels. At the highest 
level, the potential production is calculated, as solely 
determined by solar radiation, temperature, and erop properties. 
Assessi11g water llmited production possibilities means 
calculatlon oI a factor by which tl1e potential is multiplied to 
account for possible 11egative effects of water ~tress or1 erop 
performa11ce. 



Crop development from emergence to maturity is measured in terms 
of thermal units ("C.day). To reach maturity a erop needs a 
specific total sum of thermal units (temperature sum) established 
by accurnulation of effective daily temperature sums, i.e. the 
mean daily temperatures minus the threshold temperature of the 
erop. 

The latitude and the assimilation type of the erop (C3 or C4) 
determine the gross C02 assimilation rate for a closed canopy on 
clear and overcast days (Goudriaan, 1978; see ANNEX C). Thus 
data on cloudiness suffice to calculate the potential canopy 
assimilation rate (Fgc). The gross assimilation rate (Fga) is 
assessed by reducing Fgc for temperature effects (toa cold or too 
hot) and/or an incomplete erop cover. 
In tropical regions, the process temperature is considered equal 
to the average of minimum and maximum temperature. For C3 crops 
temperature is assumed optimal between 15 and 25 •c and for C4 
crops hetween 20 and 30 •c. Part of the assirnilates are necessary 
for maintenance respiration, the rest (net assimilation) is 
partitioned to the different plant parts as a function of the 
erop phenological stage. 
The increase in structural dry matter of each plant part is 
dependent of the conversion efficiency of the assimilates into 
dry matter. As from halfway between flowering and maturity, roo~s 

and sterns are assumed to die Qt specific rates. Leaves die when 
reaching a erop or variety specific life span. 

Po~ential production is achieved as long as the erop can 
transpire freely. A too high or too low water content of the soil 
will reduce the water uptake rate of the erop, and henceforth 
lts transpiration and assimilation rates. The assimilation rate 
is reduced by the ratio of actual and potential erop 
transpiration. 

Due to lack of accurate data on climate (e.g. daily rair1fall and 
intensities) and soil pl1ysical propertics, and the ge11eral nature 
of the evaluation, there is no sense in a complicated physicdl 
description of soll 111oisture rnovements. 'fl1erefore water budget 
calculations consider only two comp~rtments of which the upper 
layer is rooted and the lower layer not (see Figure 5). The lower 
layer need not always be present. The maximum rooted depth is 
arbitrarily set at 0.7 times the maximum rooting depth of the 
erop (Driessen, 1986) or at the effective rootable soil depth, 
whichever is less. With root growth the depth of the rooted layer 
increases while the layer below becomes smaller. 

For the interval calculations, the upper layer is assumed to have 
a homogenous moisture content, that is affected by rainfall, 
evaporation and transpiration. If the soil moisture content 
exceeds field capacity, water is lost to the lower layer. This 
flow rate may be limited by the hydraulic conductivity of the 
soil. TJ1e lowor layer 1nay loose water in the same way to the 
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subsoil. It is assumed that ground water is very deep and 
capillary rise is negligible. 

The potential evaporation rate from the soil surface is reduced 
because of shading by the leaves of a erop (equation 3.). The 
actual evaporation from the soil's surface may be less than 
maximum (Em) due toa low moisture content (equation 4.). 
The maximum rate of erop t·.ranspiration (Tmax) depend" on the 
evaporation and evapotranspiration rates multiplied by a ''leaf 
reduction factor" (LRF) to account for an incomplete cover. 
The critica! soil moisture content (SMcr) is the soil moisture 
content below which the transpiration is hampered by water 
stress. It is co-determined by a "depletion factor" (p) which is 
dependent of the erop and the maximum transpiration rate 
(equations 5 and 6.). 

Em EO • exp( -0.4 · LAI) ( 3 ) 

Ea ~ Em (SM - SMa)/(SMO - SMa) 

Tmax = LRF · (ETO - 0.1 EO) ( 5 ) 

SM er ::: ( 1 - p) (SMO 0.04 - SMpwp) + SMpwp ( 6 ) 

The water reduction factor is 1.0 at moisture contents from ~MO 
to SMcr, and 0.0 at more than SM0-0.04 or less than SMpwp. Values 
in- b8tween are found by linear interpolation. 

The book keeping of water budgets starts one interval bef~re 
emergence to approxirnate the initia! soil moisture content at 
emergence. At the end of each interval the soil moisture contents 
are adjusted, just as the actual rooted depth. 
Thus the water reduction factor for a certain interval is 
determined by the soil moisture content of the preceding interval 
('state varidble approach'). 
The simulation is halted when maturity is reached (development 
stage !.Oor 100%), or when no living leaves remain, or when 
prohibitive water Jogging or drought occur. If drought occurs in 
the decade before emergence (=decade of plantir1g), emergence is 
assumed to fail. 
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DATA 

However precise à model can be in describing 'reality', lts 
results can never be ~are accurate than the data it is fed with. 
When conclusions are drawn, they refer strictly to the scenario, 
the data and the model used; some caution is necessary when 
extrapolating them to the 'real' world. 

Climatic data 

Potential production calculations only need data on temperature 
and radiation (or cloudinessl; the calculations of water limited 
production need additional data on rainfall and evaporation. A 
difficulty is that a wide range of altitudes is found in the 
study area with a large range of climatic properties. 
Confronted with the absence of actual temperature data and a 
considerable variation within the study area, it was decided to 
relate monthly temperature to altitude. The resulting monthly 
temperatures are differentiated over decades. 

Except for rainfall figures, site specific climatic data were 
lacking and had to be extrapolated from outside locations (see 
ANNEX Al. Fourteen (14) sites (see Figure 6 for their location) 
with rainfall data were selected to represent different zones of 
rainfall. For each zone, estimations of the cloudiness regime 
were made based on data from Kindaruma, Tebere and Ihika (see 
ANNEX A and Figure 1). In the area, five cloudiness regimes are 
distinguished attiibuting to higher altitude areas a higher 
cloudiness figure and a bigger amplitude over the year (see 
Figure 8). Annual evaporation is, just as temperature, related 
to the altitude, and the whole area is assumed to have a uniform 
distribution of the nnnual evaporation sums over the months. 

In contrast to rainfall and cloudiness, the climatic variables 
temperature and evaporation are not treated zonally, but are 
calculated for each grid cell in accordance with the grid cell's 
altitude (see ANNEX A), 

Land and Soil data 

The option of converting the boundaries on the soil map into 
digital form by means of a digitizing tablet has not been used. 
Each grid cell is characterized by a data set which refers to the 
mapping unit that occupies the largest area within lts boundaries 
(predominance method). On this criterion 33 mapping units were 
disti11guished in tl1e study area out of the 37 in the legend of 
the reconnaicsance map. 
The characteristics that are selected from the soil map (de 
Meester, 1937) are soil dupth, gravel content and soil texture. 
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The distribution of texture-based soil types is shown 
9. The equivalent net rootable soil depth ( = depth · 
fraction)) is presented in Figure 10 according to the 
classes used by the K~nyan Soil Survey. 

1 

in Figure 
(1 - gravel 
five depth 

Data on the physical ~roperties of these soils were only scarcely 
available; the data set had to be completed with data from 
Kindarume (van de Weg, 1975). 

The properties that were used are 

soil porosity, 
soil moisture content at field capacity (pF 2), 
soil moisture content at permanent wilting point (pF 4.2), 
soil moisture content when airdry (pF 6), 
initia! soil moisture content, 
saturated hydraulic conductivity of the rootable soil, 
saturated hydraulic conductivity of the subsoil. 

The initia] soil moisture contente postulated, correspond with pF 
values 4.1 to 4.2 for NITISOLS and FERRALSOLS (volcanic area) and 
pF 5 for the other soils (in general Basement area). This is the 
moisture content that is supposed to occur at the end of the dry 
season, based on pF measurements at different catenas (see ANNEX 
3) • 

The values for saturated hydraulic conductivity are copied from 
Driessen (1986) and are derlved !or Dutch soils; they ere 
probably too low for Chuka soils. Knowing that the time interval 
is 10 days, this is considered acceptable, for an even l1igher 
value can never follow the dynamics of rainfall and infiltraLion. 

Aftar characterizing each grid cell by lts dominant mapping unit, 
it appeared tl1at mapping units with a soil type of loamy sand 
were too small to be represented on the map. This !imits the 
number of relevant soil types to only five. 

erop data 

In this par·agraph each erop 11sed is briefly ot~tlined. The 
phenological data of the various crops can l1G ~011nd in ANNEX C. 
The Figures 11 to 13 show t!1e distrib11tion of ~ssimllates to the 
different plant parts as determined by the development stage. 
Figtlres 14 and 15 show how the length of the growi11g pcriod is 
related to altitude (temperature). 
It must be noted that the model pays no attentlon to the decade 
in which drol1ght or water legging occurs. A drougl1t or excessive 
rainfall during flowering will aften significantly reduce yields, 
but this i~ not taken into uccount. Little research has been 
done on the phenological data for crops. Millet data were derived 
trom the input d.atu for the ~JOFOST model (:ldppoldt, l'l8J). Thus 
they n1i1y be less suitable .for the variety u2.ecl in t~1i:J 0tudy 
which may differ fr·om tl1at in the WOFOST tla~.~ ~il~e. 

9 



Phenologicol data on bath maize and mungbean are copied from 
Driessen (1986). Same characteristics on the three crops are 
presented in Table 2. 

Table 2. Temperature sum, assimilation type, minimum rootable 
depth requirement, maximum rooting depth, development stage at 
flowering, life span of leaves and the maximum altitude at which 
the selected crops are grown. 

Grap Temp.sum Assim. RDmin RDm flowering Span Max.alt. 
(°C.day) type (cm) (cm) at dvs (day) ( m) 

Maize 1350 C4 50 135 0.60 60 
Mill<et 1020 C4 30 120 0.67 60 1200 
Mungbean 1650 C3 30 70 0.39 35 1500 

Maize (Zea mays) 

Maize is the most important cereal in the area, having a high 
output/input ratio and a wide tolerance with regard to 
environmental conditions. A young maize plant is moderately 
drought resistant, but is susceptible to unfavourable suil 
air/moisture ratios during the first 3 decades; it requires a 
well aerated soil. From five weeks onward the maize plant is less 
drought resistant; the most critica! period is at the time of 
silking when even moderate drought stress ca11 cause incomplete 
pollination, whereas severe drptight can cause erop loss. 
This makes the planting time a very important parameter. In 
"short rainfall" areas, maize that is sown late mny suffer bot'> 
in the early stages when the soil is toa wet, and later when t?1c 
soil is too dry (Acland, 1971). 
Maize reacts to even the sligtitost degree of water legging, and 
needs a good supply of nutrients. The growing period is strongly 
dependent on the altitude (temperature) and amounts to 6-8 months 
at 1900 m and 5 months at 1500 m. These lengths are 
satisfactorily reproduced by the model (see Figurcs 14 and 15). 

In 1977 Jaetzold (1983) made a Small Farm Survey which 
demonstrates a clea1- relation betwee11 early planting of maize dnd 
grain yield. It also showed that above 1700 to 1800 m maize and 
beans yielded higher when planted in tl1e short rains than in the 
long rains. 
Jaetzold considers a maize yield of 5000 kg/ha a high production 
level abovc 1400 m, and 3000 kg/ha dt lower altitt1de. Ooms (1987) 
measured 1100 to 2500 kg/ha for Xatumani maize at 1000 m, and 900 
to 3200 kg/ha for cvs. 511/512 at 1100 to 1500 m. 
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Bulrush millet (Pennisetum typhoides) 

Bulrush millet is commonly grown as a rainfed erop in the semi­
arid regions of Renya, above the 250 mm isohyet. An even 
distribution of the rainfall is more important than the total 
precipitation sum. A warm climate is necessary and millet is 
seldom grown above 1200 m (Acland, 1971). 
The erop is hoth drought resistant and drought evading because 
of lts short maturation period. It will not tolerate water 
legging. The rapid inltial growth (see rate of root growth in 
ANNEX C) makes it tolerant of weed competition. 
Its merit is that it gives economie yields, albeit low, in soils 
toa infertile for ether cereals. The erop ia best suited for the 
short rains, which allows slower maturing crops to be sown in the 
langer rains. 
Bulrush millet is aften dry sown to profit from the first rains, 
but has to be resown when rains are delayed or when a drought 
occurs after germination. The erop is aften intercropped, e.g. 
with grams. 

Yields vary greatly, records for the second rains of 1985 (less 
than average) vary from 200 to 1400 kg/ha (Ooms, 1987). Jaetzold 
(1983) indicates that a production of 1700 kg/ha i~ feasible 
under a good management level. Yields of over 3000 kg/ha have 
been recorded with improvcd hybride in India. 

Mungbean (Vigna radiata) 

Mur1gbea11 i~ not wi~oty grown in tl1e Chuka ar·aa but is selected ir1 
this evaluation for pr·actical purposes: phenological erop data 
were available for mungbean and the erop may be attractive for 
i11cl1Jsion in a erop rotation. 
The erop can be grown from sea level up to 1500 m altitude and 
givcs reasonable yields in areas which receive an average annual 
rainfall of 650 mm only (Acland, 1971). It is usually intersown, 
matures qulckly (app. J months) and is well suited to the short 
rains. It can he used as a subsistence pulse erop or a cash erop. 
Mt1ngbean is dro11ght resistant and susceptible to water legging. 
Flowerlng occt1rs 6 to 8 weeks after sowing; if there is toa much 
rair1 durir1g this pF1~ioct, there is poor seed setting. 
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THE ANALYTICAL SET-UP 

First, the area was screened for cells that are clearly 
unsuitable for agricultural use and need no calculation. These 
concern montane areas~ areas/cells with less soil depth than 
required by the erop, or with a too high altitude (too low 
temperatures) for millet or mungbean. 

The optimum decades of emergence were determined at 14 locations 
in different climatic zones by calculating the potential and 
water limited yield with emergence in all decades of the year, 
and with measured rainfall. 
The characteristics of the locations used for this part of the 
study are listed in Table 3. 

Table 3. Altitude, soil depth, soil type and climatic zone at 
selected locations/grid cells. 

Coord. Climate Altitude Eff.depth Soil Descript ion 

13/377 1 647 122 3 Karua 
12/377 2 663 122 3 Kat ze 
13/373 3 708 122 3 Tharaka 

3/378 4 762 75 6 Chiokariga 
22/365 c 

J 838 94 6 Ishiara 
15/361 6 084 122 " Murinduko ~ 

23/357 7 1110 150 2 Kanyuambora 
22/347 8 1290 150 1 Embu 
19/J~l 9 1480 150 1 Runyenjes 
21/336 10 1510 150 1 Kevote 

9/347 11 1470 150 Chuka 
15/337 12 1690 150 l Kairuri 
10/333 13 1900 150 1 Irangi 
7/334 14 1910 150 1 Chogoria 

To quantify the influence of soil depth and soil type on the 
potential yields 1 calculated for the locations Ishiara, 
Kanyuambora and Runyenjes, the water limited maize yield 
potential was calculated for the 5 types of soil and 4 different 
depths, viz. 50 1 80 1 120 and 150 cm. 

The relation between length of the grclwing period ~nd the 
altitude is studied for runs starting with decades 10 and 31 (lst 
and 2nd rains) for all three crops. 

Those decades that showed the highest water limited production 
pote11tial 1 were uscd in an evaluation of the performance of the 
whole area. This was repeated for all zones because the optimum 
decade of emergonce varies throughout the area. 
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From different rasters in one growing season an overlay was made 
with the maximum yield of all decades dominating. The maximum 
calculated average yield of the total area was used for the 
division of the area into relative yield classes. 

i 
Table 4. Relativa yield classes as percentages of the highest 
yield. 

Yield class 

l 
2 
J 
4 
5 

% of highest yield 

0 -
20 -
40 
60 -
80 -

20 
40 
60 
80 

100 

Description 

very low 
low 
moderate 
high 
very l1igl1 

Symbol 

+ 

* 
# 

Conversion to relative yields, makes the res11lt3 lndependent of 
the absolute values that are calculated. 

For mnize, alternative runs with evaporation vnluAs 10 percent 
higher or lower than tl1e normative average value and a run with 
cloudiness values of Kindaruma (see ANNEX Al 11sed for all cells 
in the area were evaluated to test the model's ~ensivity to -
variations in basic input values. 
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RESULTS 

Figures 14 and 15 present the lengths of the growing period for 
maize, millet and mungbean at different altitudes when emergence 
takes place at decades 10 or 31. The average annual temperature 
at different altitudes according to equation (2) is also drawn. 
If emergence is in the lOth decade, the length of the growing 
period is langer than in situations with emergence in the 31st 
decade due to the lower temperatures during growth. The failure 
of mungbean at high altitude is due to tl1e fact that the 
development rate and net a3similation rate of the erop are low 
and the leaves die when their age equals their tabulated life 
span. For such cool conditions tabulated life span values are to 
be adJusted. However, in reality mungbean is not grown above 
approximately 1500 m altitude. 

Maize 

In Table 5 output is shown from simulations for potential and 
water· limited production of maize with emergence in the \Oth 
decade of 1982. Tl1e heading describes the characteristics of ~he 

location, in this case Ishiara. The several columns represent 
(from left to right) respectively the decade, the average 
temperature, the develop1nent stage, the cloudiness fractio11, the 
gross C02 assimilation rate of a closed canopy, the leaf area 
index, the leaf reduction factor, the temperature reduction 
factor, tl1e gross assin1ilation rate of the erop, the maintenRnce 
respiratio11 rate, net assimllation rate, total dry weight <lllli ~he 

livi11g dr·y weights of rootz, steins, leaves and storage organ~~. 
In the water limited production chart, the amount of infiltrated 
water, evapotranspiration, drainage from the rooted zone, 
moisture content of the rooted ~one and the water reduction 
factor are incl\1ded instead of the leaf correction factor and tt1e 
dry organ weights. 

The simulation gives realistic: values for the leaf area and ~he 

length of the growing period. 
In the water limited scenario, the production is limltcd by woLcr 
stress d11ring the last decades of the season due to lack of 
rainfall. 
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Table ~. Simulated potential and water limited productlon of 
maize at Ishiara (22/365); emergence in the 10th decade. 

