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Summary

The Haraka Settlement Schemes (llaraka means haste) were
started in 1966, mostly on lands of neglected, formerly
European, plantations or ranches. As the agro-climatic and
other physical conditions of the area were not well known,
the schemes were laid out in the wrong way:plots allocated
to settlers were generally too small, except in a few areas
with more rainfall and better soils. And in the two driest
zones (see Fig. 19) the risk of crop failure is too high
under present land use and farm size conditions.

It is proposed to improve yields by new techniques and in-
troduction of new crops or species. It is also suggested
that settlers on poorer plots of Ndalani, Nzukini, and to

a certain degree also of Mamba, Ngoliba A - D and Ndithini,
should be resettled elsewhere, possibly in the new settle-
ment projects near Lamu. Actually, both Ndalani and Nzukini
normally receive insufficient rainfall for crop agriculture,
and these schemes should be used for grazing. llowever, the
growing of crops and the degradation of potential grazing
grounds have progressed too far to make this change feasible.

The population of the areas suggested for technical aid
consists of approximately 7,770 settlers, who, with their
families, make a total of about 40,000 people. Of these,
around 20,000 cannot sustain themselves sufficiently and
they must receive welfare support to prevent famines.

The introduction of land use techniques and farm sizes
which are more suitable to climatic conditions and soils
may function as an example for the surrounding areas. These
are now increasingly settled by people from the overpopu-
lated highlands. This movement has so far been unchecked.
It concerns tens of thousands of people each year and un-
less they receive some aid, famines amongst them seem un-
avoidable.
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1. Introduction to the geographical conditions

1.1 Topography, soils and erosion

The settlement projects east of Thika are situated on the gentle
eastern slopes of the Kenyan highlands. The general gradient is
around 5 % and elevations in the area range from about 1loo to
1500 m. The area is mainly a peneplain, that are the eroded re-
mains of worn-down mountains, formed about 6oo million years ago,
of which the exposed core consists of granites and gneisses.

This peneplain was covered by volcanic lavas and ashes from the
Aberdares in the west. These volcanic deposits reach as far as
Munyu, Gatuanyaga and Ndula and the western edges of lgoliba A,
In the southeast of the area another lava stream forms the Yatta
plateau, which covers the edges of the Mamba project. On these
volcanic materials the soils are relatively fertile (Table 2, a),
except where they are shallow or poorly drained, as is the case
in some parts of Munyu.

The general slope is interrupted by the Ithanga Hills and some
smaller hills, remnants of a block mountain, uplifted about lo
million years ago and eroded in a typical tropical fashion into
inselbergs and wide shallow valleys. On the extensive gentle
slopes of the inselbergs the eroded material is well sorted:

" coarse sands in the upper parts change to clay and silt near

the bottom of the valleys. This type of soil prevails in the
Ithanga, Ndithini, and Ngoliba C and D projects.

The dark alluvial soils of the valleys are rather fertile
(Table 2, d).

The soils on the lower slopes are more fertile than those of the
old peneplain, where it is not covered by volcanic deposits. The

- soils on the lower slopes are better because they received fresh

alluvial material (Table 2, b).

The projects Mamba, Ndalani and Nzukini are situated mainly on
the peneplain, about lo million years old, which is covered by
senile, leached soils over the acid parent material, Tather
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short in minerals (Table 2, c). Young uplifts of about 1 million
years ago have reactivated erosion on the peneplain and young
valleys reach depths of up to loo m. The dark alluvial soils
which had accumulated in the shallow valleys of the peneplain
(Table 2, d) were largely removed by this renewed erosion. The
soils on the valley slopes, younger than those on the peneplain
itself, are richer in minerals (Table 2, e). However, these
soils are in great danger of erosion, caused by deforestation,
overgrazing and-cultivation of the area. Conservation measures
are urgently peeded (see Chapter 5.1). The projects Ngoliba A
and B are characterized by these young valléy slopes, which also
predominate in the lower parts of Mamba, Ndalani and Nzukini,
exceptinthe narrow valley bottom along the Thika river.

Small remnants of inselbergs also occur in the projects Ndalani
and Nzukini (the rocky hill Mbambathaana, 65 m high,and
Nzukini-hill, which reaches about loo m above the peneplain;

the indication Nzukini Mt. on the maps 1:250 ooo and 1:50 ooo

is incorrect, the indicated mountains are ibeiani and Uovauni

in Ngoliba D). Despite tiie low height of these mountains the
scils on their lower slopes are slightly better, as freshly
eroded material has been deposited on them, though this material
is largely sandy close to the mountain.

The young uplift unfortunately also caused reactivated erosion
in the other project areas. Both plains (Munyu) and gentle
slopes (Ndithini) have been cut and the danger of soil erosion
is serious. Sheet erosion (denudation) is also very active and
it has increased recently because of cultivation and over-
grazing. Near Ndalani an erosion of more than 5 mm per year was
recorded on a slope of only 20.1) Especially endangered by
erosion are the slopes of the inselbergs where they are cul-
tivated, as for instance in Ithanga.

1) This process is indicated by the exposure of grass roots
since settlement began (Plate 4).
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Table 2: Analysis of soue soil samples from ilaraka Szttlement Schemes

1)

Settlement Soil type pil Na ppm K ppn Ca m Mg ppm
Scheme in llZO HC1 EIZO 1Cc1 IIZO ncl IIZO HC1 lIZO
a) Volcanic areas
funyu black cotton
soil .
topsoil O-10 cn 5.0 258 211 1148 406 §311 338 1597 154
lower s0il lo-30 cn 5.0 45 30 858 198 2424 los 1384 89
Munyu brown-red soil
topsoil O-lo en S.o 31 20 1046 649 - 574 105 389 74
lower soil lo0-30 con .5.2 77 65 776 459 94 24 loo 71
) Lower slopes of inselbergs
thanga red sandy loam
topsoil O-lo0 cm 4.8 44 33 218 138 83 24 84 26
lower soil lo-3o cm 5.0 24 22 427 206 £8 1 142 15
Ndithini brown-red sandy loanm
topsoil 0-10 cu 4.8 45 40 . 505 303 166 36 278 77
lower soil lo-30 cn 4.8 139 50 319 262 96 9 lo2 49
goliba D brown-red sandy loam
: topsoil O-1o cm 5.0 32 27 668 446 348 280 320 116
lower soil lo-30 cm 5.0 28 17 771 443 143 6 299 59
Nzukini red sandy loam
(cultivated with
. subsoiler)O-30 cm S.0 22 22 353 207 53 36 133 38
81d peneplain -
amba brown leoamy sand R
topsoil O-lo cn 5.0 35 25 492 310 9 97 30
lower soil lo-3o cm S.o 26 19 496 244 -- - 7o 1
Ndalani red sandy loan
topsoil U-1lo cm 5.0 16 11 499 294 440 391 198 39
lovwer soil lo-30 cm 5.0 43 35 386 2ol 284 87 282 42
goliba D red sandy loam
topsoil O-1lo cn S.o 36 o lo42 378 90 -~ 283 33
lower so1i lu-30 cm  .3.v 33 17 al7 273 .- .- Y 12
Ngoliva D red sandy loanm
topsoil U-lo ca 4.9 39 21 1135 358 134 3 378 31
lower soil lo-30 cm 5.0 42 23 531 356 §5 -- 345 33
zukini grey brown loamy
sand, shallow 1-lo cn 5.0 55 33 620 302 346 112 330 56
d) Shallow valleys on the peneplains or between inselbergs
Ithanga black loamy sand :
| 0-20 cn 5.0 35 26 247 166 79 lo 77 18
alani black cotton soil
0-20 cm 5.0 26 17 756 318 268 92 3ol 32
Young valley slopss on the peneplain
Ngoliba A reddish-light brown
sandy loan
topsoil O-1lo cn 5.0 114 86 S7o 10l 7706 398 2390 14
lower soil lo-3o. cn S.o0 26 23 533 269 loo 12 130 25

Judgment of soil fertility was not required in this report, therefore the nuubey of samples per
area was rather small, Samples were taken at th® end of the short dry season. Analysis was

carried out by the soil science laboratory of the University of Saarbruecksan.
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Generally the red latosols on granite and gneiss, which pre-
dominate on the peneplain and lower slopes, consist mainly of
kaolinite, which is extremely poor in nutrients and weak in
absorption. There is no montmorillonite and little illite or
partly decomposed mica, as shown by an X-ray analysis.l) Con-
tents of iron oxide are naturally high. The rest of the soil

consists of quartz-sands. Low yields are therefore not only
caused by climatic conditions, but also, especially where cul-
tivation is continuous, by soil conditions. Formation of humus
is therefore very important (see Chapter 5.1.1), also because
it helps to retain artificial fertilizer.

1.2 Population and economic conditions

The area of the taraka Settlement Schemes is a transition area,
not only regarding its natural conditions, but also in relation
to climate, land use (Chapter 2) and population. llere meet the
settlement areas of the Kikuyu and Kamba. Therefore the area
belongs administratively to various districts: the northwestern .
parts up to Ngoliba A and C belong to Thika district, the soutn-
cast with the other projecis to Hachakos district. This creates

problems in administrative authority.

Lxcept for a few settlers from other tribes, most of them belong
to the two main tribes, which are related, but also competingi
At the monent, this has not created any problems, but it may
cause tension under different conditions.

The population densities in the settlement schemes are very high:
150 to 250 inhabitants per square kilometre, which, in a rural
area with relatively low rainfall, must be considered excessive.
This is especially the case in llamba, Ngoliba D, Ndalani and
Nzukini (Table 1). Tor the calculation of the population, an
average family was counted as 5-6 persons. The number of people
not employed in farming (tradesmen, teachers, civil servants)

1) This'anulysis was carried out by Mr. Ralph Hansen, whose
assistance is gratefully acknowledged.
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is very low and remains under 3 %. Therefore the population
computed on the basis of tihe number of farms was rounded by
adding 2 %. In the next few years a clear increase in the size
of fumilies may lLle exp=cted. Numerous [arms are already occu-
pied (illegally) by two families. Considering these factors,
the total number of people living in the settlement schenes

will soon reach 45.000.

In the surrounding areas of unorganized settlement the popula-
tion density is only about 30 per square kilometre, ileTe, sett-

lers know by experience that they need much larger plots than

in the schemes in order to have a basis of existence.

In the western parts of the area a number of [ormerly Luropean
plantations are situated, which produce sisal or irrigated cof-
fee. They now mostly belong to African companies. [loreover tle
pineapple plantation of Kenya Canners in Thika has expanded al-
most to the Ithanga Hills and in the southeast beyond Gatuanyaga.
Because of the many seasonal workers employed by these planta-
tions, it is of little use to calculate the population density
in these areas. The enployment possibilities are of great in-
portance for tlie settlers who live close to these plantations
(Gatuanyaga, Ndula, ~Ngolibha A, L, D and Itihanga), especially
wliere their farms are too small or in years of poor crops. The
only other source of employment are the industries in Thika,
but here, competition is so strong that the settlers nhave little
chances. Rather, the opposite has happened: labourers and
eiployees from as far as lairobi have secured themselves a

place in the settlement projects, farned by their wives, This

has particularly happened in llunyu and that is why aid for

that scheme is less urgent than for the other ones.



IFlate 1 : Inselbergs and pediments in Ngoliba D
This type ol topography prevails also
in Ithanga and Ndithini. The animals
draw a primitive type of sleigh.

Plate 2 : The trade centre in Ndalani

Its scantiness illustrates the low
purchuiasing power of the loucal
population.
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1.3 Infrastructurc, central places and services

The communication network in the area is not very good. Only
ngoliba A and Gatuanyaga are situated on an all-weather road
with regularbus.and taxi-services (matatus). Ithanga, ifianba,
funyu, ildalani, Mdula and Nzukini are connected by secondary
roads, which are not always passable during the rainy scasons,
and serviced only by occasional buses. Some of the roads within
the schemes are very poor and impassable during the rains. This
is also the case for the supply roads to Ngoliba C and D, and
.to a certain extent to Ndithini, which are mainly used by supply
vehicles of small shops. llarketing of products from these areas
is therefore often impaired. Yor instance, from Ngoliba 1) to the
main road is a distance of 18 km, part of it consisting of pri-

vate roads which are closed to lorries.

