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Summary 

The Haraka Settlement Schemes (Haraka means haste) were 
s t a r t ed in 1966, mostly on lands of neglected, formerly 
European, p lanta t ions or ranches. As the agro-c l imat ic and 
other physical conditions of the area were not well known, 
the schemes were la id out in the wrong way: plots a l located 
to s e t t l e r s were generally too small , except in a few areas 
with more r a i n f a l l and b e t t e r s o i l s . And in the two d r i e s t 
zones (see f ig. 19) the r isk of crop fa i lure i s too high 
under present land use and farm s ize condi t ions . 

I t is proposed to improve y ie lds by new techniques and in­
troduction of new crops or spec ies . I t i s also suggested 
that s e t t l e r s on poorer p lo t s of Ndalani, Nzukini, and to 
a ce r ta in degree also of Mamba, Ngoliba A - D and Ndi thini , 
should be r e s e t t l e d elsewhere, possibly in the new s e t t l e ­
ment projects near Lamu. Actual ly , both Ndalani and Nzukini 
normally receive insuf f i c ien t r a i n f a l l for crop ag r i cu l t u r e , 
and these schemes should be used for grazing. However, the 
growing of crops and the degradation of p o t e n t i a l grazing 
grounds have progressed too far to make th i s change feasible 

The population of the areas suggested for technical aid 
cons is ts of approximately 7,77o s e t t l e r s , who, with the i r 
famil ies , make a t o t a l of about 4o,ooo people. Of these , 
around 2o,ooo cannot sus ta in themselves su f f i c ien t ly and 
they must receive welfare support to prevent famines. 

The introduct ion of land use techniques and farm sizes 
which are more su i tab le to c l imat ic conditions and so i l s 
may function as an example for the surrounding a reas . These 
are now increasingly s e t t l e d by people from the overpopu-
la ted highlands. This movement has so far been unchecked. 
I t concerns tens of thousands of people each year and un­
less they receive some a id , famines amongst them seem un­
avoidable . 
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1. Introduction to the geographical conditions 

1.1 Topography, so i l s and erosion 

The sett lement projects eas t of Thika are s i t ua t ed on the gentle 
eas tern slopes of the Kenyan highlands. The general gradient i s 
around 5 % and e levat ions in the area range from about l loo to 
15oo m. The area is mainly a peneplain, tha t are the eroded re­
mains of worn-down mountains, formed about 6oo mil l ion years ago, 
of which the exposed core cons is ts of grani tes 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 Ngoliba A. 
In the southeast of the area another lava stream forms the Yatta 
p la teau , which covers the edges of the Mamba p ro jec t . On these 
volcanic mater ials the so i l s are r e l a t i ve ly f e r t i l e (Table 2, a ) , 
except where they are shallow or poorly drained, as i s the case 
in some pa r t s of Munyu. 

The general slope i s in ter rupted by the Ithanga Hi l l s and some 
smaller h i l l s ; remnants of a block mountain, up l i f ted about lo 
mil l ion years ago and eroded in a typical t r op i ca l fashion in to 
inselbergs and wide shallow va l leys . On the extensive gentle 
slopes of the inselbergs the eroded mater ia l i s well sor ted : 
coarse sands in the upper par t s change to clay and s i l t near 
the bottom of the va l l eys . This type of s o i l p reva i l s in the 
Ithanga, Ndi th in i , and Ngoliba C and D p r o j e c t s . 

The dark a l l u v i a l s o i l s of the valleys are ra ther f e r t i l e 
(Table 2 , d ) . 

The so i l s on the lower slopes are more f e r t i l e than those of the 
old peneplain, where i t i s not covered by volcanic depos i t s . The 
so i l s on the lower slopes are b e t t e r because they received fresh 
a l l u v i a l mater ia l (Table 2, b ) . 

The pro jec ts Mamba, Ndalani and Nzukini are s i t ua t ed mainly on 
the peneplain, about lo million years o ld , which is covered by 
s e n i l e , leached so i l s over the acid parent ma te r i a l , r a the r 
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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 valley 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 readies about loo m above the peneplain; 

the indication Nzukini Ht. on the maps l:25o ooo and l:5o ooo 

is incorrect, the indicated mountains are Mbeiani and Uovauni 

in Ngoliba D). Despite the low height of these mountains the 

soils 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 2 . ' 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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T a b i c 2 : A n a l y s i s o f soue s o i l s a m p l e s from l l a r a k a S e t t l e m e n t Schemes ' 

IS e t t l e m e n t S o i l type pil Na ppm K ppm Ca ppm J»iy ppm 

Scheme i n " 2 0 HCl i l 2 0 HCl 1^0 HCl 11^0 HCl N-0 

a 

I 
I 

a ) V o l c a n i c a r e a s 
lunyu b l a c k c o t t o n 

s o i l 
t o p s o i l O - l o en 
l o w e r s o i l l o - 3 o e n 

Munyu b r o w n - r e d s o i l 
t o p s o i l O- lo CM 
l o w e r s o i l l o - 3 o en 

5.0 
5.0 

258 
4S 

211 
3o 

1148 
858 

4 06 
198 

S311 
2424 

338 
I08 

1597 
1384 

1S4 
89 

5.0 
5.2 

31 
77 

2o 
65 

1046 
776 

649 
459 

574 
94 

loS 
24 

389 
loo 

74 
71 

4.8 
5.0 

44 
24 

33 
22 

218 
427 

138 
2o6 

S3 
G8 

24 
1 

84 
14 2 

26 
15 

4.8 
4.0 

45 
139 

4o 
So 

5o5 
319 

303 
262 

166 
96 

36 
9 

278 
102 

77 
49 

5.0 
5.0 

32 
28 

27 
17 

668 
771 

446 
443 

34 8 
143 

230 
6 

32o 
299 

116 
89 

t ) Lower s l o p e s o f i n s e l b e r g s 

t h a n g a r e d sandy loam 
t o p s o i l O - l o en 
lower s o i l I 0 - 3 0 cm 

N d i t h i n i b r o w n - r e d sandy l o a n 

I t o p s o i l O- lo e n 

lower s o i l l o - 3 o en 
g o l i b a D b r o w n - r e d sandy loam 

t o p s o i l O- lo en 
lower s o i l l o - 3 o en 

N z u k i n i r e d sandy l o a n 
( c u l t i v a t e d w i t h 
s u b s o i l « r ) 0 - 3 o cm S .o 22 22 353 2o7 53 Wma: 

5.0 
S.o 

35 
26 

25 
19 

492 
496 

310 
244 

9 6 97 
7o 

3o 
S 

5.0 
S.o 

16 
43 

11 
3S 

499 
386 

294 
2ol 

440 
284 

391 
87 

198 
282 

39 
42 

S.o 
5. u 

36 
3» 

2o 
17 

lo42 
617 

378 
274 

90 283 
S9 

34 

4.9 
5.0 

39 
42 

21 
23 

1135 
031 

358 
336 

134 
S3 

3 378 
54Ó 

31 
3S 

\) Old p e n e p l a i n 

flamba brown loamy s a n d 
t o p s o i l U - l o en 
lower s o i l l o - 3 o cm 

N d a l a n i r e d sandy l o a n 

I t o p s o i l O - l o cm 

lower s o i l l o - 3 o en 
g o l i b a D r e d sandy l o a n 

t o p s o i l O- lo en 
l o w e r s o i l i o - 3 u cw 

Nj jo l iba D red sandy l o a n 

I t o p s o i l ü - l o cm 

l o w e r s o i l l o - 3 o en 
z u ! : i n i g r e y brown loamy 

s a n d , s h a l l o w l - l o en S.o 55 33 
d) Sha l low v a l l e y s on the p e n e p l a i n s o r be tween i n s e l b e r g s 
I t h a n g a b l a c k l o a n y s a n d 

1 0-2o en S .o 

a l a n i b l a c k c o t t o n s o i l 
0 -2o cm 5 . 0 

young v a l l e y s l o p e s on t h e p e n e p l a i n 
N g o l i b a A r e d d i s h - l i g h t brown 

sandy l o a n 
• j t o p s o i l O - l o en S . o 114' 86 57o 2 o l 77o6 396 239o 14 I _ _ , . u .. » ... „ ... . 

35 26 247 166 79 lo 77 IS 

26 17 7S6 315 268 92 3ol 32 

I 
I 
I 
I 

Judgment of s o i l f e r t i l i t y was not required in t h i s r e p o r t , therefore the number of samples per 
area was ra ther small . Samples were taken at the end of the short dry season. Analysis was 
car r ied out by the s o i l science laboratory of the univers i ty of Saarbruecken. 
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Generally the red la tosols on grani te and gneiss , which pre­
dominate on the peneplain and lower s lopes , cons is t mainly of 
k a o l i n i t e , which is extremely poor in nu t r i en t s and weak in 
absorption. There is no montiaori l l on i t e and l i t t l e i l l i t e or 
pa r t ly decomposed mica, as shown by an X-ray ana lys i s . ' Con­
tents of iron oxide are na tu ra l ly high. The res t of the s o i l 
cons is ts of quar tz-sands . Low y ie lds are therefore not only 
caused by c l imat ic condi t ions , but a l so , espec ia l ly where cul­
t iva t ion i s continuous, by s o i l condi t ions . Formation of humus 
is therefore very important (see Chapter 5 .1 .1 ) , also because 
i t helps to re ta in a r t i f i c i a l f e r t i l i z e r . 

1.2 Population and economic conditions 

The area of the llaraka Settlement Schemes is a t r a n s i t i o n area , 
not only regarding i t s na tura l condi t ions , but also in r e l a t ion 
to c l imate , land use (Chapter 2) and populat ion. Here meet the 
set t lement areas of the Kikuyu and Kamba. Therefore the area 
belongs adminis t ra t ively to various d i s t r i c t s : the northwestern 
par t s up to Ngoliba A and C belong to Thika d i s t r i c t , the south­

east with the other projecLs tu Machakos d i s t r i c t . This creates 
problems in administrat ive au thor i ty . 

Except for a few s e t t l e r s from other t r i b e s , most of them belong 
to the two main t r i b e s , which are r e l a t ed , but also competing. 
At the moment, th is has not created any problems, but i t may 
cause tension under different condi t ions . 

The population dens i t i e s in the sett lement schemes are very high: 
15o to 25o inhabi tants per square ki lometre , which, in a rura l 
area with r e l a t i ve ly low r a i n f a l l , must be considered excessive. 
This i s especia l ly the case in Ilamba, Ngoliba D, Ndalani and 
Mzukini (Table 1) . Tor the ca lcula t ion of the population, an 
average family was counted as 5-6 persons. The number of people 
not employed in farming (tradesmen, t eachers , c i v i l servants) 

1) This analysis was car r ied out by Mr. Kalph Hansen, whose 
ass is tance is gra teful ly acknowledged. 
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i s very low and remains under 7, %. There fore t he p o p u l a t i o n 

computed on the b a s i s of the nunber of farms was rounded by 

adding 2 \. In the next few yea r s a c l e a r i n c r e a s e in t he s i z e 

of f a m i l i e s may be e x p e c t e d . Numerous farms are a l r e a d y occu­

p ied ( i l l e g a l l y ) by two f a m i l i e s . Cons ide r ing t h e s e f a c t o r s , 

the t o t a l number of people l i v i n g in tiie s e t t l e m e n t schemes 

w i l l soon reach 4 5 .ooo . 

In the s u r r o u n d i n g a r ea s of unorgan ized s e t t l e m e n t the popu la ­

t i o n d e n s i t y i s only about 3o p e r squa re k i l o m e t r e , i l e r e , s e t t ­

l e r s know by e x p e r i e n c e t h a t they need much l a r g e r p l o t s than 

in the schemes in o r d e r to have a b a s i s of e x i s t e n c e . 

In tlie wes te rn p a r t s of tlie a rea a number of formerly liuropean 

p l a n t a t i o n s a re s i t u a t e d , which produce s i s a l or i r r i g a t e d cof­

fee . They now mos t ly be long t o Afr ican companies , üo reove r the 

p i n e a p p l e p l a n t a t i o n of Kenya Canner s in Thika lias expanded a l ­

most t o the I thanga H i l l s and in the s o u t h e a s t beyond Gatuanyaga. 

Because of the many s e a s o n a l workers employed by t he se p l a n t a ­

t i o n s , i t i s of l i t t l e use t o c a l c u l a t e the p o p u l a t i o n d e n s i t y 

in t he se a r e a s . The employment p o s s i b i l i t i e s are of g r e a t im­

po r t ance for the s e t t l e r s who l i v e c l o s e t o t h e s e p l a n t a t i o n s 

(Gatuanyaga, Ndula, Kgol iba A, B, D and I t h a n g a ) , e s p e c i a l l y 

where t h e i r farms are too smal l or in yea r s of poor c r o p s . The 

only o t h e r source of employment a re t he i n d u s t r i e s in Thika , 

but h e r e , c o m p e t i t i o n i s so s t r o n g t h a t the s e t t l e r s have l i t t l e 

c h a n c e s . Ra the r , the o p p o s i t e lias happened: l a b o u r e r s and 

employees from as fa r as Nai robi have s e c u r e d themselves a 

p l ace in the s e t t l e m e n t p r o j e c t s , farmed by t h e i r w i v e s . T h i s 

has p a r t i c u l a r l y happened in Munyu and t h a t i s why a id for 

t h a t scheme i s l e s s u r g e n t than for the o t h e r ones . 
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l a t e 1 : I n s e l h e r ; ; s and pediments in /»goliba 1) 
This type of topography p r e v a i l s a l s o 
in I thanga and N d i t h i n i . The animals 
draw a p r i m i t i v e type of s l e i g h . 

mmmgw^m* •• 

I'la te I : The trade centre in .\duluni 

Its scantiness illustrates the low 
purchahasing power of the local 
populati on. 

file:///duluni
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1.3 I n f r a s t r u c t u r e , c e n t r a l p l a c e s and s e r v i c e s 

The communication network in the area i s no t very good. Only 
Ngoliba A and Catuanyaga are s i t u a t e d on an a l l - w e a t h e r road 
wi th r e g u l a r bus and t a x i - s e r v i c e s ( m a t a t t i s ) . I t h a n g a , i ianba, 
llunyu, i ' idalani , Ndula and Nzukini a re connected by secondary 
r o a d s , which are not always p a s s a b l e dur ing tiie r a iny s e a s o n s , 
and s e r v i c e d only by o c c a s i o n a l b u s e s . Some of the roads w i t h i n 
the schemes are very poor and impassable dur ing the r a i n s . This 
i s a l s o the case for the supply roads to Ngoliba C and D, and 
t o a c e r t a i n e x t e n t t o N d i t h i n i , which are mainly used by supply 
v e h i c l e s of smal l s h o p s . Market ing of p roduc t s from t h e s e a r e a s 
i s t h e r e f o r e o f t en impa i r ed , l'or i n s t a n c e , from Ngoliba I) t o the 
main road i s a d i s t a n c e of 18 km, p a r t of i t c o n s i s t i n g of p r i ­
va te roads which are c l o s e d t o l o r r i e s . 

S e r v i c e s s u p p l i e d by c e n t r a l p l a c e s a re few. An e x c e p t i o n i s 
I t hanga . where the t r a d i n g c e n t r e i s w e l l deve loped , i l l u s t r a t i n g 
the r e l a t i v e l y f avourab le economic s i t u a t i o n t h e r e wi th e x t r a 
p u r c h a s i n g power a v a i l a b l e . Very poor ly developed on the o t h e r 
hand are the t r a d i n g c e n t r e s in i îda lan i ( P l a t e 2) and N z u k i n i , 
showing how p r o b l e m a t i c the economic s i t u a t i o n i s in t h e s e a r e a s . 
Primary schoo l s a re numerous, bu t the h e a l t h s e r v i c e s a r e p o o r , 
except for I limyu. The d i s t a n c e from the n e a r e s t d o c t o r for about 
35 ooo i n h a b i t a n t s of the s e t t l e m e n t - p r o j e c t s i s between So and 
9o km. Moreover, p r i v a t e c a r s a re not a v a i l a b l e (excep t i n 
I t h a n g a ) and t h e r e i s no t e l ephone s e r v i c e , excep t for K i th iman i , 
and t h e r e i s a p o l i c e phone in I t h a n g a . A g r i c u l t u r a l a d v i s o r y 
s e r v i c e i s very p o o r . For the whole a r ea of 27 9oo ha and 8ooo 
farms one s e t t l e m e n t o f f i c e r , one a g r i c u l t u r a l f i e l d o f f i c e r 
( u n t r a i n e d ) and about a dozen f i e l d a s s i s t a n t s (pr imary s c h o o l 
l e v e l ) are r e s p o n s i b l e . Moreover, the farms are d i s t r i b u t e d over 
a t o t a l a rea of more than loo ooo h a , bu t only the two o f f i c e r s 
f i r s t ment ioned, who are s t a t i o n e d i n T h i k a , have sometimes a c a r 
a t t h e i r d i s p o s a l , i f t h e r e i s p e t r o l a v a i l a b l e . Three Dutch 
v o l u n t e e r s , who have t h e i r own m o t o r b i c y c l e s , are p r e s e n t l y con­
ce rned with the p r e v e n t i o n of s o i l e r o s i o n in I t h a n g a , Ndalani 
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N d i t h i n i and Ngol iba B - D. 