Ro~1 22 Col.: 365 Crop Maize Clim. 5 Depth 100 
Unit 72 Alt.: 838 Prodtype 1 Soil 6 Grav% 6 
Latitude : 0.45 Decade 10 Inf.% -1 SMfc 0.25 
----------- -------------------

DC TEMP DVS CLF Fgc LAI LRF TRF Fga MR Fn TDW WRT WST WLL wso 
-------
10 25. l ll 0.32 800 0.02 0.02 1.00 8 0 8 76 29 0 47 0 
11 21,. Q 2Z 0.3] 788 0.08 0.06 1. 00 31 2 29 286 95 1 190 0 
12 2.4. ~j :JJ 0. 34 773 0. 31, 0.21 1.00 112 7 106 1043 284 69 691 0 
lJ 24.2 !~ -~ o. J4 761 1.24 0.58 1.00 301 25 277 3012 650 640 1722 0 
14 2'.l. 9 SI~ 0. 311 71,s 3.10 0.89 1.00 i.52 68 381~ 5715 996 2037 2682 0 
1.5 2]. I{ 61~ 'J. J( 722 '" 83 0.97 1.00 i.76 121 355 8193 1169 37111 3137 167 
16 22.9 7J 0.40 694 5.65 0.98 1.00 1,611 163 301 l037'.' %3 3317 3175 1894 
17 22.5 82 0. L~3 669 5. 72 0.98 1.00 4118 174 274 12376 770 2654 3032 3897 
18 22.2 91 0.48 640 5.46 0.98 1.00 427 177 250 llil 98 r,.t 6 2121 2532 5720 
19 zz. 0 100 0.56 597 i..56 0.96 1.00 390 171 219 15799 L~g 3 L 69ll 1501 7320 
·------
The growi11g peri ad ~JD.S 100 days. 

r-----------------
Crop Maize 

---_-·-·:·-------;;-:-:--. ~ lHow : ZZ Col.: 365 Cl lm. . 5 uc,pth . _ 100 
U11i t: : 72 .t~.1 t:. : 838 Prodtype 3 Soil : 6 Grav% : 6I 
Latitude : 0 . 45 Decade 10 Ir1f.% : --1 ~:Mfc : 0.25 1 

_________________ _j 

DC TEMP DVS Fgc LAI LRF TRF P+I E+T D SM WRF Fga MR F!1 -~ow \-IJL wso 
-------------------

10 25 .1 l1 800 0.0 0.02 1.00 135 33 13 0.25 1.00 A 0 f3 76 1+ 7 0 
tl 21+. 8 22 788 0. l 0.06 l.00 157 33 12.5 0.25 1.00 31 2 29 286 190 0 
12 21-t - 5 lJ 773 0.3 0.21 1.00 112 35 7 0.25 1.00 112 7 106 1043 691 0 
13 2i..2 43 761 L2 0.58 1.00 59 1,2 17 0.25 1.00 301 25 277 3012 1722 0 

: '+ 7.3.9 511 7 Li 8 1. 1 0.89 1.00 39 4/i 0 0. 211 1. 00 452 68 3811 5715 2682 0 
15 23, 1, GI~ 722 11. 8 0.97 1. 00 0 41 0 0 .19 1.00 476 121 355 8190 3137 167 
16 22.9 73 69/~ r_- c 

..) . ;) 0.98 1. 00 0 37 0 0 .16 1.00 464 163 301 10372 31 75 1894 
17 22.S 82 069 S.7 0.98 1.. 00 0 20 0 0 .13 0.55 21+8 161 07 :1010 2750 2531 
18 22.2 91 540 5.0 0.9"/ l. 00 ' 9 0 0.13 0.23 98 136 -38 t1c::o 2117 ~5 _]~ ' 
19 27..0 100 597 J.8 0. 9.1 l.00 0 5 0 0 .12 0.10 36 110 -73 l 1010 1501 !'.5 J 1 

--------
Crop died aft.er 100 days 

The potential yield c11rve (see Figure 16) is reasonably smooth 
although 31nall steps occ11r where the climatic zone cl1anges ~~nm 3 
to 5 or 5 to 6 which coi:1cirles with a change of cloudiness 
regime. The water limited yield curve shows more abr1ipt 
fluctuations resulting from ~ifferences in soil factors and 
dif[er·ences in rainfall regime from one climate zone to another . 

. r 
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The maize yields calculated for the 14 locations selected show 
clearly the inf luence of the decade of emergence and the 
altitude. 
Recall that the potential yield is influenced by the temperature 
and the cloudiness fr~ction. Yields are negatively affected by 
low radiatlon or a high leaf weight which has high maintenance 
requiro-.11e11ts. 

For aelocted locations, the results are presented in Figures 17 
to 21. In these Figures, the decades of the year are shown on the 
horizontal axis; any of these could be chosen as the decade of 
emergence. Plotted against the decade of emergence are the 
pote11tial yicld, the average water limited yield with measured 
rainfall, and the maximum water limited yield. 
At Ishiara (Figure 18) this maximum never reaches the potentlal 
indicating that this region is permanently short of rainfall. 
Moving to climatic zones with more rainfall the number of decades 
at which the maxim11m exceeds the potential is increasing. 
It ic uhown clearly that water limited yields may exceed the 
potontial. Note that dry conditions always lower the q11antity of 
total dry matter produced. However if leaf mass (assimilatory 
capacity) is not seriously affected, the decrease of maintenance 
respiration lcsses results in a higher yield. 

Irangi (Figure 21) in particular, has many decades of emergence 
for which the potential yield level may be exceeded. Rainfall is 
evenly dintributed over the year which is acknowledged by the 
fact that this aren is well known for lts tea production. 
Here occur·s an inconsistency in the data base. The climatic 2olle 
Irangi has less rainfall than Chogoria. Indeed, the estimated 
average rainfall sum for Irangi amounts to some 125 mm less than 
for Chogoria, but the gauged annual average rainfall 9um is about 
25 mm higher (see ANNEX A). 

~he cllffer·ence between the average and 1naximum yields says 
somcthing about the variability of rainfall. A large differencc 
s11ggests that a high maize yield may be possible only during an 
exceptional year. A small difference means that in most ycilr8 ~he 

actual yield is right close to the maximum. 

The ratio of the averago water limlted and potential yields shows 
whether rainfall is, on the whole, sufficient or not. This ratio 
increases in general from zones l to 14, with in the low rainfall 
area the highest ratio during the 2nd rains (until Ishiara), and 
for the other area during the lst rair1s. 

Eac.h locilLio11 ha~~ .J di::tinct -rninirnurn yield potential. Xarua 
(Figure 17) ltils its mi11im11m potential if the n1~ize emerged ill 
mid-Mily because of low radiation Jt time of cab filling. Irangi 
(Figure 21) t1as lts minimum if emergence is early March; the erop 
dle.s duri11g tht3 pe.rlod with high cloudi11ess becau::-~e no living 
leaves remair1. Karua reaches its maximum production if emergence 
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takes place in the 2Jrd decade, which is associated with high 
radiation durlng cob filling. 
The phenomenon of lack of living leaves at high altitude ls 
caused by t.he assumption that the life span of leaves is a 
specif\c number of da~s. It may be more realistic in an area with 
a large variation !11 1engths of the growing period to express the 
lifo spnn of leaves in thermal units! 

The second rains are normally associeted with higher potential 
yields than the first rains, but the average of the water limited 
yield potentials may turn out lower thAn those calculated for the 
first season because at higher altitude both the amount and the 
reliability of the Znd rains is less than of the lst rains. 
In general, the ratio of water limited yield potential and the 
poter1tial yield is highest in the low~rainfall zones in the Znd 
rains, and in the high-rainfall zones during the lst rains. 
Exceptions to this trend are Tharaka, Murinduko and Chogoria. 

The following number of the optimum decade of emergence varies 
from 9 at Karua to 14 at Chogoria durlng the lst rains with 
decades 9 and 10 most frequently occurring. The Znd rains have 
their optimum between decades 29 and Jl. The optimum decade for 
the i11termecliéite rai11s at higl1 altitutie i~~ decade 21. 

Table 6 shows average and maximum water limited maize yield -
potentials for different soil - depth combinatlons at those three 
locations that represent climatic zones 5, 7 ~nd 9. The results 
for Ist1iarJ and Runyenjes are presented i:: ~:gure 22. It must be 
noted that the maize has an i1ssun1cd n1axi1num ~~~ective rooting 
depth of only 0.7 limes 135 05 cn1. 

The t~ble 3hows tl1at, at :shiara, the highest yield level for 
decade 10 is reached on soil 1 with a depth of 95 or 120 cm. If 
the same soil is given a depth of 150 cm, the water limited yield 
potential is less. 
Reaso11 for Lhis is that llrai11age to the lower layer is stored 
ove1- a larger soil volurne ~ihen 150 cm deep. Thus whe11 roots grow 
deeper, t.he rooted layer extonds into a subsoil that is 
relatlvely 111w in moisture. After averagir1g, the overall moisture 
content of the root zone hecomes lower· tl1an ir1 the Cdse of 
shallower so\ls. 
Soils 4 dnd 6 have a lower waterholding capacity dnd need less 
rair1 to drai11 ctll<i less drair1ag,e to att.air1 field ca1)acity. 
Therefore, these soils !1ave tl1e same maximum yiold figt1res over 
the ontire dopth range of 95 to 150 cm; soils 1, 2 and 3 show the 
abovo described yield decrease ~t depths over 120 cm. 
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Table 6. Average and maximum water limited maize yields for 
emergence at decade 10 and for the different types of soil at 
effective depths of 50, 80, 95, 120 and 150 cm. 

1 

2 

3 

6 

1 

2 

3 

1, 

lshiara (Coord.: 22/365; Potential : 7320 kg/ha) 
50 80 95 120 150 cm 

-'_'" _"5" l "~' ---"' '.-- r;;:om;;·-F;, ' --"',-Î"'' 
719 2313 1934 5072 2620 6241 ~21 6241 2569 ---- ------- --:-1-- ___ __, 
657 1894 11649 4759 2266 5794 i2292 5333 2090 5426 

6492 

6177 

----------+---·-- ------+------- -------1 
50 161 1 409 1129 584 1496 i 583 1496 1 583 1496 

_ 4 1 ; 11 6 2 ·t s 1 2 - _2 3 2 7 ..:_~~-s -:3259-11 3 ~ J - J 2 5_9 ___ _,_11-3 _1 _1 __ 3_2_6_9 _ __, 

Kany11ambora (Coord.: 23/357; Potential : 6846 kg/ha) 
50 80 

15-1_ 9 3 lî z7·-1_1 1 8 7 

375 21,1,3! 1186 

2 e3.2.o Jg-1-1o11 

6067 
·-

4L1 34 

4005 
-·-· 

l 0 9 1 
'. r-;--r-. --
Je> ~28 ! c92 

' -----

95 120 150 cm 

2611 7128 2518 7128 
---
1852 55 37 18 2 '/ 5 5 3 7 

15 60 4961 1509 4961 

328 1341 323 131,1 

-----

12381 7 ~ 
::~ 1 

177 1 5 

145 3 4 ___ ___, 
~-
1 323 1 3 l1 l 1 

1 
·-----1 

823 1 
_ ___ ! 

2 8 2 81-·1-z-8----;-22J8 7 5 0 2828 750 
"_l_ __ .. " ___ 

---"--.--"-r-------
6 1 !4h 1375 1 414 L ______ " __ _l ____ _ ---- ----·-· 

Runye:i.iPs (Coorcl.: 19/341; Potential : 5256 kg/ha) 
50 00 95 120 150 crn 

f 

r----"-------,------"--""---- ----------,-".""""." ________ , 

1 --~-~-5 2S ~"J 21, l~-: 25 G_ i 3":.7~---5 3~~-- _3179 "." 531,1, 1 3 0 21, ...=_ zs~- ! 
2 952 5256 12087 525G 12762 5256 2762 ~752 52:;G ; 

3 [-s21 - s-ÏsG--/1~__9~-- sz~51-;-:~1---s~56 2180 525G 21.2s s:C-;;~J 
1, l_3_7~ 1,99~ rrno_:_')~~1~:!2~ ___ ss<~o _ _:._224 __ 5590 1223 ss0_~_; 
6 1 505 5421 l l 35 ~ 52S6 ! 1572 5256 1572 5256 1577. 52.SG !, 

'-- ___ " _______ L _________ L. _______ "__ " _____ J 

At K'1nyuambora, the potential yleld at decade 10 Is exceeded by 
the maxim11m water l!mited yielcl for soil I at a depth of 95 cm or 
1nor·e. No soil shows a differe11ce in maximum yields between runs 
with de11tl1s 95 cm or more. Tht~ dificrence ~otween the soil types 
i::-~ sti::.l clear, ~Jut th.i::; di_ffe1~enc.e ht1s disa1)peared for Ru11yenj1;s 
where Jnost co1nbinat-ions ec111al or· l!X<:(~ûcl the potential yield. 

,0 
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Remarkablo is that at Runyenjes, soli type 4 (with an available 
soil moisture fraction of only 9 volume percent) shows the 
highest maximum yields. This conflrms that the type of soil and 
its depth becomes less important for high yields if rainfall is 
less limi~ing, as at Runyenjes. 
Bath in the long and the short rains a soil depth of 50 cm is 
strongly limlting unless the soil has an excellent waterholding 
capacity. Physical soil conditions on the whole become more 
constraining if climate conditions are poor. If the yields of 
table 6 are plotted against their corresponding moisture capacity 
(see ANNEX B), a close to linear relationship appears. 

When assessing yield classes for 'maize in the first rains', not 
all optimum decades were used. Dec1ades 9 and 10 were considered 
the most important although 13 and 14 are optimum under climates 
12 to 14. For these latter decades t!1e water limited yields at 
Kairuri and Irangi closely approach the potential of more than 6 
tons/ha. 
This res11lted in a strong shift of the highest yield class (class 
size 1410 against 1085 for decades 8 to 10) from approximately 
betwoen 1100 and 1400 to more than 1600 m altitude (except under 
climate 14). The yleld classes for maize In the first and second 
rains are presented in Figures 23 and 24. 

An abrupt change in yield level occurs where climate 7 borders 
climate a (Figure 23). It is associated with a change in 
clol1diness regime frorn 4 to 5, and, which is of more importar1ce, 
a change in rainfall regime. This manifests itself in an increase 
in yield level from class 3 to 5. :rn most zones, e.g. 9, 10 ~nd 
14, location3 at relatively lower altitude get a rolatively 
higher yield class. 

ln the semi-arid eastern part of the area, soils that are deeper 
feature tl1e highest yield classes. The highest yiolds (still 
moderate) are achieved on very deep soils of type J. For equal 
depths soil 6 performs better than 4 due to lts higher moisture 
ho.ldi11g capacity. 
Clin1ate zone 2 i8 ver·y !ow yieldi11g at all locatic>ns. 
Zonos 11 ~nel 12 B8t relatively low yields compared l:cJ lJ and 10 
Qlthough ~~1e clot1diness is identical and the altitutles 
comparable. 

For tl1e 2nd rains ttie pict1Jre is rnuch different. 1'110 veget.ative 
growth is 11ow ·i11 tJ10 i..var·mer part of the year so g,rowth i;~ fa~t.er. 

Cob filling is now just before the cold, clo~dy period. 
Chiokariga perforn1s rclativoly wel! this time. In zone J, very 
deep soils of type 3 yield very low although they were 
best-yieldi11g in the lst rains. Because there is litlle rainfall 
11ow, tl1e larger· depth i~ a disadvantage d11e to distr~bution of 
water· oI a la1·ger soil volume. 

Alt.err1ativt~ run::.~ ;iavr~ ;J0er1 do11e co11cerning the effecL· . .s of 
clot1di11e~3 dll<l evaporatior1 on maize yieltlLl. Figuru 25 8howH t:l1e 
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yield classes Eor the first rains with an average cloudiness 
regime (from climate zones 6 and 7) tl1roughout the area. Compared 
to Figuie 23 with different cloudiness regimes, the class size is 
6% larger and the area with a very high yield has decreased by 
6%. The belt with a ~ery high yield remains at the same place, 
between about 1100 and 1400 m altit11de. 
fcJr the second rains the difference is minimal. 

The effect of a change ln evaporation is shown in Figures 26 and 
27 wl1ore evaporation during the first rains has been lowered or 
increased by 10% . With a decrease or increase of evaporation 
the calculated yield will change in the other direction. The 
largest effect of the change in evaporation on the average yield 
is due to the assumption that the erop will die if the moisture 
content of the rooted zone reaches wilting point (sec the 
simulation model). If the rooted depth is limited and the 
evaporation from the rooted zone relatively high, the erop wil! 
die. 
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Millet 

Table 7. Simulated potentiül and water limited product ion of 
bul rush millet at IE;hiar(1 (22/365); e1ner gence i i1 the 1 0 t. h decade. 

_, 
\ 

~- ~ w : 22 Col.; 365 Crop Bulru3h mil let Clirn. 5 Depth 
lt : 72 /\lt..: 838 Prodt:1pn ' c . ' 6 Grav% .)0 l _L 6 
ti tude : 0 .li5 Decade 10 Inf.% -1 SMf c 0.25 J 

---------------
DC TEMP DVS CLF Fgc LAI LRF TRF Fga MR Fn TDW WRT WST WLL wso 

10 2.5 . .l 1.5 0.32 800 0.01 o.oo 1.00 2 0 2 17 8 0 9 0 
11 24.8 29 0.33 788 0.02 0.01 1. 00 5 0 5 52 16 0 35 0 
12 21, .5 44 0.34 773 0.07 0.04 1.00 19 ' 18 101 33 29 118 0 , 
l3 24.2 57 0.34 761 0.25 0' 12 l.00 60 4 56 575 62 257 256 0 
11. 23.9 71 0. 34 71,0 0 .54 0. 2t. 1. 00 J20 12 108 1326 73 918 311 23 
15 23 .li 91, 0. 37 722 0.65 0.28 1.00 137 24 113 2130 58 1102 308 461 
16 22.9 97 0.40 6911 0.65 0.28 1.00 131 Jl 100 2858 1,7 892 302 1178 
17 22.5 101 0. l1J 669 0.6J 0.27 1. 00 1211 JS 89 3051; 44 839 295 1373 
----------·-----
The growing period WAS 73 days. 

R-;;;:;--:-Z2 -Col.: 365 Crop Bulrush millet Clim. 5 Depth : 10~0 • 
Unit : 12 Alt.: 838 Prodtype J Soil 6 Grav% : 
Latitude: 0.115 Decade : 10 Inf.%: --1 SMfo : 0.251 
---·----·------------------------·----------------__J 

DC TEMP DV.~ Fgc I..AI LRF T~UT ?+I E+T D .SM WRF Fga MR ~--n "'."DW WLL WSO 
---·-------------------·-------------~-------------

10 2.5 .1 15 FJOO 0.0 0.00 1 . 00 135 JJ l l1 0.25 1. 00 2 0 2 '._ 7 J 0 
11 21~. u 29 788 0.0 0.0l 1.00 157 31 126 0.25 1.00 5 0 5 S2 35 0 
12 2/J,. ~j 1,4 773 0.1 0.04 1.00 42 31 11 0. 25 1.00 19 1 l3 181 118 0 
13 211. 2 57 761 0.2 0 .12 1. 00 59 32 27 0.25 1. 00 60 1, 56 5 75 256 0 
14 2J.9 7.t 71,s 0.5 0.24 1. 00 ]9 34 6 0.25 1. 00 120 u : 88 ' "'7 ,_. 