Ithanga . wvhere the trading centre is well developed, illustrating
the relatively favourable economic situation there with extra
purchasing power available. Very poorly developed on the other
hand are the trading centres in ildalani (Plate 2) and Nzukini,
showing how problematic the economic situation is in these areas.
Primary schools are numerous, but the health services are poor,
except for !Hunyu. The distance from the nearest doctor for about
35 ooo inhabitants of the settlement-projects is between 50 and
90 km. Moreover, private cars are not available (except in
Ithanga) and there is no telephone service, except for Kithinmani,
and there is a police phone in Ithanga. Agricultural advisory -
service is very poor. For the whole area of 27 900 ha and 8ooo
farms one settlement officer, one agricultural field officer
(untrained) and about a dozen field assistants (primary school
level) are responsible. lloreover, the farms are distributed over
a total area of more than loo ocoo ha, but only the two officers
first mentioned, who are stationed inThika, have sonectimes a car
at their disposal, if there is petrol available. Three Dutch
volunteers, who have their own motorbicycles, are presently con-
cerned with the prevention of soil erosion in Ithanga, Ndalani

I Services supplied by central places are few. An exception is




Ndithini and Ngoliba B - D.

A few enployees of the agricultural and veterinary departments
and of the Ministry for Cooperative Development occasionally
visit the settlement areas to look after the settlers and their

too seldon,.

2. Agrocclimatological conditions

The wain problems in the settlement areas are of a climatic na-
ture. flost of the projects are in marginal areas for crop agri-
culture without irrigation. It is therefore essential to know
tiie climatic conditions in order to choose optimal land use

methods under the considerationof the risk of crop failures.

problems, but because of the size of the areas these visits are I

2.1 Distribution and probability of precipitation

Within the area, there are vast differences in precipitation,

botn, regarding total amounts and reliability. This is caused II
by the relief: the Ithanga llills and their continuation to the ll
southwest form a barrier for the humid air masses from the In-
dian Ocean, causing orographic raintfall. In the highest parts
of Ithanga and Kdithini tiie mean annual rainfall there fore ex-
ceeds looo mm. Even around 1200 wm elevation tie annual mean
reaciies 800 mm (Fig. 2). But in the areas wnere no uplift took
place the precipitation is not much higher than in the very dry
eastern lovlands of Kenya. Especially unfavourable are the
slopes of Mdalani and Nzukini towards the Thika river, since
they are in the rain-shadow (moisture coning from the soutneast).
ilere, the annual mean values less than 6oo uwn. fiunyu is also in
8 rain-shadow, f{rom tie Kamba ilills and Ul llonyo Sapuk to the’

east of this project area. The unnual mean here is only 700 wn.

The annual amounts seew reasonably high and the differences

not of great importance, but it should be remembered that the
annual rainfall is divided into two rainy seasons and the totals,
therefore are close to the limit for crop agriculture (Fig.3-06,
22 and 24-26). There arc two rainy seasons: the long rains around



April and the short rains around Noveuber. In the lower areas

- of the eastern parts tne short rains usually hring more pre-

cipitation than the long rains, because they cause more frequent
thunderstorms which occur over tiae plains rather than in the

mountainous areas.

The long rains may start as early as MMarch and end as late as
July. Taking the mean values for these months, totals in the
area of the settlement schemes vary between 500 and less than
250 mm (Fig. 3). The totals are lower if one counts only the
precipitation between the actual start and end of the rains
which may be end of ilarch and middle of May, excluding earlier
and later small and uneffective falls. This seerns to be a more
realistic method (Fig. 4). The projects in the eastern lower
parts normally receive less than 300 mu per rainy period which
corresponds to the agricultural growing seasons, and this anount
is the 1imit for unirrigated crops. Nuring the short rains, con-
ditions in these parts are more favourable, as indicated above.
But even then, most of Nzukini project and almost all of Ndalani
are still below the rainfall limit for unirrigated crops (Fig.6).
In good years, special crops, Sucih as Katumani-maize, sorghum .
and millet may produce reasonable yields, but tihe risk of crop
failure is too high. This is indicated by the diagrams illustra-
ting variations in rainfall (Fig. 28, 32, 34 and 36) and the
maps showing rainfall probability (Fig. 7, 8). A total of about
250 mm is generally considered to be the nininum water require-
ment for Katumani maize, with monthly totals of about 70, llo
and 70 mm (including soil moisture storage), and this amount
should be reached at least in two yYears out of three. Probabi-
lities to reach these linmits in the two settlenent projects
mentioned above are, however, only 40 % during the long rains
and 35 % during the short rains (Fig. 2o, 21). Therefore almost
every third year a total crop failure will occur in both rainy
seasons. Only when rainaccumulating techniques are used (Vig.
30). or when crops with very low demands of moisture are plan-
ted, (Chapter 5.2.1) unirrigated crop agriculture could be
practiced here.



The uonthly distribution of rainfall is very important, because
in most areas they are concentrated during periodsshorter than
two nmonths, which is very unfavourable. Tiherefore, the duration
of the rainy seasons as the growinpg seasons for crops must be
considered (Chapter 2.2).

Some information may also be derived from the numbers of days
with rain. These are especiully useful to indicate the beginning,
intensity and end of the rainy periods and they are therefore
included in the most important diagrams (Fig. 22-26).

2.2 LEvaporaticn, humid and arid seasons

There are no stations within the iaraka Settlement Schemes re-
cording data necessary for the computation of evaporution accor-
ding to Penuman (1948, 1956; in Last Africa corrected by an ele-
vation factor by .lcCulloch, 1965), but there are some in the
.surrounding areas. These are the former Sisal Researcihh Station
near Thika and the nearby National Horticultural kesearch Sta-
tion. Uther data werc cbtained from the Tana Power Station and
further north by livea Tebere Project and these values were used
for extrapolation. 1t is possible to use even more distant sta-
tions, because the evaporation differs with location uccording to

clear rules.

Evaporation data were taken from Woodhead (1968) and extra- and
interpolated. Accordingly, the annual evaporation fron an open
water surface (Eo) is around 1650 mm in the highest parts of the
area increasing to over 2000 mm in the lower parts in the east.
Annual values of the potential evapotranspiration of the vepe-
tation (Et) are about 2o % lower.

The ratio of precipitation to Ey is about 55 % in the highest
parts of the Tthanga-project, decreasing to values below 25 %

in Ndalani and .lzukini. The ecological zones accordingly stretch
from sclerophyll evergreen forest (only in the highest areuas) to
woodland, bushland and dry bushland.
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Table 4: Probabilitics ot seasonal rainfall 'in Kenya between

0° - 2° 30" $ and 37° - 38° 4o' E

March-May Percentual probability to receive more than
100 150 200 250 300 350 4oo 450 500 nm

Mecan pre-

cipitation

200 mm T4 54 38 23 15 9 5 2

250 86 70 76 42 28 18 12 7 3

300 93 83 72 59 Ly 31 21 14 8

350 98 92 85 T4 59 Li 31 23 15

4oo 100 97 92 84 72 58 43 33 23

450 100 99 96 89 82 69 57 43 34

500 100 100 98 92 87 80 68 56 Ly

550 100 100 99 95 91 86 78 69 56

600 100 100 100 97 93 91 85 80 69

650 100 100 100 99 97 95 92 89 80

October-December

Mean pre-

cipitation

100 mm L5% 18 5 1 0

150 80 L6 23 10 L 1 0

200 89 70 Ly 27 11 7 L 1 o}

250 94 83 62 L3 25 16 11 5 1

300 96 90 74 58 39 27 19 12 5
- 350 99 93 83 69 55 4o 29 20 i

Loo 100 96 88 78 66 52 38 29 19

450 100 98 91 85 78 65 50 38 28

500 100 99 93 8y 83 7h 62 h9 39

550 100 100 95 92 88 81 71 59 Ly

600 100 100 97 95 91 85 78 68 58

Seourcet inilermation received by H., M. . Braun
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Very generally, one can say that tree- and bush-crops are pos-
sible where the ratio of rainfall to EO exceeds about 50 % 1if
the annual variability is not too high, so that the annual to-

tals always exceed about 20 % of EO.

Sisal can still be cultivated where the precipitation squals
about 25 % of Eo’ but then grows very slowly. The growtir of
grasses also depends on the water halance, and thereby the pos-
sible number of animals that can be fed per unit of area depends
on it, too. For one stock unit of cattle less than 2 ha are re- .
quired where P exceeds 50 $ of Eo, about 2-4 ha where P is bet-
ween 25 and 50 % of Eo, and vwhere P is below 25 $ of EO more
than 4 ha are necessary per stock unit (on sandy loams of mo-
derate fertility).

For our topic, a differentiation according to tiie annual balance
of rainfall and evaporation is not sufficient, as it is decisive
only for perennial crops and for the carrying capacity of pastu-
res. The main problem in the Haraka Settlement Schemes is the
short duration of the humid seasons.z) ilost of the settlecuent

projects experience only four humid months per year (Fig. 9):
from the end of sarch until the end of Hai and from the end of
October until the end of December (Fig. 15). Both rainy seasons
therefore last only for two humid months and for most annual
crops this is not long enough. But there are considerable dif-
ferences in the duration of the humid périods according to ele-
vation and exposure. In the higher areas exposed to the east,
three humid months occur per rainy season, while in the lower
parts of the region one and a half humid months prevail,

When the storage capacity of the soils for excess rainfall is
considered, the time with growing potential for most cultivated
crops is considerably extended in the highlands (Fig. 15, 10},
but in the lower areas this extension is only half a month per
rainy season (Fig. 17, 18 and 23). These, we shall call "agro-

humid' months, because here the moisture availability for agri-

2) Seasons withsub-humid or humid conditions.Sdb-humid: Pre-
cipitation between 50 and loo $ of the average potential
evapotranspiration E,_. Humid: P exceseds 100 & of E_.

E, averages about 08 Eo’ Therefore we can also calEulate

sub-humid: P E}bééds.O.A_Eofffﬁii:j-ﬁumid: P exceeds 0.8 E.



s |
Table 5: ilaximum water storage capacity of some samples of
the main soils of the iaraka Settlement Schemes!) .
Settlement Soil tlax.storuge cap. Max.storage in 1lo C
Schere type in mm/lo cm soil topsoil and 70 c¢n (1
subsoil

-

a) Volcanic areas

Munyu black cotton topsoil 1162) 2) 1
soil subsoil 92 760° 1
flunyu brounish red topsoil 38 3
soll subsoil 52 402 1
b) Lover slopes of the inselbergs
Ithanga sandy red loanm topsoil 53 1
subsoil .20 13 1
Hdithini redbrovn sandy topsoil 33 1
loun subsoil 26 215 2
NMgoliba b redbroun sandy topsoil 28 1
loan ’ subsoil 31 245 1
Nzukini red loamy sand
(mixed with subsoil)
undi ££, 18 144 2
c) 01d peneplain surface B l
Mamba brown loany topsoil 4") 1
‘sand subsoil 16 116 2
Ndalani sandy red loanm topsoil 31 ml
subsoil 20 171 1
rigoliba sandy red loan topsoil 27 1
subsoil 32 251 1
Nzukini grey-brown
loany sand, 3)
shallow 7" 1
d) Shallow valleys on the peneplains or between inselberygs
Ithanga blackish 4) 3)
loawy sand topsvil 4~ 7approx.15So 1
Ndalani black cotton 2)
so0il undiff. 96~/ approx. 350 1
e) Youny valley slopes on tiie peneplains
Ngoliba A reddish-1light topsoil 28 l 1
brown sdandy loam subsoil 2o (168)shullover

than 80 cm 1

1) Analysis carried out by Dr. . Kutsch. As the number of sumples
small, approximate values are indicated in this table, assuming
rather loose soil condition on cultivated plots.

2) Theoretical value, assuning uninhibited swelling of the so1l.
Actual value approximately 350 nm.

3) Theoretical value because of the permeability of the sand. In
nature, with less permeahle subsoil, about 20 mu.

4) During dry season very hard subsoil, of which samples could not
be taken with a hand-drill without humner,
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culture is considered. The wmain condition is a pgood protcction
against soll erosion, so that surplus rainfall cen be stored

in the soil and is not lost by surface runoff (see Chapter 5.1).
Soil samples of the nost important soils indicate that the wa-
ter storage capacity of these soils, for a root zone of about

#o cm, lies botween 85 and 350 mm (Table 4).

Further research in tils dircction is necessary. llowever, since
thie extent of the various scil types is not exactly known and
the amounts of rainfall that are stored in tie soil are relati-
vely suall anyway, a simplification was introduced by assuming

a genzral soil molsture storage capacity of Zoo mi. S0il wolsture
usage was computated according to tables by Thorntiwaite and
liather (1755). About half of the stored moisture can be used

by the normal crops in thz area.

ilaps of the number of agro_hunid nonths (Fig. lo, 11) only very
generally indicate the conditions of cultivation possibilities
of crops according to their growth periods. In the drier eastern
lovilands (Mdalani and Hzukini) only one and a half agro-humid
nonth occur per rainy season, which is normally not enough for
crops. In these areas only 20 % of all rainy seasons reached
three agro-hunid months  and in 50 % there were less than two.
The long rains can be rather short if the I.T.C.Z. (inner tro-
pical convargence zone) moves rapidly northwards when the Sudan
heats up quickly. In seven out of twenty years the long rains
lasted about one month or less. and tihe noisture stored in the
soil during these rains was so little that the apgro-humid time
was the same. The short rains are more reliable in the lowlands
than the long rains. Unly once in twenty years they lasted for
only one uonth.