A few employees of the a g r i c u l t u r a l and v e t e r i n a r y depar tments 
and of the M i n i s t r y for Coopera t ive Development o c c a s i o n a l l y 
v i s i t the s e t t l e m e n t a r e a s t o look a f t e r the s e t t l e r s and t h e i r 
p r o b l e u s , bu t because of the s i z e of the a r ea s t h e s e v i s i t s a re 
too seldom. 

2• A g r g - ç l i m a t o l g g i ç a l _ ç o n d i t i 9 n s 

The main problems in the s e t t l e m e n t a r e a s are of a c l i m a t i c na­
t u r e , i lost of the p r o j e c t s a re in marg ina l a r e a s for c rop a g r i ­
c u l t u r e w i thou t i r r i g a t i o n . I t i s t h e r e f o r e e s s e n t i a l t o know 
the c l i m a t i c c o n d i t i o n s in o rde r t o choose op t ima l land use 
methods under the c o n s i d e r a t i o n ^ the r i s k of crop f a i l u r e s . 

2 . 1 D i s t r i b u t i o n and p r o b a b i l i t y of p r e c i p i t a t i o n 

Within the a r e a , t h e r e are v a s t d i f f e r e n c e s in p r e c i p i t a t i o n , 
b o t h , r e g a r d i n g t o t a l amounts and r e l i a b i l i t y . This i s caused 
by the r e l i e f : t h e I thanga H i l l s and t h e i r c o n t i n u a t i o n t o the 
sou thwes t form a b a r r i e r for the humid a i r masses from the In ­
d ian Ocean, c a u s i n g o r o g r a p h i c r a i n f a l l . In the h i g h e s t p a r t s 
of I thanga and U d i t h i n i the mean annual r a i n f a l l t h e r e f o r e ex­
ceeds looo mill, liven around 12oo w e l e v a t i o n the annual mean 
reaches 8oo mm (T ig . 2 ) . But in the a r ea s where no u p l i f t took 
p l ace the p r e c i p i t a t i o n i s not much h i g h e r than in the very dry 
e a s t e r n lowlands of Kenya. E s p e c i a l l y unfavourable a re the 
s l o p e s of Ndulani and Nzukini towards the Tiiika r i v e r , s i n c e 
they a re in the rain-shadow (mois tu re coming from the s o u t h e a s t ) . 
Here , the annual mean va lues l e s s than 6oo mm. iiunyu i s a l s o in 

a r a in - shadow, from the Kamba H i l l s and Ul Donyo Sapuk t o the 
e a s t of t h i s p r o j e c t a r e a . The annual mean iiere i s only 7oo mm. 

The annual amounts seem r ea sonab ly high and the d i f f e r e n c e s 
not of g r e a t i m p o r t a n c e , but i t should be remembered t h a t the 
annual r a i n f a l l i s d i v i d e d i n t o two r a iny seasons and the t o t a l s , 
t h e r e f o r e are c l o s e to the l i m i t for crop a g r i c u l t u r e ( l ' i g . 3-0, 
22 and 2 4 - 2 6 ) . There arc two r a iny s e a s o n s : the long r a i n s around 
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April and the short rains around November. In the lower areas 

of the eastern parts the short rains usually bring more pre­

cipitation than the long rains, because they cause more frequent 

thunderstorms which occur over the plains rather than in the 

mountainous areas. 

The long rains may start as early as March and end as late as 

July. Taking the mean values for these months, totals in the 

area of the settlement schemes vary between 5oo and less than 

25o 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 March and middle of Hay, excluding earlier 

and later small and uneffective falls. This seems to be a more 

realistic method (Fig. 4). The projects in the eastern lower 

parts normally receive less than 3oo mu per rainy period which 

corresponds to the agricultural growing seasons, and this amount 

is the limit for unirrigated crops. During 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 (Tig.6). 

In good years, special crops, such as Katumani-maize, sorghum 

and millet may produce reasonable yields, but tile risk of crop 

failure is too high. This is indicated by the diagrams illustra­

ting variations in rainfall (lig. 28, 32, 34 and 36) and tiie 

maps showing rainfall probability (Fig. 7, 8). A total of about 

25o mm is generally considered to be the minimum water require­

ment for Katumani maize, with monthly totals of about 7o, llo 

and 7o mm (including soil moisture storage), and this amount 

should be reached at least in two years out of three. Probabi­

lities to reach these limits in tiie two settlement projects 

mentioned above are, however, only 4o % during the long rains 

and 35 % during tiie short rains (Fig. 2o, 21). Therefore almost 

every third year a total crop failure will occur in both rainy 

seasons. Only when rain-accumulating techniques are used (Fig. 

3o). or when crops with very low demands of moisture are plan­

ted, (Chapter 5.2.1) unirrigated crop agriculture could be 

practiced here. 
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The Monthly d i s t r i b u t i o n of r a i n f a l l i s very i m p o r t a n t , because 

in most a r e a s they are c o n c e n t r a t e d dur ing pe r iods s h o r t e r than 

two months, which i s very u n f a v o u r a b l e . T i i e re fo re , the d u r a t i o n 

of the r a iny seasons as the growing seasons for c rops must be 

c o n s i d e r e d (Chapter 2 . 2 ) . 

Some i n f o r m a t i o n may a l s o be d e r i v e d from the numbers of days 

with r a i n . These are e s p e c i a l l y u s e f u l t o i n d i c a t e the b e g i n n i n g , 

i n t e n s i t y and end of the r a iny p e r i o d s and they are t h e r e f o r e 

i n c l u d e d in the most impor tan t diagrams ( P i g . 2 2 - 2 6 ) . 

2. 2 l i v a p o r a t i o n , humid and a r i d seasons 

There a re no s t a t i o n s w i t h i n the l iaraka S e t t l e m e n t Schemes r e ­
co rd ing da t a n e c e s s a r y for tiie computa t ion of e v a p o r a t i o n acco r ­
ding to Penman (1948, li)5o ; in b a s t A f r i c a c o r r e c t e d by an e l e ­
v a t i o n f a c t o r by i lcCul loch, 1J65) , but t h e r e a re some in the 
s u r r o u n d i n g a r e a s . These are the former S i s a l Research S t a t i o n 
n e a r Thilca and the nearby N a t i o n a l H o r t i c u l t u r a l Research S t a ­
t i o n . Other da t a were ob t a ined from the Tana Power S t a t i o n and 
f u r t h e r n o r t h by fiwea Te be re P r o j e c t , and t h e s e va lues were used 
for e x t r a p o l a t i o n . I t i s p o s s i b l e t o use even more d i s t a n t s t a ­
t i o n s , because the e v a p o r a t i o n d i f f e r s wi th l o c a t i o n acco rd ing to 
c l e a r r u l e s . 

Evapora t ion da ta were taken from Woodhead (11)68) and e x t r a - and 

i n t e r p o l a t e d . Accord ing ly , the annual e v a p o r a t i o n from an open 

w a t e r s u r f a c e (L' ) i s around 165o mm in the h i g h e s t p a r t s of the 

a r e a i n c r e a s i n g t o over 2ooo mm in the lower p a r t s in the e a s t . 

Annual va lues of the p o t e n t i a l é v a p o t r a n s p i r a t i o n of tiie vege­

t a t i o n (11 ) a re about 2o % lower . 

The r a t i o of p r e c i p i t a t i o n t o P. i s about 55 % in the h i g h e s t 
p a r t s of the I t h a n g a - p r o j e c t , d e c r e a s i n g t o va lues below 25 'i 
i n Ndalani and . Jzuk in i . The e c o l o g i c a l zones a c c o r d i n g l y s t r e t c h 
from s c l e r o p h y l ] eve rg reen f o r e s t (only in the h i g h e s t a r e a s ) to 
woodland, bush land and dry bush l and . 
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0° - 2° 30' S and 37° - 38° 40 E 

Marc h-May Percontual 
100 150 

proba 
200 

bility 
25O 

to receive 
DUO 350 

more than 
400 450 500 

Moan 
cipi 

pre-
tation 

200 nun 7ty 5*» 38 23 15 9 5 2 0 

25O 86 70 76 42 28 18 12 7 3 
3OO 93 83 72 59 44 31 21 14 8 

350 98 92 85 74 59 44 31 23 15 
400 100 97 92 84 72 58 43 33 23 
45O 100 99 96 89 82 69 57 43 34 

5OO 100 100 98 92 87 80 6S 56 44 

550 100 100 99 95 91 86 78 69 56 

60O 100 100 100 97 93 91 85 80 69 

65O 100 100 100 99 97 95 92 89 80 

October-December 

Mean 
cipi 

pre-
tation 

100 Ulli] 45% 18 5 1 0 

150 80 46 23 10 4 1 0 

200 89 70 44 27 11 7 4 1 0 

25O 94 83 62 43 25 16 1 1 5 1 

3OO 96 90 74 58 39 27 19 12 5 

350 99 93 83 69 55 40 29 20 1 1 

400 100 96 88 78 66 52 38 29 19 

45O 100 98 91 85 78 65 50 38 28 

5OO 100 99 93 89 83 74 62 49 39 

550 100 100 95 92 88 81 71 59 49 
600 loo 100 97 95 91 85 78 68 58 

Source ï ini'ortnation received by II. M. II. Draun 
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Very general ly , one. can say that t r e e - and bush-crops are pos­
s ib le where the r a t i o of r a i n f a l l to li exceeds about So % i f 

o 
the annual v a r i a b i l i t y i s not too high, so that tiie annual to ­
t a l s always exceed about 2o % of h' . 
Sisal can s t i l l be cu l t iva ted where the p rec ip i t a t i on equals 
about 25 % of E , but then grows very slowly. The growtii of 
grasses also depends on the water balance, and thereby tiie pos­
s ib le number of animals that can be fed per unit of area depends 
on i t , too. For one stock unit of c a t t l e less than 2 iia are re­
quired where 1' exceeds So °» of V. , about 2-4 lia wiiere I' i s be t -
1 o 

ween 25 and 5o % of H , and where 1' i s below 25 % of li more 
than 4 ha are necessary per stock unit (on sandy loams of mo­
derate f e r t i l i t y ) . 

For our t op ic , a d i f f e ren t i a t ion according to the annual balance 
of r a i n f a l l and evaporation i s not su f f i c i en t , as i t i s decisive 
only for perennial crops and for the carrying capacity of pastu­
res . The main problem in the liaraka Settlement Schemes i s the 

21 

short duration of the humid seasons. ' Host of the set t lement 
projects experience only four humid months per year (I :ig. 9 ) : 
from the end of March un t i l tiie end of Mai and from the end of 
October un t i l the end of December (Fig. 15). Both rainy seasons 
therefore l as t only for two humid months and for most annual 
crops th is i s not long enough. But there are considerable dif­
ferences in the duration of the humid periods according to e l e ­
vation and exposure. In the higher areas exposed to the e a s t , 
tiiree humid months occur per rainy season, while in the lower 
par ts of the region one and a half humid montiis p r e v a i l . 

When the storage capacity of the so i l s for excess r a i n f a l l i s 
considered, the time with growing po ten t i a l for most cu l t iva ted 
crops is considerably extended in the highlands (Fig. 15, 10), 
but in the lower areas th i s extension is only half a month per 
rainy season (Fig. 17, 18 and 23). These, we sha l l c a l l "agro-
humid" months, because here the moisture a v a i l a b i l i t y for ag r i -

2) Seasons withsub-humid or humid conditions.Süb-humid: Pre­
c ip i t a t i on between So and loo X of the average po ten t i a l 
évapotranspirat ion li . Humid: P exceeds 100 X of E . 
E t_averages about (18 E . Therefore we can a lso ca lcu la te 
sutT-humid: P e~xceeds~0. 4~E ;TfulTO~humid : P exceeds 0.8 E . 
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Table 5: Maximum water storage capacity of some samples of 

the main soils of the Haraka Settlement Schemes 1^ 

Settlement Soil Max.storage cap. Max.storage in lo 
Scheue type in i;n:i/1 o cm soil topsoil and 7o cm 

subsoil 

a) V o l c a n i c a r e a s 

Munyu b l a c k c o t t o n t o p s o i l 116 ' -,, 
s o i l s u b s o i l i)2 7 6 o " J 

Munyu b r o w n i s h r e d t o [ > s o i l 38 
s o i l s u b s o i l 52 4o2 

b ) L o u e r s l o p e s o f t h e i n s e l b e r g s 

I t ! \ a n g a s a n d y r e d loam t o p s o i l 53 
s u b s o i l . 2o ID 3 

N d i t h i n i r e d b r o w n s a n d y t o p s o i l 33 
loam s u b s o i l 26 215 

N g o l i b a li r e d b r o w n s a n d y t o p s o i l 28 
loam s u b s o i l 31 245 

N z u k i n i r e d loamy s a n d 
( m i x e d w i t h s u b s o i l ) 

u n d i f f . 18 144 

c) Old peneplain surface 

Mamba brown loamy 
'sand subsoil 16 116 

Ndalani sandy red loam 

Ngoliba I) sandy red loam 

,'»' z uk i n i g re y - b r own 
loamy sand, 
shallow 

I 

topsoi1 4-') 
subsoi 1 16 
topsoil 31 
subsoil 2o 
topsoil 27 
subsoi1 32 

73) 

171 

251 

d) S l i a l l o w v a l l e y s on t h e p e n e p l a i n s o r b e t w e e n i n s e l b e r g s 

I t h a n g a b l a c k i s l i . , - , 
loamy s a n d t o p s o i l ' 4 " 3 J a p p r o x . 15o 

. '•idalani b l a c k c o t t o n ? , 
s o i l u n d i f f . 9 6 " - ' a p p r o x . 35o 

e ) Young v a l l e y s l o p e s on t h e p e n e p l a i n s 

N ' g o l i b a A r e d d i s h - l i g h t t o p s o i l 28 
b r o w n s a n d y loam s u b s o i l 2o ( 1 6 8 ) s h a l l o w e r 

t h a n 8o cm 

I 
I 
I 
I 
i 
I 
I 
J 

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

2) Theoretical value, assuming uninhibited swelling of the soil. 
Actual value approximately 35o mm. 

3) Theoretical value because of the permeability of the sand. In 
nature, with less permeable subsoil, about 2o mu. 

4) During dry season very hard subsoil, of which samples could not 
be taken with a hand-drill without hammer. 

I 
E 
I 
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c u l t u r e i s c o n s i d e r e d . The main c o n d i t i o n i s a good p r o t e c t i o n 
a g a i n s t s o i l e r o s i o n , so t h a t s u r p l u s r a i n f a l l can he s t o r e d 
in the s o i l and i s not l o s t hy s u r f a c e runoff (see Chapter 5 . 1 ) . 
So i l s a n p l e s of tiie nos t impor tan t s o i l s i n d i c a t e t h a t tiie wa­
t e r s t o r a g e c a p a c i t y of t he se s o i l s , fo r a r o o t zone of about 
Ko CI:I, l i e s between 8!> and 3So mm (Table 4 ) . 

f u r t h e r r e s e a r c h in t h i s d i r e c t i o n i s n e c e s s a r y . However, s i n c e 
the e x t e n t of the va r ious s o i l t ypes i s no t e x a c t l y known and 
the amounts of r a i n f a l l t h a t are s t o r e d in tiie s o i l are r e l a t i ­
vely sma l l anyway, a s i m p l i f i c a t i o n was i n t r o d u c e d by assuming 
a g e n e r a l s o i l mo i s tu re s t o r a g e c a p a c i t y of 2oo 1111:1. .Soil mo i s tu re 
usage was computated accord ing to t a b l e s by Thorn thwai te and 
i i a the r ( 1955 ) . About 'aalf of the s t o r e d moi s tu re can be used 
by the norma] c rops in the a r e a . 