~JL.\.) :!.11 23 
l.'i 2]. 1, 0 li 722 0.7 0.28 1. 00 0 33 0 0.21 1.00 137 24 ::3 2130 308 461 
l6 22.9 97 694 0.6 0.28 1. 00 0 27 0 0 .18 1. 00 131 31 :oo 2858 302 1:l 78 
:1 22.5 i01 669 0.6 0.2J 1. 00 0 7 0 0.17 1.00 121, 35 89 3054 295 1373 

- --------------------------···--· 
Tl1e groi.J"ing period was 73 days. 

·rable 7 ~hows runs for potential and water limited production for 
rn\llet ernerged in the lOth decade of 1982. It can be observed 
that millet reucl1es its potential yield withot1t irrigation 
wher·eas t!1e growth of a maize erop rcmained strongly reduced by 
wat.er ;.--)tre:.:-..~~ (~1f2e ·.rable 6). Next to the r·apid root growth of 
millet (40 cm/decade against 12 cm/decade for maize), a reason 
for this l~~ r.hat the leaf wei.[~ht, önd hence ~he :eaf areä, i:J too 
s1nall. Pr·c1balJly the data set borrowed from the WOFO'.~T model can 
not be Llse<l Eor Kenyan varieties without adjustmerit~. 

The val.ues for the. le11gth of 1.hc gro\..,iing peri.o<l and t.l1e leaf area 



in the table above are also very unusual. Therefore it will be 
clear that the results concerning millet must be considered with 
care. 
Figures 28 to 31 show.the potential, and the average and maximum 
water limited millet ~ields for different decades of emergence. 
Compared with the performance of maize at the same locations, 
millet yields relativelv better in the drie~ climatic zones and 
the yield potential is reached at more decades and in more years. 
So the risk of a erop failure seems less when millet is 
cultivated instead of maize. 

It seems that the millet potential reacts to an increase in 
altitude (from Karua to Kanyuambora) with an increase of the 
yield. This suggests that conclusions based on maps of 'yield 
classes' have to be made with care because of the 'altitude 
effect'. With increasing altitude the length of the vegetative 
period increases which results in a higher leaf area. 
In general, the average millet yield is closer to the potential 
during the 2nd rains than in the lst rains. 

Yield classes for bulrush millet during the first and second 
rains are presented in Figures 32 and 33. Relativa yield classes, 
i.e. the ratio of average waterlimited potential and potential 
yield (Figures 34 and 35), were mapped as well. Compared to 
Figures 32 and 33 with 'common' yield classes the suitability of 
most grid colls is upgraded by one class. The streng effect of 
altitude, due to the quality of the erop data, ic now less 
disturbing. 

Durlng the lsL rains the highest millet yields are associated 
with emergence at decade 10 or decade 11 at Murinduko and 
Kanyuambora. The 2nd rains have their optimum at decades 31 and 
32. 
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Mungbean 

Runs for potential and water limited production of mungbean with 
emergence at the 10th decade of 1982 are given in Table 8. The 
leaf area index has a.q acceptable value. However, during the last 
decades of the growing period, growth has stopped. Given the fact 
that mungbean is supposed to be a quickly maturing erop (see erop 
data) the chosen temperature sum may be toa large. 

Table 8. Simulated potential and water limited production of 
mungbean at Ishiara (22/365); emergence in the 10th decade. 

How : 22 Col.: 365 Crop 
Unit : 72 Alt.: 838 Prodtype 
Latitude : 0 .115 Decade 

Mungbean 
1 

10 

Glim. 
.Soil 
Inf.% 

5 Depth 
6 Grav% 

-1 SMfc 

100 
6 

o. 25 

DC TF.MP DVS CLF Fgc LAI LRF TRF Fga MR Fn TDW WRT WST WLL WSO 

10 25.1 
11 24. 8 
12 24. 5 
13 211. 2 
1/; 23.9 
15 23. 4 
16 22. 9 
17 22.5 
18 22. 2 
19 22.0 
20 21. 7 
21 21. 8 
22 21. 9 

9 0.32 624 0.01 0.01 
18 0.33 615 0.04 0.02 
27 0.34 605 0.14 0.00 
35 0.34 597 0.49 0.25 
44 0.34 588 1.59 0.61 
52 0.37 570 3.74 0.89 
60 0.40 551 5.26 0.96 
67 0.43 534 5.07 0.95 
75 0.48 515 3.30 0.86 
32 0.56 486 1.27 0.53 
89 0.62 462 0.14 0.08 
96 0.62 469 0.00 0.00 

101 0.61 483 0.00 0.00 

Q.99 3 
1. 00 10 
1. 00 33 
1. 00 103 
1. 00 246 
1.00 348 
1. 00 360 
1.00 347 
1. 00 303 
1.00 177 
1. 00 26 
1.00 0 
1.00 0 

The growing period was 126 days. 

0 J 
1 10 
2 31 
7 96 

22 224 
55 293 
84 275 
97 250 
91 212 
79 98 
70 -44 
65 -65 
63 -63 

~-----------------------

How :22 Col.: 
Unit : 72 Alt. : 
Lat! tude : 

365 
838 

0.45 

Crop 
Prodtype 
Decade 

Mungbean 
3 

10 

31 
99 

320 
1002 
2584 
4608 
61;7 l 
8136 
9538 

10184 
10184 
10184 
10184 

Cl im. 
Soil 
Inf.% 

10 
28 
75 

179 
31,5 
460 
518 
503 
443 
368 
294 
235 
207 

7 
24 
81; 

2811 
887 

1360 
1533 
1384 
1107 

885 
708 
567 
499 

5 
6 

-1 

14 
46 

162 
530 

1247 
1754 -
1691 
1099 

424 
47 

0 
0 
0 

Depth 
Grav% 
SMfc 

0 
0 
0 
0 

74 
685 

1769 
3189 
4550 
5182 
5182 
5182 
5182 

100 
6 

0.25 __________ __, 

DC TE1'1P DVS Fgc LAI LRF TRF P+I F.+T D ~M WRF Fga MR Fn TDW WLL WSO 
---------
10 25.1 
11 211, 8 
12 21;. 5 
13 211. 2 
11• 23.9 
15 23.4 
16 22.9 
17 22.5 

9 521, 0 . 0 0 . 01 
18 615 0.0 0.02 
27 605 0.1 0.08 
35 597 0.5 0.25 
1,4 508 1.6 0.61 
52 570 3. 7 0.89 
60 551 5.3 0.96 
67 531, '"6 0.91! 

erop di ed. a nm- üO days ! 

0.99 135 33 
1. 00 157 32 
1.00 42 32 
1.00 59 35 
1.00 39 1;0 
1.00 0 41 
1.00 0 19 
1. DO 0 5 

1/-+ 
126 

10 
24 

0 
0 
0 
0 

23 

0.25 
0.25 
0.25 
0.25 
0.25 
0.17 
0 .13 
0. 12 

1.00 
l. 00 
1. 00 
1.00 
1. 00 
1.00 
0.48 
0 - 10 

3 0 3 
10 1 10 
33 2 31 

103 7 96 
246 22 224 
31;8 55 293 
173 76 97 

311 67 -11, 

31 14 
99 46 

320 162 
1002 530 
25811 1247 
4608 1751, 
5261, 151;6 
5161, 980 

0 
0 
0 
0 

711 
685 

.l067 
1067 



Hai11fed ·mu11gb0an ('~able 8) clied due to c.lrought stress i11 1982. 
In Fig11res J6 to 39 tt10 potentlal yield, the average and maxirn11m 
water ll1nited yield of ffillngbean is shown for different decades of 
e1nergence. :n high temperature cli1nate zones ttte a1nplitudo of 
potential yields is ~ema1·kably large witl1 its maximum during ~he 

cloudy) low-Len1pe:ca~.ure. ::-;eA.so11 due to a i)rolonged growir1g period. 

The y1,~:d classes fox· t11e two rainy seasons Rre prese11ted in 
Fig111·es 40 and 41. Yield clRsses for relativa yields (see millet) 
sl1ow 110 st.1l1stantial dlfferer1ces. Higl1 t<) very high yields are 
reachod between app1oximately 1100 and 1400 m in climate zones 8 
and 9. 

D11ri11g ~l1e sl1or·t r·ains 1 rainfall in the eastern part is not 
sufficicn!: to realize the potential yield. Therefore, irrigation 
practices Ic thought to be profitable. 

Conc 1 \13 i orls 

The present stucty does i1ot have the pretentiotl of being ç\ 

complete !ancl ~!valuation; it is merely an analysi~ of some 
phynical asp8cts of land. Perennial crops such as coffee and ~ed 

are i1ot co11sitlered, although they are of great importance in a 
major part of the area. 

Tl1e optimu1n ~;owlng time for rainfed mai~e 
in the majo::- part o.f the area, and at the 
above 170~ m. :110 09~imum sowi11g time ~or 
the e11cl o~ ~lctob01: 

is 
end 
the 

at the end of Xür·::: 
of April for (1:·· __ , 

'.3 ho 1- t r- a i 11 s 

In the ·:::a3:- ::::.-:l i'.<1:-t. of the area, tb(~ henefi ts that ca11 be 
expect~~ ::·1··igatior1 are largest for the short rains beci1t1~e 

bath t~~e pote11 .. iu: il11d the differeil(~H ~etween tt1e potenti31 ~nd 

the m~1xi1nu~ ~3t~~rti:nited yio1tls i~ ret~tively high than. 

The calc:1lntc~cl yie~c! figure3 wc~o ~~;~ched ur1der the ass11mptiu:: 
100X. lr:!:"i ~~.r,-:.'..~or1 of r·;1in.f.:-i~-~. ·1 :11~:-. 1Jf the difference lJeti,..1een 
actu.:.il ancl c:i11~ulated yield~ c:~11 ~e s11bscribed to the acct1rr~~'.~ 

of ru:1of.t _ 

co11secii.lc;11.t :y ~ :1e wa t·.("'.i~ s::.or.:.igc <::11~aci ty i 

the r,-'!i:-..~·:-!d '/~0:d ~Jo:-·~:1'."".-'..,·.-:_~. 

Divisio11 of ~he .1rea i11 c.:iind:. '~ :_;(:;:-~!.'~ i-1ith d.iffe.'!..-e~1::: ·:oud:~:.·.,~, 
regi:nes ~?as a disti~c= e~~.~(:~ '.:'.1~ result of the si~1t:l~t~o~. __ , 
mai1y ca;:;es the ~Jol~(~Ci..'C~ ._j:: yl1~.:..'...1.. ci.dsses coi11ciüe wit:1 J. c;;.:ini;c~ 

of climatic zor1e. 

For har<~. conllJsions on ~~1e suit~billty of bulrush 1nillet and 
rn11ngbean, more prccise data on these crops will be necessary. 



POS'f.SCRI PT 

011e of ~~e olijectlves of the pre:::~e11t sL·.udy wa:::~ to evaluate the 
CRIE~ C;eographic T11for1not:ion .~;y~~tom. A11 in1port;;int q11ality of such 
a system n1us~ be Ll1e ease of manipul~titln of raster data. 
Technically, t~1e GIS works very well in facilitating the 
manipulatlon of rasters, Rnd in efficlently stc)rir1g raster data, 
hut 011 the co1npt1l:er- user interfnce many lmprovements are 
posHihle. 

The lntnrsction with the user is by means of questions that have 
to oe ar1swered; it wo11ld be of more ease if a menu were presented 
witl: ::;l1ggested default~~- When out1)ut is sent to the printer much 
paper is wastecl by excessive headers. 

A I>lus o~ tl1e program is the use of function keys with which it 
is vcry l:~aJy to se~cct differe11t actio11s ('':;;ihases'') to apply on 
rasters. CRIES howcver misses the facility that it 'remembers' 
the last file processed or the settings that were selected in the 
last run of ~ phase. Each run tl1e same questions have to be 
an.si·1ered_. 

A11other disadvantage is the lack of posoibilities for storing 
real data valt1es (division of gr·id cell values i~; also 
irnpos~~i.:..Jle) i ::.1egdtive ~lalues or complex data such clU c.liina-tic 
dat_.J <Jr ;:1..:Jj_)ping, unit c!1aractori:3tic:-::. 'fht~ c.oordi11ate system is 
rigidly (~e-~-:ned; :.he origi11 'fnust be lr1 ~·.he left. uppPl' corner with 
the cD·.J~~;:i~ïa~.f: valtie i11cre21sir1g dov1nwards or to the right, v1ith 
:1egativo Vi1:~es ~ot a:llowed. 
Srror ~~<1Ltc~ll.:1g is 11ot sufficie11tly imp:emented; when errors 
occ~tirred during execution of the CHLOROLINE phas8~~ (Scl1t1lti11k oc 
al., !986), the mBssages had disappeared before :~1ey ?ossibly 
cou.ld ~JO ::-ead. 

A li!1:{i~:.g ~î'_;~~si:J.ili ~-Y tJi tL 2 data ~a:in ~Jrogra:i1 ~~uch as DBASE 
wotild ~iavc~ ~:epn vcry ~ttractive, just as a qlJery ~anguage to 
manlpulatc :~sters or to selt~ct grlds ~1i:.l1 ~ert~in 

characteristics. 
Corn1)ared. v1i ~l1 other (busi~1B~5S) software 1 i ke LOTUS 1-2-J or J:.=~AS:-<,: 

IIIp~u3 1 ~];r; C-1~~.'S C~IS ~-;eems less frie11dly, sirnple and cost~y. 
Notwi~hs~a~1ding t!1ese facts 1 the GIS offer3 a possibility ~a 
~ tor(~ a 11 cl ma n i. :~n__: .:. a t e 31) a. t i ,J _ .:_ y d i s t. :.!.~ i ·h Il t e d s i 11 ~ l e 11 a l l~ c '~ a t ~i . 

') c ,__, .J 
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Figure 1. Location of the study area in Kenya. 
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Figure 2. Contour map of the study area with contours for each 
100 m altitude. 
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Figure 3. Rainfall map with estimated annual rainfall (mm/year) 
for the study area. 
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Figure 4. Moisture availability zones based on the ratios of 
precipitation and potential evaporation. V = 25-40% 
( semiarid), IV = 40-50% ( semihumid to semi-ar id), III = 
S0-65% (semihumid), II= 65-80% (subhumid) and I = >80% 
(humid). 
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rooted depth. - - - - -1- ----. 
D1 
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Figure 5. Soil layers and moisture flows in the model. E ; 
evaporation from the upper soil, P; precipitation, Dl 
; drainage of rooted layer to subsoil, D2 ; drainage 
out of the subsoil. 
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Figure 6. Location of meteorological gauging points, inside and 
outside the study area, and the number of years with 
complete data. 

31 



Figure 7. Distribution of climatic zones, with different rainfall 
and cloudiness regimes, in the Chuka area. 

Zone Symbol Frequency % 

1 1 5 0.3 
2 2 221 15 
3 3 238 16 
4 4 88 6 
5 5 90 6 
6 6 99 7 
7 7 104 7 
8 8 185 12 
9 9 138 9 

10 0 94 6 
11 A 62 4 
12 B 34 2 
13 c 81 5 
14 D 73 5 
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Figure 9. Distribution of soil types over the Ghuka area . 

. , . 
.. . . 

... . 

111 

Soil type Deseription Frequeney % 

1 elay (Vale. Footridges) 462 31 
2 elay (Vale. Plateau) 323 21 
3 elay (Basement System) 91 6 
4 sandy elayloam ( , , ) 4 35 29 
6 sa. el.loam to elay ( , , ) 201 13 
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Figure 10. Map of the effective rootable soil depth classes in 
the Chuka area. 
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Depth class Symbol Frequency 

very shallow < 25 # 6 
shallow 26 - 50 * 462 
moderately deep 51 80 + 305 
deep 81 - 120 = 118 
very deep 121 150 621 
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Figure 11. Partitioning factors for maize. 
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Figure 12. Partitioning factors for bulrush millet. 
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Figure 13. Partitioning factors for mungbean. 
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Figure 14. Relation between altitude and the length of the 
growing period for maize, millet and mungbean when 
emerged at the lOth decade. 
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Figure 15. Relation between altitude and the length of the 
growing period for maize, millet and mungbean when 
emerged at the 31st decade. 
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Figure 16. Potential, average water limited and maximum water 
limited maize yield when emerged at the lOth decade 
for row coordinate 17. 
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Figure 17. Maize yields at location 13/377 (Karua) for different 
decades of emergence. 
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Figure 18. Maize yields at location 22/365 (Ishiara) for 
different decades of emergence. 
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Figure 19. Maize yields at location 23/357 (Kanyuambora) for 
different decades of emergence. 
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Figure 20. Maize yields at location 19/341 (Runyenjes) for 
different decades of emergence. 
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Figure 21. Maize yields at location 10/333 (Irangi) for different 
decades of emergence. 
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Figure 22. Influence of soil type and depth an the maximum and 
average maize yields at Ishiara (a) and Runyenjes (b). 
Each soil type has two lines of which the upper 
represents the maximum yield, and the lower the 
average water limited yield. Emergence is a~ the 10th 
decade. The mark at the vertical axis gives the 
potential maize yield. 
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Figure 23. Yield classes for water limited maize yields with 
emergence at decades B to 10. Class size is 1085 
kg/ha. 
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Figure 24. Yield classes for water limited maize yields with 
emergence at decades 29 to 31. Class size is 1125 
kg/ha. 
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Figure 25. Yield classes for maize in the first rains when the 
cloudiness regime is 3 throughout the whole area. 
Class size is 1150 kg/ha. 
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Figure 26. Yield classes for rainfed maize emerged at decades 8 
to 10 and with evaporation 10% lower. Class size is 
1140 kg/ha. 
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Figure 27. Yield classes for rainfed maize emerged at decades 8 
to 10 and with evaporation 10% higher. Class size is 
975 kg/ha. 
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Figure 28. Bulrush millet yields at location 13/377 (Karua) for 
different decades of emergence. 
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Figure 29. Bulrush millet yields at location 3/378 (Chiokariga) 
for different decades of emergence. 
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Figure 30. Bulrush millet yields at location 22/365 (!shiara) for 
different decades of emergence. 
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Figure 31. Bulrush millet yields at location 23/357 (Kanyuambora) 
for different decades of emergence. 
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Figure 32. Yield classes for rainfed bulrush millet with 
emergence at decades 10 and 11. Class size is 340 
kg/ha. 
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Figure 33. Yield classes for rainfed bulrush millet with 
emergence at decades 31 and 32. Class size is 485 
kg/ha. 
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Figure 34. Rainfed yields for bulrush millet as a percentage of 
the potential yieldi emergence at decades 10 and 11. 
Class size is 16.4%. 
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Figure 35. Rainfed yields for bulrush millet as a percentage of 
the potential yieldi emergence at decades 31 and 32. 
Class size is 16.6%. 
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Figure 36. Mungbean y!elds at location 13/377 (Karua) for 
different decades of emergence. 
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Figure 37. Mungbean yields at location 22/365 (Ishiara) for 
different decades of emergence. 
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Figure 38. Mungbean yields at location 23/357 (Kanyuambora) for 
different decades of emergence. 
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Figure 39. Mungbean yields at location 19/341 (Runyenjes) for 
different decades of emergence. 
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Figure 40. Yield classes for rainfed mungbean with emergence at 

decades 8 to 10. Class size is 530 kg/ha. 