2.3 Teuperature conditions and otner climatic factors

There are no temperature stations inside and near to the Sett-
lewent Schenes, so that for the higher parts of the region

values of the former Sisal Research Station and the Mational
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Horticultural Station near Thikal) were extrapolated (Table 6).

Except for these stations, only some older records frowm a sisal
plantation in the northwestern Ithanga llills are available. For
the lower parts of the region the only sources are iwea Tebere
and the Tana Power Station and both of these stations are out-
side the area shown on the maps. It was therefore not possible
to construct isotherm maps for the rainy seasons. liowever, since
the reduction of temperature with elevation is well known, ‘it
was possible to construct a map of approximate annual isotherms,
on which local inversions are considered, despite the small
number of recording stations in the region. These isolines of
important limits of annual mean temperatures and the mezan annual
diurnal minimum are indicated on the climatic map, where they
are shown in relation to the hygric zones (Fig. 13).

The most important temperature value is the mean diurnal nminimum
of 14°. For a number of crops (cotton, groundnuts, cassava), the
value of 15° has often been used, but new varieties of these
crops have improved their tolerance of cool nights. Alnost the
whole region lies below the elevation which produces such low
temperatures, except the cool Ithanga liills, above 1400 m, where
in June and July the beginning southeast monsoon causes heavy
cloudiness and a relatively cool period. runyu and Gatuanyaga
are close to this limit. Here, clear nights may cause inversions
of cold air between the hills. But most Settlement Schemes have
no thermal problems. They might be introduced with the cultiva-
tion of barley, because temperatures in the lower regions may

be too high, favouring the development of diseases (rust).

Of the other climatic elements only the wind is of some signi-
ficance. buring the monsoon periods, winds reach force 4 during
the afternoons, when anabatic winds of the Aberdares reinforce
the monsoon. Shelterbelts are advisable for sensitive plants,
also because they reduce evaporation.

1) At this station, values starting in 1973 were not considered,
as they were affected by a measuring error (personal commu-
nication [loller).
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2.4 Agrecglimatic_types

2.4,1 An apro-climatic _classification of the tropics

An agro-climatic c¢lassification was developed, based on the
duration and intensity of the humid and arid seasons, as the
most important factor controlling land use, in combination
with thermal conditions (Jaetzold, 1970, 1977). This classi-
fication uses decimal indicators. For the hygrotypes, the
first of these indicates the duration and distribution of the
humid and arid seasons, the second digits their intensity. A
prefix of a or h shows whether the annual water balance is

predominantly arid or humid (Fig. 12).

h1: predominantly humid climate, with two arid seasons (about

5 - 7 arid months, separated by at least 2 humid months).

For the subdivision of this tropical wet and dry climate

according to intensity of the seasons there are four

basic types:

1. The humid seasons are weakly developed, the arid ones
strongly.

2., Both are weakly developed.

3. Both are strongly developed.

L, The humid seasons are well developed, the arid ones

weakly,

In the humid seasons, weakly developed: sub-humid, well

developed: full-humid.1 The arid seasons are divided in

the middle, so wéll developed is full-arid, weakly developed

is semi-arid, So the subdivision becomes:

h humid months predominantly sub-humid, arid months
predominantly full-arid
h1 2 humid months predominantly sub-humid, arid months
* predominantly semi-arid
hl' 3 humid months predominantly full-humid, arid months
< predominantly full-arid
1.4 humid months predominantly full-humid, arid months
* predominantly semi-arid

1) Sub-humid: P exceeds O.U EO;(full—) humid: P exceeds 0.3 E_ .

The value 0,8 E_ approximates the average evapotranspiration

of a tree crop. CEO = evaporation of an open water surtace.

{
i
1
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second, very short, dry scason. This type is identifiecd h{1

h2: predominantly humid climates with a long arid season
(5 - 6 arid months)
h2 ]: humid months predominantly sub-humid, arid months
° mainly full-arid l
i ete,
h2.2 ete
h3: predominantly humid climate with a short arid season
(3 - 4 arid months)
hh: predominantly humid climate with a very short arid season
(1 - 2 arid months)
hsz humid climate without an arid season
Normally, all months are hwnid. However, relatively dry
seasons wmay occur, which are sub-humid. The subdivision
is accordingly:
h5 1: normally all year huwmid, but with 2 sub-humid seasons
h='2: practically continuously humid with 1 long sub-humid
e season
h5 3: practically continuously humnid with 1 short sub-huwnmid
* season
115 Lt practically continuously humid l
The arid climatic types are subdivided similarly:
a,: preuomlnantly arid climate with two humid seasons (about -
) i} - 6 humid months, separated by at lecast two arid mouux:;; .
a, 1: arid months predominantly semi-axrid, hwnid months
‘ predominantly full-humid
a‘ ,¢ arid wonths predominantly scmi-arid, humid months
*S  predominantly sub-humid
1.3° arid months predominantly full-arid, humid months
: predominantly full-humid
a, 4t arid months predominantly full-arid, humid months
’ predominantly sub-humid
a2: predominantly arid climate with a long humid season l
(5 - 6 numid months)
a 1: arid months predominantly semi-arid, humid months
2. predominantly Tull-humid
4, ot etc.
a3: predom;ndntly arid climate with a short humid season
(3 - 4% huwid wonths)
a): pre"bminantly arid climate with a very short humid soasonj) l
(1 = 2 resp. 3 humid months)
2) In equatorial latitudes another arid month may occur in the .
-

3)

N

(1
Near the equator therc may occur two very short humid scasons.
In this case crop agriculture may be impossible even with
3 humid months per ycar, cxcept for a few cases (p. Qh).
This type is ididentificd as a(1)h.
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a_3$ arid climate without a humid season

All months are arid. However, relatively wet seasons may
occur which are only semi-arid. I'or many desert species l

this is sufficient, so that a temporary grasscover may form.

Subdivision accordingly:
ag 4 Normally all year arid, but with 2 semi-arid seasons
'2= practically continuously arid with 1 long semi-arid

season
practically continuously arid with 1 short semi-arid

w U\

Ul

3 season
L3 practically continuously full-arid.

Combination of these humidity Aones withythermal elevation zones
(Tabl 7) produces a large mumber of climate types (Plg.

Their significance regarding land use is indicated in Fig. 14.

The thermal zones were subdivided by the first indicator according
to the annual mean temperature, by the second digit according

to the mecan minimum, Both criteria are important in the tropics,

The mean maximum may also be indicated by a third digit. Here,
this is not necessary, as the maximum temperatures are not a

limiting factor.

2.4,2 The apro-climatic types which occur in the area of the

Haraka Settlement Schemes

In the llaraka schemes only the types h1 and a, with two humid
and arid seasons occur because¢ the rainy season is divided
(Fig. 13, 15 - 18). Thermally, it is also an intermediate area
between cool-temperate type t2.2 and warm-tecmperate type t2.1.
The intensity of the rainy seasons decreases towards the eastern

lowlands and on the leeward side (Munyu), therefore, only the

weak types h' 1 and a p dominate therej the agricultural
. o
potentials of the various climatic types are shown in PFig. 14.

Obviously, not all crop species are indicated and differences

caused by varieties arc not included, Further indications folliow

and are also ftound in Chapters 3 and 5.
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Agro-climates of the Haraka Settl. Schemes
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ac arabica coffee
b beans

ba bananas

by barley

co cowpeas

cr castor

cs cassava

ct cotton

m maize

mb mungo beans

pe
pm
PP
se
Si
so
sp
t
vt
w

peanuts = groundnuts

pennisetum millet =bulrush m.

pigeon peas
sesame

sisal

sorghum

sweet potatoes
tea

virginia tobacco
wheat

() = less favourable climate

Fig. l4a Comparison between fig, 12 and 14
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g. 15 Station Mitubiri Chui Estate as an example of h

climate

Of the 5 humid months, 3 are only subhumid, 1.1
of the 7 arid months, 5 are fully arid. Therefore, the humid
seasons are poorly developed, but the arid seasons are stronger.
(The effects on soil moisture storage are not considered when
climate types are identified). The station is centrally located
in the area of this climatic type and quite typical. Only in
Ngoliba A 'and C the short rains may be slightly more plentiful
(Fig. 6).
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Fig,., 16 Station Kitito Coffee Estate as an example of hl 3 climate

Of the 6 humid months almost 4 are fully humid, of the
6 arid months, 4 are fully arid. Therefore, both, the l
humid an the dry seasons are clearly developed. The name
of ‘the station indicates the possibility of cultivating
perennial crops with relatively high water requirements.
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warm-temperate tropical climate, predominantly sub.humid

with two, generally full .-arid seasons

This climate with its poorly developed and short humid
seasons (Fig. 15) is suitable for low sorghum varieties,
bulrush millet, beans with short growing periods, pigeon
peas, mungo beans, sunflowers, castor and sisal. llaize
prows poorer (Katumani is the hest variety), cowpeas,
sweet potatoes, cassava, macadamia nuts, pineapples and
mangoes also donot grow very well, tobacco-even less.
Cotton is possible as a ratoon crop.

warn-temperate tropical climate, predominantly full-

humid, with two, generally full - arid seasons

liere maize (Katumani), sweet potatoes and pineapples
find normally sufficient humidity. The same applies to
very rapid growing cotton varieties, sesame, beans
(Phaseolus vulgaris), passion fruits and agrumes. Tie

crops mentioned under h row well here anyway. Ara-

1.1 8
bica coffee can be tried successfully if diseases wvhich
occur more frequently here because of the high tempera-
tures, are sufficiently prevented and mulching is used
to conserve soil moisture. iiulching is essential for

bananas too.

cool-temperate tropical climate, predominantly sub-humid

with two, generally full - arid seasons

Potential cultivation is more restricted tnan in t2.1h1.1’
as it is too cool f&fﬂLinet, cowpeas, cassava, cotton
and tobacco, though it is difficult to identify the

exact boundary. Some wheat and potatgvarieties might be
tried here, llaize is not suitable, as it ripens too
slowly.

cool-temperate tropical climate, predominantly full-—-

humid,with two, generally full--arid seasons (Fig. 10)

As the full —~humid nonths produce sufficient soil moistu-
re for the dry seasons, this climate is suitable for pe-

rennial crops, such as arabica coffee, bananas, agrumes,

castor and passion fruits. For pineapples, mangoes and

sisal temperatures are not in the optinum range.
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warm-temperate tropical climate, predominantly full-

huwid

arid with two humid seasons which are generally full- I
This is a subtype with only 4 hwwid months (Fig. 17).

These are divided into two each for both humid seasons.
There fore for all farus of cultivation there is a high l
risk of droughts, and for most crops a humid season of
only two months is not long enough, despite the moisture
stored in the soil. This c¢limate is most suitable for I

grazing land. However, it is partly infested by tsetse
flies.

Commercially, only sisal and probably castor are possibls'
crops. Subsistence apriculture would be best with bulrush

millet, cowpeas, pigeon peuas, chick peas, rapid growving
bean varieties (for instance mwezi moja beans) and mungo

beans. llowever, by tradition and because of bird damage,

naize is preferred over bhulrush millet, despite crop

Nn a.

t

ahrg A carrail
nte A Ceriain

Yo
¢
5
bae
¢
pe
£

ures caused by dre aptut

4 &
tumani maize, In Fig. 14 the crops barley, sorghum, swee
potatoes, cassave and groundnuts are indicated for tihis
type t, 13, 4 in brackets, because 1t is not very favou-
rable for these crops. Large rainfall during the humid

seasons produces a high amount of green leaves. Therefore,
the production of fodder and conservation in silos for

dairy and beef cattle should be considered in this clima

warm-temperate tropical climate, predoninantly full-

arid with two, generally sub-humid seasons

Because of the short duration and low intensity of the
humid seasons, this climate offers no optimum conditions
for any crop. To a certain extend suitable are bulrush
millet, dwarf sorghum, Indian barley varieties, uwezi
noju beans, uungo beans, chick peas, coupeas, pigeon

yeas, castor and sisal.,
,
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warm-temperate tropical climate, predominantly full=-

arid with two, generally full —humid seasons which

are too short for most crops

In Ndalani and Nzukini the two rainy seasons are both
shorter than two months. This type is an equatorial dry
climate, rather rare, but unfortunately typical for
eastern Kenya (I'ig. 18, 22). It is an interunediate

type between ay and ay indicated by tiie forumula a(l)d'
This climate is, 1like the normal a, type, favourable
for ranching only, with the advantage that fodder crops
will grow twice per year.