Haps of the numbcr of agro-humid months ( b i g . l o , 11) only very 
g e n e r a l l y i n d i c a t e the c o n d i t i o n s of c u l t i v a t i o n p o s s i b i l i t i e s 
of c rops acco rd ing t o t h e i r growth p e r i o d s . In the d r i e r e a s t e r n 
lowlands (Mdalani and Nzukini ) only one and a h a l f agro-humid 
month occur pe r r a i n y s e a s o n , which i s normal ly not enough for 
c r o p s . In these a r ea s only 2o % of a l l r a i n y seasons reached 
t h r e e agro-humid months' and in 5o % t h e r e were l e s s than two. 
Tiie long r a i n s can be r a t h e r s h o r t i f tiie I . T . C . Z . ( i n n e r t r o ­
p i c a l convergence zone) moves r a p i d l y nor thwards when the Sudan 
h e a t s up q u i c k l y . In seven out of twenty yea r s the long r a i n s 
l a s t e d about one month or l e s s and the mo i s tu re s t o r e d i n tiie 
s o i l dur ing t h e s e r a i n s was so l i t t l e t h a t tiif apro-humid time 
was the same. The s h o r t r a i n s are more r e l i a b l e in the lowlands 
than tiie long r a i n s . Unly once in twenty y e a r s they l a s t e d for 
only one month. 

2 .5 Tempe r a t u r e c o n d i t i o n s and o t h e r c l i m a t i c f a c t o r s 

l i iere are no t e n p e r a t u r e s t a t i o n s i n s i d e and nea r to the S e t t ­

lement Schemes , so t h a t for the h i g h e r p a r t s of tiie reg ion 

va lues of the former S i s a l Research S t a t i o n and the N a t i o n a l 
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Horticultural Station near Thika ' were extrapolated (Table 6). 

Jixccpt for tliese stations, only some older records from a sisal 

plantation in the northwestern Ithangn Hills are available, l-'or 

the lower parts of the region tlie only sources are Mwea Tebere 

and the Tana l'ower Station and both of tliese stations are out­

side the area shown on the maps. It was therefore not possible 

to construct isotherm maps for the rainy seasons. However, 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 mean annual 

diurnal minimum are indicated on the climatic map, wiie re they 

are shown in relation to the hygric zones (Fig. 13). 

The most important temperature value is the mean diurnal minimum 

of 14 . I-'or a number of crops (cotton, groundnuts, cassava), the 

value of IS has often been used, but new varieties of tliese 

crops have improved their tolerance of cool nights. Almost the 

whole region lies below the elevation which produces such low 

temperatures, except the cool Ithanga Hills, above 14oo in, where 

in June and July the beginning southeast monsoon causes heavy 

cloudiness and a relatively cool period. Hunyu 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. During the monsoon periods, winds reacli force 4 during 

the afternoons, when anabatic winds of the Aberdares reinforce 

the monsoon. Shelterbclts 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 Holler). 
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2.'l Agro=çlimatiç_tYE25 

2. 't. 1 An ar,ro-cliiiiatic classification of the tropics 

An agro-climatic classification 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). 

h : 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. 

4. The humid seasons are well developed, the arid ones 

weakly. 

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

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

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

is semi-arid. So the subdivision becomes: 

h . humid months predominantly sub-humid, arid months 
predominantly full-arid 

h, _ humid months predominantly sub-humid, arid months 
predominantly semi-arid 

h humid months predominantly full-humid, arid months 
predominantly full-arid 

h . humid months predominantly full-humid, arid months 
predominantly semi-arid 

1) Sub-huinid: P exceeds O.'t F- : ( f u l l - ) humid: P exceeds O.H E 
o v ' o 

The value 0.8 E approximates the average évapotranspiration 
of a tree crop. % = evaporation of an open water surface. 
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h„ : predominantly humid climates witli a long arid season 
( 5 - 6 arid months) 

h : humid months predominantly sub-humid, arid months 
mainly lull-arid 

h 2 . 2 ! ° t C-

h : predominantly humid climate with a short arid season 
(3 - 4 arid months) 

h. : predominantly humid climate with a very short arid season 
(l - 2 arid months) 

h : humid climate without an arid season 

Normally, all months are humid. However, relatively dry 
seasons may occur, which are sub-humid. The subdivision 
is accordingly: 
h : normally all year humid, but with 2 sub-humid seasons 
h'' : practically continuously humid with 1 long sub-humid 

J' season 
h : practically continuously humid with 1 short sub-humid 

season 
h .: practically continuously humid 

The arid climatic types arc subdivided similarly: 

a : predominantly arid climate with two humid seasons (about 
'I - 6 humid months, separated by at least two arid months) 

n : arid months predominantly semi-arid, humid months 
predominantly full-humid 

a 0: arid months predominantly semi-arid, humid months 
"" predominantly sub-humid 

a : arid months predominantly full-arid, humid months 
predominantly full-humid 

an i: arid months predominantly full-arid, humid months 
predominantly sub-humid 

a : predominantly arid climate with a long humid season 
( 5 - 6 humid months) 
a : arid months predominantly semi-arid, humid months 

predominantly full-humid 
etc . 

a : predominantly arid climate with a short humid season 
( 3 - ^ humid months) 

3 ) a.: pre+jminantly arid climate with a very short humid season ' 
( 1 - 2 resp. 3 humid months) 

2) In equatorial latitudes another arid month may occur in the 
second, very short, dry season. This type is identified h^ ^| 

v ' ' M 
3) Near the equator there may occur two very short humid seasons 

In this case crop agriculture may be impossible even with 
3 humid months per year, except for a few cases (p. 2'l). 
This type is identified as a, *(. 
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a : arid climate without a humid season 
5 

All months are arid. However, relatively wet seasons may 
occur which are only semi-arid. For many desert species 
this is sufficient, so that a temporary grasscover may I'onn. 

Subdivision accordingly: 

ar : Normally all year arid, but with 2 semi-arid seasons 
a '„: practically continuously arid with 1 long semi-arid 
-* " season 

a- : practically continuously arid with 1 short semi-arid 
season 

ar j ! practically continuously full-arid. 

Combination of these humidity zones with^thermal elevation zones 

(Table 7) produces a large mumber of climate types (Fig. 12). 

Their significance regarding land use is indicated in Fig. I'l. 

The thermal zones were subdivided by the first indicator accordi 

to the annual mean temperature, by tie second digit according 

to the mean 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 agro-climatic types which occur in the area of the 

Haralca Settlement Schemes 

In the Haraka schemes only the types h and a with two humid 

and arid seasons occur because the rainy season is divided 

(Fig. 13, 15 - 1ö). Thermally, it is also an intermediate area 

between cool-temperate tyx̂ e t „ and warm-temperate type t . 

Tiie intensity of the rainy seasons decreases towards the eastern 

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

weak types h , and a dominate there; the agricultural 
1-1 1 . k ' 

potentials of the various climatic types are shown in Fig. i'l. 

Obviously, not all crop species are indicated and dii'X'eronces 

caused by varieties are not included. Further indications follow 

and are also found in Chapters '_i and 5» 
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Agro-climates of the Haraka Settl. Schemes 

1 1 1 

! t j | t 
1 2.2 j j 2.2 

j h S j h 
j 1 .3 J j 1.1 

i ! î t 
1 I 2.2 

! ! i a 
1 1.4 

! t j ! t 
I 2.1 j 2.1 

! h j j h 
I 1.3 j 1.1 

! ! t j t 
2.1 j 2.1 

i i a' ! a 
1.3 1 14 

* i i i 

h 1.4 h 1.3 h1.2 h1.1 a i . 1 a i . 2 a i . 3 a i . 4 

( b by si so w ) (b by si) 

ac 
• • • y — • • • • • • ! 

i (ac) i 
....i...........J 

(m) ! 

m (tj ! (m) (w ) j j (w) , 

(ba sp) cr i (er) ( c r sp) ]_ 

(ac) j b (by co) (by co mb pm pp so) 

(cs) cr pm pp si so "b""! ! i, "1 
i. j i 

et m i (et m) (m) j (b) j (m) j (b) 
ba(pe se vtj sp j (sp) si (cr es pe sp) j (si) 

ac arabica coffee 
b beans 
ba bananas 
by barley 
co cowpeas 
cr castor 
cs cassava 
ct cotton 
m maize 
mb mungo beans 

pe peanuts -groundnuts 
pm pennisetum millet » bulrush m. 
pp pigeon peas 
se sesame 
si sisal 
so sorghum 
sp sweet potatoes 
t tea 
vt Virginia tobacco 
w wheat 

( ) « less favourable climate 

F i g . 14a Comparison between f i g . 12 and 14 
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15 Stat ion Mitubiri Chui Esta te as an example of h. climate 
Of the 5 humid months, 3 are only subhumid, 
of the 7 a r id months, 5 are fully a r id . Therefore, the humid 
seasons are poorly developed, but the a r id seasons are s t ronger . 
(The ef fec ts on s o i l moisture storage are not considered when 
climate types are i d e n t i f i e d ) . The s t a t ion i s c en t r a l l y located 
in the area of t h i s c l imat ic type and qui te t yp i ca l . Only in 
Ngoliba A and C the short ra ins may be s l i gh t l y more p l e n t i f u l 
(Fig. 6 ) . 
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16 Sta t ion K i t i t o Coffee Esta te as an example of h. - clima 
Of the 6 humid months almost 4 are fully humid, of the 
6 a r id months, 4 are fully a r i d . Therefore, both, the 
humid an the dry seasons are c lear ly developed. The name 
of the s t a t ion ind ica tes the p o s s i b i l i t y of cu l t i va t i ng 
perennia l crops with r e l a t i v e l y high water requirements. 
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t? Ji : warm-temperate t rop ica l c l imate , predominantly sub-humid 
with two, generally f u l l - a r i d seasons 

This climate with i t s poorly developed and short humid 
seasons (I'ig. 15) is su i tab le for low sorghum v a r i e t i e s , 
bulrush mi l l e t , beans with short growing per iods , pigeon 
peas, mungo beans , sunflowers, castor and s i s a l , ilaize 
prows poorer (Katumani i s the liest v a r i e t y ) , cowpeas, 
sweet pota toes , cassava, macadania nu t s , pineapples and 
mangoes also do not grow very wel l , tobacco even l e s s . 
Cotton is possible as a ratoon crop. 

t , ,h : warm-temperate t rop ica l c l imate , predominantly f u l l -
humid, with two, generally fu l l - ar id seasons 

Here maize (Katumani), sweet potatoes and pineapples 
find normally suf f ic ien t humidity. The same applies to 
very rapid growing cotton v a r i e t i e s , sesame , beans 
(1'haseolus v u l g a r i s ) , passion f ru i t s and agrumes. The 
crops mentioned under h grow well here anyway. Ara­
bica coffee can be t r i e d successfully i f diseases which 
occur more frequently here because of the high tempera­
t u r e s , are su f f i c ien t ly prevented and mulching i s used 
to conserve so i l moisture. Mulching is e s sen t i a l for 
bananas too. 

t ? 2h 1 : cool-temperate t rop ica l c l imate , predominantly sub-humid 
with two, generally fu l l—arid seasons 

Potent ia l cu l t i va t ion i s more r e s t r i c t e d than in t-, J i . . 
as i t is too cool for1'1inri'fre t , cowpeas, cassava, cotton 
and tobacco, though i t i s d i f f i c u l t to identify tiie 
exact boundary. Some wheat and potatoVarie t ies might be 
t r i e d here, ilaize is not s u i t a b l e , as i t ripens too 
slowly. 

t? -h. , : cool-temperate t rop ica l c l imate , predominantly f u l l -
humid,with two, generally fu l l—arid seasons (Fig. 16) 

As the full—humid months produce suf f ic ien t s o i l moistu­
re for the dry seasons, th i s climate is su i tab le for pe­
rennia l crops, such as arabica coffee, bananas, agrumes, 
cas tor and passion f r u i t s . l;or pineapples , mangoes and 
s i s a l temperatures are not in the optimum range. 
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warm-temperate t r o p i c a l c l i m a t e , pi 'edominantly f u l l -
a r i d wi th two humid seasons which are g e n e r a l l y f u l l -
humid 

This i s a suhtype wi th only 4 humid months ( F i g . 1 7 ) . 
These a re d i v i d e d i n t o two each for botli humid s e a s o n s . 
Therefore for a l l farms of c u l t i v a t i o n t h e r e i s a h igh 
r i s k of d r o u g h t s , and for most c rops a humid season of 
only two months i s not long enough, d e s p i t e the m o i s t u r e 
s t o r e d in the s o i l . This c l i m a t e i s most s u i t a b l e for 
g raz ing l and . However, i t i s p a r t l y i n f e s t e d by t s e t s e 
f l i e s . 

I 
I 
I 
I 
I 
i 
I 

Commercial ly , only s i s a l and p robab ly c a s t o r a re p o s s i b l e 
c r o p s . S u b s i s t e n c e a g r i c u l t u r e would be b e s t wi th b u l r u s h -

m i l l e t , cowpeas, p igeon p e a s , ch ick p e a s , r ap id growing 
bean v a r i e t i e s ( f o r i n s t a n c e mwezi moja beans) and mungo 
b e a n s . However, by t r a d i t i o n and because of b i r d damage, 
maize i s p r e f e r r e d over b u l r u s h m i l l e t , d e s p i t e c rop 
f a i l u r e s caused b v d r o u g h t s . A c e r t a i n ada^ t a^ ion i s Ka~ ^5 
tuinani maize . In T ig . 14 the crops b a r l e y , sorghum, sweetM 
p o t a t o e s , cassave and groundnuts are i n d i c a t e d for t i i i s 
type t? . a in b r a c k e t s , because i t i s no t very favou 
r a b l e for t i iese c r o p s . Large r a i n f a l l dur ing the humid 
seasons produces a h igh amount of green l e a v e s . T h e r e f o r e , 
the p r o d u c t i o n of fodder and c o n s e r v a t i o n in s i l o s for 
d a i r y and beef c a t t l e shou ld be c o n s i d e r e d in t h i s c l ima t 

warm- tenpera te t r o p i c a l c l i m a t e , p redominan t ly f u l l -

a r i d wi th two, g e n e r a l l y sub-humid seasons 

Because of the s h o r t d u r a t i o n and low i n t e n s i t y of the 
humid s e a s o n s , t h i s c l i m a t e o f f e r s no optimum c o n d i t i o n s 
for any c r o p . To a c e r t a i n ex tend s u i t a b l e are b u l r u s h 
m i l l e t , dwarf sorghum, I n d i a n b a r l e y v a r i e t i e s , mwezi 
moja b e a n s , mungo b e a n s , chick p e a s , cowpeas, p igeon 
p e a s , c a s t o r and s i s a l . • 

I 
e , 

I 
I 
I 
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t 2 . 1 a ( l ) 4 . warm-tcniperatc t r o p i c a l c l i m a t e , p redominan t ly f u l l — 
a r i d wi th two, g e n e r a l l y f u l l — luuiiid seasons which 
are too s l ior t for most crops 

in Ndalani and Nzukini the two r a i n y seasons a re both 
s h o r t e r than two months. This type i s an e q u a t o r i a l dry 
c l i m a t e , r a t h e r r a r e , but u n f o r t u n a t e l y t y p i c a l fo r 
e a s t e r n Kenya ( F i g . 18, 2 2 ) . I t i s an i n t e r m e d i a t e 
type between a., and a , i n d i c a t e d by the formula a . . . . . . 

This c l i m a t e i s , l i k e the normal a . type , f avourab le 
for r anch ing o n l y , wi th the advantage t h a t fodder crops 
w i l l grow twice pe r y e a r . 

S e t t l e m e n t in t h i s c l ima t e wi th sma l l farmers fo rces 
crop a g r i c u l t u r e . Ki th s p e c i a l methods c u l t i v a t i o n of 
ex t r eme ly undemanding and r a p i d growing crops l i k e 
t h e s e mentioned above i s p o s s i b l e (Chapter 5 . 2 . 1 ) . 
Rainy seasons a re very, s l i o r t , but i n t e n s i v e , as i n ­
d i c a t e d by the symbol a , , - . . , . 

( 1 ) 4 . 3 
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Fig. 17 Station Kithimanl as an example of the transition zone 
between a, _ and a, , climates 1.3 1.4 
About 5o % of the 4 humid months are fully humid. This 
station is therefore a borderline case. 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 Hamba, Hgoliba B and D 
schemes. Hear Munyu, rainfall during the short rains 
is slightly lower (Fig. 4). 



51 

mm 

200-

100— 

Yatta B2.Vet.St. 