#***#****++++++++ = =+ == --
#*#*******++++***= ====+= = ---

#**#***+++++++++** == ==+= ==== 
#*********++++++*++=== === -- ----­

#*#***++++++++++++==+ = -- ----­
******++++++++++++===+==== -----­
***#**+++++++=++++ =++===- ---­

* *+**+++++===+++===+===---- ----­
***+***++++++++++= =+==------ ----­

**+**+++++++++++==++==-- - - ----­
****++*+++++++++++=+ ==------
*++++*++++++=+++ ===----- -

*+++++*++++++++ ===-------
+++++++*+++++=++ ======-----­
++++++++++++++*++ =======-=---­
+++++++++++++=++++ ========---­
====++++++++=+++ *+======== --- --- -

====++++++++++++++ ---- ------
======+++++++++++++++ =====----- ----­

=====++++++++++++++++++ =-===--=- ----­
=======+ +++++++++++++++ ===------ ----­
=++++++++++++++++++++ +** ===--------- -­

==++===+++++++++++++++++ ---------- -- -­
==++ +===++++++++++++++++==----------------­
==+++==+++++++++++++-- ==----------------­

==++++== +++++++++++++*===------------------
===+++++= +++++++++++*++ -----------------

Figure 41. Yield classes for rainfed mungbean with emergence at 
decades 29 to 31. Class size is 525 kg/ha. 

52 



ANNEX A. CLIMATE 

Monthly relationships on temperature were derived from data (KMO, 
1975) on the same 20 stations Braun (1986) used for assessing the 
annual temperature - altitude relationships in Eastern Kenya. The 
monthly relationships have correlation coefficients within the 
range -0.959 to -0.984 and are listed in Table 9. 

Table 9. Intercepts anh slope gradients of monthly relationships 
between minimum or maximum temperature and altitude in Eastern 
Kenya, and the percental distribution of annual evaporation over 
the months. 

Month Minimum temperature Maximum temperature evaporation 

1 23.526 -0.00721 36.055 -0.00616 8.9 
2 24.355 -0.00747 37.312 -0.00632 8.8 
3 25.438 -0.00734 37.407 -0.00658 9.8 
4 24.886 -0.00649 35 . 6 3 7 -0.00655 0.5 
5 23.997 -0.00638 34.485 -0.00655 8.0 
6 22.520 -0.00656 33.450 -0.00645 7.0 
7 21.778 -0.00655 32.884 -0.00664 6.8 
8 21.934 -0.00658 33.307 • -0.00660 7.4 
9 22.510 -0.00682 34.574 -0.00623 8.8 

10 23.758 -0.00670 35. 346 -0.00615 9.7 
1 1 23.996 -0.00653 34.811 -0.00646 8.0 
12 23.765 -0.00697 34.766 -0.00617 8.3 

% 

Cloudiness fractions can be estimated with data on radiation or 
sunshine duration (KMO, 1985) and bath estimations must give 
(near to) identical values. Only three locations were used for 
estimating cloudiness fractions for other stations gave 
improbable values or showed inconsistency between radiation and 
sunshine duration. The stations used are Kindaruma Fisheries, 
Tebere C.R. Station and Thika Horticultural Res. Station. 
Estimations for Kimakia (see Figure 1) at 2439 m were only 
slightly differing from the Thika values. In the whole study area 
five cloudiness regimes are distinguished and assigned to the 14 
climatic zones (see Table 10). The actual values can be found at 
the listing of average rainfall data for each station. 
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Table 10. Deseription of eloudiness regimes and to whieh elimatie 
zones they are assigned. 

Regime Deseription Climatie zone(s) 

1 Kindaruma - va lues 1 ' 2 and 3 
2 average of Kindaruma and Tebere 4 and 5 
3 Tehere - values 6 and 7 
4 average of TebÉfre and Thika 8 
5 Thika - values 9' 10 1 11 1 12, 13 and 14 

Table 11. Indieative gross C02 assimilation rate (kg C02/ha.d) of 
a closed eanopy of a C3 erop, on clear (Fel) and overeast (Fov) 
15th day of months (Goudriaan, 1978). 

Lat J F M A M J J A s 0 N D 

0 Fel 727 752 768 760 736 720 728 753 768 761 737 720 
Fov 306 319 320 324 311 302 306 320 328 324 311 302 

10 Fel 705 784 765 720 667 638 6-52 701 748 779 786 784 
Fov 335 336 327 305 277 262 270 295 319 334 336 333 

20 Fel 829 802 745 665 583 542 562 634 713 783 820 034 
Fov 355 343 316 276 236 216 226 261 300 334 351 356 

30 Fel 850 804 708 591 481 429 454 549 659 760 839 869 
Fov 366 341 295 239 187 163 175 219 271 324 357 371 

40 Fel 073 788 652 497 364 304 333 445 586 737 843 892 
Fov 368 329 264 193 133 107 120 169 233 30'• 354 377 

50 Fel 877 757 574 30'' 234 172 202 324 491 686 033 904 
Fov 363 307 224 140 77 52 63 114 187 275 31,3 375 

60 Fel 875 708 474 255 102 39 68 191 375 615 813 915 
Fov 351 277 175 83 25 8 15 57 132 236 323 368 

Table 12. Indieative gross C02 assimilation rate (kg C02/ha.dl of 
a closed canopy of a C4 erop, on clear (Fel) and overeast (Fov) 
15th day of months (Goudriaan, 1978). 

Lat J F M A M J J A s 0 N D 

0 Fel 958 993 1018 1007 971 947 959 995 1017 1007 973 947 
Fov 325 340 351 346 331 321 326 341 350 346 331 321 

10 Fel 1037 1030 1012 949 873 832 852 922 989 1032 1039 1035 
Fov 357 359 349 324 294 277 285 313 340 357 358 356 

20 Fel 1097 1062 983 870 755 698 726 827 937 1035 1086 1103 
Fov 379 366 336 292 248 226 237 276 319 356 375 301 

30 Fel 11311 1060 927 765 613 542 577 707 860 1011 1109 111,9 
Fov 391 363 313 251 195 170 182 229 287 345 381 396 

40 Fel 1150 1033 845 633 452 372 410 562 755 962 1108 1175 
Fov 392". 349 278 201 138 110 123 176 245 322 377 402 

50 Fel 111,5 902 733 477 278 198 236 397 620 805 1086 1183 
Fov 304 324 231, 145 78 53 65 117 194 209 362 398 

60 Fel 1129 905 591 301 109 40 71 220 460 779 1046 1102 
Fov 369 290 181 85 25 8 15 58 136 246 340 388 
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With data from Kindaruma, Marimant, Mariene and Tebere (see 
Figure 1) Penman ~alculations were done according to the method 
presented by Frere and Popov (1979) to assess the average 
distribution of annual evaporation over the different months. The 
monthly percental values are given for each location In Table 13, 
tlie average values in the most right column of Table 9. 

Table 13. Average distribution of evaporation over the year at 4 
locations. 

Location Alt. Jan Feb Mar 

Marimanti 
Kindaruma 
Te bere 
Mariene 

587 8.1 8.2 9.4 
792 8.9 8.8 9.8 

1159 9.8 9.4 10.0 
1615 8.9 8.8 9.8 

Apr May Jun Jul Aug Sep 

8.6 8.3 7.2 
8.6 7.9 7.1 
8.4 7.8 6.6 
8.5 8.1 7.0 

7.2 8.0 9.3 
6.7 7.2 8.6 
6.2 7.0 8.3 
6.9 7.5 9.0 

Oct Nov Dec 

10.0 7.8 7.7 
9.8 8.2 8.5 
9.4 8.2 8.8 
9.4 7.9 8.2 

The absolute values of monthly evaporation from these 
calculations could not be used as estimates for because use ot 
this method for this purpose would require non average data. 
Another result taken from these calculations is the ratio of 
potential evapotranspiration and evaporation which amounts to 
0.80. Multiplication of· the Woodhead equation (1968) on potential 
evaporation with this factor leads to equation (8) for potential 
evapotranspiration. 

Eo (mm) = 2'<22 - 0.358 · Altitude (m) 

ETo (mm) = 1938 - 0. 286 • Alti tude (ml 

( 7) 

- ( 8 1 

Linear regression of average annual rainfalf and altitude at 13 
locations in/near the study area with more than 15 years of 
(monthly) recordings since 1961, resulted In the relationuhlp : 

P (mm) = -204 + 1.1511 · Altitude (ml ( 9 ) 

with a correlation coefficient of 0.926, meaning that 86 % of the 
variation in annual rainfall can be explained by altitude. 
Stations with less years of data, such as Ishiara and Chiokariga, 
were estimated a long term average annual rainfall by 
extrapolation from other locations. 
Now for each grid cell annual rainfall was estimated with 
equation (9), after which the difference between estimated and 
actual value at each climatic station was interpolated with 
squared inverse distances as weighing factor. Thus is accounted 
for the influence of location on average rainfall. The rainfall 
map is shown in Figure 3. 
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The 14 stations in Table 14 are selected to be representative for 
zones with a comparable amount of annual rainfall. Locations 4 
and 5, as well as 10 and 11 are considered to have an equal 
annual amount. 

' \ 
Table 14. Different climatic zones, KMD - code, location, 
altitude, average annual rainfall, coordinates South and East and 
the number of years with complete data on rainfall. 

Nr. Code Location 

1 9037232 Karua Muthonga River 
2 9038000 Katze Dispensary 
3 9038006 Tharaka Chief's Camp 
4 9037187 Chiokariga O.O. 's Office 
5 9037161 Ishiara 
6 9037103 Murinduko Experimental Farm 
7 9037133 Kanyuambora 
8 9037050 Embu Prov: Agric. Trade Ct. 
9 9037122 Runyenjes D.C.'s Office 

10 9037053 Kevote Catholic Mizsion 
l1 9037031; Chuka County Cow1cil Farm 
12 9037134 Kairuri Ngandori Location 
13 9037077 Irangi Forest Station 
11+ 9037123 Chogoria Forest Station 

Alt. Pree. 

650 
762 
914 
810 
840 

1378 
1120 
1508 
1480 
1520 
1490 
1676 
1935 
1600? 

570 
670 
830 
890 
890 

1060 
1170 
1314 
1480 
1570 
1700 
1720 
1920 
2050 

Coord.S/E Yr 

0° 22• 
0° 30 • 
0° 10 • 
0° 16 · 
0°27' 
0°34' 
0°20' 
0° 30' 
0°26' 
0° 25' 
0°20' 
0°23' 
0° 21 • 
0° 11 • 

37°511' 14 
38° os· 1s 
38° 02' 16 
37°56' 11 
37°47' 10 
37° 27' 20 
37° 43' 16 
37°27' 20 
37° 34' 15 
37° 32' 16 
37° 38' 15 
37°28' l2 
31°29· 15 
37° 37' 18 

A disadvantage of the procedure that was followed is that the 
average annual rainfall for average monthly data and fo~ complete 
years of data may be different. The largest difference is 7 % 
(150 mm) for zone 13. 
Measured annual rainfall at Ishiara is 60 mm less than at Tharaka 
which equals the amount at Chiokariga. 

Average 
and the 
stations 

1 Karua 
1 
2 , 
J 

monthly data on rainfall, 
cloudiness fractions for 14 
CKMD, 1985). Rainfall is in 

M11thonga River 
19 1.1 0.25 
17 l.l 0.26 
89 3.7 0.26 

1, 1] '~ 7.5 0.28 
5 31 2.1 0.3] 
6 4 0.3 0. 39 
7 1 0.3 0.56 
8 0 0.0 0.53 
9 4 0.1 0.40 

1 0 (S l1 3. 7 0.27 
11 11, 8 8.0 0.32 
12 57 3. 1 0.26 
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the number of rainy days 
representative climatic 
mm/month. 

2 Katze Dispensary 
1 43 2. 1 0.25 
2 27 1. 5 0.26 
3 80 4.8 0.26 
1, 145 7.9 0.28 
5 36 2.3 0.33 
6 4 0. 1 D.39 
7 0 0. 1 0.56 
8 0 0. 1 0.58 
9 1 0. 1 0.40 

10 67 2.7 0.27 
11 191 10.8 0.32 
12 75 5.5 !l.26 



3 Tharaka 4 Chiokariga D .0. 's Office 
1 35 l. 6 0.25 1 36 3. 1 0.23 
2 27 1.3 0.26 2 28 1. 8 0.25 
3 88 3.2 0.26 3 103 4.8 0.29 
4 229 7.4 0.28 4 243 10.4 0.33 
5 61 2.6 0.33 5 49 3.4 0.35 
6 6 0.4 0.39 6 1, 0.3 0. 41, 
7 0 0.0 0.56 7 0 0. 1 0.60 
8 5 0.1 0.58 8 3 0.3 0.59 
9 6 0.2 0.40 9 6 0.4 0.41 

10 70 2.6 0.27 10 11 7 5. 1 0.30 
11 217 8.2 0.32 11 218 11. 3 0.35 
12 83 3.9 0.26 12 88 5.0 0.26 

5 Ishiara 6 Murinduko Exp. Farm 
1 33 2;8 0.23 1 24 2.7 0.21 
2 28 2.1 0.25 2 32 2.5 0.24 
3 83 5.0 0.29 3 91 6.4 0. 31 
4 251 11. 8 0.33 4 261 14.7 0.38 
5 51, 4.8 0. 35 5 147 10.9 0.37 
6 9 0.0 0.44 6 10 3.6 0.49 
7 3 0.5 0.60 7 23 I>. 3 0.63 
8 2 0.5 0.59 8 21 4.9 0.59 
9 11 0.9 0.41 9 21 3.0 0.42 

10 90 4.9 0.30 10 147 9.5 0.32 
1 1 217 12. 5 0. 35 11 208 13.9 0.37 
12 62 5.3 0.26 12 65 5.4 0.26 

7 Kanyuambora 8 Embu Prov. J\gric.Trade Ct 
1 35 2.6 0.21 1 27 3.4 0.22 
2 42. 2.6 0.24 2 34 2.9 0.27 
3 128 6.2 0 . 3 1 3 109 8. 1 0.34 
4 348 12.3 0.38 4 309 1 7 . 1 0.43 
s 98 5.3 0.37 s 204 14. 1 0.45 
6 7 0.5 0.49 6 32 5.2 0.54 
7 3 0.5 0.63 7 53 n • u ...... 0.68 
8 9 0.8 0.59 8 43 8.9 0. 611 
9 13 0.7 0.42 9 48 5.2 '.). 4 6 

1 0 115 4.8 0.32 10 183 11. 5 0.38 
11 288 13. s 0.37 11 221 14.7 0.44 
12 32 1,. 1 n ?" u ....... o 12 s 1 6.2 0.28 
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9 Runyenjes D.C. 's Office 10 Kevote Catholic miss ion 
1 28 1 . 9 0.23 1 36 2.9 0.23 
2 42 2.5 0.29 2 45 3.2 0.29 
3 128 6.8 0.37 3 132 8.8 0.37 
/4 400 16.2 0. I+ 8 4 378 16.7 0.48 
.5 185 9.4 0.53 .5 235 11. 6 0.53 
6 28 2.8 0.58 6 29 3.3 0. 5 8 
7 44 4.4 0.72 7 57 8.2 0.72 
8 39 4.8 0.69 8 66 8.6 0.69 
9 26 3.0 0.50 9 33 J.9 0.50 

10 212 9.2 0.44 10 229 11. 2 0.44 
11 282 13. 4 0.51 11 286 15. 3 0.51 
12 64 4.9 0.29 12 68 5 . 1 0.29 

11 Chuka County Council Farm 12 Kairuri Ngandori Location 
1 52 ,, ; 2 0.23 1 20 2.6 0.23 
2 47 2.8 0.29 2 41 2.7 0.29 
3 119 6.4 0.37 3 96 7.4 0.37 
4 422 17.0 0.48 4 412 16.4 0.48 
5 161 8.3 0. 5 3 5 292 15.5 0.53 
6 19 2.3 0.58 6 66 6.9 0.58 
7 43 5. 1 0.72 7 76 11. 2 0.72 
8 28 4.9 0.69 8 79 12.3 0.69 
9 J/4 4. 1 0.50 9 56 6.0 0.50 

10 277 10. 9 0.44 10 256 12.4 0.44 
11 381 16.5 0.51 11 251 14.1 0.51 
12 113 8.7 0.29 12 73 5 . /4 0.29 

13 Irangi F cr.t' est Station 14 Chogoria Forest Station 
1 41 J.6 0.23 1 63 5.4 0.23 
2 44 3.4 0.29 2 50 3.9 0.29 
3 1 31 9.0 0.37 3 159 9.3 0. 3 7 
4 37 J 16.9 0.48 4 '• 84 19. 3 0.48 
5 327 15.6 0.53 5 270 14.5 0. 5 3 
6 75 7.5 0.58 6 /4 0 4.8 0.58 
7 113 1 J. 0 0.72 7 66 8.7 0.72 
8 11 7 14.6 0.69 8 57 10.0 0.69 
9 72 7.8 0.50 9 44 5.8 0.50 

10 250 12.8 0. 4L, 10 305 1 J. 3 0.44 
11 304 16.7 0.51 11 382 18.2 0. 51 
12 78 6.8 0.29 12 129 _i 0. 4 0.29 