Settlement in this climate with small farmers forces
crop agriculture. With special mmethods cultivation of
extremely undemanding and rapid growing crops like
these mentioned above is possible (Chapter 5.2.1).
lainy seasons are very. short, but intensive, as in-

dicated by the symbol a(1)4.3.
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Fig. 17 Station Kithimani as an example of the transition zone

between a,. 5 and and al 4 climates

About 50 % of the 4 humid months are fully humid. This
station is therefore a borderline casc. Of the 8 arid
months, 5 are fully arid and the dry seasons are there-
fore well developed.

The station is situated near the District Office in
Kithimani, It is typical of the Mamba, Ngoliba B and D
schemes. Near Munyu, rainfall during the short rains

is slightly lower (Fig. 4).
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1°07°S,37°40’E; 1248 m; Rainfall 20y. up to 1974

18 Yatta B 2 Veterinary Station as an example of the transition
zone between hygrotypes a(l)4 3 and a(l)4 4

Both humid seasons are shorter than 2 months. Therefore,

this climate belongs to type a Like a it has two humid

seasons, but they are mostly t o short kor crop cultivation.

The other intermediate situation between a(l)4 3 and 4 is

caused of the fact that there are 3 humid

months (twice 1 1/2), with one season being fully humid and the

other one being a borderline case,

The settlement schemes lidalani and Nzukini are on the wetter
side of the boundary and therefore hawve the hygrotype a(l)4 3
The difference is not great, and vegetation types on

both sides of the boundary are the same, indicating a strong
climatic similarity. A comparison with records in Ndalani
confirmed this conclusion. Although the station Yatta B 2 is
a few kilometres away, it had to be used for this example
since it is the only station with records over a period of
at least 20 years, '
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3. Deliwination_of the areas_to_be_promoted_for_development

The decision regarding which areas should be pronoted, was made
according to need: where the danger of famines is most urgent,
development aid should be given first. According to the cliwmatic
potentialities, four degrees of priority were formed (Fig. 19).
Climatic potential is decided by possible agricultural yields
under existing conditions and the risk of crop failure. As farm
sizes are approximately the same in the whole area of the Haraka
Settlement Schenes (Table 1), areas with the lowest yieids and
the highest risks of crop failure with present maize-cultivation
are also the areas most in need of development aid (Fig. 2o0-21).
Thiis would not be the case if larger units, for instance ranches,
had been formed in these areas.~Since no soil mup is available,
variations in the climatic potential caused by this factor could

not be fully considered.

Four types of areas are indicated (Fig. 19). They are:

®
=
®
»
«
o]

f first priority, or very low potential zone (vlpz),

!
"
]
[el]
5]
w
[«]
n

[ second prioriiy, or low potential zone (1pz),

[¢2

f third priority, or medium potential zone {(mpz),
£

'
£
- o~
o

IS

[}
o 0

fourth priority, or semi-high potential zone (shpz).

These zones largely correspond to the agro-climatic zones. The fir

priority area is the a -climate, where the land use methods and

(1)4.3
farm sizes are in clearest conflict with the climatic conditions wlgh

are most suitable for ranching, as the risk of crop failure for ma

.

is too high (Fig. 28). itlost of the rainy seasons will bring famine.
Only by the introduction of new methods and crop varieties and the
enlargement of farm sizes will it be possible to avoid new cata-

strophies (Chapter 5.2.1).

This economically weak zone contains the projects Hdalani and Nzuk ,

with the exception of two small areas which are situated at a high

L3

elevation. In addition, the lower parts of ilauba belong to this zone.

The second priority area is the zone of ay 3" and 4y -climates,

tlere, crop failures of the main cultivation of Katumani mai

E=

™

a are
e arIg

less predominant, but still rather frequent because of the short
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duration of the humid secason (Fig. 19, 20). In this zone, in-
creasing farm sizes and new methiods are necessary too, together

with a certain change in crops.

This zonc of low climatic potential prevails in the wide valleys
of the lower parts of Ngoliba D and Ndithini and also in tae

rain shadow areas of the Athi plains, where the ilunyu Schene and
the western parts of Gatuanyaga are situated. The largest part

of the itamba project also belonys to this zone. Priority for de-
velopment aid is slightly lower in iunyu and Gatuanyaga, because
in these schenes volcanic soils produce higher yields and ewploy-
ment possibilities exist in Thika for many settlers of these two

schemes.

In the third priority zone the probability of receiQing the mi-
nimum water requirenents of the main crop maize is already more
than two thirds (Fig. 34). llere, the main probleir is the pro-

tection and improvement of soil fertility. Precipitation is nor-
mally sufficient, even for some hygrophytic perennial crops, as

this zone belongs to the predominant humid climate h] flowever,

problens exist because the hunid seasons are frequenfi; poorly
developed. This is the largest zone in the area of the llaraka
Settlement Schemes. It includes nost of the projects Ithanga,
Ndithini and Gatuanyaga, in addition idula, Ngoliba A and C, and

the higher parts of Ngoliba I.

The fourth priority zone has no problems of survival., Since here,

~a relatively high probability of 75 % is reached for the mininum

water requirements of maize. liere the main question is to im-
prove income conditions. This can be attained by making full use

of the possibilities of the i 3-c1imate, especially in relation

i
1.
to perennial crops. llowever, as in the other zones a danger of

soil erosion and destruction exists here, thercfore dsvelopment
aid should not be postponed for too long. The arca is small,
containing only those parts of Ithanga and Ndithini which are

over 1350 m above sea level.l)

1) In Ndithini only a small and rather steep area belongs to
this zone. It may Le disregarded.
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4.1 Areas of first priority (vlpz: very low potential zone)

The vegetation of this zone consists mainly of Acacia-Commiphora
bush, showing an adaptation to semi-desert conditions. This il-
Justrates that here in Ndalani and Nzukini aridity is the main
problem. Precipitation is generally below 6oo mm per year (l'ig.2).
Records over three years, made at the trading centre of Ndalani,
produced a mean of only 4oo mm, but the reliability of these data
is doubtful and the period too short. The long-term nean is pro-
bably higher, but not very much. Rainfall records, obtained du-
ring the long rains of 1977 indicated only 250 mm. The teacher,
who did the readings, had the opinion that the long rains during
that year had been fair. Therefore, with two rains per year a
total of 500 mm is considered quite normal. The comparable sta-
tion Yatta B 2 Vet, Station indicates a mean of 585 mm (Table 3).

Potential evaporation in these areas may reach 2000 mm per year.

This is caused by dry air masses from the east, brought by the

predominant trade winds. The water deficit is over 1l4oo0 mm per

year, so that even unpretentious perennial crops, sucih as sisal
or castor, cannot reach reasonable rates of growth.

Tlie seasonal distribution of precipitation and humid periods

causes a very difficult condition for annual crops. The long
rains start around the end of March and end already in the midd-
le of iay, the short rains last from November until December.
Compared with the potential evapotranspiration, the mean amounts
of rainfall produce just two humid months (Fig., 23) during which
the minimum water requirements of crops in their growing period
are exceeded (50 % of their potential evapotranspiration). There-
fore, maize cannot produce well in normal years (Fig. 22).

The variability of precipitation and humid seasons clearly in-

dicates the very difficult conditions for maize introduced here
as the main staple crop. Katumani-maize, the least demanding
maize variety, generally used here, has water requirements at



the teuwperatures prevailing here of about o.v EO in the first
month, 1l.o Eo in the second and 0.7 no in the third month of
growth (Brown and Cochemé, 1969, p. 291)1). Calculated as awmounts
of rainfall, this means a water need of loo mm in the first month,
170 mm during the second and loo mm in the third month of growth
during the long rainsz) and 110 1, 185 mm and 135 mm during the
short rains. Totals for a good crop are 370 resp. 430 mm. This
optinal distribution in three months was never actually reali-
zed in this zone (records for 1953 - 1974 at the only station
with a comparable climate, Yatta B 2 Vet. St.). Every year, the
rains were either shorter, less or interrupted. But even taking
all the precipitation during a rainy season and assuaing that
good soil moisture storage conditions prevailed and that sur-
face runoff was largely prevented, so that soue s50il wmoisture

was available Jduring the third montih, only 4 long rains and 2
short rains during the indicated period of observation had suf-
ficient woisture for a good Katumani maize crop. This represents

only 20 % resp. lo % of all years (Fig. 28).

But even the probability of receiving 250 mm as a minimum re-
quirement for a small Katumani crops) (Brown and Cocheué, 1909,
p. 29S5), which still assumes a good storage in the soil and no
dry periods during the main growing period, is only 40 % during
the long rains and about the sawme for the short rains (¥Fig. 2o
and 21). On the averuage, every second year brings a crop failure
during both rainy seasons (Fig. 27), and about two third of these
are total failures. The mean yield of all years is only about

3 bags maize/ha, caused by many crop failures, general paucity
of rainfall and poor 501154). Development aid is therefore abso-
lutely necessary for survival here. Despite the poor natural
conditions this aid can be quite effective with relatively modest

different from those of maize varieties with longer growth
periods (Tuble 8).

2) June is relatively cool and potential evapotranspiration is
therefore less thuan during April. Therefore 0.7 x £ in June
is the same amount in mm as 0.6 x £ in April. The diagrau
(Fig. 22) seews to usc dJdifferent amBunts, but here, the so-
wving date in mid-llarch was used as a buse and therefore amounts
were calculated for half a wmonth.

3) The distribution of this minimum. requirement of water would be
about 70 mm in the first, 1lo mm in the second and 70 mm in the
third month., It is ussumed that part of these can be supplied
by soil moisture.

4) An exact comparison of climatic conditions and crop yields
during the rainy periods is not possible in tiie Huraka Sche-
mes because of the lack of data.

1) Water requirements of the rapid ripening Katumani maize are I
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technical and financial means (Chapter 5.2.1).

The rainfall minimum that may be expected in two years out of
three, which is around 200 mm during the long rains and about
230 ww during the short rains, would for instunce be sufficient
for certain bulrush millet andfoxtail millet varieties. A total
over 200 mm is also sufficient for cowpeas (Vigna sinensis),
green gram (Vigna aureus), Mexican beans 142 (ilvezi wmoja, Pha-
seolus vulgaris) and pigeon peas (Cajanus cajan). Crop faillures
are mainly caused by insects, especially at pigeon peas or by
short dry periods during the rains,

4.2 Areas of second priority (1lpz: low potential zone)

The nearby station Kithimani (Fig. 24) is typical for the Manba
scheme in this zone. In jlunyu conditions are sinilar, but the
short rains are a bit smaller., The mean annual rainfall is less
than 8oo rm (Fig. 2), but it exceeds the necessary wmininum for
unirrigated crop agriculture, which is, with a divided rainy
season, about 6oo iui. The water deficit in relation to the po-
tential evapotranspiration amounts to 8vo - looo mu, so irriga-
tion for perennial crops would normally be too expensive. unly
sisal and castor are adapted to the long dry periods which last
from January to .larch and from June to Uctober. April/tlay and
Hovember/December are usually humid montas witih a mean rainfall
of 300 - 350 rma each season (Fig. 24). But a huuid season of
only two months is normally too short for annual crops. If soils
are protected against erosion and surface runoff can be prevern-
ted, moisture for a third month and a little more could be sto-
red in the soil if there is any surplus of rainfall over eva-
potranspiration. In this case at least, 250 ww should bLe r2-
ceived in the two rainy months. Under these circumstances u iii-
ninum yield of aliout 4 bags/ha could be expected of Katwaani
maize, which needs about three wmonths to ripen here. On the vul-
canic so0ils of ilunyu the minimum yields are 6 bays/ha under taz

same veather conditions.l)

1) This advantage in Munyu is compensated by le
short rains, caused by the rain-shadow of 01
(Fig. 60).

ss [avouruble
boinyo Sapuk
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Table &: Water requirenents of sone crops vhich can bhe growvn in
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tie laraka Settlenent Schemes (in § of HO)

Annuanl crops

youth ful period

mitln growing

ripening stape

Cotton
Peans
Groundnuts
Veuetables
Barley

Al falla
tiddze
Sorghum

Perspnial crops

period

40 120 --

70 125 3o

45 Vo S0

8o 120 8o

40 90 40

55 lo0 8o

50-70 So-120 So

50 120 (80)
vouthful stage main pgrowing rest-or

ripening silhce

stage
Avocados g0 1loo 90
Aravica coffee 50 80 40-70
Citrus fruits 90 loo 80
pbananas 40 110 8o
Vine (40) 8o (40)

Calculation of no according to Penman (19560), modified

lands after !icCulloch (1963).
Cochemé (1969), Goldbery (1971), Laycock (1960), Nieuwolt (1873),

Pereira (1057), Rijks (no year), Wallis (1963).