-200 

w&mÀ 

mm 

-100 

J F M A M J J A S O N D 

1°07'S.37°40'E; 1248m; Rainfall 20y. up to 1974 

18 Yatta B 2 Veterinary Stat ion as an example of the t r a n s i t i o n 
zone between hygrotypes a . . . . , and a f l \ 4 A 
Both humid seasons are shor ter than 2 months. Therefore, 
th i s climate belongs to type a . . Like a , i t has two humid 
seasons, but they are mostly too shor t l o r crop c u l t i v a t i o n . 
The other intermediate s i t u a t i o n between a . . . . - and . i s 
caused of the fact tha t there are 3 humid l i ' 4 - 3 

months (twice 1 1/2), with one season being fully humid and the 
other one being a borderl ine case . 
The set t lement schemes Ildalani and Mzukini are on the wetter 
side of the boundary and therefore have the hygrotype a , 1 ) 4 ' •>• 
The difference i s not g rea t , and vegetation types on ' 
both s ides of the boundary are the same, ind ica t ing a strong 
c l imat ic s i m i l a r i t y . A comparison with records in Hdalani 
confirmed th i s conclusion. Although the s t a t i o n Yatta B 2 i s 
a few kilometres av/ay, i t had t o be used for t h i s example 
since i t i s the only s t a t ion with records over a period of 
at - l e a s t 2o years . 
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3' DÊlï'i!iDaSi5D_9f_î!ie_areas_ to_b e _y romo te d_ f gr _ development 

The decision regarding whicli ureas should be promoted, was made 
according to need: where the danger of famines is most urgent, 
development aid should be given f i r s t . According to the c l imat ic 
p o t e n t i a l i t i e s , four degrees of p r i o r i t y were formed (Fig. 1J ) . 
Climatic po ten t i a l i s decided by possible a g r i c u l t u r a l y ie lds 
under ex is t ing conditions and the risk of crop f a i l u r e . As farm 
s izes are approximately the same in the whole area of the llaraka 
Settlement Schemes (Table 1) , areas wit!» the lowest y ie lds and 
the highest r i sks of crop fa i lure with present maize-cul t ivat ion 
are also the areas most in need of development aid (Fig. 2o-21) . 
This would not be the case i f la rger u n i t s , for instance ranches, 
had been formed in these areas.-Since no so i l map is ava i l ab le , 
var ia t ions in the c l imat ic po ten t ia l caused by th is factor could 
not be fully considered. 

lour types of areas are indicated (Fig. l 'J) . They a re : 

- areas of f i r s t p r i o r i t y , or very low po ten t i a l zone (v lpz) , 
-• areas of second p r i o r i t y , or low po ten t i a l zone ( i p z j , 
- areas of th i rd p r i o r i t y , or medium po ten t i a l zone (mpz), 
- areas of fourth p r i o r i t y , or semi-high po ten t ia l zone (shpz). 

These zones largely correspond to the agro-cl imatic zones. The f i r 
p r i o r i t y area is the a.. . , , „-cl imate, where the land use methods and 
farm sizes are in c l ea re s t conf l i c t with the cl imatic conditions wl| 
are most su i table for ranching, as the r isk of crop fa i lure for mail 
i s too high (Fig. 28). Host of the rainy seasons wi l l bring famine. 
Only by the introduct ion of new methods and crop va r i e t i e s and the 
enlargement of farm sizes wi l l i t be possible to avoid new cata-
s t rophies (Chapter 5 .2 .1 ) . 

This economically weak zone contains the projec ts Ndalani and Mzukù 
with the exception of two small areas whicli are s i tua ted at a highd 
e leva t ion . In addi t ion, the lower par ts of Mamba belong to th i s zone 

The second p r i o r i t y area is tlis zone of a, - and a, , - c l imates . 
1.3 1.4 

Here, crop failures of the main cultivation of Katumani maize arc 

less predominant, but still rather frequent because of the short 

I 
I 
I 
I 
I 
I 
I 
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d u r a t i o n of: the humid season (Tip.. 11), 2o) . In t h i s zone , i n ­
c r e a s i n g farm s i z e s and new methods are n e c e s s a r y t o o , t o g e t h e r 
wi th a c e r t a i n change in c r o p s . 

This zone of low c l i m a t i c p o t e n t i a l p r e v a i l s in the wide v a l l e y s 
of the lower p a r t s of Ngoliba I) and K d i t h i n i and a l s o in tue 
r a i n shadow a rea s of the Atlii p l a i n s , where the ilunyu Scheue and 
the w e s t e r n p a r t s of Gatuanyaga are s i t u a t e d . The l a r g e s t p a r t 
of the Maml>a p r o j e c t a l s o be longs to t h i s zone. P r i o r i t y for de­
velopment a i d i s s l i g h t l y lower in Munyu and Gatuanyaga, because 
in t h e s e schemes v o l c a n i c s o i l s produce h i g h e r y i e l d s and employ­
ment p o s s i b i l i t i e s e x i s t in Tliika for many s e t t l e r s of t h e s e two 
schemes. 

In the t h i r d p r i o r i t y zone the p r o b a b i l i t y of r e c e i v i n g the mi­
nimum w a t e r r equ i r emen t s of the main crop maize i s a l r e a d y more 
than two t h i r d s ( f i g . 3 4 ) . Here , the main problem i s the p r o ­
t e c t i o n and improvement of s o i l f e r t i l i t y . P r e c i p i t a t i o n i s no r ­
mally s u f f i c i e n t , even for some h y g r o p h y t i c p e r e n n i a l c r o p s , as 
t h i s zone be longs to the predominant humid c l i m a t e h. , . However, 
problems e x i s t because the humid seasons a re f r e q u e n t l y poor ly 
deve loped . This i s the l a r g e s t zone in the a r e a of tiie l laraka 
S e t t l e m e n t Schemes. I t i n c l u d e s most of the p r o j e c t s I t h a n g a , 
N d i t h i n i and Gatuanyaga, i n a d d i t i o n Ddula, Ngol iba A and C, and 
the h i g h e r p a r t s of Mgoliha I'. 

The fou r th p r i o r i t y zone has no problems of s u r v i v a l . Since h e r e , 
a r e l a t i v e l y high p r o b a b i l i t y of 75 % i s r eached for the minimum 
wa te r r equ i r emen t s of maize . Here the main q u e s t i o n i s t o im­
prove income c o n d i t i o n s . This can be a t t a i n e d by making f u l l use 
of the p o s s i b i l i t i e s of the h. . - c l i m a t e , e s p e c i a l l y i n r e l a t i o n 
t o p e r e n n i a l c r o p s . However, as i n the o t h e r zones a danger of 
s o i l e r o s i o n and d e s t r u c t i o n e x i s t s h e r e , t h e r e f o r e development 
a i d shou ld not be pos tponed for too long . The a r ea i s s m a l l , 
c o n t a i n i n g only t hose p a r t s of I thanga and N d i t h i n i which are 
over 135o n above sea l e v e l . ' 

1) In N d i t h i n i only a smal l and r a t h e r s t e e p a rea belongs t o 
t h i s zone . I t may be d i s r e g a r d e d . 
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4. Ossig_a£ro-çlimatig_infornaJioQ_abgut_the_yarigus 
Br ior i ty_arsas 

4.1 Areas of f i r s t p r i o r i t y (vlpz : very low po ten t i a l zone) 

The vegetation of t h i s zone consis ts mainly of Acacia-Conmiphora 
hush, showing an adaptation to semi-desert condi t ions . This i l ­
l u s t r a t e s that here in Ndalani and Nzukini a r id i t y is the main 
problem. Prec ip i t a t ion is generally below 6oo mm per year (P ig .2) . 
Records over three years , made at the trading centre of .Wlalani, 
produced a mean of only 4oo mm, but the r e l i a b i l i t y of these data 
i s doubtful and the period too sho r t . The long-term mean is pro­
bably h igher , but not very much. Hainfall records, obtained du­
ring the long rains of 1977 indicated only 25o nm. The teacher, 
who did the readings, had the opinion that the long rains during 
tha t year had been f a i r . Therefore, with two rains per year a 
t o t a l of 5oo mm is considered quite normal. The comparable s t a ­
t ion Yatta B 2 Vet. Station indicates a mean of 585 mm (Table 3) . 

Po ten t ia l evaporation in these areas may reach 2ooo mm per year. 
This i s caused by dry a i r masses from the e a s t , brought by the 
predominant trade winds. The water de f ic i t i s over 14oo mm per 
year, so that even unpretentious perennial crops , sucii as s i s a l 
or cas tor , cannot reach reasonable ra tes of growth. 

The seasonal d i s t r ibu t ion of p r ec ip i t a t i on and humid periods 
causes a very d i f f i cu l t condition for annual crops. The long 
rains s t a r t around the end of March and end already in the midd­
le of May, the short rains l a s t from November un t i l December. 
Compared with the po ten t ia l évapotranspira t ion, the mean amounts 
of r a i n f a l l produce jus t two humid months (Pig. 23) during which 
the minimum water requirements of crops in t h e i r growing period 
are exceeded (5o % of t h e i r po t en t i a l évapot ransp i ra t ion) . There­
fore , maize cannot produce well in normal years (Pig. 22). 

The v a r i a b i l i t y of p rec ip i t a t ion and humid seasons c lear ly in­
dicates the very d i f f i cu l t conditions for maize introduced iiere 
as the main s taple crop. Katumani-maize, the l ea s t demanding 
maize va r i e ty , generally used here, has water requirements at 



the t empera tu re s p r e v a i l i n g here of about o.ü li in the f i r s t 
month, l . o E„ in the second and 0.7 li i n the t h i r d month of o o n 

growth (Brown and Cochemé, 1969, p . 291) ' . C a l c u l a t e d as auounts 
of r a i n f a l l , t h i s means a w a t e r need of loo nun in the f i r s t month, 
17o mm dur ing the second and loo mm in the t h i r d month of growth 
du r ing the long r a i n s " ' and l l o ui.i, 185 mm and 135 mm dur ing the 
s h o r t r a i n s . T o t a l s for a good crop are 37o r e s p . 43o mm. This 
op t imal d i s t r i b u t i o n in t h r e e months was never a c t u a l l y r e a l i ­
zed in t h i s zone ( r e c o r d s fo r 1 '.)53 - 19 74 a t the only s t a t i o n 
with a comparable c l i m a t e , Y a t t a B 2 Vet . S t . ) . Hvery y e a r , the 
r a i n s were e i t h e r s h o r t e r , l e s s or i n t e r r u p t e d . But even t a k i n g 
a l l the p r e c i p i t a t i o n dur ing a r a i n y season and assuming t h a t 
good s o i l mo i s tu re s t o r a g e c o n d i t i o n s p r e v a i l e d and t h a t s u r ­
face runoff was l a r g e l y p r e v e n t e d , so t h a t some s o i l m o i s t u r e 
was a v a i l a b l e dur ing the t h i r d month, only 4 long r a i n s and 2 
s h o r t r a i n s dur ing the i n d i c a t e d p e r i o d of o b s e r v a t i o n had suf ­
f i c i e n t mois tu re for a good Kutumani maize c r o p . This r e p r e s e n t s 
only 2o % r e s p . lo % of a l l yea r s ( l ' i g . 2 8 ) . 

But even the p r o b a b i l i t y of r e c e i v i n g 25o nun as a minimum r e ­
qui rement for a smal l Katumani c rop ' 3 ' (Brown and Cochemé , 1909 , 
p . 295) , which s t i l l assumes a good s t o r a g e in the s o i l and no 
dry p e r i o d s dur ing the main growing p e r i o d , i s only 4o % d u r i n g 
the long r a i n s and about the same for the s h o r t r a i n s ( l i g . 2o 
and 2 1 ) . Ün the a v e r a g e , every second y e a r b r i n g s a crop f a i l u r e 
du r ing botli r a iny seasons ( l ; i g . 2 7 ) , and about two t h i r d of t he se 
are t o t a l f a i l u r e s . The mean y i e l d of a l l yea r s i s only about 
3 bags m a i z e / h a , caused by many crop f a i l u r e s , g e n e r a l p a u c i t y 
of r a i n f a l l and poor s o i l s 4 - ' . Development a i d i s t h e r e f o r e abso ­
l u t e l y n e c e s s a r y for s u r v i v a l h e r e . Despi te the poor n a t u r a l 
c o n d i t i o n s t h i s a i d can he q u i t e e f f e c t i v e wi th r e l a t i v e l y modest 

1) Water r equ i r emen t s of the r a p i d r i p e n i n g Katumani maize a re 
d i f f e r e n t from those of i.iaize v a r i e t i e s with longer growth 
pe r iods (Table 8 ) . 

2) June i s r e l a t i v e l y cool and p o t e n t i a l é v a p o t r a n s p i r a t i o n i s 
t h e r e f o r e l e s s than dur ing A p r i l . Therefore o.7 x li in June 
i s the same amount in mm as o.(i x i2 in A p r i l . The diagram 
( l ' i g . 22) seems t o use d i f f e r e n t amounts , but h e r e , the s o ­
wing date in mid-Ilarcii was used as a base and t h e r e f o r e amounts 
were c a l c u l a t e d for l iai f a month. 

3) The d i s t r i b u t i o n of t h i s minimum.requirement of wa te r would be 
about 7o nun in the f i r s t , l l o mm in the second and 7o mm in the 
t h i r d month. I t i s assumed t h a t p a r t of t he se can be s u p p l i e d 
by s o i 1 mois t u r c . 

4) An exac t comparison of c l i m a t i c c o n d i t i o n s and crop y i e l d s 
du r ing the r a iny p e r i o d s i s not p o s s i b l e in tiie l laraka Sche­
mes because of the lack of d a t a . 
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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 2oo mm during the Ion;; rains and about 

2 3o mm during the short rains, would for instance be sufficient 

for certain bulrush millet andfoxtail millet varieties. A total 

over 2oo mm is also sufficient for cowpeas (Vigna sinensis), 

green gram (Vigna aureus), Mexican beans 142 (Muezi moja, l'ha-

seolus vulgaris) and pigeon peas (Cajanus cajan). Crop failures 

are mainly caused by insects, especially at pigeon peas or by 

short dry periods during the rains. 

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

The nearby station Kithimani (Fig. 24) is typical for the iMamba 

scheme in this zone. In ilunyu conditions are similar, but the 

short rains are a bit smaller. The mean annual rainfall is less 

than fioo mm (l'ig. 2), but it exceeds the necessary minimum for 

unirrigated crop agriculture, which is, with a divided rainy 

season, about 6oo mm. The water deficit in relation to the po­

tential évapotranspiration amounts to 8oo - looo mm, so irriga­

tion for perennial crops would normally be too expensive. Only 

sisal and castor are adapted to the long dry periods which last 

from January to March and from June to October. April/May and 

November/December are usually humid montas with a mean rainfall 

of 3oo - 35o mm each season (fig. 24). But a humid season of 

only two months is normally too short for annual crops. J f soils 

are protected against erosion and surface runoff can be preven­

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 éva­

potranspiration, in this case at least, 25o mm should be re­

ceived in the two rainy months. Under these circumstances a mi­

nimum yield of about 4 bags/ha could be expected of Katumani 

maize, which needs about three months to ripen here. On the vul­

canic soils of Munyu the minimum yields are 6 bags/ha under t.ie 

same weather conditions. ' 

1) This advantage in Munyu is compensated by less favourable 
short rains, caused by the rain-shadow of 01 lioinyo Sapuk 
(i-'i;;. 6). 
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| 1 rainy day per month 

1 0 rainy days p.m. or more 

opt. water need 

of katumani maize 

[ covered by soil moisture 
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water 
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lri g . 2 2 : Seasonal r a i n f a l l d i s t r i bu t i on and the water 
requirements of Katumani maize at the most 
t y p i c a l s t a t ion of the f i r s t p r i o r i t y area 
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Table 8: Water r cqu i reuen t s of soiif c rops which can he crown in 
the llnraka S e t t l e n e n t Schemes ( in Î of 1: ) 

Annual c rops y o u t h f u l pe r i od main j ; row inj', 
pe rioil 

n p c i u n;; 

Cotton 

I'.eans 

Groundnuts 

Vs «Pt ni) l es 

H a r l e y 

A l f a l f a 

i i a i ? . e 

Soryhun 

l ' e r ?nn ia l c rops 

4 o 

7o 

'15 

P,o 

4 o 

5 5 

5 o - 7 o 

r.o 

12o 

125 

Do 

12o 

9 o 

l o o 

S o - 1 2 o 

12o 

y o u t h f u l s t a ^ . e main j j rowin i ; 
s t a u e 

!5 o 

8o 

4o 

8o 

So 

(Go) 

r e s t - o r 
r i n e n i u n 

Avocados 

Araoica co f fee 

C i t r u s f r u i t s 

Bananas 

Vine 

9o 

5o 

9o 

4o 

(4o) 

loo 

8 o 

loo 

l l o 

8o 

9 o 

4o-7o 

8o 

8o 

(4o) 

C a l c u l a t i o n of I: a c c o r d i n g t o l'enman (1950) , modif ied for the hi 
lands a f t e r , 'icCulloch (1905) . Water r equ i r emen t s a f t e r Brown and 
Cocheme ( 1 9 6 9 ) , Goldberg ( 1 9 7 1 ) , haycock (196o ) , Kieuwolt ( 1 9 7 3 ) , 
l ' e r e i r a ( 1957 ) , I'.ijks ( 1 9 0 5 ) , Saxen e t a l . (no y e a r ) , Wal l i s (190 
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V1 a t e 3 : Natur a l tu o r n - s a v a n n a , wi th 
a l h i d a and" the ;;i' a_s JJ r-. j ië cii-à Ce ne IT rus 
cl 11 a r l s in hda l a n l 

I .•• feu undes t royed u r e a s . 
Ueplant inj j of these t r e e s i s n e c e s s a r y 

P l a t e A : Nej inn in 
l :, idalaiu 
iVln re the y r a s s i s M i s s i n g , wore titan 
:s cm of s o i l was eroded dur ing a | î r i o d 
oi not uore i kan 7 >• • te t 
absence ol s l o n e s . This e f f e c t Is Lndi = 
ca ted by Ehe It) cent coin n e a r the fi 
il ras . root • 
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t ä t e 5 : ' ap-iiailf d e s e r t in N'dalani 
u v e r g r a z i n g and s o i l e r o s i o n . The 

Le tu re was taken a f t e r the r e l a t i v e l y 
good s h o r t r a i n s of 1976, on 4th March 
1 «J 7 7 . 