The actual measured amounts of rainfall during all decades are 
given on tl1e following pages for all representative stations. 
Sometimes two years with partly missing data are used to make one 
year complete. 
The first column contains the year for which the following 36 
figures rcprAsent the rainfall <ltiring consecutive decades (mm). 
The figure at each location is the KMO-code for that location, 
the figure between brackets rcpresents the amount of yearB 
witliout rnissi11g data. 
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9037232 KARUA HUTHONGA RIVER (14) 
1971 0 0 0 0 0 0 0 0 38 45 62 49 21 31 31 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 0 5 15 1 1 0 
1972 1 0 0 2 0 0 0 4 0 2 0 0 34 19 6 0 0 0 0 0 0 0 0 0 11 0 0 8 12 6 20 18 11 4 23 11 
1973 0 0 0 4 3 0 0 0 10 0 17 15 0 0 0 0 0 10 0 0 0 0 0 0 0 0 1 0 0 0 33 10 10 0 0 1 
1974 1 0 0 21 0 0 6 0 122 77 5S 47 0 4 0 0 0 5 2 6 0 0 0 0 0 0 0 0 0 104 144 67 0 0 60 24 
1975 0 0 0 0 0 0 0 0 83 29 82 173 20 72 0 0 0 4 2 0 2 0 0 0 0 0 0 6 0 86 0 174 28 66 0 0 
1976 0 0 0 0 0 0 0 0 0 12 60 37 0 0 0 0 33 0 0 1 0 0 0 0 0 0 0 29 0 11 49 71 53 1 36 30 
1977 6 25 0 0 0 3 2 8 13 171 13 47 17 0 0 0 0 0 0 0 0 0 0 0 0 46 0 0 0 0 228 96 62 24 105 12 
1978 0 86 0 0 25 69 89 27 33 51 12 42 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 54 144 32 132 97 55 51 0 
1979 44 12 87 1 0 1 0 111 0 90 105 22 13 0 56 6 0 0 0 0 0 0 0 0 0 0 0 0 1 16 161 53 0 0 43 11 
1980 0 0 0 0 0 0 10 0 53 32 32 0 39 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34 165 1 1 0 0 0 
1981 0 0 0 0 0 0 11 128 140 125 62 18 67 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34 3 45 25 51 0 3 
1982 0 0 0 0 0 0 0 16 0 0 65 1 1 17 0 0 0 0 0 0 0 0 0 0 0 0 1 0 103 78 46 39 149 68 8 0 
1983 0 0 0 1 0 0 0 0 1 0 27 104 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 17 43 22 13 0 42 0 36 
1985 0 20 0 17 0 102 165 95 155 75 39 45 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28 10 17 50 28 0 0 

9038000 KATZK DISPENSARY (15) 
1962 82 0 0 0 0 0 0 92 25 71 30 243 76 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 37 102 1 16 122 48 27 0 
1964 0 0 0 36 0 0 4 8 76 36 62 66 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 17 16 39 43 73 28 
1965 0 13 0 0 0 0 0 0 13 24 47 22 3 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 168 10 80 16 62 25 25 0 
1966 0 0 16 0 11 3 36 60 110 31 104 0 17 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 121 60 0 0 3 0 0 
1967 0 0 0 0 0 0 0 0 3 49 77 9 9 5 23 0 0 0 0 0 3 0 0 0 0 0 0 0 0 239 71 79 224 0 0 0 
1968 0 0 0 0 0 130 137 38 34 138 53 166 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 7 95 108 260 123 3 0 
1969 0 15 21 0 0 47 95 0 45 0 31 5 70 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 6 34 30 102 50 0 0 6 
1972 36 0 0 90 0 0 0 17 0 0 0 0 46 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 29 168 115 49 4 54 7 0 
1973 106 81 0 4 30 0 0 0 12 0 86 60 0 0 9 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 139 12 8 62 0 62 
1974 4 0 0 3 0 0 0 0 199 198 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 104 95 0 0 46 12 
1977 30 35 0 0 0 13 10 54 39 118 34 5 15 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 163 94 56 42 87 9 
80/79 0 0 0 0 0 0 0 0 19 4 10 35 87 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 1 112 86 0 1 73 38 
1981 0 0 0 0 0 0 1 29 65 93 7 10 45 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 7 13 19 28 1 27 
1982 54 0 0 0 0 0 0 0 10 66 48 10 19 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 202 80 0 161 122 63 12 0 
1983 0 0 0 0 0 0 0 0 0 0 17 73 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 9 13 3 9 41 13 23 

9038006 THARAKA CHIEF'S CAMP (16) 
1961 0 0 0 5 0 0 0 0 16 278 115 11 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 23 328 151 278 268 0 3 13 
1962 33 0 0 0 0 0 0 30 113 43 21 84 0 16 0 0 0 0 0 0 0 0 0 53 0 0 0 0 89 79 5 19 112 33 23 27 
1963 0 1 3 8 0 9 4 52 33 50 199 20 4 36 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 29 113 75 179 43 39 
1964 39 0 1 18 0 0 0 0 55 38 216 41 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 18 70 44 9 
1965 0 0 1 0 0 0 0 9 24 0 48 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 125 1 32 5 74 0 0 0 
1966 0 0 0 0 20 3 4 82 62 0 236 66 56 0 0 8 0 0 0 0 0 0 0 0 0 0 0 6 0 32 122 7 2 0 0 0 
1967 0 9 0 0 0 0 24 0 23 98 107 29 84 22 '6 46 0 0 0 0 0 0 0 0 0 0 0 0 0 119 0 0 0 0 0 0 
1968 0 0 0 0 0 0 0 0 0 557 304 246 0 0 0 13 0 13 0 0 0 0 0 0 0 0 0 0 19 25 114 199 695 350 4 0 
1969 0 3 187 8 8 181 232 0 137 91 0 67 201 0 28 0 0 0 0 0 0 0 0 0 0 0 0 0 25 25 53 124 46 0 0 11 
1970 0 11 85 0 0 0 93 0 255 96 50 53 0 0 31 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 79 103 3 32 0 3 
1971 0 0 0 0 0 0 0 0 0 7 114 63 124 28 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 160 10 10 0 
1972 32 0 0 31 0 0 0 46 0 0 0 0 32 31 0 14 0 0 0 0 0 0 0 0 2 0 0 2 63 27 142 11 1 21 30 0 
1973 11 0 0 0 40 0 0 0 0 0 112 71 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 0 0 0 53 30 1 31 0 0 
1974 0 0 0 0 0 0 11 0 80 122 11 84 10 0 0 0 0 0 0 0 0 0 0 31 0 0 0 0 31 0 72 51 0 0 60 0 
1978 121 0 0 0 20 61 111 61 51 191 0 101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 91 91 0 140 52 30 31 0 
1981 10 0 0 0 0 0 0 30 91 140 30 21 65 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 111 206 0 0 50 0 43 
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9037187 CHIOKARIGA DO'S OFFICE (Il) 
1975 0 0 4 0 0 0 0 0 81 51 123 90 2 55 0 0 0 5 3 0 0 0 0 0 8 0 0 15 0 112 0 180 28 8 0 1 
1976 6 0 0 4 0 9 5 0 0 49 59 51 5 46 12 0 30 0 0 0 0 0 2 0 0 0 0 21 15 15 117 69 75 7 61 9 
1977 26 51 0 0 0 0 0 55 100 141 124 156 28 104 0 0 0 0 0 0 0 0 0 0 0 0 51 0 0 20 240 233 130 17 183 31 
1978 0 110 0 0 136 75 140 8 84 177 20 117 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 35 152 11 62 82 145 25 0 
1979 62 88 32 56 0 0 0 147 0 155 121 92 21 0 41 7 0 0 0 0 0 0 30 0 0 0 0 9 0 22 293 116 15 0 72 45 
1980 0 0 0 0 0 0 0 0 77 121 143 73 53 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 34 102 136 22 16 24 6 0 
1981 16 0 0 0 3 0 9 50 101 59 50 23 39 44 0 0 0 0 0 0 0 0 0 0 5 0 0 0 3 52 31 95 16 22 0 39 
1982 0 0 0 0 0 0 0 0 73 60 87 34 18 2 0 0 0 0 0 0 0 0 0 0 0 0 0 61 133 204 82 21 79 51 7 0 
1983 0 0 0 0 0 0 0 0 0 0 25 146 32 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 30 13 0 56 0 0 
1984 0 0 0 0 0 0 0 0 0 60 74 48 16 0 6 0 0 0 0 0 0 0 0 0 0 0 0 24 100 73 46 44 0 0 0 0 
1985 0 0 0 0 0 20 39 112 52 54 67 22 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 22 27 44 20 35 39 49 54 

9037161 ISHIARA (10) 
1971 0 0 0 0 0 0 0 0 53 31 104 177 83 53 0 0 7 0 0 0 0 0 0 0 0 0 0 0 12 63 21 18 158 7 7 0 
1972 86 0 0 24 0 0 5 60 0 0 1 0 47 12 0 30 0 0 2 0 0 0 0 0 11 0 7 0 117 89 115 35 55 39 11 0 
1973 44 3 0 0 25 0 0 17 0 0 89 82 0 0 19 0 0 0 0 0 10 0 0 0 0 0 14 0 5 0 84 28 25 0 0 16 
1974 4 0 0 31 9 0 0 0 135 107 101 95 6 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 45 99 51 0 0 39 41 
1975 0 0 5 0 0 0 0 0 71 25 243 82 2 73 0 0 0 0 Il 0 9 0 0 0 15 4 0 2 6 73 0 256 39 14 0 0 
1976 0 0 0 54 7 8 0 0 6 62 31 10 7 10 1 0 70 7 0 0 0 0 0 0 0 0 0 33 5 0 75 39 53 38 39 29 
1977 7 16 0 0 0 5 0 34 19 293 35 54 21 3 3 0 0 0 0 0 0 0 12 0 0 51 0 0 0 0 172 192 104 23 103 1 
1979 36 3 128 8 0 0 0 78 20 141 143 91 22 0 23 2 0 0 0 0 0 0 4 0 0 0 0 0 0 38 177 122 0 0 44 15 
1982 o o 1 o o o o o 88 135 157 42 59 39 o o o 1 o o 1 o·o o o o 14 1 208 11 73 111 60 10 13 o 
1983 1 0 0 0 12 0 0 0 27 0 45 222 25 0 3 0 3 1 0 0 1 0 2 0 0 0 0 23 3 20 26 0 1 68 3 50 

9037103 HURIHDUKO EXPERIHENTAL FARH (20) 
1961 0 9 0 4 0 0 0 19 54 161 57 73 55 66 0 0 6 9 0 6 7 8 2 6 14 27 5 10 172 325 233 266 199 9 27 34 
1962 41 0 0 0 0 0 8 30 12 27 157 59 74 102 0 0 1 0 0 13 10 3 63 30 4 1 22 2 36 46 2 42 41 1 20 15 
1963 0 20 19 31 0 38 15 20 41 22 96 196 38 74 81 17 0 11 1 0 11 1 3 5 0 0 43 4 19 70 31 138 34 40 14 25 
1964 0 0 0 7 0 4 45 13 114 96 185 74 18 4 6 0 0 0 7 3 3 17 4 6 3 10 1 0 53 90 21 12 92 88 23 5 
1965 35 6 7 0 0 0 1 0 49 88 96 24 16 12 4 1 11 1 0 8 4 0 16 0 0 3 1 7 24 24 191 69 29 7 11 0 
1966 0 43 12 5 7 1 3 24 163 100 95 25 17 3 45 1 4 4 0 1 18 3 1 1 0 0 1 13 2 119 194 0 10 1 0 0 
1967 0 3 0 3 0 0 54 0 15 55 50 162 476 33 74 15 1 6 1 20 9 13 11 4 21 0 10 2 45 120 100 32 100 0 0 0 
1968 0 0 0 0 19 166 100 25 59 82 66 137 49 0 52 16 2 1 2 5 14 9 9 1 0 0 0 7 59 38 37 135 157 151 0 0 
1969 0 0 7 6 46 92 96 2 86 31 3 10 146 4 19 2 0 0 0 0 7 35 6 8 3 2 4 6 64 68 34 85 39 14 0 1 
1970 1 35 21 0 0 0 2 7 142 148 13 168 46 65 59 0 2 2 0 0 Il 0 6 25 1 0 1 8 8 2 127 31 0 37 2 4 
1971 0 0 0 0 0 0 0 0 71 74 106 75 61 77 25 0 12 10 7 3 4 3 1 3 4 1 0 15 0 31 0 14 86 0 43 0 
1972 36 0 8 4 6 0 4 5 0 28 3 15 102 65 32 44 0 9 5 4 1 1 4 0 20 11 16 11 223 146 63 167 10 18 9 1 
1973 31 30 0 0 12 0 0 0 13 0 83 44 10 2 44 0 8 0 0 0 22 3 8 0 0 1 23 1 23 4 73 100 23 5 1 0 
1974 0 0 0 11 3 0 1 0 42 66 85 69 36 4 45 22 17 16 135 11 6 16 12 6 10 1 0 0 0 74 104 36 0 1 20 19 
1977 0 0 0 0 0 88 28 62 22 130 66 201 151" 28 0 21 7 0 0 11 7 3 12 0 0 51 0 8 27 19 134 96 110 5 53 11 
1978 0 29 4 0 39 35 38 102 53 194 101 104 10 3 1 0 7 6 19 11 7 4 9 5 29 3 10 7 77 205 17 58 42 31 23 0 
1979 16 20 77 14 0 0 0 94 5 142 42 77 66 0 111 25 0 0 7 2 4 0 10 0 14 0 0 20 13 68 172 44 2 0 35 20 
1981 1 0 0 16 0 0 0 97 91 129 244 15 152 127 4 2 1 0 0 7 0 2 8 9 0 11 0 3 15 90 16 58 43 25 76 192 
1982 0 1 3 0 0 0 0 0 86 121 62 112 106 54 4 0 2 8 2 0 11 5 4 5 0 5 22 19 395 49 18 35 100 28 1 21 
1983 4 0 0 6 7 0 0 0 6 6 102 255 28 Il 53 2 2 16 1 0 7 0 9 3 18 0 0 74 5 41 58 0 1 55 0 48 

60 



9037133 KAllYUAHBORA (16) 
1965 0 19 0 0 0 0 2 0 31 95 103 85 67 9 0 0 0 0 0 0 0 10 36 0 0 0 0 0 43 44 177 111 124 0 68 6 
1966 0 19 5 9 5 11 41 75 135 222 215 27 25 0 37 3 0 0 0 0 0 0 0 0 0 0 0 11 0 168 111 0 0 57 16 0 
1967 0 16 0 4 0 0 48 0 20 90 155 133 249 10 104 0 0 0 0 0 8 18 0 0 19 0 0 0 29 236 150 22 205 0 0 0 
1968 0 0 0 8 0 187 146 22 43 177 125 229 0 0 25 8 0 0 0 11 0 0 0 0 0 0 0 0 41 91 47 118 356 200 0 0 
1969 0 0 9 0 57 41 116 44 62 0 65 23 117 0 16 5 0 0 0 0 7 9 0 1 0 0 35 4 0 103 104 168 97 84 0 8 
1970 0 48 90 0 0 0 l3 4 312 265 32 145 19 0 24 0 0 0 0 0 0 6 20 17 0 0 0 0 0 0 139 52 14 30 0 3 
1971 0 0 0 0 0 0 0 5 32 59 135 124 100 104 0 0 10 0 0 0 0 0 0 0 0 0 0 0 0 74 28 55 147 18 42 0 
1972 109 0 16 18 0 0 2 46 0 0 13 20.62 39 11 27 0 0 0 0 0 0 0 0 18 0 14 0 87 126 117 99 100 34 9 0 
1973 48 0 0 0 24 0 8 0 0 13 188 134 ',6 0 32 0 0 0 0 0 B 0 0 0 0 0 26 0 21 0 111 34 23 2 0 0 
1974 0 0 0 40 18 0 0 18 169 80 212 96 0 0 1 0 0 0 6 0 0 0 0 0 0 0 0 0 0 30 119 55 0 0 46 0 
1976 0 0 0 26 0 24 0 0 25 45 46 8 13 5 15 0 36 0 0 0 0 0 0 0 0 0 0 49 58 0 78 22 43 49 60 31 
1977 25 22 0 0 0 19 32 44 103 327 91 22 53 22 0 0 0 0 0 0 0 10 16 0 0 59 0 0 0 0 375 361 138 22 106 20 
1978 10 31 0 0 64 56 38 69 120 207 19 145 22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 96 21 99 148 71 48 5 
1979 24 35 99 27 0 38 0 155 0 141 72 114 91 0 35 7 0 0 6 0 0 0 0 0 0 0 0 0 0 74 232 120 0 0 61 25 
1982 0 0 0 6 0 0 0 0 95 162 106 116 81 67 6 0 0 0 0 0 0 0 0 0 0 0 12 12 316 50 20 148 96 94 20 0 
1983 10 0 0 6 7 0 0 0 9 5 125 348 10 8 4 8 0 0 0 0 0 0 0 0 0 0 2 28 0 48 80 32 0 99 10 53 