(1965), Saxen ot

al.

for the high-

vater requirements after Brown and

3
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The probability of reaching this amount in a suitable distri-

bution for Katumani maize, is about 50 - 6o % during the lung
rains and 40 - 50 % during the short rains.

Therefore, in the low potential zone maize-agriculture should
be carried out with care, because good yields are rare (except
with special water-conserving measures, Chapter 5.1). Uptimun
conditions of water availability over the necessary period of
three months occurred only in 20 % resp. lo % of the ruiny
Seuasons.

If the sums of rainfall during the rainy seasons are considered
without regarding distribution, 25 resp. 30 % reuached the opti-
mal value (Fig. 32), which, however, assunes very good moisture
storage conditions and is not enough for econounic production.
But total crop failure in both rainy seasons occurred in only
15 % of all years.

lixcept for wmaize, following crops are cultivated: sorghuu, bul-
rush millet, some finger millet, beans, cowpeas, pigeon peus,
cassava and, as cash crops in small quantities: cotton, tobacco
and sunflowers. Yields are normally low, averagiug about 5 bags/
ha for grain crops, 3 bags/ha for bLeans and peas, 300 ky/ha for
cotton and 450 kg/ha for tobacco. Trials with groundnuts during
the short rains of 1976/77 vere successful, but rains were ex-
ceptionally good. Croundnuts need a mininuum of 250 wm of rain-
fall over three wonths in a similar distribution as for Kutumani

riaize. Yleld prospects are therefore not better (lFig. 32).

4.3 Areas of third priority (upz: mediuna potential zone)

The mean annual precipitation is between 8oo and J50 wm (Fig.2),
nainly because this area receives more orographic rainfall cou-
pared with tihe lower sastern scheues. The potentiul evapotrans-
piration reaches only l6oo Lit per year, mainly becuuse of lower
temperatures and more cloudiness. Hormally, the water Jdeficit

is still too large for wost perennial cultures, uas it reaches
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650 - 8oo mm per year (exceptions are sisal and castor). However,
coffee and pineapples can be grown with sowme irrigation and nul-
ching or covering of the soil during the four arid months of

the long dry period and the two arid nonths of the short dry
season. This is clearly demonstrated by the plantations 1in the
western parts of this zone. With special measures, such as plan-
ting in holes with nulch, and some irrigation during tihe beginning
stages of the growing cycle, bananas, papayas, mangoes (for sub-

sistence use) and citrus fruits can be grown here.

ilacadamia-nuts can be grown without tuese special neasures. They
only need soume protection against termites. Passion-fruits would
also prow well in this zone. liowever, the investuents for trel-
lises are probably too large in comparison to present producer

prices.

Rains are concentrated during the periods between the end of
ilarch and the beginning of June and Noveuber/Deceuber. Tuc wmean
value during the long rains is over doo mm and {for the short
rains between 350 and 400 mi. The probability of receiving

250 um, as the uminimum for Katumani wmailze in a sultable Jdistri-
bution for this crop, is between 60 and 70 % for the long rains
(Fig. 20) and 50 - Go % during the short rains. CGatuanyupa and
Ndula have only a probability of 40 - So % in the latter cuse,
as the short rains diminish towards the west. Thes Tisk oi two
consecutive crop failures is only about lo $ (Fig. 34). Thezre-
fore, this zone is well suited for the growing of Hatumani maize
as 4 subsistence crop. [fost crop failures occur because of the
short duration of the rainy periods, as even a slight reduction
in the length of the rains males the wet period too short for
crop cultivation. Sometimes cven ﬂuy is without rain, Therefore,
the yields vary strongly from yeuar to yzar. lor Katumani maize,
they may be between 0 and 50 bags/ha. Yield variations depend
not only on rainfall, but also on cultivation nethods and soils.
In the medium potential zone poor soils occur on granites and
gneisses  wvhere maxinum ylelds are 30 bags/ha. But on fartile

volcanic soils, on the lava flows from the Nyandurus, wiich reach
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as far as Gatuanyaga, Ndula and the vestern parts of Njgoliba A,
yields may be as high as 50 Dbags/ha when there is enough rain
for three agro-humid months. These optiual amounts of rainiall
of about 400 nm nust be distributed so that three and a half
months consecutively meet the water requireuents of Katumani-
maize (Fig. 25).

During this period the monthly totals should be about Yo, 150
and 95 mm, and in addition, half a month with about 25 - 50 un
for the ripening stage. These conditions are fulfilled only du-
ring 15 % of the long rains and lo % of the short rains. Because
of the high risks of crop failures and the cultivation necthods
whiich need soue improveiient, nean ylelds are about 8 bags/ha on
the granites and gneiss-soils and about lo bags/ha on volcanic

soils.

Beans produce more equal yields, with a mean of around 4 bags/ha,
without large differences caused by soil types. Tnz observed
yield differences caused by cliunuatic conditions are betwecen 1
and 20 bags/ha for the fast ripening varietics, suca as nvezi
moja beans (one uonth-beans), which show a beginning fruit after
only one wonth, ripening in tvo nonths. This varisty is very

suitable for the short rainy periods in this zone.

Cowpeas are also suitable for this seuasonal rainfall distribu-
tion and produce siumilar yields. Pigeon peas were also planted,
as they are drought resistant, but yields were reduced by insect

danage.

As cash crops cotton and tobacco were tried. Yields for cotton
during the favourable 1974/1975 season (short and loun raius)
anounted to about 6oo kg/ha. The low yields in 1975/76 of less
than 200 kg/ha were not caused by drougit, but by lacking in-
secticides. In 1976/77 the yield went up to 960 kg/ha in Ithanqga.
Tobacco was introduced by the British Alrican Tobacco Cy. in
1975. Farmers produce air-cured lecaves of about 7 oo xg/ha. it
is still too early to estimate yields in relation to climatic
conditions,but I would advise to continue the cultivation of
tobacco in this zone. (The two earlier nentioned zones are too
dry, the next one too cool and variates too uuch by reliel for
this crop).

1) In the diagram (Fig. 25) values are slightly ditferent, since
here, asccording to tire planting dates, medio nLuarcih is taken
a4s the beginning, starting with halfl a month.

R



4.4 Arcas of fourth priority (shpz: seni-hich potential zone)
lirre are the favourable h1.3—c]inntcs with a mean annual pre-
cipitation of 950 - loSo mm (Fig. 2). The potential cvapotrans-
piration is about 1500 wum. Thouph the annual water balance 1is
still nepgative with a deficit of about 500 mm, rainfall is sufl-
ficient for perennial crops such as coffee, bananas, pineapples,
passion frults, papavas, oranges, lemons and mangoes,where soils
arc not croded and have a depth of at least one nzter in order
to stors the water surplus during tihe raiay periods.l) In tihils

climate the rains produce usually sufficient surplus.

The long rains last normally fron medio-ilarch until the niddle
of June, with the maxinmuw in April (Fig. 16). The mean rainfall
total is about 4S50 nm (Fip. 4), coupared to an estimated eva-
potranspiration of 300 mm. The surplus therefore anounts to

150 mm, vhich can be stored in the soil and can be used to supp-
1y the2 nminimun requirenents of the perennial crops mentioned
above, except during extremely dry years (I'ig. 36). The short

rains frow the middle of Uctober until tiie beginning of Junuary

have a mean rainfall of about 400 mm (Iig. 6), which gives a
surplus of around loo mm which can be stored in the soll. During
many years, the other months also have sonme rain, bringing the

annual total to Y950 nm or more.,

The hunid seasons are long enough for many annual crops, as they
last for three or three and a half months, and considering soil
moisture storage even for five months euach (¥ig. 1o, 11). The
rainfall reliability is relatively good. The probability of re-
ceiving the ninimum of 250 mm for Katumani maize is about Yo §
during the long rains and 80 % for the short rains (Fig. 36). But
because a good distribution over thres months is required the
probabilities are reduced to a bit over 80 % resp. 6o % (Fig. 2o,
21). iue to the mean tenperatures around 20°C. which prevail
here, Katumani-maize needs about four months for its growing

and ripening period.In normal years the var. 511 gives higheryiel

1) ltany perennial cultivations only need woisture amounting to
about half of the potential evapotranspiration (sub-humid or
semi-hunid conditions).
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This neans that the water surpluses of the three wet nonths
should not be alloved to run off,but should be stored in the

50i1 for the fourth wonth. Suitable planting methods are ne-

cessary (Chapter 5.1). ifulching is favourable to reduce eva-

poration from the soil surface.

According to information obtained, yiclds of Katumani maize are
betiween 2 and 40 hags/ha (in this zone there are no volcanic
soils with particularly high yields, as in the wupz). The mean
vield is around 12 bags/ha. In this climate they should reach
at least 2o bags/ha, but soils are poor on the granites and
gneisses of this zone. Fertilization, especially of nitrogen,
would be of great benefit., Protection against soil erosion is

also important.

Optinua conditions for good crop yields in this temperate high-
land climate would necan wvater supplies of about 50 mm during
the second half of ilarch, 120 mm in April, 1lo mm in lay,65 wun

in June and 25 m during the last half{ month. Such conditions can

be expected with a probability of about 50 %. iiean values for
the above nmonths are 115, 250, 120, 15 and 5 mn. There fore, the
deficit during June and July can normally bhe covered by soil
noisture. During the short rains the probability figures for
good maize yields are less favourable (25 %).

As a cash crop, maize is not recommended,and it should be plan-
ted only as a subsistence crop, as tho arca has many steep slopes
where erosion is a threat. For cash crops the percnnial cultures

are ccologically more suitable.
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yle 9: KReduction of water losses with thne matuta-systsw at

Kwakulu, Jdpgoliba 1, during the long rains of 19771)

te nuinfull(um):uunoff vith usualy Runoff with matuta- katio ol
' = 1/l cultivation I systen runoffi
1/m2 i% of rainf, 1/m I o of rainf.l losses
3. 11.4 9.0 79 0.005 about o 1500:1
il.s. 2.5 - - - - -
.3, 47.0 22.3 48 0.02 about o lovo:1l
22.3. 3.0 - - - - -
26.3. 0.5 - - - - -
L 3. 2.3 - - - - -
l.3. 34.6 15.0 43 o.007 about o 2lou:l
2.4. 11.4 3.4 30 0.004 about o 850:1
4.4, 9.1 2.8 31 0.004 about o 700:1
.4, 38.1 11.9 31 0.5 1.3 24:1
l4. 17.5 5.8 33 0.007 about o 530:1
L 4. 7.6 1.7 22 o.v02 about o 850:1
lo.4. 7.0 1.7 24 © 0.003 about o 570:1
11.4. 38.0 7.0 18 0.13 0.3 55:1
L 4. 1.6 0.2 13 0.008 0.5 25:1
4. 27.2 7.0 26 0.15 0.6 45:1
-, 50.0 S.o 16 0.35 0.7 23:1
21.4. lo.0 7.0 70 0.08 0.8 §8:1
23.4, 2.0 0.3 15 0.o00o04 about o 750:1
. 31.5 7.6 24 0.27 0.8 28:1
4. 1.0 0.3 30 - - -
.4, 23.4 8.0 34 o.1 0.4 dou:l
1.5, 3.1 0.7 23 0.00] about o 700:1
S. 28.1 u.n 35 0.05 0.2 2vo0:1
IS. 26 .4 11.5 44 0.1 0.4 115:1
S. 3.5 2.2 73 0.03 1.0 73:1
6.5, 15.1 8.4 50 0.05 0.3 170:1
9.5. 17.3 v.2 54 0.07 0.4 130:1
5. 8.2 5.9 74 0.02 0.3 3o0:1
!IS. 6.5 - - - - -
-5, 6.0 2.1 35 0.03 v.5 70:1
14.5. 26.5 lo.4 39 o.1 o.4 lo5:1
18.5. 15.7 8.5 54 0.04 0.3 2lo:1
]ilﬁ. 1.4 0.7 18 - - -
6. 5.1 1.1 22 - - -
7.7. 1.5 - - - - -
luls 539,2 1890.6 35 % 2.2, 0.4 % 80 :1
1 long 1/m? 1/12 1/m

rains

0 .
Slope 4.5, sandy loans (at about lo cm depth: subsoil of loawy
character), maize cultivation. Hecords taken by the teachers
Julius Kinani and Peter Njeroge.

1
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The results exceeded all expectations (Table 9). Water losses

by surface rmoflf with the usunl cultivation methods amounted

to about one taird of the precipitation, witn the matuta-systen
1)

a1 5

0.

to only O,

buring the long rains, the loss of 183 mm from a total ruain-
fall of 533 mm was not fatal for maize-cultivation, as the re-
waining 350 mn arc sufficient for Katumani maize. But in nor-
nal years the rainfall is often only 250 - 350 mm  and then the
losses of about one third will reduce the availuble moisture

below the critical minimum value for Katumani waize.