I ' la te c : S o i l e r o s i o n d e s p i t e t e r r a c i n g (Ngoliba D) 
iecause of the high I n t e n s i t y of t r o p i c a l 

r a i n s t o r m s , t e r r a c i n g alone i s not sufa 

Cic i en t t o p r e v e n t s o i l e r o s i o n . 
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The p r o b a b i l i t y of r e a c h i n g t h i s ai.iount i n a s u i t a b l e d i s t r i ­

b u t i o n fo r Katumani r.iaize, i s about So - (io % dur in« the lung 

r a i n s and 4o - 5o » dur ing the s l ior t r a i n s . 

T h e r e f o r e , in the low p o t e n t i a l zone m a i z e - a g r i c u l t u r e should 

be c a r r i e d out wi th c a r e , because good y i e l d s are ra re (excep t 

wi th s p e c i a l w a t e r - c o n s e r v i n g measu re s , Chapter 5 . 1 ) . Optimum 

c o n d i t i o n s of wa te r a v a i l a b i l i t y over the n e c e s s a r y p e r i o d of 

t h r e e months occur red only in 2o % r e s p . Io % of the r a iny 

s e a s o n s . 

I f the sums of r a i n f a l l du r ing the r a iny seasons are cons ide red 
wi thout r e g a r d i n g d i s t r i b u t i o n , 25 r e s p . 3o % r eached the o p t i ­
mal value ( l ' i g . 3 2 ) , which , however, assumes very good mois ture 
s t o r a g e c o n d i t i o n s and i s not enough for economic p r o d u c t i o n . 
But t o t a l crop f a i l u r e in bo th r a i n y seasons occur red in only 
15 % of a l l y e a r s . 

h'xcept for maize , fo l lowing c rops a re c u l t i v a t e d : sorghum, b u l ­
rush m i l l e t , some f i n g e r m i l l e t , b e a n s , cowpeas, pigeon p e a s , 
cassava and, as casli c rops in smal l q u a n t i t i e s : c o t t o n , tobacco 
and s u n f l o w e r s . Yie lds a re normal ly low, ave rag ing about 5 b a g s / 
ha for g r a i n c r o p s , 3 b a g s / h a for beans and p e a s , 3oo kg/ha for 
c o t t o n and 45o kg /ha for t o b a c c o . T r i a l s wi th groundnuts dur ing 
the s h o r t r a i n s of l>)76/77 were s u c c e s s f u l , but r a i n s were ex­
c e p t i o n a l l y good. Groundnuts need a minimum of 25o mm of r a i n ­
f a l l over t h r e e months in a s i m i l a r d i s t r i b u t i o n as for Katumani 
maize . Yie ld p r o s p e c t s are t h e r e f o r e no t b e t t e r ( l ' i g . 3 2 ) . 

4 .3 Areas of t h i r d p r i o r i t y (mpz : medium p o t e n t i a l zone) 

The mean annual p r e c i p i t a t i o n i s between 8oo and 'J5o mm ( l ' i g . 2 ) , 
mainly because t h i s area r e c e i v e s more o r o g r a p h i c r a i n f a l l com­
pared with tile lower e a s t e r n schemes. The p o t e n t i a l é v a p o t r a n s ­
p i r a t i o n reaches only looo mm p e r y e a r , mainly because of lower 
t e m p e r a t u r e s and more c l o u d i n e s s . Normal ly , the wate r d e f i c i t 
i s s t i l l too l a rge for most p e r e n n i a l c u l t u r e s , as i t r eaches 
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65o - 800 una per year (exceptions are sisal and castor). However, 

coffee and pineapples can be grown with some irrigation and Mul­

ching or covering of the soil during the four arid months of 

the long dry period and the two arid months of the short dry 

season. This is clearly demonstrated by the plantations in the 

western parts of this zone. With special Measures, such as plan­

ting in holes with nulch, and some irrigation during the beginning 

stages of the growing cycle, bananas, papayas, mangoes (for sub­

sistence use) and citrus fruits can be grown here. 

Macadamia-mits can be grown without tiiese special Measures. They 

only need soi.ie protection against termites. Passion-fruits would 

also grow well in this zone. However, the investments for trel­

lises are probably too large in comparison to present producer 

prices. 

Rains are concentrated during the periods between the end of 

March and the beginning of June and November/December. Tue mean 

value during the long rains is over 4oo 1.1m and for the short 

rains between 3So and 4oo om. The probability of receiving 

25o i.n.i, as the Minimum for Katuwani maize in a suitable distri­

bution for this crop, is between 60 and 7o ° for the long rains 

(I-'ig. 2o) and 5o - Go ° during the short rains, ih'ituanyaga and 

.','dula have only a probability of 4o - So % in the latter case, 

as the short rains diminish towards the west. The risk of two 

consecutive crop failures is only about lo % (Pig. .54). There­

fore, this zone is well suited for the growing of Katumani maize 

as a subsistence crop. Most crop failures occur because o ': the 

short duration of the rainy periods, as even a slight reduction 

in the length of the rains iaal.es the wet period too short for 

crop cultivation. Sometimes even May la without rain. Therefore, 

the yields vary strongly from year to year, l'or Katui.iani maize, 

they may be between 0 and 50 bags/ha. Yield variations depend 

not only on rainfall, but also on cultivation methods and soils. 

In the MO ill inn potential zone poor soils occur on granites and 

gneisses where maximum yields are 30 bags/ha. But on fertile 

volcanic soils, on the lava flows from tiie Nyan durus which reach 

http://iaal.es
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as f a r as Catuanyaga, Nihil a and tlie w e s t e r n p a r t s of .",'goliba A, 

y i e l d s way lie as h igh as 50 b a y s / h a when t h e r e i s enough r a i n 

fo r t h r e e agro-humid months. These o p t i c a l amounts of r a i n f a l l 

of about 4oo nun Must be d i s t r i b u t e d so t h a t t h r e e and a iial f 

months c o n s e c u t i v e l y weet the wate r r equ i r emen t s of Katumani-

maizc (l-'.i g. 25) . 

During t h i s p e r i o d tlis monthly t o t a l s siiould be about ;lo, l.So 
and 95 mm, and in a d d i t i o n , h a l f a month wi th about 25 - 5o MI:I 
fo r tlie r i p e n i n g s t a g s . These c o n d i t i o n s are f u l f i l l e d only du­
r i n g 15 % of tlie long r a i n s and lo % of tlie s h o r t r a i n s . Because 
of the high r i s k s of crop f a i l u r e s and the c u l t i v a t i o n Methods 
which need some improvement, mean y i e l d s are about 3 bags /ha on 
the g r a n i t e s and g n e i s s - s o i l s and about l o bags /ha on v o l c a n i c 
s o i I s . 

lieans produce more equa l y i e l d s , wi th a mean of around 4 b a g s / h a , 
w i thou t l a r g e d i f f e r e n c e s caused by s o i l t y p e s . Tue observed 
y i e l d d i f f e r e n c e s caused by c l i m a t i c c o n d i t i o n s a re between 1 
and 2o b a g s / h a for the f a s t r i p e n i n g v a r i e t i e s , such as i.iwczi 
inoja beans (one mon th -beans ) , which show a beg inn ing f r u i t a f t e r 
only one month, r i p e n i n g in two months . This v a r i e t y i s very 
s u i t a b l e for the s h o r t r a i n y p e r i o d s in t h i s zone. 

Cowpeas are a l s o s u i t a b l e for t h i s s e a s o n a l r a i n f a l l d i s t r i b u ­
t i o n and produce s i m i l a r y i e l d s . Pigeon peas were a l s o p l a n t e d , 
as they are drought r e s i s t a n t , but y i e l d s were reduced by i n s e c t 
damage. 

As cash crops c o t t o n and tobacco were t r i e d . Yie lds for c o t t o n 

dur ing the f avourab le 1974/1975 season ( s h o r t and long r a i n s ) 

amounted t o about Ooo k g / h a . The low y i e l d s in 1975/76 of l e s s 

than 2oo kg/ha were not caused by d r o u g h t , but by l a c k i n g i n ­

s e c t i c i d e s , i n 1976/77 t h e y i e l d went up t o 9fiO kg/ha in I t h a n g a . 

Tobacco was i n t r o d u c e d by the B r i t i s h Afr ican Tobacco Cy. in 
1975. fa rmers produce a i r - c u r e d l eaves of about 7 oo kg/ l ia . i t 

i s s t i l l too e a r l y t o e s t i m a t e y i e l d s in r e l a t i o n t o c l i m a t i c 

c o n d i t i o n s , b u t I would advise t o c o n t i n u e the c u l t i v a t i o n of 

tobacco in t h i s zone . (The two e a r l i e r mentioned zones are too 

d ry , the next one t o o c o o l and v a r i â t e s too much by r e l i e f for 

t h i s c r o p ) . 

1) In the diagram (I'ig. 25) values are slightly different, since 
lie re, according to the planting dates, medio •'larch is taken 
as the beginning, starting with half a month. 
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4 . '1 Areas of four th p r i o r i t y fshpz : seri i-h i ::h p o t e n t i a l 7011c 1 

II" 10 are the favourab le h, , - c l i m a t e s with a mean annua] p r e -
ci.jii ta t i 011 of Oü o - lo.r>o nn:i ( F i g . 2 ) . The potentiel l , é v a p o t r a n s ­
p i r a t i o n i s about lfioo urn. Though the annua] wa te r ba l ance i s 
s t i l l n e g a t i v e wi th a d e f i c i t of about 5oo mm, r a i n f a l l i s suf­
f i c i e n t for p e r e n n i a l crops such as c o f f e e , b an an as , p i n e a p p l e s , 
pas s ion f r u i t s , p apayas , o r a n g e s , lemons anil mangoes ,whc re s o i l s 
are not eroded and have a deptli of a t l e a s t one n e t e r in o r d e r 
to s t o r e the water s u r p l u s dur ing the r a iny p e r i o d s . > In t i i i s 
c l ima t e the r a i n s produce u s u a l l y s u f f i c i e n t s u r p l u s . 

The lone r a i n s l a s t normal ly fron ued io- î l a rch u n t i l the middle 
of J u n e , wi th the maximum in A p r i l ( f i r , . 16 ) . The mean r a i n f a l l 
t o t a l i s about <15o mm (F ig . 4) , compared t o an e s t i m a t e d éva­
p o t r a n s p i r a t i o n of 3oo mm. The s u r p l u s t h e r e f o r e amounts t o 
If.o nn, which can be s t o r e d in the s o i l and can be used t o supp­
ly the minimum requ i r emen t s of tiie p e r e n n i a l c rops mentioned 
above , excep t du r ing ex t remely dry y e a r s ( F i g . 36 ) . The s h o r t 
r a i n s from the middle of October u n t i l the beg inn ing of January 
have 0 mean r a i n f a l l of about loo mm ( f i g . (>'), which g ives a 
s u r p l u s of around loo mm which can be s t o r e d in the s o i l . During 
many y e a r s , the o t h e r months a l s o have some r a i n , b r i n g i n g the 
annual t o t a l to 'J 5 o mm or more. 

The humid seasons a re long enough for many annual c r o p s , as they 

l a s t fo r t h r e e or t h r e e and a h a l f months , and c o n s i d e r i n g s o i l 

mo i s tu re s t o r a g e even for f ive months each ( l i g - l o , 11) . The 

r a i n f a l l r e l i a b i l i t y i s r e l a t i v e l y good. The p r o b a b i l i t y of r e ­

c e i v i n g the minimum of 25o mm for Katumani maize i s about 9o % 

dur ing the long r a i n s and 80 % for tiie s h o r t r a i n s ( f i g . 3 6 ) . iiut 

because a good d i s t r i b u t i o n over t h r e e months i s r e q u i r e d the 

p r o b a b i l i t i e s are reduced t o a b i t over 3o % r e s p . Oo % ( F i g . 2o, 

21 ) . Pue t o the mean t empera tu re s around 2o C. which p r e v a i l 

h e r e , Kntumani-naizc needs about four months for i t s growing 

and r i p e n i n g p e r i o d . I n normal y e a r s tho v a r . 511 g i v e s h i g h e r y i e l 

1) ,'!any p e r e n n i a l c u l t i v a t i o n s only need moi s tu re amounting t o 
about h a l f of the p o t e n t i a l é v a p o t r a n s p i r a t i o n (sub-humid or 

semi-humid c o n d i t i o n s ) . 
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T!iis means t h a t the wate r s u r p l u s e s of the t i i ree wet r.ionths 
should not be al lowed to run o f f , b u t should lie s t o r e d in the 
s o i l for the fourth i.ionth. S u i t a b l e p l a n t i n g Methods are n e ­
c e s s a r y (Chapter 5 . 1 ) . Mulching i s f avourab le to reduce eva­
p o r a t i o n from the s o i l s u r f a c e . 

According to i n f o r m a t i o n o b t a i n e d , y i e l d s of Katuninni maize are 
between 2 and 4o bags /ha ( in t i i i s zone t he re are no v o l c a n i c 
s o i l s with p a r t i c u l a r l y high y i e l d s , as in the l.ipz) . The mean 
y i e l d i s around 12 b a p s / h a . In t h i s c l ima t e they should reach 
a t l e a s t 2o b a g s / h a , but s o i l s are poor on tile g r a n i t e s and 
g n e i s s e s of t i i i s zone, f e r t i l i z a t i o n , e s p e c i a l l y of n i t r o g e n , 
would lis of g r e a t b e n e f i t . P r o t e c t i o n a g a i n s t s o i l e r o s i o n i s 
a l s o i m p o r t a n t . 

Optinuu c o n d i t i o n s for good crop y i e l d s in t i i i s tempera te h i g h ­
land c l ima t e would mean w a t e r s u p p l i e s of about So um dur ing 
the second h a l f of March, 12o mm in A p r i l , l l o mm in Iiay,(i5 mm 
in June and 25 m dur ing the l a s t h a l f month. Such c o n d i t i o n s can 
lie expec t ed wi th a p r o b a b i l i t y of about 5o %. Mean va lues for 
the above months are 115, 25o, 12o, 15 and 5 inn. T h e r e f o r e , the 
d e f i c i t dur ing June and J u l y can normal ly be covered by s o i l 
m o i s t u r e . During the short ' r a i n s the p r o b a b i l i t y f i g u r e s for 
good maize y i e l d s are l e s s f avourab le (25 %). 

As a cash c r o p , maize i s no t recommended,and i t should be p l a n ­
ted only as a s u b s i s t e n c e c r o p , as the a r ea has many s t e e p s l o p e s 
where e r o s i o n i s a t h r e a t , f o r cash c rops the p e r e n n i a l c u l t u r e s 
a re e c o l o g i c a l l y more s u i t a b l e . 
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5. y os a l £ a for_ ï h f _»|e £§ J yyujen t _Q f = t h e = a re as 

S.] [Jenerul p r o p o s a l s 

I . In t roduc t ion of the i.uti it a - sys tem fur p r u t e c t i o n agai 

soi L-e ros i on j for wa te r c o n s e r v a t i o n and for ^ r e s e r v a t i o n 

p i j i ' r t i l i t y 

Because of the high amount of l o c a l r e l i e f , p r o t e c t i o n a g a i n s t 

s o i l o ros ion i s v e r / n e c e s s a r y . The s h o r t durât 1 en of the hi mild 

rva t ion of wa te r an impor tan t m a t t e r , and tue 

rapid !oss of s o i ] f e r t i l i t y in r e l a t i o n t o the e t t l e ­

nient p a t t e r n r e q u i r e s u**asures to j r o t e c t n u t r i e n t s i • t.. . soi l. 

Al l t h e s e f u n c t i o n s can be s u p p l i e d by the mntu tu-sys l , con­

s i s t i n g of sua 11 r i d g e s fo l lowing con tou r l i n e s , a n d s t r i j . a i l -

cl.in. . 