9037050+9037202 EHBU (20) 
1961 0 6 0 26 0 0 11 9 67 132 90 68 133 71 36 2 7 23 4 11 17 14 10 3 22 26 13 25 267 311 271 236 196 16 23 16 
1962 46 0 0 0 0 0 2 71 7 33 74 100 131 158 10 0 0 3 5 12 28 9 71 47 11 1 3 15 81 38 4 34 16 1 25 25 
1963 0 26 39 22 2 63 25 20 49 46 269 271 39 86 107 15 ll 17 3 1 21 19 9 19 3 1 15 28 45 79 54 142 36 54 19 55 
1964 10 o o 5 o 23 34 21 100 1s1 200 92 90 14 13 12 1 o 19 11 1 60 12 3 4 16 1 3 74 130 23 sa 106 11 41 9 
1965 29 6 4 0 0 0 0 1 35 65 138 107 90 20 5 0 12 2 0 17 Il 4 27 1 2 7 1 6 53 64 217 53 27 0 1 0 
1966 0 9 17 18 15 2 44 30 129 174 95 56 32 11 37 1 0 6 2 9 35 B 4 3 5 31 0 31 5 166 218 0 4 25 5 0 
1967 0 4 0 0 0 0 48 1 11 59 51 63 659 79 47 20 2 8 6 26 8 16 28 10 37 0 1 0 59 132 112 57 77 0 0 0 
1968 0 0 0 11 0 145 147 21 55 101 91 131 120 17 81 37 42 3 13 12 36 25 27 3 1 16 l 7 76 115 75 133 175 165 5 10 
1969 0 0 2 13 40 81 63 6 88 7 23 112 142 6 19 8 0 0 42 2 197 64 21 22 16 3 56 7 84 43 43 70 100 9 0 1 
1970 15 29 35 0 0 0 3 23 136 167 13 115 19 32 57 0 7 6 6 1 38 9 10 44 155 1 101 21 48 7 116 46 0 21 l 4 
1971 0 1 0 13 0 0 0 2 87 97 141 56 124 90 34 0 6 18 51 49 26 6 3 10 5 0 1 0 25 39 3 10 78 0 22 4 
1972 23 0 18 7 0 2 3 0 0 50 20 35 140 110 33 16 0 14 8 17 5 2 6 4 32 30 26 4 231 157 137 150 14 10 9 11 
1973 49 5 0 0 16 0 10 0 11 1 83 92 11 0 49 0 6 3 0 1 29 6 17 7 0 18 16 0 34 27 72 111 22 6 0 0 
1975 0 0 B 0 0 0 1 0 43 18 159 125 5 86 30 2 2 23 10 10 19 10 14 11 14 35 18 25 0 75 0 83 10 19 2 4 
1977 2 0 0 0 0 57 4 66 25 136 44 243 138 29 20 0 14 0 5 25 15 10 21 0 0 53 0 41 11 15 219 102 88 11 18 27 
1978 3 39 0 0 63 50 45 33 101 139 162 125 45 15 3 0 19 14 20 15 26 12 40 0 34 5 31 12 85 164 58 72 21 43 2 0 
1979 32 11 97 17 0 0 0 86 52 139 41 118 118 14 117 40 0 1 10 B 12 13 18 2 0 1 0 49 13 73 181 48 0 1 21 8 
1981 4 0 0 5 0 0 8 113 85 72 271 51 189 103 7 15 4 1 0 12 1 8 12 21 B 12 0 B 14 90 23 30 32 23 4 15 
1902 o 3 3 o o o o 48 121 139 a1 105 154 94 16 o 11 12 2 o 12 4 0 13 2 16 39 a 342 104 21 34 11 3o 1 6 
1983 1 0 0 1 19 0 0 0 29 13 67 283 90 19 44 2 1 31 1 2 20 1 2 9 66 0 0 99 0 39 120 5 2 67 0 57 
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9037122 RUNYENJES DC'S OFFICE {IS) 
1961 0 18 0 4 0 0 0 18 121 233 6B 1S3 9S 4S 0 0 0 10 0 10 8 27 0 0 47 0 7 S3 240 4SI 3!B 249 139 27 0 43 
1962 43 0 0 0 0 0 0 83 6 21 S2 251 143 99 0 0 0 0 s 19 31 14 4B 32 6 10 0 34 97 S7 8 28 .3B 0 30 10 
1963 0 2 29 41 1 S3 S6 Sl 31 66 436 234 64 89 146 lB 10 19 4 0 0 0 0 0 0 0 29 S2 0 7S 6B 226 40 lSB 29 SI 
1964 so 0 0 s 4 0 27 0 17B 1B7 220 S2 S7 28 7 43 0 0 S9 18 0 18 10 18 0 3B 0 0 71 19B 34 32 196 102 20 19 
196S 0 6 0 0 0 0 0 0 72 97 177 108 10S 10 0 B 0 0 0 2S 6 12 36 0 7 0 0 0 30 S7 204 8S 3B 20 SO 0 
1967 0 6 0 0 0 0 49 0 0 94 B3 248 626 lS 93 6 0 0 0 42 11 lS 20 0 20 0 0 0 B7 220 lSS 108 98 18 0 11 
196B 0 0 0 0 0 147 118 78 42 164 91 197 S7 0 87 33 21 S3 16 13 S4 37 0 0 0 0 0 0 0 0 0 361 227 3B 0 0 
1969 0 0 0 46 S7 S6 128 23 S4 0 71 0 9S 19 13 11 0 0 0 0 27 41 IS 6 1B 0 38 28 72 43 67 99 S2 3 0 0 
1970 0 90 3S 0 0 0 10 3S 1S9 221 41 32 51 13 6 0 0 0 0 0 47 0 6 S9 4 1 0 0 37 24 140 GB 0 38 0 4 
1971 0 0 0 0 0 0 0 16 31 111 281 167 149 192 7 0 28 8 24 18 0 2S 3 10 10 0 0 32 2S S7 0 69 13S 0 39 0 
1972 42 0 0 20 0 14 0 12 0 64 28 30 137 170 2S 27 0 7 0 0 2S 3 6 11 14 19 39 S2 190 2SS 107 163 68 13 4 9 
1973 7S 0 0 13 11 0 0 0 9 2 166 94 lS 0 4S 0 6 0 0 0 40 6 9 20 0 0 0 0 0 0 36 lSI 12 4 0 0 
1975 0 0 4 0 0 0 0 6 32 28 202 113 2 94 11 3 0 19 13 11 10 13 22 20 7 26 12 48 0 110 0 71 16 0 0 0 
77/76 0 0 40 0 0 40 0 ss 67 97 63 24S 213 16 2 20 10 0 12 11 16 9 0 0 0 0 S9 74 47 0 60 42 50 0 80 17 
1982 0 0 0 0 0 0 0 0 !Sl 201 93 136 140 127 10 6 17 16 4 0 10 9 6 5 0 6 39 89 313 135 76 118 54 46 17 0 

9037053 KEYOTE CATHOLIC HISSION (16) 
1961 0 29 0 17 0 0 10 14 113 216 84 108 1S6 84 4 0 1 16 2 10 14 40 0 6 33 20 20 52 247 473 286 266 131 38 0 43 
1962 52 0 0 0 0 0 2 70 5 38 57 183 238 127 0 0 0 8 3 13 36 27 36 32 8 s 5 14 99 69 8 26 37 0 21 10 
1963 0 0 32 32 3 40 49 28 46 78 421 282 S3 130 124 27 26 36 4 1 36 33 9 14 2 1 34 41 18 46 84 167 66 100 23 61 
1964 17 0 0 8 9 2 32 5 145 23S 182 60 69 46 6 18 2 0 11 11 11 74 27 5 8 32 2 3 77 150 18 25 1S2 116 22 25 
1965 10 8 1 0 0 0 0 4 69 163 152 128 81 21 4 0 7 4 0 31 8 12 33 4 8 4 7 4 36 48 246 96 30 13 30 0 
1966 0 13 13 34 5 7 41 38 174 15B 114 96 20 4 4B O 0 B 5 14 56 7 7 6 0 0 10 45 4 247 242 0 0 25 5 0 
1967 0 10 0 3 0 0 41 0 12 46 77 2S7 S20 26 110 29 0 0 0 43 9 21 22 0 34 0 9 3 113 244 144 4B 83 0 0 0 
1968 0 0 0 7 12 20S 107 39 41 107 117 !BI 93 IS 100 36 54 0 0 14 54 43 36 6 0 0 0 6 62 151 102 16S 186 232 0 0 
1969 O 0 17 O 44 36 Sl 29 44 0 32 0 171 16 !OS 11 O O 12 11 23 264 41 33 28 8 41 12 46 50 52 71 108 B 0 1 
1970 11 S9 39 0 0 0 4 48 IB4 !BB 55 94 66 24 42 O 9 9 9 1 46 19 14 47 7 0 0 13 35 13 127 3B 0 39 0 4 
1971 0 0 0 0 0 0 0 14 4S 97 251 143 12S 192 IS 0 32 B 30 15 17 15 3 13 10 3 0 2S 21 79 19 40 109 0 73 S 
1972 35 1 0 21 0 13 0 7 0 67 24 39 256 150 S4 23 0 4 19 21 10 0 4 3 30 30 19 70 19B 241 40 197 75 9 0 35 
1973 73 11 0 4 11 0 0 0 2S lB 17S 12B 39 0 41 0 19 5 0 0 S6 21 18 12 13 0 14 0 81 59 121 106 34 0 0 0 
1977 21 0 0 0 0 3S 1 37 85 174 43 192 281 30 3 0 20 0 0 20 26 2 37 0 0 49 0 61 119 14 273 1S3 S3 0 26 14 
1978 3 67 0 0 40 81 35 92 165 209 145 1S5 89 30 9 0 31 0 34 10 54 17 45 0 30 0 0 22 117 289 48 84 69 48 31 10 
1979 0 0 87 61 0 0 0 129 28 200 lOS 92 134 14 75 0 0 0 0 60 0 0 0 0 3 0 0 44 2 81 19S 62 0 0 19 0 

9037034 CHUKA COUNTY COUNCIL {IS) 
1961 0 22 0 0 0 1 0 53 98 188 98 0 230 so 0 2 19 3 7 0 7 14 4 0 45 16 0 16 332 S89 3B6 366 186 19 0 42 
1962 6 0 0 0 0 0 0 0 89 S6 102 228 109 46 0 0 0 0 1 169 117 0 S3 25 20 13 s 5 176 l!S 0 14 66 18 45 8 
1963 0 2 44 0 0 S8 19 so 45 74 253 239 38 50 4S 36 3 24 3 0 0 0 39 7 0 0 20 7S 82 26 100 322 S2 124 78 66 
1964 S9 0 0 o 0 0 42 O lSO 117 284 143 46 36 0 49 1 0 7 5 2 26 16 S 4 17 1 0 113 B0.84 62 109 167 46 SS 
1965 s1 o 12 o o o o 6 sa 92 11s 92 221 1 o o 6 o o 31 2 29 39 4 8 39 4 s 51 60 2B9 156 84 o 61 o 
1966 0 8 IS 138 58 0 57 47 18S 195 217 5B 16 30 8 0 0 0 18 53 28 0 0 0 0 0 0 0 114 199 114 S7 151 41 2 0 
1972 53 0 14 14 0 11 0 4S 2 16 72 20S 260 63 6 0 3 0 7 9 3 3 3 s 44 14 103 43 166 391 239 218 116 24 24 12 
1975 3 0 8 O 6 O 7 O 15 22 162 121 Il 96 9 0 0 11 12 6 10 9 13 1 19 2S 8 60 4 176 0 179 46 22 7 7 
1976 0 7 0 41 9 17 0 0 16 47 112 173 0 34 36 30 28 3 11 5 5 6 2 3 0 0 8 3S 96 1 165 99 57 17 114 26 
1977 45 21 3 0 3 37 12 64 146 235 93 236 98 63 0 5 14 0 0 12 9 0 13 0 0 8 0 9 3 0 254 166 174 13 83 7 
1979 57 41 246 77 0 0 0 143 Il 110 117 268 139 0 54 3 0 0 5 1 4 8 6 3 0 0 0 11 0 105 360 79 0 0 54 23 
1981 0 0 0 20 0 0 7 108 171 169 344 77 218 106 2 0 3 1 0 2 0 3 15 6 39 15 2 11 43 114 77 1SI 3B 47 41 30 
1982 0 0 0 8 0 0 0 0 S2 240 127 89 128 56 20 0 3 0 0 S 4 2 4 2 2 10 30 16 281 142 160 120 BO 68 57 4 
73/78 57 41 246 77 0 0 0 0 16 0 21 8 32 0 33 27 2 2 0 0 37 9 7 4 3 9 7 11 132 440 34 115 115 77 184 9 
80/74 0 0 11 0 0 Q 5 0 79 161 83 52 131 60 59 0 0 0 3 0 0 17 2 6 12 6 0 0 1 77 19S 67 7 1 63 28 
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9037134 KAIRURI NGANOORI LOCAT!Ott (12) 
1965 5 0 0 0 0 0 0 0 16 51 127 229 150 13 25 0 19 0 33 59 63 57 49 5 5 19 0 57 59 74 363 191 1 70 27 0 
1968 0 0 0 5 0 174 134 35 43 87 113 111 184 16 147 55 79 3 106 8 84 45 27 31 26 7 0 12 159 !BO 37 111 192 213 4 O 
1969 0 0 6 0 25 74 69 7 53 0 101 0 197 150 48 27 1 0 IS 4 50 127 43 30 25 B 29 26 54 79 63 49 122 0 0 0 
1970 29 8 25 12 27 5 17 30 159 306 73 215 25 53 36 0 193 14 0 9 7 66 36 89 0 4 3 0 96 25 69 37 0 0 5 0 
1971 3 0 0 0 0 0 0 0 42 65 208 45 130 134 31 2 42 14 21 7 11 31 0 Il 3 0 3 20 28 62 0 21 72 0 52 23 
1972 11 0 B 10 0 62 0 5 0 63 56 20 318 49 84 25 0 0 30 28 13 4 B 10 39 47 19 104 250 223 68 183 28 8 4 0 
1973 25 12 0 4 41 0 18 0 10 3 226 178 112 20 81 0 7 4 0 1 54 23 26 17 B 1 69 4 194 66 124 73 25 1 0 0 
1974 2 0 0 18 9 0 10 3 87 135 79 126 49 7 57 85 37 40 130 39 9 26 42 9 30 12 3 B 2 96 117 35 0 8 44 5 
1977 6 5 0 0 0 79 0 52 69 233 208 21~ 256 147 16 6 13 0 1 17 36 37 61 0 0 57 0 98 51 35 267 155 29 10 14 4 
1981 0 0 0 0 0 0 8 49 65 129 480 192 257 176 15 33 5 2 5 31 8 27 18 11 15 34 0 22 42 146 57 90 55 28 29 6 
1982 0 0 0 0 0 0 0 0 86 203 117 123 204 164 41 0 30 14 5 3 32 15 28 37 0 30 69 13 397 110 38 54 51 41 2 10 
1983 0 0 0 3 30 0 0 0 0 53 156 381 186 57 222 11 15 38 11 8 23 4 15 11 69 17 0 140 4 136 308 17 4 77 0 85 

9037077 !RANG! FOREST STATION (16) 
1961 0 6 0 22 0 10 0 71 57 220 81 183 232 48 9 0 9 39 B 36 75 79 35 45 98 69 46 93 330 475 309 194 160 65 30 20 
1962 53 0 17 0 0 0 1 7 42 54 66 126 319 148 7 5 17 8 39 36 37 34 85 56 54 33 19 52 75 122 17 48 59 0 25 24 
1963 0 17 38 50 9 18 72 43 57 60 290 304 156 331 114 27 18 16 84 0 32 60 12 37 18 10 34 26 21 18 42 167 41 80 53 32 
1964 66 3 0 6 0 33 42 4 85 143 178 122 104 97 28 33 5 0 30 72 57 174 84 16 25 42 0 14 120 139 71 43 128 190 32 20 
1965 80 4 4 0 0 0 0 0 27 111 186 239 76 35 5 0 18 2 0 52 52 54 8 17 21 10 6 29 49 101 281 126 65 8 72 0 
1966 0 0 26 9 18 4 26 42 156 183 148 192 116 0 0 15 17 32 21 49 71 28 14 11 19 5 12 63 3 233 330 21 1 30 19 0 
1967 0 6 0 11 0 0 36 11 5 32 66 179 509 70 75 40 13 21 41 58 57 33 36 10 66 B 15 55 121 187 220 199 92 16 0 0 
1968 0 0 0 0 17 201 151 49 120 70 157 165 169 64 303 46 33 14 46 25 76 81 64 8 0 12 B 11 54 205 104 155 235 131 31 O 
1969 0 0 12 16 26 121 63 5 61 6 16 0 158 74 25 0 0 0 7 25 101 21 55 15 65 25 42 65 134 93 77 50 70 6 0 1 
1970 32 57 32 0 0 0 53 36 121 35 0 0 59 0 6 18 55 56 60 3 133 34 76 109 28 4 12 2 100 52 94 37 38 10 0 B 
1971 4 41 0 0 0 0 0 0 48 71 243 106 127 193 79 4 60 55 45 74 59 38 68 36 70 14 9 71 83 54 32 34 80 0 61 20 
1972 5 0 0 28 2 10 0 5 B 33 67 27 194 95 49 115 40 48 22 49 7 13 26 19 60 74 28 102 219 198 95 243 57 0 3 0 
1973 29 29 0 5 22 0 11 0 12 3 240 156 117 38 77 0 45 26 0 2 60 88 77 0 7 0 13 1 83 52 48 154 90 0 0 2 
1977 9 0 8 0 0 46 7 80 105 232 132 317 271 144 50 0 52 34 0 41 67 27 72 11 2 0 0 67 151 51 236 187 153 0 29 4 
1978 o 62 6 o 1a 60 31 201 a2 143 239 119 110 sa 21 o 42 69 3a s1 26 45 55 17 39 20 21 6 104 1a6 39 31 -39 46 77 o 
1979 48 24 113 19 12 0 0 104 40 146 56 126 231 82 198 97 5 3 67 27 43 38 53 12 29 8 4 22 89 107 175 42 0 0 69 11 

9037123 CHOGORIA FOREST STATION (18) 
1961 0 13 0 40 5 0 5 51 129 280 75 262 262 11 0 0 39 1 4 17 30 44 9 7 81 47 14 62 687 594 351 341 227 73 32 55 
1962 101 0 12 0 0 0 0 0 46 80 136 260 249 98 0 0 0 0 8 4 2 12 43 42 13 26 1 56 110 29 40 53 43 6 20 19 
1963 15 11 20 15 7 27 42 56 46 176 322 140 87 86 32 127 0 0 118 56 0 0 0 6 0 0 13 14 19 15 79 140 44 150 72 30 
1964 97 0 0 54 0 30 51 13 132 87 234 107 101 16 7 30 l 0 30 1 0 39 7 2 3 2 0 10 121 65 111 55 24 10 9 32 
1965 44 4 0 0 0 0 0 9 73 48 210 32 124 9 3 0 4 0 0 52 43 54 54 17 27 0 1 13 70 33 133 83 44 34 46 2 
1966 0 9 45 39 42 s 59 58 119 316 92 118 81 11 7 20 19 18 1 13 20 8 0 4 s 0 13 31 0 173 243 0 12 27 17 0 
1967 0 0 0 10 0 0 95 8 0 174 308 437 522 126 79 53 19 0 57 73 14 22 37 0 23 14 23 39 137 208 244 111 31 50 0 20 
1970 50 111 99 0 0 0 33 22 126 186 103 161 105 29 61 6 9 6 2 2 18 10 14 43 17 0 1 38 136 81 227 63 14 33 43 11 
1972 71 0 0 44 0 40 0 16 12 21 125 15 205 152 66 15 0 5 10 13 3 0 10 2 34 24 44 57 223 286 268 326 87 20 42 1 
1973 67 46 0 3 17 0 0 0 16 17 143 130 84 25 21 0 14 0 0 1 29 26 16 9 B 1 17 14 136 11 230 124 60 18 0 3 
1974 9 0 1 46 23 0 20 29 172 203 133 235 27 16 61 28 5 26 120 40 5 26 14 6 22 5 0 1 10 139 332 65 9 0 75 23 
1975 2 0 10 0 8 0 3 15 31 46 265 127 61 216 12 6 0 37 6 16 19 7 18 0 12 14 25 41 9 158 0 204 68 51 3 12 
1976 0 0 0 29 6 33 0 0 6 76 245 212 5 62 138 46 45 10 5 23 6 13 0 6 5 11 28 71 106 14 231 80 56 24 116 48 
1977 30 12 26 5 0 93 11 100 98 346 94 177 185 147 31 3 18 4 1 26 14 4 24 l 0 53 0 76 122 20 341 172 123 28 50 21 
1978 10 54 5 0 22 87 120 199 192 273 215 154 134 19 4 0 21 13 5 15 21 4 27 0 38 25 25 45 58 311 131 146 98 95 IBS 121 
1981 0 0 0 37 11 0 17 146 212 180 321 119 220 105 0 36 1 0 7 16 2 6 19 11 9 2 3 18 21 180 141 187 59 37 56 38 
1982 0 13 5 11 2 0 0 0 81 249 163 251 195 116 56 5 9 10 0 0 23 4 9 12 0 36 63 14 414 233 99 93 53 179 32 22 
1983 8 0 0 30 37 0 3 0 0 2 128 411 132 15 49 0 0 19 5 0 15 2 4 16 6 5 13 95 37 117 213 60 20 103 76 133 
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ANNEX B. MAPPING UNITS AND SOILS 

Listing of soil mapping unit descriptions from the legend of the 
soil map of Chuka-South (de Meester, revision November 1987). 