Increased evaporation, caused by the enlarged surface area

the ridges, is almost neyligible, as total solar radiation per
square meter heing tihe most important factor controlling eva-
poration, remains the sane. iloreover, evaporation is reduced
by strip mulching as the soil is partially covered. The maize
plants in the matuta field were stronger and larger and the
cobs wers larger (yields were not measured as the fields were

too small and scales not accurate enough). The fact was

Q
o
[§]
i

surprising that the
pidly and that the maize was ripe about one week earlier. This
may be an important advantage as the rainy periods are short

(Fig. 22).

[t is clear that the reduction of surface runoff also reduced
the soll erosion. Lven on nearly flat lands erosion reaches
about 5 mm per year (Plate 4). The protection by the matuta-
system is much more effective than by terracing, whicih needs
more labour and reduces the slope not enough, because with the
high intensity of tropical rains already slopes of only 1Y

may suffer from sheet erosion.

1) In addition there is some loss by psrcolation into the
subsoil (interflow), hut hecause of the character of the
soil these losses are small.
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Contour banks are also not very effective, An interruption
of the slopes of course has the advantage that soil particles
settle down again, but the shorter length of the slopes has
little effcct on the amounts of runoff (l'ootnote 1, page 73).

nan effective conservation of soil fertility is caused by the
cornpost-building of the strips of mulch.l) The supply of or-
ganic wmaterial is especially valuable, as hwwus can Tetain
about 25 times as many nutrient-ions as the prevailing kaoli-
nite. Therefore also artificial fertilizer is retained for a
much longer period and nmuch less washed out. iloreover, mul-
ching has a favourable effect on micro-organiswms in the soil.
Because of the short duration of the experiment and the lack
of techiinical instruments, it was not possible to measure soil
d

systenn is known from comparable arcas in East Africa (southern
Tanzania, Lake Victoria). In the Haraka Settlement Schemes it
is of particular interest, as farming units are too small to

allow rest periods for the soil.

se three advantages makes the matuta-
system the best suitable for semi-arid areas in the tropics
(modifications see Fig. 30). It is preferable over the dry-
farmning method, which would cause large amounts of runoff,
s0oil erosion and soil deterioration (as it is exposed to the
hot sunshine) during its fallow period.

1) Grass, weeds and crop residues are deposited in the areas
between tiie ridges. The next year, the ridges are construc-
ted over these deposits,

£
onservation results, but this favourable effect of the matuta-

I N EE B B O EE N .
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IT. A fertilization programme is urgently required

Farm sizes are so small that most settlers are unable to pgive
their fields a fallow period to restore soil fertility. un the
poor, red latosols which occur over grunites and gneisses
(Table 2), where kaolinites prevail, the loss of soil ferti-
lfty is so rapid, that after four years of cultivation, or
even after two years when both rainy seasons have been used,

a fallow period, lasting at least a few years, is necessary.
Cultivation of leguminous fodder crops would be even better.

As Table 1o shows, the deterioration in soil fertility is very
serious. In this case, soil samples were talken from the fields
of a very good farmer, who has constructed erosion dams and
vho regularly fertilizes his fields with dunyg. lievertheless,
tie fertility of his soil after four years of cultivation is
serious. For comparison, soil samples from an undestroyed
grassland, about lo m avay from tne first sanple, vere una-
lyzed. Though a larger number of samples would have been desi-
rable to check the results, the tendsncy is very clear, [li-
neral contents in the cultivated soil have been reduced saar-
ply.l) {lumus contents is 35 § lower, water holdinyg capacity

is reduced and 30 % of tiie silt in the topsoil wvas lost.

iluus can be returned to the soil by using tie natutda-systeit
vith strip nulching, but fertilization is necessary. A simple
systen of making mineral fertilizers available on credit
shhould be introduced. vwhere payments would be outstanding,,
it may result in reducing the numwber of animals belng too

high anyway. Problens could be expected in Jddalani and lizu-
kini wher2 crop risks are very higa. There, lfertilizers are
also very necessary, but they will be elfective only il otuer
measures to consevve water and reduce water losses ure carried

out simultancously (Fig. 30).

1) The higher amount of phosphor in the subsoll way have
been caused by a wmeasuring error or by infiltrated cow-
dung.
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III. More extensive weather forecasts are necessary

Since the rainy seasons are short, it is very important that crops
are sown as early as possible (Fig. 31). On the other hand, sowing

should not take place during a short rainy period before the actual
rains start, as the seed would wilt then. Therefore, farmers usual
wait until several good rains passed and start sowing when they ar*
sure that the rainy season has really started. In this way, many
valuable days, in some years even weeks, are lost and this delay can
be decisive with regard to crop yvields.

Synoptic climate-stations and satellite pictures can, however, give
reasonably accurate information about the position of the Inter
Tropical Convergence Zone with its wide belt of reliable rainfall,l
and about the speed of its movement. This could be daily communica
ted by radio after the weather forecast. It would enable farmers to
choose the right moment for sowing, especially if a radio service l
would inform the various districts about this. Transistor radios a
found in most villages and information would be distributed quickly.

5.2 Proposals for separate areas

5.2.1 Proposals for areas of first priority (vlp-zone)

These are especially the problematic settlements of Ndalani and
Nzukini. Situated beyond the normal limit of rain-fed crop agri-
culture, they should be converted into grazing areas, but this
cannot be suggested as development of crop agriculture and degra-
dation of pastures has progressed too far. Therefore, only an in-
tensification of agriculture can be tried, but farm sizes must be
increased first (p. 90).

I. Introduction of new plant species

The present agricultural practice of using maize as the main crop
gives rather uncertain results, as in about 60 % of the long rains
and around 50 % of the short rains yields are practically nil.

Good crops occur only in 20 % resp. lo % of the seasons. It is the

fore necessary to emphasize other crops, use special methods (Figq.

N R S O EE ..

and improve animal husbandry (p. 89).
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Using some undemanding bulrush millet varietiesl)

or dwarf-sorghum,
crops which need only about 200 mm of precipitation, the probability
of obtaining good yields is increased to about 50 % during the long
rains and 80 % in the short rains. If the distribution within the
seasons 1s considered, these values are reduced to 45 resp. 55 %, but
only in lo % of all years conditions would be totally unfavourable
during both rainy seasons. (These figures are based on the data from
the only example available, Yatta B 2 Vet. Station, Fig. 27). However,
it should be remembered that these figures are only valid if runoff
losses are reduced to the absolute minimum; if this is not done the
number of crop failures would be about twice as high.

Regarding rainfall conditions, the best crops would be some Indian
foxtail millet varieties (Setaria italica), which need only 150 mm
in 40 days. For this crop, 75 % of all long rains and 90 % of all
short rains at Yatta B 2 would have been sufficient. In Ndalani and
Nzukini, probabilities are even more favourable (Fig. 28 and 29).
It would be advisable to obtain technical aid for the introduction
of these new crop varieties from India (ICRISAT Institute Hyderabad
I for drought resistant bulrush millet and dwarf-sorghum varieties,
Central Arid Zone Research Institute = CAZRI in Jodhpur for foxtail
and hog millet varieties).
lFor the problem of peeling the very small grains of this millet CAZRI

has developed easy manual peeling techniques by rolling it between
rubber sheets.

Another possibility would be to introduce particularly unpretentious
barley varieties from Northwest India or South Maroc which can mature
with 150 mm of rain in 55 days. The problem of barley diseases (rust)
in the warm climate can be overcome easier than the lack of sufficient
rainfall with present grain crops.

1) The Westafrican variety barbed bulrush millet, which is not eaten
by birds because of its long awns. Dwarf-sorghum is also able to
withstand short interruptions of the rains in a sort of dormant
condition.
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In addition, other crop varieties could be considered, but
their worth in this respect has not been well recognized. The
butfalo~gourds (Cucurbita foetidissima) from hexico and tiie
southwestern United Statesl) seen to be most important. These
grow under very arid conditions and produce about 2500 kg of
seeds per ha which contain about 33 % o0il and the Ssame pro-
portion of proteins. This is about the same amount produced
by groundnuts under much more humid conditions. In addition a
large root is produced which accumulates about loo kyp of starch
after three years. The starch is mixed with bitter substances,
but it can be washed with saline solutions., Lxperiments with
the buffalo-gourds have started in Beirut, founded by the Ford
Foundation, and these are rather promising. At least this crop

could be used as a food crop in emergencies.

IT. Improved techniques and water concentration

Even when longbarbed millet varieties, dwarf-sorghum and burley
are introduced, settlers will still cultivate maize. To protect
people from starving as a result of poor yields, it is suypes-
ted to introduce a combined system of water-harvesting, cou-
post-formation and protection against soil erosion by using tane
matuta-system of small ridges (Chapter 5.1). llowever, every
second ridge is left out and in between about lo cu of top-
soil is used to build the ridges (Fig. 30). This will result
in flat spaces of about So cm which, when the slope is about
4 - 5°
the rainfall (Table 9). Tihis water will be stopped by the small

, will have a surface runoff of at least one third of

ridges and be available to the plants. Probably tiae surface
runoff is much higher, because of the hard and flat subsoil,

as the above values were recorded on a loose topsoil,.

1) Nat. Ac. of Sc.: Underexploited tropical plants with
promising economic value, Washington, 1975, p. 94 passim.
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On gentler slopes the surface runoff will not be nmuch lower,
because the high intensity of tropical ruinfall causes sheet
floods on slopes as gentle as 1° and even on tiue peneplains
slopes are.rarely gentler. On steeper slopes the runoff is,

of course, higher. But even when assuming only one third of
rainfall as runoff, the available amounts of water near the
ridges are increased by the decisive amount to reuach the nini-

mun requirements of most crops.

At a rainfall total of about 200 mm, as is the case during many
rainy seasons in this area, about 70 mm would be added. A total
of 270 mm would be sufficient even for Katunani wmaize. The pro-
bability of reaching this minimum requirement in a suitable
distribution would increase for. the long rains from under

40 ¢ to about 60 % and during the more reliable short rains
fron 40 to about 80 %.

Expenses for this improvement are small, Sone dJdemonstration
fields and probably a folder with a drawing similar to ¥Fig.3o
would be sufficient for a start. When larger fields are iu-
proved by this method later, suituble plows and rollers of
about 8o cmwidth could be used. Since farm sizes are very
suall, it could be considered to plant cowpeuas on the ridges,
as they would produce leaves which can be used as a substitu-
te for spinach. lloreover, it would improve shading and in-
crease nitrogen contents of the soil. The following yeur the
flat strips would be turned and the new ridges erected over
these areas. This would substitute for a fallowing period.

But even with these improvements of tihe water concentration,
it will be necesséry to adapt the vegstation period of naize
to the shortness of the rainy seasons (Fig. 31). Preparation
of the fields before the start of the rains and sowiny as
early as possible would be the first condition. Seeds pre-
germinated for 24 hours in water can shorten the vegetativn
period of about one week. For small surfuces, seedbeds irri-
gated by hand, followed by transplantation, can save up to

two weeks.
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II11. Yodder crops and fodder trees

Cattle is especially needed as a source of food and cash in-
cone during years of poor crop yields. For the growing of fod-
der crops rains are usually sufficient. The carryinyg capacity
of the natural pastures is one stock unit per 4 ha according
to the ecological zones by Trapnell. If one assumes 5 stock
units per family, 20 ha would be needed for animals. llowever,
overgrazing and soil erosion have turned the natural pastures
into '"man-made deserts' and the carrying capacity is much low-
ar. With the cultivation of fodder crops and the planting of
fodder trees, the surface needed for the animals could be re-
duced to about 5 ha. Ecologically it is correct to use the
short rainy seasons, which are often not sufficiently long to
allow proper ripening of maize for the cultivation of fodder
where their intensity 1s an advantage. In this cliunate, green
maize would produce the highest yield of fodder per ha (about
20 t green fodder/ha per rainy season, compared with about 3 t/
ha from the savanna grasslands with Cenchrus ciliaris as the
main variety). Silage production is necessary for the dry
seasons. Technical probleus (cutting, pressing, protection
against termites) would require technical aid and advice. Pro-
duction of hay from good fodder grasses, such as sordan grass,
would also be possible, but would result in less mass. An ex-
periment with Guinea-grass in Ndalanil) during the long rains
of 1977 produced good results, as it ripened well with an
amount of rain which was not above the mean value. In all ca-

ses, fertilization would be essential.

As a fodder tree the Acacia albida should be considered. Its
fruits constitute a very good fodder. The Austrulian Cassia

sturtii could also be planted, as its leaves, which contain

1) Sorghum guineense planted by Technical Officer
Mr. E.M. Sumbi.
2) about 75 kg per tree
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a lot of protein, are preferred by goats.l)
Sheep and goats would suit better to the prevailing farm size
than cattle. Indian dairy goats, for example Barbari, should
be iuported. About 13 of these can be kept per ha, with good
manapgement and Pangola grass (Digitaria decumbens) up to 45
can he carried per ha (DEVENDRA, 1974, p. 132).