To prove the e f f i c i e n c y of t l i i s system i o rgan ized an -• ; 

on the crop a rea of th< akulu pr imary school In !»golil .. 

• s l o p " and s o i l c o n d i t i o n s are t y p i c a l for t . t t l 

o u t s i d e ti i" v o l c a n i c a r ea s (Table i') • S o i l s are sand> red i 

which change «'it a depth of ai.out io en i n t o a ver; 

dense s u b s o i l , caused by the t r a n s p o r t a t i o n of loa . r t i I ••-, 

which i s so hard '.hen dry tha t the s o i l b o r e r i s d i f f i c u l t t o 

u se . This s u b s o i l obv ious ly t akes in wa te r very s l o w l / . i'ii in 

f i l t r a t i o n speed of the dry s o i l i s below lo . . . . ihiere 

fore s u r f a c e runoff va lues are very high a l r eady In the . g in ­

ning of the r a iny s e a s o n s . Two sii.all i.iaize f i e l d s of about 3 

square met res each were c u l t i v a t e d : one in the usua l wuj , tue 

o the r one acco rd ing t o the n ta tu ta - sys tew ( I ' l a te 8 ) . Preci j Lta-

t i on was r eco rded v. i t i i a normal ra ingauge and a s e l f - r e c o r d i n g 

on . 

II A l a r g e r s u r f ace would have r e q u i r e d a l a r g e r i .atci c o n t a i ­
n e r . However, the e f f e c t of the s i z e ... the area is r. 
s i . . a l l , as shown by s x p e r i u e n t s OL l * r o f . l i . u i d i t e r a t tiie 
liodenerosionsr.ielis t e l le ( s o i ] e r o s i o n . leasureiuent I n s t i t u t e ) 
of the U n i v e r s i t y of T r i e r in i i e r t e s d o r f . liven lo r ths small 
s u r f a c e s used here the c o n t a i n e r s of 111 l i t r e s were o f ten 
too s n a i l and bad t o be emptied du r ing r a i n s . This loss of 
measuring time of about 5 minutes i n d i c a t e s , t ha t i te h i g h e s t 
va lues of s u r f a c e runoff (over 13 1/day) mus1 have been •>• . 
h i g h e r . 
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Ant i -° ros ion dan in tfgoliba 1» 
Planted with Panicum m.« mensis . Protect; 

Lnst the formation of e ros ion-gul l ies of 
larjjs r s i z e . This measure must be supported 
liy small ridges following contour l i ne s , as 
shown in Plate 
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l e 9 : R e d u c t i o n o f w a t e r l o s s e s u i t h t h e i . i a t u t a - s y s t e u a t 

K'wakulu, , i [ ' , o l iba U, d u r i n g t h e l o n ç r a i n s o f 19 7 7 1) 

i U i i n f a l l ( i 
= 1 /LI2 

.1..) i l imof f w i t h u s u a l | 
c u l t i v a t i o n I 

1/I.I2 i t o f r a i n f . i 

Uunof f w i t h u a t u t a -
s y s t e u 

1/ni- I 'i of r a i n f. 
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2 . 5 
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3 4 . ft 1 5 . o 

2 . 4 . 1 1 . 4 3 . 4 
4 . 4 . 9 . 1 2 . 3 

1 3 8 . 1 
1 7 . 5 

7 . 6 

1 1 . 9 
5 . 8 
1 . 7 

l o . 4 . 7 . 0 1 . 7 
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l . f i 
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0 . 2 
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S . o 
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The r e s u l t s exceeded al J expocta t i o n s (Tabic '.)) . Water l u s se s 
by s u r f a c e runoff wi th tlie usua l c u l t i v a t i o n methods amounted 
to about one t h i r d of the p r e c i p i t a t i o n , with the ma tu t a - sy s tci.i 
t o only n.«I '». ' 

Di.iriiif; the Ion y r a i n s , the l o s s of 183 MM fron a t o t a l r a i n ­
f a l l of 535 min was not f a t a l fo r m a i z e - c u l t i v a t i o n , as the r e ­
maining 35o mm are s u f f i c i e n t for Katunani ma ize . Hut in no r ­
mal y e a r s the r a i n f a l l i s of ten only 25o - 35o mm and then the 
l o s s e s of about one t h i r d w i l l reduce tiie a v a i l a b l e Mois ture 
below the c r i t i c a l minimum value for Katumani ma ize . 

I n c r e a s e d e v a p o r a t i o n , caused by the e n l a r g e d s u r f a c e a rea of 
the r i d g e s , i s a lmost n e g l i g i b l e , as t o t a l s o l a r r a d i a t i o n p e r 
squa re mete r be ing the most i m p o r t a n t f a c t o r c o n t r o l l i n g eva ­
p o r a t i o n , remains the same. Moreover, e v a p o r a t i o n i s reduced 
by s t r i p mulching as the s o i l i s p a r t i a l l y cove red . The maize 
p l a n t s i n the matu ta f i e l d were s t r o n g e r and l a r g e r and the 
cobs were l a r g e r ( y i e l d s were not measured as the f i e l d s were 
too sma l l and s c a l e s not a c c u r a t e enough) . The f a c t was 
s u r p r i s i n g th.-it the p l a n t s op. the r!3tuta f i e l d grew more r a ­
p i d l y and t h a t the maize was r ipe about one week e a r l i e r . This 
may be an impor t an t advantage as the r a i n y p e r i o d s a re s h o r t 
( ' •u; . 2 2 ) . 

I t i s c l e a r t h a t the r e d u c t i o n of s u r f a c e runof f a l s o reduced 
the s o i l e r o s i o n , liven on n e a r l y f l a t lands e r o s i o n reaci ies 
about 5 mm pe r yea r ( P l a t e 4 ) . The p r o t e c t i o n by tiie ma tu t a -
system i s much more e f f e c t i v e tiian by t e r r a c i n g , which needs 
more l abour and reduces the s lope not enough, because wi th the 
high i n t e n s i t y of t r o p i c a l r a i n s a l r e a d y s l o p e s of only 1 
may s u f f e r from s h e e t e r o s i o n . 

1) In a d d i t i o n t h e r e i s some los s by p e r c o l a t i o n i n t o the 
s u b s o i l ( i n t e r f l o w ) , bu t because of tiie c h a r a c t e r of tiie 
s o i l t h e s e l o s s e s a re s m a l l . 
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Contour banks a i e a l s o not very e f f e c t i v e . An i n t e r r u p t i o n 

of the s lopes of course has the advantage t h a t s o i l p a r t i c l e s 

s e t t l e down a g a i n , bu t the s h o r t e r l e n g t h of tiie s l o p e s lias 

l i t t l e e f f e c t on the amounts of runoff ( f o o t n o t e 1, page 73 ) . 

nn e f f e c t i v e c o n s e r v a t i o n of s o i l f e r t i l i t y i s caused by the 
c o m p o s t - b u i l d i n g of the s t r i p s of mulch. ' The supply of o r ­
ganic m a t e r i a l i s e s p e c i a l l y v a l u a b l e , as humus can r e t a i n 
about 25 t imes as i.iany n u t r i e n t - i o n s as the p r e v a i l i n g k a o l i -
n i t c . Therefore a l s o a r t i f i c i a l f e r t i l i z e r i s r e t a i n e d for a 
much longer pe r i od and much l e s s washed o u t . Moreover, Mul­
ching has a favourab le e f f e c t on micro-organisms in tiie s o i l , 
because of the s h o r t d u r a t i o n of the exper iment and the lack 
of t e c h n i c a l i n s t r u m e n t s , i t was not p o s s i b l e to measure s o i l 
c o n s e r v a t i o n r e s u l t s , bu t t h i s f avourab le e f f e c t of the matu ta -
s y s t e n i s known from comparable a r e a s in Hast Af r i ca ( sou the rn 
Tanzania , Lake V i c t o r i a ) . In the l laraka S e t t l e m e n t Schemes i t 
i s of p a r t i c u l a r i n t e r e s t , as farming u n i t s a rc too sma l l t o 
al low r e s t p e r i o d s for the s o i l . 

The combinat ion of t h e s e three advantages makes the ma tu ta -
system the b e s t s u i t a b l e for s e m i - a r i d a r e a s in the t r o p i c s 
( m o d i f i c a t i o n s see l-'ig. 3o) . I t i s p r e f e r a b l e over the d ry-
farming method, which would cause l a r g e amounts of runoff, 
s o i l e r o s i o n and s o i l d e t e r i o r a t i o n (as i t i s exposed to tiie 
hot sunsh ine ) du r ing i t s fa l low p e r i o d . 

1) Grass , weeds and crop r e s i d u e s are d e p o s i t e d in the a reas 
between tiie r i d g e s . Tiie next y e a r , the r i d g e s a re c o n s t r u c ­
ted over t he se d e p o s i t s . 
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*•*• • A f e r t i l i z a t i o n programme i s u r g e n t l y r e q u i r e d 

Farm s i z e s a re so sma l l t h a t most s e t t l e r s a re unable t o give 

t h e i r f i e l d s a fa l low p e r i o d to r e s t o r e s o i l f e r t i l i t y . On the 

poo r , r ed l a t o s o l s which occur over g r a n i t e s and g n e i s s e s 

(Table 2 ) , where k a o l i n i t e s p r e v a i l , the l o s s of s o i l f e r t i ­

l i t y i s so r a p i d , t h a t a f t e r four y e a r s of c u l t i v a t i o n , or 

even a f t e r two y e a r s when botii r a i n y seasons have been used, 

a fa l low p e r i o d , l a s t i n g a t l e a s t a few y e a r s , i s n e c e s s a r y . 

C u l t i v a t i o n of leguminous fodder crops would be even b e t t e r . 

As Table lo shows, the d e t e r i o r a t i o n in s o i l f e r t i l i t y i s very 
s e r i o u s . In t h i s c a s e , s o i l samples were taken from the f i e l d s 
of a very good farmer , who has c o n s t r u c t e d e r o s i o n dams and 
who r e g u l a r l y f e r t i l i z e s i i is f i e l d s wi th dun;;. N e v e r t h e l e s s , 
the f e r t i l i t y of h i s s o i l a f t e r four y e a r s of c u l t i v a t i o n i s 
s e r i o u s . For compar i son , s o i l samples from an u n d e s t r o y s d 
g r a s s l a n d , about lo m away from the f i r s t s ample , were ana­
l y z e d . Though a l a r g e r ' n u m b e r of samples would have been d e s i ­
rable, t o check the r e s u l t s , the tendency i s very c l e a r . Mi­
n e r a l c o n t e n t s in the c u l t i v a t e d s o i l 'nave been reduced s h a r ­
p l y . ' Humus c o n t e n t s i s 35 % lower , wa te r h o l d i n g c a p a c i t y 
i s reduced and 3o % of tiie s i l t in the t o p s o i l was l o s t . 

HUMUS can be r e t u r n e d t o the s o i l by us ing the u a t u t a - s / s tei.i 
wi th s t r i p mulch ing , bu t f e r t i l i z a t i o n i s n e c e s s a r y . A s imple 
system of making mine ra l f e r t i l i z e r s a v a i l a b l e on c r e d i t 
should be i n t r o d u c e d , where payments would be o u t s t a n d i n g , 
i t r.iay r e s u l t in r educ ing the number of an imals be ing too 
high anyway. I'rob l eus could be expec ted in . ida lan i and .';zu-
k i a i where crop r i s k s are very h i g h . There , f e r t i l i z e r s a re 
a l s o very n e c e s s a r y , but they w i l l be e f f e c t i v e only i f o t h e r 
measures t o conserve w a t e r and reduce wa te r l o s s e s a re c a r r i e d 
out s i m u l t a n e o u s l y ( F i g . 3o) . 

1) The h i g h e r amount of phosphor in the s u b s o i l may have 
been caused by a measur ing e r r o r o r by i n f i l t r a t e d cow-
dung . 
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I I I . More extensive weather forecasts are necessary 

Since the rainy seasons are shor t , i t i s very important tha t crops 
are sown as ear ly as poss ible (Fig. 31). On the other hand, sowing 
should not take place during a short rainy period before the ac tual 
ra ins s t a r t , as the seed would w i l t then. Therefore, farmers usual} 
wait u n t i l severa l good ra ins passed and s t a r t sowing when they are 
sure t ha t the rainy season has r ea l ly s t a r t e d . In t h i s way, many 
valuable days, in some years even weeks, are los t and th i s delay can 
be decisive with regard t o crop y i e l d s . 

Synoptic c l ima te - s t a t ions and s a t e l l i t e p ic tures can, however, give 
reasonably accurate information about the pos i t ion of the I n t e r 
Tropical Convergence Zone with i t s wide b e l t of r e l i a b l e r a i n f a l l , 
and about the speed of i t s movement. This could be dai ly communicaJ 

ted by radio a f t e r the weather forecas t . I t would enable farmers to 
choose the r i gh t moment for sowing, especia l ly i f a radio service 
would inform the various d i s t r i c t s about t h i s . Transis tor radios ai 
found in most v i l l ages and information would be d i s t r i bu t ed quickly. 

5.2 Pggggsgil_foj_|igajgte_a£gas 

5.2.1 Proposals for areas of f i r s t p r i o r i t y (vlp-zone) 

These are espec ia l ly the problematic set t lements of Ndalani and 
Nzukini. Si tuated beyond the normal l imit of ra in-fed crop a g r i ­
cu l tu re , they should be converted i n t o grazing a reas , but t h i s 
cannot be suggested as development of crop agr icu l tu re and degra­
dation of pastures has progressed too far . Therefore, only an i n ­
t ens i f i ca t i on of ag r i cu l tu re can be t r i e d , but farm s izes must be 
increased f i r s t (p. 9o) . 

I . Introduct ion of new plant species 

The present a g r i c u l t u r a l p rac t i ce of using maize as the main crop 
gives ra ther uncertain r e s u l t s , as in about 6o % of the long ra ins 
and around 5o % of the short ra ins y ie lds are p r a c t i c a l l y n i l . 
Good crops occur only in 2o % resp . lo % of the seasons. I t i s the 
fore necessary to emphasize other crops , use spec ia l methods (Fig. 
and improve animal husbandry (p. 89). 
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Using some undemanding bulrush mi l l e t v a r i e t i e s or dwarf-sorghum, 
crops which need only about 2oo mm of p r e c i p i t a t i o n , the probabi l i ty 
of obtaining good y ie lds i s increased t o about 5o % during the long 
ra ins and 80 % in the shor t r a i n s . I f the d i s t r i b u t i o n within the 
seasons i s considered, these values are reduced to 45 resp . 55 %, but 
only in lo % of a l l years condit ions would be t o t a l l y unfavourable 
during both rainy seasons . (These figures are based on the data from 
the only example a v a i l a b l e , Yatta B 2 Vet. S ta t ion , Fig. 27). However, 
i t should be remembered tha t these f igures are only val id i f runoff 
losses are reduced to the absolute minimum; i f t h i s i s not done the 
number of crop f a i lu res would be about twice as high. 

Regarding r a i n f a l l condi t ions , the bes t crops would be some Indian 
fox ta i l m i l l e t v a r i e t i e s (Setar ia i t a l i c a ) , which need only 15o mm 
in 4o days. For t h i s crop, 75 % of a l l long ra ins and 9o % of a l l 
shor t ra ins a t Yatta B 2 would have been s u f f i c i e n t . In Ndalani and 
Nzuklni, p r o b a b i l i t i e s are even more favourable (Fig. 28 and 29) . 
I t would be advisable to obtain t echn ica l aid for the in t roduct ion 
of these new crop v a r i e t i e s from India (ICRISAT I n s t i t u t e Hyderabad 
for drought r e s i s t a n t bulrush mi l l e t and dwarf-sorghum v a r i e t i e s . 
Central Arid Zone Research I n s t i t u t e = CAZRI in Jodhpur for fox ta i l 
and hog mi l l e t v a r i e t i e s ) . 

For the problem of peel ing the very small grains of t h i s mi l l e t CAZRI 
has developed easy manual peel ing techniques by r o l l i n g i t between 
rubber shee t s . 

Another p o s s i b i l i t y would be t o introduce p a r t i c u l a r l y unpretentious 
bar ley v a r i e t i e s from Northwest India or South Maroc which can mature 
with 15o mm of rain in 55 days. The problem of barley diseases ( rust ) 
in the warm climate can be overcome e a s i e r than the lack of su f f i c ien t 
r a i n f a l l with present grain crops . 

1) The Westafrican var ie ty barbed bulrush m i l l e t , which i s not eaten 
by b i rds because of i t s long awns. Dwarf-sorghum i s a l so able t o 
withstand shor t i n t e r rup t ions of the ra ins in a so r t of dormant 
condi t ion. 