Mountains and major scarps (relief intensity > 300 m, slopes > 
30%) 

MQC 

Complex of well drained, brown to reddish brown soils of varying 
depth, texture and stoniness (orthic LUVISOLS, eutric REGOSOLS, 
CAMBISOLS and LITHOSOLS). 

MBP 

Somewhat excessively drained, shallow to 
brown to dark reddish brown, sandy loam 
(eutric REGOSOLS and LITHOSOLS). 

moderately deep, dark 
to sandy clay loam 

Hills and minor scarps (relief intensity > 100 m, slopes B - 30 
%) 

HGC 

Complex of well drained, dark reddish brown to red, friable 
soils of varying depth, texture and rockiness (chromic 
ACRISOLS, partly lithlc phase). 

HQC 

Complex of somewhat excessively drained, strong brown to dark 
reddish brown, friable soils of varying depth, texture, 
stoniness and rockiness (eutric CAXBISOLS, chromic LUVISO~S, 
eutric REGOSOLS and LITHOSOLS). 

HUC 

Complex of well drained, brown to dark reddish brown, gravelly, 
soils of varying dept~, text~re, stoniness and rockiness 
(eutric and dystric CAMBISO:S, chromic LlJVISOLS, eutric REGOSOLS 
and LITHOSOLS). 

HIC 

Complex of well drained, very 
reddish brown, friable, sandy 
places very gravelly or rocky 
REGO~OL~ and LITfIOSOL~). 

sl1allow to deep, 
clay loam to sandy 

(dystric CAMBISOLS, 

6 /; 

brow11 :o 
clay, in 
dystric 

dark 



HBC 

Complex of somewhat excessively drained, shallow to moderately 
deep, dark brown to dark reddish brown, gravelly soils of varying 
texture, stoniness and rockiness (eutric and calcaric REGOSOLS, 
and LITHOSOLS). 

HPC 

Complex of well drained, brown to dark red, friable clay 
soils of varying depth, with an acid humic topsoil of varying 
thickness (dystric NITISOLS and chromic and orthic ACRISOLS). 

Footridges (dissected middle slopes of volcanic mountains, relief 
intensity 50 - 100 m, slopes on crests 0 - 5 %, slopes on valley 
sides 5 - 16 %) 

RPlh 

Well drained, 
and dark red, 
(dystric and 

RP2 

very deep, dark reddish 
friable clay with acid 

humic NITISOLS, in places 

brown to yellowish red 
humic surface soil 

dystric ACRISOLS). 

Well drained, very deep dark reddish brown, friable clay 
(dystric and chromic CAMBISOLS). 

Plateaus (relief intensity < 50 m, slopes 0 - 8 %) 

LP1 

Well drained to moderately well 
brown, friable clay (chromic and 
ferric ACRISOLS). 

LP2P 

drained, very deep, dark reddish 
humic ACRISOLS, in low areas 

Excessively drained, very shallow, dark brown, friable, very 
gravel!y, stony and rocky, sandy loam to sanliy clay loam 
(LITHOSOLS, plsoferric phase). 

LPG 

Complex of cxcessively drained, brow11 to dark reddish 
brown, very gravel!y, sandy clay loam to sandy clay soil~ 

of varying depth, cunsistency, stoniness and rockiness 
(dyntric CAMBISOLS, pisoferric and partly lithic pha3e). 
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LIC 

Complex of brown to dark reddish brown, friable, very 
gravelly, sandy clay loam to sandy clay soils of varying depth, 
stoniness and rockine~s (dystric CAMBISOLS, L1THOSOLS and rock 
outcrops). 

LB 

Well drained, deep, dark reddish brown to red, gravelly and 
stony, sandy clay loam to clay (ferric ACRISOLS, in places 
pisoferric phase). 

High level uplands, volcanic origin (altitude > 900 m, relief 
intensity < 50 m, slopes 0 - 16 %) 

U1Plh 

Well drained, very deep, dark reddish brown to dark red, 
friable clay, with acid humic topsoil (dystric and humic 
NITISOLS). 

UlPZ 

Well drair1ed, moderately deep to deep, dark reddish brown to 
dark red, friable clay (chromic ACRISOLS). 

UlPC 

Complex of somewhat excessively drained, ~rown to dark reddisl1 
brown, gravelly sandy clay to clay of varying depth, stoniness 
and rockiness (dystric CAM9ISOLS, ferric ACRISOLS, partly 
lithic phase, and LITHOSOLS). 

Lower level uplands, Basement system (altitudo < 900 m, reliof 
ir1tensity < 50 m, slopos 0 - 16 %) 

U2Q1P 

Well drained, shallow, dark reddish brown, gravelly and 
stony, sandy clay loam to clay, in places rocky (chro1nic 
LUV[SOT.S, in places .Lithic phase, and LITHOSOLS). 

UZQZP 

Well drained, shallow, dark re<ldish brown, gravelly and 
stony, sandy clay loom to clay, in places rocky (chromic 
LUVI~OLS, in places litl1ic pt1ase 1 and LITilOSOLS). 
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U2QC1 

Complex of wel! drained, dark reddish brown to red, gravelly, 
sandy clay loam to clay soils, of varying depth, stoniness and 
rockiness (orthic an~ chromic LUVISOLS, and eutric REGOSOLS, 
partly lithic phase).' 

U2Fl 

Well drained, deep 
dark red, friable, 
(orhtic and chromic 

U2F2p 

to very deep, dark 
sandy clay to clay, 
LUVI SOLS). 

reddish brown to 
in places gravelly 

Well drained, moderately deep, dark brown to dark red, 
friable sandy clay loam to clay, in places fairly gravelly and 
stony or calcareous; occasionally rock outcrops (orthic and 
chromic LUVISOLS, partly calcic LUVISOLS). 

U2F3P 

Well drained, shallow, dark reddish brown 
loam to sandy clay loam, in places fairly 
(chromic LUVISOLS and partly LITHOSOLS). 

U2FC1 

to red, friable sandy 
stony and rocky 

Complex of strong brown to dark red, gravelly sandy clay loam 
to clay solls of varylng deptl1, stoniness and rockiness 
(orthic, chromic and calcic LUVISOLS, and humic and fcrlc 
ACRISOLS). 

U2FC2 

Complex of well <lrained, very gravelly, stony and rocky soils of 
varying dept11, colour) consistency and texture (eutric 
REGOSOLS, CAM9ISOLS and LUVISOLS, partly lithic phase and 
LITHO.SOLS). 

uzuc 

Complex of somewhat excessively drained, dark reddish brown to 
reel, very gravelly loamy to clayey soils of va~yi11g dept!1, 
stoniness and rockiness (chromic l.UVISOLS, eutric REGOSOl.S, 
in places litl1ic ~hase, and LITHOSOLS). 

uzxc 

Complex of wel! drained, dark brown to red, gravelly, very 
stony and bouldery clay soils of varying depth (chromic and 
ferrit: LUVISOL~, ferric ACRISOLS and eutri<! REGOSOl.S, in p!aces 
l.i.thic _i.1hase). 
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U21\p 

Well dralned, moderately deep to deep, dark reddish brown 
to red, slightly gravelly, sandy clay loam to clay, in places 
calcareous (ferric and chromic LUVISOLS, in places vertic and 
calcic LUVISOLS). 

Plains (relief intensity < 10 m, slopes 0 - 5 %) 

PPC 

Complex of well drained, dark brown to dark reddish brown, 
rocky, friable sandy clay soils of varying depth and stoniness 
(orthic LUVISOLS and LITHOSOLS). 

Major valleys (relief intensity 50 - 100 m, slopes of valley 
sides 8 - JO %) 

VlPC 

Complex of well drained, dark reddish brown, friable clay 
soils of varying depth end rockiness (dystric NITISOLS, 
humic and chromic l\CRISOLS, chromic LUVISOLS, partly 
petroferric phas0, LITHO.SOU; and rock outcrops). 

Minor valleys (relief intensity < 50 m, slopes of valley sides 0 
- JO %) 

V2é' 

Well drained, deep 1 dark reddish ~rown to dark red, friable 
c.Lay, i11 ~!aces rock outcrops (dys~ric and humic NITISOLS, and 
humi c ACRI SOLS). 

V2PC 

Complex of well drdined, dark reddis~ brown, friable clay 
soi:~ of varyir1g depth, stoniness and rockiness (chromic, 
ferric and calcic LUVI~OLS, partly lithic phase, and rock 
outcro11s). 
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Table 15. Soil types, their moisture fractions at saturation, 
field capacity, permanent wilting point, air dry, initial, 
Available Soil Moisture Fraction (ASMF = SMfc - SMpwp), saturated 
conductivity and il descript ion. 

Type SMO SMfc SMpwp SMa SMi ASMF Ks Descript ion 

1 Q. 61 0 . !; 0 0.25 0.08 0.25 0.23 3.5 clay (Volc. Footridges) 
2 0 . 6 l 0.41 0.21 0.07 0.21 0.20 3.5 clay (Volc. Plateau) 
3 0.46 0. 31 0. 13 0.04 0.09 0.18 3.5 clay (Basement System) 
4 0.41 0.19 0.10 0.03 0.07 0.09 23. 5 sandy clay loam ( ' ' ) 
5 0.45 0. 10 0. 0 '• 0.01 0.02 0.07 12.0 sandy loam ( ' ' ) 
6 0.44 0. 25 0.12 0.04 0.08 0. 13 13.5 sandy cl.loam t. 0 clay(,) 

Table 16. Gravel content classes and depth classes used for the 
reconnaissance soil map. 

Gravel content classes 

non gravelly 
slightly gravelly 
gravelly 
very gravelly 
gravel 

The clagse~ dcrived 

< 0.02 
0.02 - 0.10 
0.10 - 0.40 
0.40 0.80 

> 0.80 

from the clusses 

Depth classes 

very shallow 
shallow 
moderately deep 
cleep 
very deep 

i 11 7able • c 
"u é111 d 

< 
25 
50 -

BO 
~20 -

~Il Oh' i n.g 

7c .. ~ 
se 
00 

120 
150 

t :~ c 
o cc urr e11ce of ir1termediates in the mapping unit de~:>cr i p ~- i on.s are: 

Classc~s 0 1 2 3 4 5 6 7 8 9 

Grav.fraction 0 0.02 0.06 0. 10 0.25 0. '• 0 0.60 0.80 G.~o l . 0 0 
Depth 0 25 38 50 65 80 100 120 l 35 lSC 
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îable 1 7 . Mapping units, codes, soil types, gravel content and 
rooting depth classes, predefined suitability ( 0 ~ not suitable), 
are occupied in grid cells (km') and i 11 per een t age s of the whole 
area. 

\ 
UNIT CODE SOIL GRAV DEPTH SUIT GRIDS PERC. 

MQC 10 4 4 4 0 76 5.03 
MBP 11 4 4 4 0 7 0.47 
HGC 20 4 4 4 0 12 0.80 
HQC 21 4 4 4 0 8 0.53 
HUC 22 4 4 4 0 18 1.20 
HIC 23 6 4 4 0 1 0.07 
HSC 24 4 '• 4 0 41 2. 72 
HPC 25 2 0 6 1 17 1.13 
RPlh 30 1 0 9 1 402 26.59 
RP2 31 1 0 9 1 31 2.06 
LPl 40 2 0 9 1 78 5 .16 
LP2P 41 2 6 1 1 6 0.40 
LPG 42 2 6 4 1 6 0.40 
LIG 43 2 6 4 1 3 0.20 
LB 44 2 4 7 1 6 0.40 
UlPlh 50 1 0 9 1 29 1.92 
U1P2 51 2 0 6 1 38 2.52 
UlPC 52 2 4 4 1 40 2.65 
U2Qlp 60 6 4 3 1 6 0.40 
U2Q2P 61 6 4 3 1 11 0.73 
U2QC1 62 6 4 4 1 43 2.85 
U2Fl 65 3 3 8 1 81 5.36 
U2F2p 66 6 2 5 1 1011 6.88 
U2F3P 67 4 2 3 1 25 1.66 
U2FC1 68 4 4 5 1 91 6.02 
U2FC2 69 4 6 4 1 29 1.92 
uzuc 70 4 6 1, 1 128 8.47 
uzxc 71 3 4 '• 1 8 0.53 
U2Ap 72 6 2 6 1 36 2. 39 
PPC 80 3 2 4 1 2 0 .14 
VlPC 91 2 0 5 1 85 5.63 
VZP 92 2 0 7 1 ?' d 1. 39 
VZPC 93 2 2 4 1 23 1.53 
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• 

At four places in the area ring infiltrometer measurements have 
been done using a single ring of 11 cm diameter. From the data on 
cumulative infiltration at different times the saturated 
conductivity is calculated using equations (10) and (11) from 
Koorevaar (1983) 

I cum = S · Jt + A t ( 1 0 ) 

Ks = 3/2 A ( 11 ) 

The measurements were done in different soil catena's in the 
so_called tea zone, coffee, mango and livestock/millet zone at 
altitudes of approximately 1800, 1500, 1200 and 850 m 
respectivoly. The calculated average (!) saturated conductivities 
were 350, 720, 500 and 120 cm/day respectively. These values are 
clearly not in proportion with a model that uses 10 day 
intervals. 
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ANNEX C. CROPS 

Explanation of symbols for erop data : 

assim assimilation type of erop (C3 or C4) 
airduc presence (1) of airducts in roots 
tsuml temperature sum before anthesis (°C·day) 
tsum2 temp. sum from anthesis to maturation (°C·day) 
tsum total temperature sum (°C· day) 
tmin threshold temperature (°C) 
itdw total dry weight at emergence (kg/ha) 
span 1 ife span of leaves ( days) 
sla specific leaf area (m2 /kg) 
exc extinction coefficient for visible light 
rdi ini ti al rooting depth (cm) 
rrg rate of root growth (cm/day) 
rdm maximum rooting depth (cm) 
LWmax maximum number of decades wi th waterlogging 
Dmax maximum number of decades wi th a drought 
RDmin minimum required rootable soil depth (cm) 
conver~~io11 efficiencies 

efficiency of conversion of assimilates into 
plant structural <iry matter 

respiration rates rate of respiration 
dying fractions relative dying rate 

anthesis 

of plant 
of roots 

parts (kg/kg) 
and sterns after 

(kg/kg) 
de1)letion factors depletion .factors 

0.2 cm/day to 1.0 
at a transpiration rate from 
cm/day 

t1aize 
C/1 0 810 5110 
20 60 Hl 0. 7 
10.0 1.2 135 

1 1. 
ROOT LEAF 

0. 720 0. 720 
O.OlO 0.0JO 
0. 020 
0.400 0.600 
0.300 0.700 
0.23(1 0.650 
o.o5o 0.:60 
0.000 0.000 
0.000 0.000 
0.805 0.800 

< 
1350 10 (assim airduc tsuml tsum2 tsum tmin) 

( itdw span sla exc) 
( rdi rrg rdrn) 
50 (LWrnax Dmax RI:min) 

STEM ORGAN 
0.690 0.730 
0.015 0.010 
0.020 
0.000 
0.000 
0.120 
0.780 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 

(conversion ufficiencies) 
(respiration rates) 
(dying fractions) 

0.000 Partitioning factors at 
0.200 F root F_leaf F_stern 
0.300 
0.600 
0.700 
1.000 

v v v 

developme11t stages 
F_organ Dvs. 

v v 

0.700 

1.000 
1. 000 
0.600 0.550 0.515 0.465 0.430 0.400 (depl. factors) 
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Bulrush millot < 
C4 0 680 340 1020 10 )assim airduc tsuml tsum2 tsum tmin) 
6 60 21 0.5 (itdw span sla exc) 
10.0 4.0 120 (rdi rrg rdm) 

1 1 30 (LWmax Dmax RDmin) 
ROOT LEAF STEM ORGAN 

0.720 0.720 0.690 0.730 
0.010 0.030 0.015 0.010 
0.020 0.020 
0.500 0.500 0.000 
0.500 0.500 0.000 
0.300 0.700 0.000 
0.170 0.830 0.000 
0.000 0.000 1.000 
o.ooo o.ooa o.ooo 

0.000 
0.000 
0.000 
0.000 
0.000 
1.000 

0.000 0.000 0.000 1;000 
0.885 0.800 0.700 0.600 

Mungbean < 
1650 10 

(conversion efficiencies) 
(respiration rates) 
(dying fractions) 

0.000 
0.070 
0.170 
0.270 
0.670 
0.870 
1.000 
0.550 0.515 0.465 0.430 0.400 (depl. factors) 

(as sim airduc tsuml tmim2 tsum tmin) C3 0 650 1000 
10 35 30 0. 6 
10.0 1.2 75 

(itdw span sla exc) 
( rdi rrg rdm) 

1 l 
ROOT LEAF 

0. 720 0. 720 
0.010 0.030 
0.020 
0. 350 0.420 
0.11.0 0.560 
0.100 0.480 
0.070 0.000 
0.030 0.000 
0.000 0.000 
0.800 0.700 

30 (LWmax Dmax RDmin) 
S TE:"! ORGAN 

0.690 0.660 
0.015 0.010 
0.020 
0.230 
0.300 
0.420 
0.190 
0.000 
0.000 
0.600 

0.000 
0.000 
0.000 
0. 71;0 
0.970 
1. 000 
0.500 

(conversion efficiencies) 
(respiration rates) 
(dying fractions) 

0.000 
0.330 
0.390 
0.600 
0.670 
1.000 
0.450 0.430 0.380 0.340 0.300 (depl. factors) 
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ANNEX D. PROGRAM CODE OF SIMULATION PART 

(************************~************************************************) 
(-> Procedure WATER. , *) 
(* Purpose to calculate the water reduction _actor WRF and *) 
(* update the moisture status of the soil and rooted *) 
(* depth. ·k) 
(* Interface : see PROCEDURE declaration part. *) 
( ****-k***-k**-k***********-k*·k*********')ck**'k**********'k**********************) 
PROCEDURE WATER(VAR SOIL : SOILDATA; CROP : CROPDATA; 

VAR WRF, DEPTH : REAL; YJ\XDEP, LAI, BRF : REAL; Dt : INTEGER; 
ROOTGROWTH : BOOLEAN; P, EO, ETO : REAL; IRRIG : BOOLEA.'I i 
VAR IRR : REAL; VAR LW, DRY, PI, EAT, D; INTEGER); 

( ·k*** ****"k**********'k'k**'k***********'k****** ** ************* *'k******** ****** ) 
(* Procedure : DRAIN - DRAINage of water *) 
(* Purpose :adjust moisture content of layer with incoming *) 
(·> water from upper layer and determine loss to lower *) 
(* layer. *) 

(*************************************************************************) 
PROCEJURE DRAIN( VAR SM, LOSS : REAL; FC, K, WIDTH : REAL; 

NR : INTEGER) i 
BEGIN 

S~1 : = SM + LOSS / WIDTH i 
LOSS := (SM - FC ) * WIDTH; 
LI~IT ( O, K * NR, LOSS)j 
SM • - SM - LOSS/WIDTH 

END; ( __ , DRAIN *) 

VAR 
SMcr, 

'" .i •• , 

Ern, 
Ea 1 

T1nax, 
~ 

-' ' 
DEPL, 
ADD, 
LOSS, 
DF~P.l'H~~C:8. 