Cattle is also necessary when farm sizes are increased (see
below), because plowing will be necessary especially with the
nmatuta-systen described above.

IV, Enlargenent of farms and resettlement of surplus population

As yields are in average only 3 baps/ha (p. 58), a family of
6 persons would need about 3 ha to obtain the minimum need of
@ bags grain per year. The same field cannot be used twice a
year, because the soil needs a fallow period to restore its
fertility and to store water for tire next crop season (dry-
farming method). In every rainy season the family could cul-
tivate an area of about 1 1/2 ha which they could also cover

regarding weeding.

Cultivation of pulses should be increased, because many va-
rieties need only 200 mm of rainfall in two months, amounts
that occur relatively often (Fig. 27). A family needs at least
1 ha for this cultivation. or they have to intercrop with
grains enlarging those fields. Cowpeas and green grams (Vigna
aureus), together with pig=on peasz) and mwezi moja beans are
nost suitable. One humid month producing at least green beans
and, with cowpeas edible leaves, occurs in 90 % of all rainy

s5edasons.

1) loco kg/ha, in mixed cultivation with grass or similar
crops. All indications according to Nat. Acad. of Science:
Underexploited Tropical Plants with promising Economic
Value, Washington, 1975.

2) Pesticides are necessary for these crops.

!
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Yields of pulses are lower, than those of grain crops, avera-
ging 2 bags/ha, but they are more reliable because they have
shorter vegetation periods. Cowpeas are particularly important,
because even if the peas do not reach full wmaturity, leaves

are produced which can be used as spinach. However, marketing
to Nairobi is still poorly developed and should be inmproved in

organization.

This totals at least 4 ha for food crops. To obtain larger
surpluses for cash income, another 1 ha with pulses would be
favourable. This would also help in rotation. As was indica-
ted above, animal husbandry would need at least 5 ha, so for
a healthy farm the size should be around lo ha at least.

The present average farn size of 2.8 ha (Table 1) is thercfore
too small. To change this to larger farms, about 70 % of the
present population should be moved out of the area or be pro-
vided with other means of income. However, the surrounding
areas around the projects are already settled with irregular
settlers with farms of about this order of size. Therefore,
the best solution might be to give technical and financial

aid to those families (about 80 %) who are not living on as
"pood'" classified plots, to enable these people to move to new
settlement projects near the coast (llindi and tlagoponi).

Presently, people make an existence by cutting the trees on

1)

in time create a man-nade desert. If present methods continue,

their farms and by exhausting soils and pastures. This will

the settlenent projects will need about 3 million shillings

per year to prevent famines and starvation.

V. Limited possibilities of irrigation and chances ol dan

construction
Irrigation would be a solution for the continued existence of
the farms which are too small, However, irrigation is only
possible on the flat plains between Yatta Furrow and Ndalani
Market. A small canal has been dug as a Harambee-project, but

1} They produce charcoal, which they sell to the city.
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it 1s not working. fforeover, water rights have not been clecared.
1f irrigation is possible, bananas and nmulberry trees (lor silk
production) would be suitable crops, because they give high
yields per ha. If technical aid is available, vines (obtainabh-
le f{rom the National llorticultural Research Station near Thika)
could be introduced as an intensive cultivation with good sales

nrospects, both for grapes as well as {for wine.

Small dams can be constructed for the breeding of fish and for
watering livestock, but they would rapidly be filled by sedi-
ments unless some neasures to stop soil erosion are carried out
in the catchment areas. This is clearly shown by the existing
dams (2 in Ndalani, 5 in Nzukini).

Water temperatures would generally be above 259¢. Therefore,
the reservoirs would be very suitable for the Chinese grass-
carp (Ctenopharingidon idella) which grows very fast at ten-
peratures of this order. This fish feeds on the waterpest
(Eichhornia spec.) and also on fresh-cut grass. In this way an
ecosysten with very high yields per surface area could be con-
structed.



5.2.2 Proposals for areas of second priority (1lp-zome)

I. Fewer crop failures by using better cultivation methods

llere, in the projects of Hamba and Munyu the amounts of pre-
cipitation are much more favourable for the cultivation of
miaize than in the vlp-zone, but the growing periods are still’
very short. If one considers the storage possibilities for
moisture in the soil (Table 2), about three agro-humid months
occur on average during the long rains and two to taree during
the short rains (Iig. lo, 11). But these months are not always
consecutive, especially during the short rains. Fig. 33 shows
that by sowing as early as possible and by using tie methods
described on p. 84, the growing period can be shortened and the
cultivation may be better adjusted to the occurrence of rain-
fall.

The matuta-system (Fig. 30) should be adopted for maize ian the
method of water concentration, for the other crops in the nor-
nal form of ridges along contour lines. ilulch tillage is an
important way to reduce evaporation losses, ds yields uay be
increased by as nuch as 50 & (ROCKWOOD and LalL, 1974),

II. tlore secure food supplies by cultivating dillerent grain

crops and cassava

Since the cultivation of maize carries a high risk of crop
failures or low yields, pgrain cultivation should be extended
to sorghun varieties, which are nuch less sensitive to dry
periods. Below an elevation of 1300 1 bulrush millet varies-
ties, which need even less moisture, should he cultivated.
Weaver birds, which eat a large part of nmillet crops, can be
kept away by using the longbarded bifd—rejectiug variety

with its long awns from West Africa, instead of ordinary bul-
rush millet which is popular in Last Africa. jloreover, the
cultivation of cassava should be compulsory as a precaution

against periods of famine.
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This root crop grows very well on anti-erosion ridges as the
s0il is loose and the water supply is improved by water col-

lected on the slope.

ITI. liore pulses as cash crops

Castor seems to be the most suitable cash crop in relation to
the climate, but its price is not attractive. It will be ne-
cessary to reorganize the marketing of this crop. At the pre-
sent, farmers in Ngoliba D for example do not know how to sell

the product, as nobody collects it.

Clinatic risks would also be very small for sisal, but it is
not a suitable crop for small farms. On the basis of the old
sisal, which exists in tunyu and near [famba as remains of the
former plantations, it might be possible to organize a coopera-
tive plantation (under experienced and strict management) wiich
could be additionally supplied by the surrounding small farms

(nucleus-system).

unflowers the risk

%]

For the cultivation of cotton, tobacco and
[a)

hi P N IR T .
high ) and tl hould not be pro-

of crop failure is t

[s)

ops 5
noted. It is advisable to concentrate on peas and beans. Cow-
peas and nmwezi moja beans are most suitable, though yields are

only 4 bags/ha, but one can also sell the green leaves and beans.

Green heans can be dried, which may be useful for subsistence

food during the dry periods.

On the black vertisols in flunyu, chick peas (Cicer arietinum)
should be tried, as they grow well on this type of soil . In
the hotter areas, such as Hgoliba D and tamba green and black
arams (Vigna aureus and V. mungo) would be able to do well witih
very little rainfall. The method of intercropping maize with
pigeon peas should be continued as these crops supplement

each other uand the pigeon peas are very resistant to droughts.

Protection against insect pests (especially lleliothis armige-
ra) is, however, necessary. Protection against game is also

required, especially in Hunyu for cowpeas.



= ] =

IV. Enlargement of farm size

Considering the low average ylelds and the risk ol crop [ailu-

re, there is no doubt that present farw sizes, with an avera-

il

e about 2 Lha, are too swall to provide an econonic buse ol

ge of ;

existence, except in the volcanic areas, where the soils are
pood. For subsistence and a mininum cash incoue of about 6o Sail-
lings per month, a mininmum farwm size of 4 ha is reyuired. ot
least 6 ha (4 ha on volcanic so0ils) are necessary to have 1n-
come levels couwparable to those of an unskilled labourer in the

town, which would help to sten tae wovenent to the clties.
, !

V. Intensification of aniiu

husbandry

Cattle is necessary for the settlers, both as a source ol loold
and of cush incone, as well as for draught animals waen | low-

1% §

. bBut the guhSihl]lliﬁﬁ for LTAazlny, dre liuil“n, a5 pver-
grazing and soil erosion have bheen widespread. s prograune ol
fodder production and of feeding cattle in the stables is
needed, coubined with the introduction of upgraded aninals,
Ilmder natural conditions, this zone lias a carrying capacity
of one stock unit per 3 ha. The production ol tue natural _russ
cover, as far as it is still present, is about 4 - 5 t/hu vl
fresh grass per rainy season. Ureen nmaize could produce wvout
20 - 4o t/ha per rainy season of couwparable fodder. Tecuniques
to produce %il:!;é” shhould he introduced. The pgreecn nmaice
should be mixed with sordan grass for this purpose, the lat-
ter would provide a permunent ygrass cover which is in uany casc

an advantage.

Crop rotation of norwal crops with leguninous fodder crogs
like Clitoria ternatea, lLuablab purpureus or Jlacroptiliun at-
rovenat

ropurpurewt vould consideralily contribute to an L

ol the lodder situation and the solls.

17 Protection ;|5‘..¢iu-‘t teriites 1s necessuary,

The new promising cross-bred gamma grass could also he trici.

r-




Conservation of pastures by rotation,

TR ER } o

A lov { of thorny bushes is sufficient
but unfortunately tlhis nethod is not used
veTyY GLten.

: Start of a fodder economy

is ke

pt within the couwpound and

maize cobs (lipoliba b).
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Indigenous fodder trees

or the llexican evergreen tree Brosin

vide fodder with a hiph protein content also during

|9110Ja. This would be particularly

, like Acacia albida, Albizzia a

woe alicastrun would
Live

suitable for goats
n cat

sheep thich are better suited for small farms tha

(p. 90). It will be necessary to plant nany trees

the supply of fuel is already beconing a problemw.

VI. Snall-scale_ 11‘11".‘1t10r- and dan

construction

In the Jiamba-project near the Yatta
sation would be possible,

ent. Tl

ient. lor irrigation cooking bananas as a fooud croj

suitable and mulberry trees to feed

tion of silk cocoons has been tried

Kenyan Youth Service with great success.

trees would yield 2znough to

problens of organization and quality

is condition is investigated(

furrow snall s

if the available water 1

by the later

silk wvorms. Th

in the nearhy

a

e irrigation worthu

standards can

anywa

cale
5 sul
epa
) Wou

&2 pToO

nd mu
hile.

be

Hura
pro-
dry

ana

tie

Sy ds

irri-
i~
rt-
1d e
duc-
of the
lberTy
I

solved,

vegatable crops like green lLeuns (French beans, haricots verts)

could also be introduced. Coubined

and irrigated [ields would result in a constant su,

the seasons wiich could be the basis lor a canning

production fron

Where possible, small dams should be constructed.

servoirs, watser plants, algae and fish could Le

rain=-fed

ply

over

plant,

In the re-

introduced.

Especially the Chinese grass-carp would find suitable 1

teuperatures (as suyg

woment the only dams in tae 1p-zone
(7 small ones),

are in the llun

ested already for the vlp-zone). A

ater

t tie

yu-project
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sisal is tihe wost reliable crop.

ZEAL TR " LT T e
o W‘\’\ ;:'1 [ ‘_Afﬁﬁgg.:f\ "’ii;?
) \ _ RS

, A%

Bananas cultivated in pits, witia some

additional irrigation lron piped water
apoliba A
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5.2.3 Proposals for areas of third priority (mp-zone)

I. Intensification of cultivation and protection, resp.

improvement of soil fertility

Actually it would be necessary to increase the farm size of
around 2 ha (Table 1)1) with about 50 %, at least in the non-
volcanic areas. With the present practice of cultivation du-
ring both rainy seasons and every year, soils will be soon
exhausted. Secondly, the relatively high risk of crop failure
(p. 64, Fig. 34)can be compensated by larger farm sizes, and
thirdly the pastures for cattle, whicih the settlers need as

a security against crop failures, are not sufficient. If a
reduction in the number of settlers is rejected because of

the social complications, land use must be intensified and
fodder crops nust be plahted. Possibly the distribution of
artifical fertilizers on a simple credit- or barter-schene _
(fertilizer against cattle) could help the farmers to get enougi
income from their small farms. Hevertheless new techniques, such
as contour ridging and strip mulching (Chapter 5.1) and the
application of cowdung should help to improve vater storaye,
soil conservation and increase soil fertility. The growing of

cassava as a precaution against famine should be compulsory

_everywhere. 'his crop does especially well on sandy soils. Fodder

crops, such as green maize and napier-grass should also be in-

troduced to increase yields of fodder per’ha.z)

lioreover, for the intensification of their land use tiae far-
mers need a water supply system as already exists in Ngoli-
ba A. This would enable them to give supplementary irrigation
to bananas and fruit trees (p. 66 passin).