I 

III 

üïi 
cznnnnnn 

1 c 

I r 
uuriuir imnninim 

[ 

r 

nrnmiiimiinmiL uur luir uimnnnnj 
[ESSEX B [ B t 

czzanmuit nn[ mir aimimiiim 
iiniiinif out mnt nmnnnum 

maw timimc¥T5. 

i uui[ mil ome uiuiiuiuuii 
[ f c r = 
[ [ =r = 

mal m ear e 
[ C M [ — c n n n m n m n •.[HtBIcISESSSa 
imf mut mninminu 

l [ [ •=!__.. _ 

[ i luiiiiiiiui nnimniirannnnini 
[ [ [ H 

l \i—nlainiiMiiiillllimi 
t [!=•(• 

mlnntnmiiiTiimiiiiiiii 
[ [ t 

[ 

Jlil i 
/1\ 

E 

U V 

(d 
c 
O 

Vi 

r~ 

<8 in | 
a o | 

tr> 

I 
I 
I 
I 
I 
I 
1 
I 
I 

I 
ii 
3 

I 
I 
I 
I 



\ 

\ 
\ 

lil 
isii 

" O m — 

ff E S S 

o o) ra .2 

I 
o 
oo 
i 

\ 
\ 

^ 

• j 2 

^s 
/ Q . 
fe^ •ïiU 

s* / Q . 
fe^ 

\j^f^--'--'.-M& J^'^. 
' ' ' - / 

V 
Jr^-'Jr*'-"-'-

J^'^. 
' ' ' - / :Ü^V: 

J^'^. 
' ' ' - / 

~ 



SU N. Oi 

3 CO ^ N s ? 
"̂"~ 

a 7 üi 
c 
o-
3" 
c O Z 

i 
3 "" S 

i 

? si-
j 

? si-CJl 

o i s . 
m -, c 

D a 

1 o i s . 
m -, c 

D a - o 

o i s . 
m -, c 

D a |S ;»r • 3 (/> ji 
C Î 
?•; _ 



- 85 -

In a d d i t i o n , o t h e r crop v a r i e t i e s cou ld be c o n s i d e r e d , but 
t h e i r worth in t h i s r e s p e c t has n o t been w e l l r e c o g n i z e d . The 
b u f f a l o - g o u r d s (Cucu rb i t a f o e t i d i s s i m a ) from i iexico and tiie 
sou thwes t e rn Uni ted S t a t e s -" seem t o be most i m p o r t a n t . These 
grow under very a r i d c o n d i t i o n s and produce about 25oo kg of 
seeds pe r ha which c o n t a i n about 33 % o i l and tiie same p r o ­
p o r t i o n of p r o t e i n s . This i s about the same amount produced 
by groundnuts under much more humid c o n d i t i o n s . In a d d i t i o n a 
l a r g e roo t i s produced which accumula tes about loo kg of s t a r c h 
a f t e r t h r e e y e a r s . The s t a r c l i i s mixed wi th b i t t e r s u b s t a n c e s , 
bu t i t can be washed wi th s a l i n e s o l u t i o n s . Experiments with 
the b u f f a l o - g o u r d s have s t a r t e d in B e i r u t , founded by the Ford 
Founda t ion , and these are r a t h e r p r o m i s i n g . At l e a s t t i i i s crop 
could be used as a food crop in e m e r g e n c i e s . 

I I . Improved t e c h n i q u e s and w a t e r c o n c e n t r a t i o n 

Fven when longbarbed m i l l e t v a r i e t i e s , dwarf-sorghum and b a r l e y 
a re i n t r o d u c e d , s e t t l e r s w i l l s t i l l c u l t i v a t e maize . To p r o t e c t 
people from s t a r v i n g as a r e s u l t of poor y i e l d s , i t i s sugges­

t e d t o i n t r o d u c e a combined sys tem of w a t e r - h a r v e s t i n g , com­
p o s t - f o r m a t i o n and p r o t e c t i o n a g a i n s t s o i l e r o s i o n by us ing tue 
m a t u t a - s y s t e m of smal l r i d g e s (Chap te r 5 . 1 ) . However, every 
second r i dge i s l e f t out and in between about lo cm of t o p -
s o i l i s used to b u i l d the r i d g e s ( F i g . 3 o ) . This w i l l r e s u l t 
in f l a t spaces of about So cm which , when the s lope i s about 
4 - 5 , w i l l have a s u r f a c e runoff of a t l e a s t one t h i r d of 
the r a i n f a l l (Table 9 ) . This wa te r w i l l be s topped by the smal l 
r i d g e s and be a v a i l a b l e t o the p l a n t s . Probably the su r f ace 
runof f i s much h i g h e r , because of the hard and f l a t s u b s o i l , 
as the above va lues were r eco rded on a loose t o p s o i l . 

1) Nat . Ac. of S c . : Wnderexploi ted t r o p i c a l p l a n t s witn 
p romis ing economic v a l u e , Washington, 1975, p . lJ4 pass im. 
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On g e n t l e r s l o p e s the su r f ace runoff w i l l no t be much lower , 
because the h igh i n t e n s i t y of t r o p i c a l r a i n f a l l causes s h e e t 
f loods on s l o p e s as g e n t l e as 1 and even on tiie p e n e p l a i n s 
s l o p e s a re r a r e l y g e n t l e r . On s t e e p e r s l o p e s the runof f i s , 
of c o u r s e , h i g h e r . But even when assuming only one t h i r d of 
r a i n f a l l as runof f , t he a v a i l a b l e amounts of wa te r n e a r the 
r i d g e s a r e i n c r e a s e d by the d e c i s i v e amount t o reacli tiie Mini­
mum r e q u i r e m e n t s of most c r o p s . 

At a r a i n f a l l t o t a l of about 2oo mm, as i s the case du r ing many 
r a i n y seasons in t h i s a r e a , about 7o inn would be added. A t o t a l 
of 27o mm would be s u f f i c i e n t even for Katumani ma ize . Tiie p r o ­
b a b i l i t y of r e a c h i n g t h i s minimum requ i r emen t i n a s u i t a b l e 
d i s t r i b u t i o n would i n c r e a s e for the long r a i n s from under 
4o » to about 60 $ and dur ing the more r e l i a b l e s i io r t r a i n s 
from 4o to about 80 %. 

Expenses for t h i s improvement a re s m a l l . Some demons t r a t i on 

f i e l d s and p r o b a b l y a f o l d e r wi th a drawing s i m i l a r t o I ' i g . j o 

would be s u f f i c i e n t for a s t a r t . When l a r g e r f i e l d s a re im­

proved by t i i i s metliod l a t e r , s u i t a b l e plows and r o l l e r s of 

about 80 cm width cou ld be used . Since farm s i z e s a re very 

s m a l l , i t cou ld be c o n s i d e r e d to p l a n t cowpeas on the r i d g e s , 

as they would produce l eaves which can be used as a s u b s t i t u ­

te for s p i n a c h . Moreover, i t would improve shading, and i n ­

c r e a s e n i t r o g e n c o n t e n t s of tiie s o i l . The fo l lowing y e a r the 

f l a t s t r i p s would be tu rned and the new r i d g e s e r e c t e d over 

t he se a r e a s . This wou]d s u b s t i t u t e for a f a l l owing p e r i o d . 

liut even wi th t h e s e improvements of the wa te r c o n c e n t r a t i o n , 
i t w i l l be n e c e s s a r y to adapt the v e g e t a t i o n p e r i o d of maize 
to the s h o r t n e s s of the ra iny seasons (T ig . 3 1 ) . P r e p a r a t i o n 
of the f i e l d s be fore the s t a r t of tiie r a i n s and sowing as 
e a r l y as p o s s i b l e would be the f i r s t c o n d i t i o n . Seeds p r e -
germinated for 24 hours in wa te r can s h o r t e n the v e g e t a t i o n 
p e r i o d of about one week, l'or small s u r f a c e s , seedbeds i r r i ­
ga ted by hand, fol lowed by t r a n s p l a n t a t i o n , can save up to 
two weeks. 
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o o o o Water needs of Katumani rnaize, improved cu l t i va t i on 
Water needs of Katumani maize, present cu l t i va t i on 

Fig. 31 The need t o adjust the water requirements of maize 
t o the seasonal r a i n f a l l distribute.on in the area 
of f i r s t p r i o r i t y 
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i n . 1'od der crops and fodder trees 

Cattle is especially needed as a source of food and cash in­

come during years of poor crop yields. For the growing of fod­

der crops rains are usually sufficient. The carrying capacity 

of the natural pastures is one stock unit per 4 ha according 

to the ecological zones by Trapue 11. If one assumes 5 stock 

units per family, 2o ha would be needed for animals. However, 

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 lia. 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 is an advantage. In this climate, green 

maize would produce the highest yield of fodder per ha (about 

2o t green fodder/ha per rainy season, compared with about 3 t/ 

lia from the savanna grasslands with Cenchrus ciliaris as the 

main variety). Silage production is necessary for the dry 

seasons. Technical problems (cutting, pressing, protection 

against termites) would require technical aid and advice. Pro­

duction of iiay 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 Ndalani ' 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 Australian 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. ' 

Sheep ami goats would suit better to the prevailing farm size 

than cattle. Indian dairy goats, for example Barbari, should 

be imported. About IS of these can be kept per ha, with good 

management and Pangola grass (Digitaria decumbens) up to 45 

can be carried per lia (DI-VIÎNDRA, 1<)74, p. 132). 

Cattle is also necessary when farm sizes are increased (see 

below), because plowing will be necessary especially with the 

uatuta-systen described above. 

IV. enlargement of farms and resettlement of surplus population 

As yields are in average only 3 bags/ha (p. 58), a family of 

6 persons would need about 3 ha to obtain the minimum need of 

9 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 the 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 2oo 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 
21 

aureus), together with pigeon peas ' and niwezi moj a beans are 

most suitable. One humid month producing at least green beans 

and, with cowpeas edible leaves, occurs in Do % of all rainy 

seasons. 

1) looo kg/ha, in nixed 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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Yie lds of p u l s e s a re lower , than those of g r a i n c r o ^ s , ave ra ­
ging 2 b a g s / h a , but they are more r e l i a b l e because they have 
s h o r t e r v e g e t a t i o n p e r i o d s . Cowpeas a re p a r t i c u l a r l y i m p o r t a n t , 
because even i f the peas do not reacli f u l l m a t u r i t y , l eaves 
a re produced which can be used as s p i n a c h . However, marke t ing 
t o Na i rob i i s s t i l l poor ly developed and should be improved in 
o r g a n i z a t i o n . 

This t o t a l s a t l e a s t 4 ha for food c r o p s . To o b t a i n l a r g e r 

s u r p l u s e s fo r cash income, a n o t h e r 1 ha wi th p u l s e s would be 

f a v o u r a b l e . This would a l s o he lp in r o t a t i o n . As was i n d i c a ­

t e d above, animal husbandry would need a t l e a s t 5 ha , so for 

a h e a l t h y farm the s i z e should be around lo lia a t l e a s t . 

The p r e s e n t average farm s i z e of 2.8 ha (Table 1) i s t h e r e f o r e 
too s m a l l . To change t h i s t o l a r g e r f a rms , about 7o % of tiie 
p r e s e n t p o p u l a t i o n should be moved out of the a r ea or be p r o ­
vided wi th o t h e r means of income. However, the s u r r o u n d i n g 
a r ea s around the p r o j e c t s a re a l r e a d y s e t t l e d with i r r e g u l a r 
s e t t l e r s wi th farms of about t h i s o r d e r of s i z e . T h e r e f o r e , 
the b e s t s o l u t i o n might be t o give t e c h n i c a l and f i n a n c i a l 
a i d t o t hose f a m i l i e s (about So %) who are not l i v i n g on as 
"good" c l a s s i f i e d p l o t s , to enab le t he se people t o move to new 
s e t t l e m e n t p r o j e c t s nea r the c o a s t (Hindi and Magogoni) . 

P r e s e n t l y , people make an e x i s t e n c e by c u t t i n g tiie t r e e s on 
t h e i r farms ' and by e x h a u s t i n g s o i l s and p a s t u r e s . This w i l l 
in time c r e a t e a man-made d e s e r t . I f p r e s e n t metiiods c o n t i n u e , 
the s e t t l e m e n t p r o j e c t s w i l l need about 3 m i l l i o n s h i l l i n g s 
p e r y e a r t o p r e v e n t famines and s t a r v a t i o n . 

V. Limited p o s s i b i l i t i e s of i r r i g a t i o n and chances of dan 

c o n s t r u c t i o n 

I r r i g a t i o n would be a s o l u t i o n for the con t inued e x i s t e n c e oi' 

the farms which are too s m a l l . However, i r r i g a t i o n i s only 

p o s s i b l e on the f l a t p l a i n s between Ya t t a Purrow and Ndalani 

Market . A sma l l c a n a l has been dug as a l l a rambee-pro jec t , but 

1) They produce c h a r c o a l , which they s e l l t o the c i t y . 
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i t i s not work ing . J loreovsr , wa te r r i g h t s have not been c l e a r e d . 

If i r r i g a t i o n i s p o s s i b l e , bananas and mulberry t r e e s ( f u r s i l k 

p r o d u c t i o n ) would be s u i t a b l e c r o p s , because they give high 

y i e l d s pe r ha . If t e c h n i c a l a i d i s a v a i l a b l e , v ines ( o b t a i n a b ­

le from the N a t i o n a l H o r t i c u l t u r a l Research S t a t i o n nea r Thiku) 

could be i n t r o d u c e d as an i n t e n s i v e c u l t i v a t i o n wi th good s a l e s 

p r o s p e c t s , bo th f o r grapes as w e l l as for wine . 

Small dams can be c o n s t r u c t e d for the b r e e d i n g of f i sh and for 
w a t e r i n g l i v e s t o c k , but they would r a p i d l y be f i l l e d by s e d i ­
ments u n l e s s some Measures t o s t o p s o i l e r o s i o n are c a r r i e d out 
in the catchment a r e a s . This i s c l e a r l y shown by the e x i s t i n g 
dams (2 in N d a l a n i , 5 i n N z u k i n i ) . 

Water t e m p e r a t u r e s would g e n e r a l l y be above 25°C. T h e r e f o r e , 
the r e s e r v o i r s would be very s u i t a b l e for the Chinese g r a s s -
carp (Ctenophar ing idon i d e l l a ) which grows very f a s t a t tem­
p e r a t u r e s of t h i s o r d e r . This f i s h feeds on the w a t e r p e s t 
(Hichhornia s p e c . ) and a l s o on f r e s h - c u t g r a s s . In t h i s way an 
ecosystem wi th very high y i e l d s p e r s u r f a c e a r ea could be con­
s t r u c t e d . 
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5 .2 .2 P r o p o s a l s for a r e a s of second p r i o r i t y ( l p - z o n e ) 

I . Fewer c rop f a i l u r e s by us ing b e t t e r c u l t i v a t i o n Methods 

Here , in the p r o j e c t s of Haraba and Munyu the amounts of p r e ­
c i p i t a t i o n are much more f avourab le for the c u l t i v a t i o n of 
maize than in the v l p - z o n e , bu t the growing p e r i o d s a re s t i l l 
very s h o r t . I f one c o n s i d e r s the s t o r a g e p o s s i b i l i t i e s for 
moi s tu re in tiie s o i l (Table 2 ) , about t h r e e agro-humid months 
occur on average dur ing the long r a i n s and two to t h r e e dur ing 
the s h o r t r a i n s (1'ig. l o , 1 1 ) . But t he se months a re not always 
c o n s e c u t i v e , e s p e c i a l l y du r ing the s h o r t r a i n s , l ' i g . 33 snows 
t h a t by sowing as e a r l y as p o s s i b l e and by us ing the methods 
d e s c r i b e d on p . 84 , the growing p e r i o d can be s h o r t e n e d and the 
c u l t i v a t i o n may be b e t t e r a d j u s t e d to the occu r r ence of r a i n ­
f a l l . 

The iTiatuta-syster.i ( l : i g . 3o) shou ld be adopted for maize in the 

method of w a t e r c o n c e n t r a t i o n , for the o t h e r crops in tiie n o r ­

mal form of r i d g e s a long con tour l i n e s . Mulch t i l l a g e i s an 

impor tan t way t o reduce e v a p o r a t i o n l o s s e s , as y i e l d s may be 

i n c r e a s e d by as much as 5o % (RüCiCWÜOD and LAL, 1974) . 