BEG~N 

W1T~ .C:OIL ~O 
BEG=N 

lif.rEGER; 

(* critical soil moisture content 
(* infiltration ratf> (cm/day) 
(* maximum evaporation from the soil surface 
(* 'actual evaporation 
(* maximum erop transpiration (cm/day) 
(* actual erop transpiration 
(* depletion factor 
(k added water in case of irrigotion (c:n) 
( * l.oss of water lowe1- layers 
( -k Increasc in rooted depth (cm) 

I,OS.S : = 0; P : -" P / lO; ETO : ~ ETO / 10; EO : = EO / lO i 
E1n . -- EO * EXP(-0. 4*LA~); 
Ea ::o: Em ·>r (.SM-SMa)/(S{IJO-.S~a); LIMIT(O, Em, Ea)j 
IM : := P - Ea; 
·~rnax :_:: 3~F-.1:-(ETO-o.1·xEQ); 

WITH CROP DO 

'' -- ..1. 1 

*) 
k) 

*) 
*) 
*) 
k) 

-k) 

'k) 

*) 
*) 



IF I IN [ 1. . B J HIEN 
DEPL := (DEPLFCT[ I+l) - DEPLFCT[ I)) ·• FRAC( lO*TMAX) + DEPLFCT[ I) 

ELSE IF I < 1 THEN 
DEPL = DEPLFCT[l) 

ELSE , 
DEPL ·- DEPLFCT[9} 

END; 
SMcr : = (1 - DEPL) ·• ( SMO - 0 . Qt, - SMpwp) + SMpwp; 
IF IRRIG THEN 

T := Tmax 
ELSE 
BEGIN 

IF SM > SM0-0.0B THEN 
WRF .- (SM0-0.04-SM)/0.04 

ELSE 
WRF .- (SM - SMpwp)/(SMcr - SMpwp)j LIMIT(0,1, WRF)j 

T :~ WRF * Tmax 
END; 
SM :=SM+ Dt * (IM - T) / DEPTH; 
IF DEPTH < MAXDEPTH { ! J THEN 
BEGIN 

DRAIN( SM, LOSS, SMfc, I<s, DEPTfl, Dt); 
DRAIN( SMsub, LOSS, SMfc, Ksub, MAXDEPTH - DEPTH, Dt.); 
IF ROOTGROWTH THEN 
BEGIN 

DEPTHINCR := CROP.RRG * Dt; 
IF DEPTH + DEPTfllNCR > :v'AXDEP { ! ) THEN 

DEPTHINCR : " i'.AXDEP - DEPTH; 
SM : = (SM • DEPrH + SMsub * DEPTHINCR) ; 
DEPTH : = DEPTH + DEPTHINCR; SM : = SM/DEPTH 

END; ( * IF *) 
END 
ELSE 

DRA~N( SM, LOSS, SMfc, Ksub, MAXDEPTH, Dt.)j 
IF SMsub > SMO THEN 
BEGIN 

SM : = SM + ( SMsub - SMO) ·• (t'.AXDEPTH - DEP'!'H) / DEPTH j 
.<JMsub . -· SMO 

END; 
ADD :~ 0 j 
IF IRRIG THEN 
BEGIN 

Il~ .~~~ < .S:1f c 'fHEN 
BEC;IN 

ADD .-· 10 * DEPTH ·• ( '.::Mfc .. SM) j 
IRR · · IRR + ADD; SM SMfc 

END; 
IF SM > .SM0-0. 08 THEN 

WRF . - ( SM0-0. 011--SM) /0. 011 

ELSE 
WRF .- (SM - SMpwp)/(SMcr - SMpwp); LIMIT(O,l, WRF); 

END; 
LIM:T( 0 1 sr101 SM); 
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IF (SM > SMO 
LW := LW + 1 

0.04) A.~D (CROP.AIRDUC = 0) THEN 

ELSE 
LW .- O; 

IF (SM < SMpwp) HIEN DRY : = DRY + 
PI : = ROUND( P*lO·•Dt+ADD); 
EAT :~ ROUND(lO·k(Ea+T)>Dt); 
D :c ROUND(LOSS*lO); 

END; (* WITH *) 

END; (* PROCEDURE WATER *) 

1 ELSE DRY := O; 
(* Rainfall + irrigation 
(* evaporation + tracspiration 
( ·k drai11age losses from soi 1 

*) 
*) 
·k) 

(*************************************************************************) 
( * Procedure DEVELOP - concerning the DEVELOPment stage. *) 
C• Purpose determine the daily increase in development stage *) 
(-> of a erop at a certain DECADE with its temperature. *) 
(* Interface DECADE, CROP, DVS, TEMPROW, TEMP, Dt, DVSINC. *) 

(*************************************************************************) 
PROCEDURE DEVELOP(DECADE : INTEGER; CROP : CROPDATA; DVS : REAL; 

TEMPROW : ROW2_36; VAR TEMP : TEMPDATA; VAR Dt : INTEGER; 
VAR DVSINC:REAL); 

BEGIN 
WITH TEMP DO 
BEGIN 

MIN := TEMPROW[l,DECADEJ; "!AX := TEMPROW[Z,DECADEJ; MEAN ·- (MIN+ MAX)/2; 
IF MEAN > CROP.TMIN THEN 

DVSINC .- (MEAN-CROP.TMIN)/CROP.TSUM 
El.SE 

DVSINC .- O; 
:~ DVS + Jt. * DV.SINC > 1.0 ':'HEN 

Dt := ROUND((l.0-DV.S)/DV:;INC + 0.5) 
ENJ 

!':ND; (-> DEVEé.OP ·•) 

(**************************k*******************************************h**) 
( * Function TEMPRED - T2·:'.'eratu1·e REDuction factor. ·•) 
(* Purpose : deterrnine how i'E~·~P reduces the CROP growth. ·.1..-) 

P Interface : TEMP, CROP, TE;1PrtED. -k) 

(***k***********************'k***************"k*****************************) 
FUNCTION TEMPRED( TS1!': TEM?:::l\TA; CROP: CROPDATA; TPCOE?: ?AIRS): REAL i 
VA'Q.. '.:'P, TRF : REAL; 
3EG:N 

T? : '°' T?COEF[: J * TE:-1P. :fl::N + TPCOEF[ 2 ~ ·k TF1~P .MAX; 
IF CRO:P. ASSI~1 ~ 'CJ' TJ-:EN 

~~ ~D < ~c ':'HE~J 7RF ( ' TP)/lO T,'T <"T,' TRF ( 35 .!-....' .- -~ ___. ... ~ ............. . -
I~L.SE IF C~O:-'.ASSIYr - 'CL~' ':1-iS~l 

IF TP < 30 THEN TRF . - (-8 c '.'.'l')/:2 ~r .. .s~ l'RF .- (40 
ELSE 

ERROR( 'Unk11own assin1ilation type .for '+CR()P.NAME); 
LIMIT(O, 1, TRF); TEMPRED := TRF 

END; 
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( ******·Jck***·k·k·A·**"k*****.k***-k*·k***************-h*******°':*****-1<**************) 
( * Procedure PERFOIU'l -- erop PERFORMance. *) 
(* Purpose calculate dry matter product ion by erop growth *) 

(* c:imulation in intervals and write calculations to *) 
( * OUTPUT or LST. ·> ) 
(* Interface : see PROCEDURE declaration part. *) 

(*************************************************************************) 
PROCEDURE PERFOlli"1 ( TEMPROW, ( * Tmin and Tmax in decades 

C02ASS:ROW2_36j 
DEC : INTEGER; CROP 
PRD"fYP: INTEGER; 
SOIL: .SOII.DATA; GLIM 
VAR TDW, 1-/SO:REALj 
EVRIJ, ETRIJ : ROW36j 
PERC:REAL; 
YEAR:INTEGER; 
MSRROW : MSRMIN; 
IRRIG : BOOlEANj 
VAR IRR:REAL; 

(* Cross assimilation in decades 
CROPDATAj(* decade of emergence 

(-k type of product.ion simulation 
CLIMDATAj 

(* 
(* 
(* 
(* 
(* 
(* 
( .. 

total dry weight, yield wght. 
evapo(transpi)ration 
percolation fraction of rain 
year of measured rainfall 
data on measured rainfall 
irrigation ? 

VAR SCREEN, PRINTER : 300LF.AN; 
VAR GRT.-Jl.F:N : INTEGER; 

(-> 
( k 

irrigation requirement 
output to screen/printer ? 
length of growth period 
cuefficients process temp. TPCOEF : PAIRS) j 

VAR 
DVS, DV.Sü;C, 
LAI, 
Fgc, 
Fgass, 
RESP, 
F11et, 
INC:l, 
WRF, TRF, 1.RF, 
DEPTH, 
MAXDSP, 
PREC, 
LVLOSS : REAL; 
DECA::JE, 
Dt., 
PA~T, 

LW, :JRP, 
DEC]EFORE, 
PI' sA·.r J D : "INTEGZa; 
'I'E~1P : -:'S'1P0A7A; 
OHGAN : PLAN'l"ORGA.'lS j 
1~:JW, 

PAHT?AC' : ORGANHOW; 
LVFO~{~ED : /\RRAY [ 0 .. GCO 1 
MINRCW : ROW:lG; 
RCOIG.:10WTI ! : JOO~_.I~AN; 

(* 

(* (increase of) development stage 
(* leaf area index (m2 /m 2 ) 

(* gross canopy assimilation (CO,) 
(* gross assimilation (kg CH20/ha) 
(* maintenance respiration rate 
(·> net assimilation rate 
(-k dry weight increase of parts 
(* water, temperature, leaf rcd.fct. 
(·k actual rooted depth 
( ·> maximum rooting depth 
(-k effective rainfall in decade 
(* loss of leaves due to stress 
(* interval decade 
(* interval length 
( * prese11t <lay rninus l ife span 
( ·> counters for logged/dry intervals 
(-x decade before err.erge11ce 
(·k :'.:OÎ3ture flows to output. 
(·k data or1 ten1peratuce 

(·k .li.vi!1g dry 1,-1eigf~t of parts 
(·1,· ~artitio11i116 .fac:o~·s of parts 

OF RE/\l,; (·k Y1eight oJ :r~aves formed 
(·K dccad.Jl rai.11fal.l fi6ures 
( ·• rootgrowt!l ? 

77 

·>) 

*) 
*) 
*) 

*) 

*) 
·>) 

*) 
*) 
*) 
·>) 

*) 
·>) 
·k) 

*) 
·*) 

*) 
*) 

*) 
>) 

,, , 
*) 
-~) 

*) 
·>) 

k) 

>) 
·k) 

*) 



BEGIN 
IF PRDTYP <> : THEN 
BEGIN 

DEPTH := CROP.INIDEPTU; 
IF 0. 7 ~ CROP. MAX::JEP'l;H > .SOIL. MAXDEPTH TflEN 

MAXDEP . - SOIL.MAXDEPTH 
ELSE 

l'u\XDEP · - CROP. MAXDEPTH * 0. 7; 
DEPTH := Dfü:'TH ·k (1 -- .SOIL.GRAVFR); 
CROP.RRG := CROP.RRG * (1 - SOIL.GRAVFR); 
MAXDEP := MAX::JEP * (1 - SOIL.GRAVFR); 
WITH CLIM DO 

IF PRDTYP = 2 THEN 
RAINGEN(RAIN,DAYS,DIST,RAINROW) 

ELlE 
RAINROW := MSRROW[YEARJ; 

WITH SOIL DO 
BEGIN 

SM : = SMi ; SMsub : = SMi ; DECBEFORE : = DEC - 1 j 
Ks := K3 > (1 - GRAVFR); Ksub := Ksub ·k (1 - GRAVFR); 
IF DECBEFORE < 1 THEN DECBFFORE := DECBEFORE + 36; 
WATER(SOIL,CROP,w'RF,DEPTll,MAXDEP,0,0,0,10,I'ALO.E, 

RAINROW[ DECBEFORE ]"kPERC/10, EVRIJ[ DECBEFORE], 
ETRI~[DECBEFOREJ,IRRIG,IRR,LW,DRP,PI,EAT,D) 

END; 
END 
ELSE 
BEGIN 

SOIL.SM 
END; 

o; PREC := 0 

DECADE : = DEC; ROOTG:IC\.ffH . - TRUE; 
LW : = 0; DRP : = 0; DVS : " 0; GRWLEN . - 0; TDW . -· CROP. TD\·J; 
FOR ORGAN:=ROOT TO STOR DO 

LDW[O'.lGANJ: =CROP. PARTFC'[ 0, ORGAN]-k"fDW; 
LVFOR~E::J[O] := CROP. PAR';'r-CT[O,LEAF] ·< TDWj 
WHll.E (JVS<l.0) AND (LDW:CEA!'J>O) AND (LW<CROP.LWmax) AND (DRP<CROP.Dmax) DO 
DEG~N 

Dt : _,,, 10; 
DEVELOP( DECA JE, CJOP, DV~, TE?1PROW, .!'EMP, Dt, DV.SINC); 
T~\F: ~TE..~?REJ( ·:1 

• .'S"!P 1 C~OP, 'fPCOEF); 
LAI:."::!,DW[I..F.AFJ ·k CROP .. SLA * 0.0001; 
LR:O : = : -- EXP(-CROP. :':XC ·k LAI); 
Fgc : = ( CO,AS.S [ 1 , DECADS J * ( 1 - CLI:OI. CLF[ DECADE]) +CO ,A.SS [ 2, ::JECAD!~ J > 

IF PRDTYP ~ l THEN 
fdTIF -· 1 . :J 

EL.SE 
BEGIN 

PREC · - .aAINROW[ DECADE J ·< PERC; 
~/ATER(SOIL, CROP, ~JRF, DEPTH, ptfif\XD~:r, IJ\~, LRI', Jt, 

ROOT<;ROVIT!-I, ?R~C/10, EVRIJ~D;«:C:ADEJ, ETRIJ[DECADEJ, 
IRRIC~, ~HR, LW 1 DRP, PI, EA'f, D); 
( 1 ~WRF) ,_ CRO?. I'DIE[ LE/\?] ·k LDW[ I,EAF 1 ·k Dt; 
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LDW[ LEAF l : = LDW[ LEAF J - LVLOSS; 
PAST := GRWLEN - ROUND(CROP"SPAN) j 
LVFORMED[ PAST J : = LVFOHMED[ PAST J - LVLOSS i 
WHILE LVFOIU'1ED[ PA.SI] < --0. 0001 DO 
BEGIN 

PAST :=PAST+ 1; 
LVFO!li'1ED[PAST) := LVFORMED[PASTJ + LVFORMED'.PAST-l]j 
LVFORMED[PAST-1) := 0 

END; 
END; (* PRDTYP <> 1 *) 
Fgass:=Fgc * TRF * LRF * WRF * 30/44; 
RESP: =0 j 
FOR ORGAN : = ROOT TO STOR DO 

RESP := RESP+LDW[ORGANJ -< CROP.RESP[ORGANJ; 
Fnet: =Fgass - RE.SP -k TRF i 
IF DVS > 1 - CROP.TSUM2/CROP.TSUM THEN 
BEGIN 

LDW[RGOTJ ·- LDW[ROOTJ -- CROP.FDIE[ROOT] * LDW[ROOTJ*Dt; 
LDW[STEM] ·- LDW[STEMJ - CROP.FDIE[STE.i"1l ·• LDW[STEMJ-•Dt 

END; 
ROOTGRO\-ITH : = Fnet > 0 ; 
WHILE Dt > 0 DO 
SEc;:rN 

GRWLEN . - GRWLEN + 1 ; 
IF Fnet > 0 THEN 
BEGIN 

PARTITION(DVS + DVSINC/2,CROP,PARTFACT); 
FOR ORGAN:~ROOT TO .STOR DO 
BEGIN 

INCR := Fnet ·k PARTFACT[ORGANJ•CROP.COiN~ORGA.'l)j 

IF ORGAN = LEAF THEN 
LVFORl'lED[ GRWLEN l : :. INCR j 

LDW[ORGANJ := LDW[ORGAN~ + INCR; 
TDW := TDW + INCR 

END (-k FOR - ORGM: > ) 
END (k IF - Fnet *) 

ELSE 
LVFORMED[GRWI..ENJ : ...; 0; 

DVS :~ DVS ~ DVSINC; 
PAST ::: GRWI.EN - J.01MJ(CROP . .S?AN); 
IF PAST >:: 0 iHEN 
BEGIN 

LJVl[ LEAF J : ~ LDW[ :..F.AF J - LVFORi'1SD[ PAST J ; LVFOit"iSJ[ PAST: 0 
END; 
Dt : ~ ::lt - 1 

ZND; (-'" W:lILE ,, ) 
IF LDW[ LEAF l < 0 THEN LDYI'. LEAF] : = 0; 
TF DECADE < 36 TrIEN DECADE : ~ DECADE + l E:l,SE DECADE . - l 

END; (* Wl!ILE *) 
W.SO : ~-= I.DVJ[ .STOR] 

EN:J; (> PERFORM • ) 
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