1) unly in the area of lthanga Basin Lxtension farm sizes of
about 4 ha per family are more suitable to prevailing con-
ditions.

2) Lxperiments in this zone with a fully dried natural pruss-
cover of Hyparrhenia rufa yielged 150 gr/square ueter, with
not fully dried waize 2.5 Le/wmé, that 1s 1.5 t resp. 25 t
per hta. This is the equivalent of about 5 t resp. 50 t per
ha of fresh fodder. As the grass may be cut twice, the fi-
nal comparison could be lo against 50 t per ha.
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Even coffee cultivation might be possible. huring about half
of all rainy scasons the rainfall is sulficient for this crop
(ri

but during the remaining quarter of rainy seasons conditious

. 34). buring another quarter the plants would survive,

are critical for this crop, so that the plants would partly
wilt and die unless they receive sone supplementary irriga-.
tion. Cultivation of coffee might be possible in these areas
without irrigation if the bushes would be planted parallel to
contour lines on ridges of about 56 cn height making the
distance between the rows about twice as nuci as normal for
coffee. Un slopes, this system would bring a considerable con-
centration of moisturzs (Fig.30). Between the rows of coffee

it would be possible to plant leguwainous fodder crops which'
sirould ba cut early during dry years to provide nmore moisture

for the coffee,.

Witiv all these measures of intensification and a good product

like coffee, the farmers could attain a reasonable existence

<3

also onn the present farms with an average size of 2 ha.

The smaller projects need protection against game animals.
Thase projecis are surrounded by large farms and plantations
where the game find protection (HNdula, Ngoliba I and Gatuanya-

ga). Cowpeuas in particular are eaten by gane.

IT. Supplenentary dapns

The construction of small dans by harambee groups, possibly
aided by Food for Work, or by bulldozer, would have a benefi-’
cial eflect in many wvays (water and fish, p. 92). These dans
are also very helpful in the supply of water for pcople and
livestock during the arid seasons, as thez water courses dry
up. Piped water is still not available, but one project with
Japanese technical aid is planned for Ithanga in 1978/79. Pre-
sently there are only thrze small dams near Ithanga, but they
are not used for raising fish. Suppleuentary irrigation from

these reservoirs would have beneficial effects ut low cost.
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5.2.4 Proposals for the areas of fourth priority

-1. Perennial cultivation of cash crops

From the climatological viewpoint, the best land use in this
area would be to concentrate on coffee and other perennial
crops. In this area of high relief perennial crops are to be
preferred over annual crops. Teuperature conditions are pood
for coffee and the moisture supply is sufficient (Fig. 30, 37).
Coffee~berry disease will not be a major problem as the climate
is relatively dry which fact restrains dispersion. lrriguation
is not feasible in this elevation. ulching is favourable,

especially for the conservation of soil moisture.

Apart from coffee, sone other percrinial crops are suituble:

passion fruits have a ready nmuarket at the factory of Kenya Fruit
Processors in Thika, the price to the producer rose from -.50 Ksh
per kg 1977 to 1.50 in 1978. Papayas might be used to obtain pu-
pain and the fruits are also good fodder for pigs. khsre wind
protection is available, oranges of good quality can be prown,
for instance the Washington navel breed. Young plantings of col-
fee, passion fruits or orange trzes should be given s0il pro-
tection (against overheaﬁing and intensive rainfall) by inter-
planting with beans which would ulso give an early yield.

IT. Suppleumentary food supplies

As [ood crops, maize var. 511 and beans will be the main crops,
but they should be supplemented. ilore cultivation of banuanas,
which grov well here, is advisable. Potatoes have been tried,
but the results have been poor so far (yields of about 2o hags/
ha according to official sources). Using the ripght techniques
and varieties, considerably higher yields can be obtained (per-
sonal communication HOLLER). Blight resistant varieties and

fungicides are necessary. Food supplies for tie ciattle can



Long rains
Short rens

[ N NN o 1

T e
Dl e e A d aelee a8 v
BEHHHUHETLHHI

197

LT3 1975

LTI

| llllllllllllllllllIllllllllllllﬂlllllllﬂlll

w12

I:ll llllllllmlllllllllllmlll mm‘ m

oo

. mmmnaminin

[ —IIHIHHHHH ““”“l
2 [ H H llH H Hmm.mhn.
g ESF i
o .h i I
& i 2
t—
Q
o
S
3
i
e 3
£ 3
i
H ]
- g
¢ § f 8 g8 g g tslsd\sglz s
5 5 332k 1.7 E i
.o kE Eepdr egs eil ef
S WX ig2yst gE; EESC ]
i% [CImmm 8358185 i

.Fig. 36 Seasonal rainfall amounts at .the most typical station of the fourth priority area,

compared to the water needs of suii

able grain crops and cofifee



— 400

KITITO COFFEE EST.




g it
f'?;-m{,';m
b

) ga 4
i 8 } " ! Y .
, A .’:‘;: ”‘-"ﬁﬂ’q f‘%ﬁﬁ ; 421

" . = - -l 2 -
A T e T Sk Y s A o AT A

ivation at tue
tion near Thika

rious Lrow ralatively
Lell witih soue supplencntary irrigation.

14 ¢ Tre2e nursery the .at. Lort. Research

Station near Thika

Althougn the young trees are cheap, they
ar2 not sold in the llaraka Settlenent
15e the nursery is too far

condary nurseries {or sale-

schenes, bec

cienes are taereliole nece

ssary.

|



- 109 -

Plate 15 ; A settler and his Family in lLunyu

tiere, the main problem of the future is
demons trated very clearly - contrary to
the theory that the nunber of children
decreases with rising living standards.
This is a rather successful settler, who
enjoys a good incone from his employment
at a firn in Thika.

|
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he improved by cultivating napisr grass. Steep slopes should
not be used, as at present, for the cultivation of maize, but
they should be reforested.

. Conclusion

Though development aid would have most effect in both semi-
humid areas of higher potential (mpz and shpz), the popula-
tion of these areas only need limited support in the form of
a fertilization-, tree-planting-, fodder-cultivation- and
cattle-inprovement-prograrume. In the low and very low poten-
tial zones, however, considerable amounts of development aid
are urgently requirsd to prevent famines and further destruc-
tion of the natural resources. Priority should be given to

the matuta-system with water harvesting (runoff agriculture,
Fig, 27), because it reduces crop risks and prevents further
destruction of the soil. The introduction of undemanding crops
such as Indian barley, barbed millet from West africa, dwarf-
sorghum from Texas and buffalo gourds from Arizona should be
promoted. But with all the help it is unavoidable that the
nistake of creating farms which are too small for these semi-
arid areas is corrected by resettling part of the population.
Therefore development aid should be combined with the creation
of new settlement areas near Lamu where the surplus popula-

tion can find a new home,

The large number of childrén that nany farmers hdave is alar-
ning (Plate 15). The pressure on the land is intensified by
this factor. Here is a possibility to introduce a conprehen-
sive development aid project by creating old age support
systems which would abrogate the need to have many children.
To pay settlers over 65 years of age a monthly pension of So
Shillings would cost very little at the present and later about
300 ooo Shillings per year. This amount would probably save
much more money which would be necessary to prevent famine

from an exploding population,
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APPENDIX TO REPORT ON AGROCLIMATE OF SETTLEMENT SCHEMES BAST OF THIRA

PAGE 1

EXAMPLE OF VIIRY LOW POTENTIAL ZONE
STATION: YATTA B 2 VET. STATION (NR. 9137076)
RAINFALL, IN MM, FOR PROBABILITIES

2 OUT OF 3 YEARS 4 OUT OF 5 YEARS
1IONTII LINIT LIMIT YEARS

LOWER UPPER LOWER UPPER OBSERVED

01 10,00 26.00 . 0.00 34.00 21
02 2.00 16.00 0.00 43.00 21
03 23.00 83.00 8.00 110.00 21

04 72.00 127.00 49,00 183.00 2

i a6 0.00 0.00 0.00 6.00 20
07 0.00 0.00 0.00 2.00 20
08 0.00 0.00 0.00 4.00 20
09 0.00 0.00 0.00 3.00 20
10 8.00 41.00 »

~N

.00 57.00 20
1 145.00 199.00 64,00 217.00 20

12 33.00 56.00 23.00 87.00 20

PERIUD T

(MARCH-HAY) 153.00 213.00 07.00 310.00 20

PERTOD T1

(JAN-DEC) 392,00 497.00 349,00 577.00 20

HOTE: LTHITS WERE COHPUTED FROUE CTHE LOREHZ - CURVE USTMNG LINEAR

SHOOTHING.

l 05 14.00 43.00 2.00 57.00 20



PAGE 2 I
EXANPLE OF LOW POTENTIAL ZUNE
STATION: KANGUADU KITHIMANTI D.0. (NR. 9137074) l
RALHEALL, TN M1, TOR PROBABILITLES
2 0UT OF 3 YEARS 4 OUT OF 5 YEHARS l
HONTH LIMIT LIMIT YEARS
LOWER UPPER LOWER UPPER UBSISR\I)
01 11.00 38,00 3,00 66,00 25
02 6 .00 27.00 3.00 57.00 25 I
03 a1:00 112.00 10.00 142.00 25
04 105,00 180,00 . 77.00 203.00 25
05 17.00 83.00 Y.00 99.00 25 l
06 0.00 8. 00 0. 00 14.00 25
07 0.00 0.00 0.00 9,00 25 l
03 0.00 0.00 0.00 5,00 25
09 0.00 5.00 0.00 15.00 25 .
10 22.00 49.00 19.00 67.00 25
1 45.00 202,00 80.00 242,00 25
12 36.00 53,00 25.00 . 95.00 zsl
PERIOD I
(IARCH=TIAY) 236.00 315.00 173.00 371.00 25 l
PERIOD 11
(JAN-DEC) 492,00 607.00 434.00 695.00 25 I
NOTE: THE LIUITS WERE COMPUTED FRONM THE LURENZ - CURVE USING LINLAR
SHOOTHING. l
[ |



I PAGE 3
SXAMPLE FOR THYE MEDIUM POTENTIAL ZONE
ATION: MITUBIRI CHUT BESTATE (NR. 9137053)
RAINFALL, IN MM, FOR PROBABILITIES
2 OUT OF 3 YLARS 4 OUT OF 5 YEARS
I HMONTH LIMIT LIMIT YEARS
LOWER UPPER LOWER UPPLR OBSERVED
01 5,00 39.00 2.00 53.00 27
' 02 5.00 18.00 2.00 26,00 27
03 . 55.00 133.00  83.00 87.00 27
l 04 68.00 239,00 161.00 88,00 27
05 54,00 89,00 24.00 37.00 27
l 06 4.00 19,00 0.00 23.00 27
07 2.00 .00 2.00 12.00 27
08 1.00 9.00 0.00 12.00 27
' 09 0.00 11.00 0.00 15.00 25
10 33,00 62.00 24,00 87.00 27
l 11 22.00 180.00 98,00 204 .00 27
12 45.00 83.00 34.00 30.00 27
1)'101) I
(MRRCI-HAY) 303.00 462.00 259.00 §11.00 25
PLERION 11
('n-mam 566 .00 716.00 515.00 . 0U 25

o THE LIMITS WERE CALCULATED FROM THE LORENZ - CURVE UDING LEiNEAR

=

SMOOTHING,



PAGE 4 I
EXAMPLE FOR THE SENI - HIGH POTENTIAL ZONE
STATION: IHITUBIRI KITITO COFFEE LST. (NR; 2037016) l
RAINFALL, IN #H, FOR PROBABILITIES
2 OUT OF 3 YEARS 4 OUT OF 5 YEARS
TIONTH LIMIT LIMIT YL’AR&'
LOWER UPPER LOWER UPPLER OBSERVED
o1 10.00 41.00 3.00 85.00 31 l
02 8.00 28,00 3.00 58.00 31
03 : 67.00 157.00 40,00 97.00 31
04 188. 00 291.00 156.00 346.00 31 l
05 51,00 142,00 34.00 197,00 31
06 6.00 16,00 3.00 31.00 31 '
07 2.00 7.00 0.0V 13.00 31
08 2.00 6,00 0.00 13.00 31 l
09 4.00 18.00 0.00 27.00 31
10 44,00 85.00 32,00 107.00 31
" 147.00 225.00 112.00 247.00 31 l
12 63.00 © 02,00 44,00 157.00 : 31
PLERIOD I 299.00 403,00 260,00 434,00 31 l
(MARCH-MAY)
PERIOD I1 743.00 927,00 640,00 972.00 31 I
(JAN-DEC) '
MOTU: THE LINITS WERE COIPUTED FROM THE LORENZ - CURVE USING LINEAR '
SHOOTIING. ' I
i
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