I I . More s e c u r e food s u p p l i e s by c u l t i v a t i n g d i f f e r e n t g r a i n 

crops and cas sava 

Since the c u l t i v a t i o n of maize c a r r i e s a h igh r i s k of crop 
f a i l u r e s or low y i e l d s , g r a i n c u l t i v a t i o n shou ld be ex tended 
t o sorghum v a r i e t i e s , which are much l e s s s e n s i t i v e to dry 
p e r i o d s . He low an e l e v a t i o n of 13oo n bu l ru sh m i l l e t v a r i e ­
t i e s , which need even l e s s m o i s t u r e , should be c u l t i v a t e d . 
Weaver b i r d s , which e a t a l a rge p a r t of m i l l e t c r o p s , can be 
kept away b y us ing the longbarded b i r d - r e j e c t i n g v a r i e t y 
wi th i t s l °ng awns from West A f r i c a , i n s t e a d of o r d i n a r y b u l ­
rush m i l l e t which i s popu la r in Las t A f r i c a . Moreover, the 
c u l t i v a t i o n of c a s sava should be compulsory as a p r e c a u t i o n 
a g a i n s t p e r i o d s of famine. 
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Fig. 33 Heed to adjust the water requirements of maize 
to the seasonal rainfall distribution in the 
second-priority area. Key on Fig. 3Ï 
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This root crop grows very we l l on a n t i - e r o s i o n r i d g e s as tiie 
s o i l i s loos? ami the wate r supply i s improved by wa te r c o l ­
l e c t e d on the s l o p e . 

I I I . More p u l s e s as cash crops 

C a s t o r seems to be the most s u i t a b l e cash crop in r e l a t i o n t o 

the c l i m a t e , but i t s p r i c e i s not a t t r a c t i v e . I t w i l l be ne­

c e s s a r y to r e o r g a n i z e tiie marke t ing of t h i s c r o p . At the p r e ­

s e n t , farmers i n Ngoliba 1) for example do not know iiow t o s e l l 

the p r o d u c t , as nobody c o l l e c t s i t . 

C l i m a t i c r i s k s would a l s o be very s n a i l fo r s i s a l , but i t i s 
no t a s u i t a b l e crop for smal l fa rms. On tiie b a s i s of the o ld 
s i s a l , which e x i s t s in flunyu and nea r ilnmba as remains of the 
former p l a n t a t i o n s , i t might be p o s s i b l e t o o r g a n i z e a coopera ­
t i v e p l a n t a t i o n (under e x p e r i e n c e d and s t r i c t management) which 
could be a d d i t i o n a l l y s u p p l i e d by the s u r r o u n d i n g sma l l farms 
( n u c l e u s - s y s t e m ) . 

l o r the c u l t i v a t i o n of c o t t o n , tobacco and sunf lowers the r i s k 
of crop f a i l u r e i s too h i g h , and these crops shou ld not be p r o ­
moted. I t i s a d v i s a b l e t o c o n c e n t r a t e on peas and b e a n s . Cow-
peas and mwezi moja beans a re most s u i t a b l e , though y i e l d s a re 
only 4 b a g s / h a , but one can a l s o s e l l the green l eaves and b e a n s . 
Green beans can be d r i e d , which may be u s e f u l fo r s u b s i s t e n c e 
food dur ing the dry p e r i o d s . 

On the b lack v e r t i s o l s in Munyu, ch ick peas (C ice r a r i e t i n u m ) 
shou ld be t r i e d , as they grow w e l l on t h i s type of s o i l . In 
the h o t t e r a r e a s , such as Ngoliba 1) and Mamba green and b lack 
grams (Vigna aureus and V. nungo) would be ab le t o do w e l l wi th 
very l i t t l e r a i n f a l l . The method of i n t e r c r o p p i n g maize with 
pigeon peas shou ld be con t inued as t he se c rops supplement 
each o t h e r and tiie p igeon peas a re very r e s i s t a n t t o d r o u g h t s . 

P r o t e c t i o n a g a i n s t i n s e c t p e s t s ( e s p e c i a l l y l i e l i o t h i s a rmigé­
ra ) i s , however, n e c e s s a r y . P r o t e c t i o n a g a i n s t game i s a l s o 
r e q u i r e d , e s p e c i a l l y in Munyu for cowpeas. 
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IV. l ; niargement of farm size 

Considering the low average yields and the risk of crcv fuilu-

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

ge of about 2 ha, are too small to provide an economic base oi 

existence, except in the volcanic areas, where the soils are 

good. lor subsistence and a minimum cash income of about ûu Shi] 

lings per month, a minimum farm size of 4 ha is required. At 

least 6 ha (4 lia on volcanic soils) are necessary to have in­

come levels comparable to those of an unskilled Labourer in the 

town, which would help to stem the movement to the cities. 

V". Intensification o f anima] husbandry 

Cattle is necessary for the settlers, both as a source ol food 

and of cash income, as well as for draught animals when , low­

ing. But the possibilities for grazing are limited, as uver^ 

grazing and soil erosion have been widespread. .-. programme of 

fodder production and oi^ feeding cattle in the stables i .-> 

needed, combined with the introduction of upgraded animal:.. 

Under natura] conditions, this zone has a carrying capacity 

of one stock unit per 3 ha. The production of tue natura] grass 

cover, as far as it is still present, is about 4 - .r> t/ha ui 

fresh grass per rainy season. Creen maize could produce about 

2o - 4o t/ha per rainy season of comparable fodder. Techniques 

to produce silage should be introduced. The green maize 

should lie mixed with sordan grass for this purpose, the hit­

ter would provide a permanent grass cover which is in a 

an advantage. 

Crop rotation of normal crops with Leguminous fodder cru 

like Clitoria ternatea, labial) purp ure us or .'lacr opt ilium ,it-

ropurpureum would considerably contribute to • >Ji Improvement 

of the fodder situation and the soils. 

1) Protection against termites î  necessur; . 

The new promising cross-bred gamma grass could also he tr;. I. 
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1'late 9 : Conservât ion ut pastures by rot at ion, 
rT:;o 1 il'a ii 
A low hedge of thorny bushes is s u f f i c i e n t 
bu t un fortunate 1)- th i s method i s not used 
very o f t e n . 

mmmm wmmmmB ~ -
Plate 1" : Start of a fodder economy 

Catt le Is kept within the compound and 
fed with maize cobs [Ngoliba :••) . 
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Indigenous fodder t r e e s , l i k e Acacia a l b i d a , A l b i z z i a au ara 

or the Mexican eve rg reen t r e e Brosimum a l i c a s t r u m would p r o ­

vide fodder with a high p r o t e i n c o n t e n t a l s o du r ing tile dry 

p e r i o d s . This would be p a r t i c u l a r l y s u i t a b l e for goa ts and 

sheep which are b e t t e r s u i t e d for smal l fan.is than c a t t l e 

(i . 'Jo) . I t w i l l be n e c e s s a r y to p l a n t many t r e e s anyway, as 

the supply of fuel i s a l r e a d y becoming a prob lei... 

VI. Smal1 - sca le i r r i g a t i o n and dan c o n s t r u c t i o n 

In the l lamba-projec t nea r the Vat ta furrow s n a i l s c a l e I r r i ­

ga t ion would be p o s s i b l e , i f the a v a i l a b l e wa te r i s s u f f i ­

c i e n t . Tii i s c o n d i t i o n i s i n v e s t i g a t e d by the h a t e r Depar t ­

ment, l 'or i r r i g a t i o n cooking bananas as a food crop would he 

s u i t a b l e and mulberry t r e e s t o feed s i l k worms. 'Hie p roduc­

t i o n of s i l k cocoons has been t r i e d in tiie nearby camp of the 

Kenyan Youth Se rv i ce with g r e a t s u c c e s s , »ananas and mulberry 

t r e e s would y i e l d enough to make i r r i g a t i o n w o r t h w h i l e . If 

problems of o r g a n i z a t i o n and q u a l i t y s t a n d a r d s can be s o l v e d , 

vegetal) le c rops l i k e green beans (I-rencli b e a n s , h a r i c o t s v e r t s ) 

could a l s o be i n t r o d u c e d . Combined p r o d u c t i o n from r a i n - f e d 

and i r r i g a t e d f i e l d s would r e s u l t in a c o n s t a n t supply over 

the seasons which could be the b a s i s for a canning p l a n t . 

Where p o s s i b l e , small dans shou ld be c o n s t r u c t e d . In tiie re ­
s e r v o i r s , wa te r p l a n t s , a lgae and f i s h cou ld Le i n t r o d u c e . 
E s p e c i a l l y t he Chinese g r a s s - c a r p would find s u i t a b l e wal 
t empera tu re s (as s u g g e s t e d a l r e a d y for the v l p - z o n e ) . At tue 
Moment the only dans in the lp -zone are in the Ikmyu-pro jec t 
(7 smal l ones) . 
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l a t e H : Heurtants of a former s i s a l p l a n t a t i o n , 
xn riunyu — 

In t'r.r c l i i . i a t i c a r ea o [ lowest p o t e n t i a l 
s i s a l i s tiie «lOSt r e l i a b l e c r o p . 

SOBS 
ggij % «8 -f : j iL' &Z* 

I ' la te 1 Bananas c u l t i v a t e d in p i t s , i . i t . i some 
a d d i t i o n a l l r r i } j a t i on Irui.i p iped wate r 
Nnoliba A 
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5 . 2 . 3 P roposa l s for a r e a s of t h i r d p r i o r i t y (mp-zone) 

I . I n t e n s i f i c a t i o n of c u l t i v a t i o n and p r o t e c t i o n , r e s p . 

improvement of s o i l f e r t i l i t y 

A c t u a l l y i t would be n e c e s s a r y t o i n c r e a s e the farm s i z e of 
around 2 ha (Table 1) ' w i th about So %, a t l e a s t in the non-
v o l c a n i c a r e a s . With the p r e s e n t p r a c t i c e of c u l t i v a t i o n du­
r i n g both r a iny seasons and every y e a r , s o i l s w i l l be soon 
e x h a u s t e d . Secondly , the r e l a t i v e l y high r i s k of crop f a i l u r e 
( p . 64 , lTig. 34) can be compensated by l a r g e r farm s i z e s , and 
t h i r d l y the p a s t u r e s for c a t t l e , which tiie s e t t l e r s need as 
a s e c u r i t y a g a i n s t crop f a i l u r e s , a re not s u f f i c i e n t . I f a 
r e d u c t i o n in the number of s e t t l e r s i s r e j e c t e d because of 
the s o c i a l c o m p l i c a t i o n s , land use must be i n t e n s i f i e d and 
fodder crops must be p l a n t e d . P o s s i b l y tiie d i s t r i b u t i o n of 
a r t i f i c a l f e r t i l i z e r s on a s imple c r e d i t - o r b a r t e r - s c h e m e 
( f e r t i l i z e r a g a i n s t c a t t l e ) cou ld he lp the farmers to get enough 
income from t h e i r s m a l l fa rms. N e v e r t h e l e s s new t e c h n i q u e s , such 
as con tour r i d g i n g and s t r i p mulching (Chapter 5 .1) and tiie 
a p p l i c a t i o n of cowdung shou ld lielp t o improve wate r s t o r a g e , 
s o i l c o n s e r v a t i o n and i n c r e a s e s o i l f e r t i l i t y . The growing 0 f 
ca s sava as a p r e c a u t i o n a g a i n s t famine should be compulsory 
everywhere . This crop does e s p e c i a l l y w e l l on sandy s o i l s . 1-odder 

c r o p s , such as green maize and n a p i e r - g r a s s should a l s o be i n -
21 t roduced t o i n c r e a s e y i e l d s of fodder p e r ha . ' 

Moreover, for the i n t e n s i f i c a t i o n of t h e i r land use the f a r ­
mers need a wa te r supply system as a l r e a d y e x i s t s in N g o l i -
ba A. Tiiis would enab le them t o give supplementary i r r i g a t i o n 
t o bananas and f r u i t t r e e s ( p . 66 p a s s i m ) . 

1) Only in the a r ea of l t h a n g a Uasin Ex tens ion farm s i z e s of 
about 4 ha p e r family a re more s u i t a b l e t o p r e v a i l i n g con­
d i t i o n s . 

2) 1-xperiueuts in t h i s zone with a fu l ly d r i e d n a t u r a l g r a s s -
cover of l lypa r rhen ia ru fa y i e l d e d 15o g r / s q u a r e me te r , wi th 
no t f u l l y d r i e d maize 2.5 l-.g/ni' , t h a t i s l .S t r e s p . 25 t 
pe r ha . This i s the e q u i v a l e n t of about 5 t r e s p . So t pe r 
lia of f resh fodder . As the g r a s s may be cut t w i c e , the f i ­
nal comparison could be lo a g a i n s t So t pe r ha . 
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Fig. 35 Water requirements of Katumani maize compared 
to the rainfall curves in the third priority areas 
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liven coffee cultivation might bc possible. During about half 

of all rainy seasons the rainfall is sufficient for this crop 

(lip,. .VI). During another quarter the plants would survive, 

but during the re ma in in«; quarter of rainy seasons conditions 

are critical for tiiis crop, so that the plants would partly 

wilt and die unless they receive sor.ie 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 5o cm height making the 

distance between tiie rows about twice as much as normal for 

coffee. On slopes, this system would bring a considerable con­

centration of moisture (Fig.3o). Between the rows of coffee 

it would be possible to plant leguminous fodder crops which 

should be cut early during dry years to provide more moisture 

for the coffee. 

Kith all these measures of intensification and a good product 

like coffee, the farmers could attain a reasonable existence 

also on the present farms with an average size of 2 lia. 

The smaller projects need protection against game animals. 

Tiisse projects UÏÜ surrounded by large farms and plantations 

where the game find protection (Ndula, î.'goliba I) and Gatuanyo-

ga) . Cowpeas in particular are eaten by game. 

II. Supplementary dams 

The construction of small dans by harambee groups, possibly 

aided by Food for Work, or by bulldozer, would iiave a benefi­

cial effect in many ways (water, and fish, p. 92). These dams 

are also very helpful in the supply of water for people and 

livestock during the arid seasons, as the 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 three small dams near Ithanga, but they 

are not used for raising fish. Supplementary irrigation from 

these reservoirs would have beneficial effects at low cost. 
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5 .2 .4 P r o p o s a l s for tho ureas of fou r th p r i o r i t y 

I . P e r e n n i a l c u l t i v a t i o n of cash crops 

Prom the c l i m a t o l o g i c u l v i e w p o i n t , the b e s t land use in t h i s 

a rea would be t o c o n c e n t r a t e on coffee and o t h e r p e r e n n i a l 

c r o p s . In t i i i s a r ea of h igh r e l i e f p e r e n n i a l crops a re to be 

p r e f e r r e d over annual c r o p s . Temperature c o n d i t i o n s are good 

for cof fee and t h e mo i s tu re supply i s s u f f i c i e n t ( P i g . 36, 57 ) . 

( . 'offee-berry d i s e a s e w i l l no t be a major problem as the c l ima t e 

i s r e l a t i v e l y dry which f a c t r e s t r a i n s d i s p e r s i o n . I r r i g a t i o n 

i s not f e a s i b l e in t h i s e l e v a t i o n . Mulching i s f a v o u r a b l e , 

e s p e c i a l l y fo r the c o n s e r v a t i o n of s o i l m o i s t u r e . 

Apart from c o f f e e , some o t h e r p e r e n n i a l c rops a re s u i t a b l e : 
p a s s i o n f r u i t s have a ready market a t t he f ac to ry of Kenya P r u i t 
P r o c e s s o r s in T h ika , the p r i c e to the p roduce r rose from -.So Ksh 
lier kg 1977 t o l . S o in l 'J78. Papayas might be used to ob t a in pa­
pa in and the f r u i t s a re a l s o good fodder for p i g s . Where wind 
p r o t e c t i o n i s a v a i l a b l e , oranges of good q u a l i t y can be grown, 
for i n s t a n c e the Washington n a v e l b r e e d . Young p l a n t i n g s of cof­
f e e , p a s s i o n f r u i t s or orange t r e e s shou ld be given s o i l p r o ­
t e c t i o n ( a g a i n s t o v e r h e a t i n g and i n t e n s i v e r a i n f a l l ) by i n t e r -
p l a n t i n g wi th beans which would a l s o give an e a r l y y i e l d . 

I I . Supplementary food s u p p l i e s 

As food c r o p s , maize v a r . 511 and beans w i l l be the main c r o p s , 
bu t they shou ld be supp lemented . More c u l t i v a t i o n of b an an as , 
which grow wel l lie r e , i s a d v i s a b l e . P o t a t o e s have been t r i e d , 
bu t the r e s u l t s have been poor so far ( y i e l d s of about 2o b a g s / 
ha a c c o r d i n g t o o f f i c i a l s o u r c e s ) . Using the r i g h t t e c h n i q u e s 
and v a r i e t i e s , c o n s i d e r a b l y h i g h e r y i e l d s can be ob t a ined (pe r ­
s o n a l communication IIOLLHH)• B l igh t r e s i s t a n t v a r i e t i e s and 
fung ic ide s are n e c e s s a r y . Pood s u p p l i e s for tiie c a t t l e can 
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F i g . 37 Wetter rugu i rmnen t s of C Ü I I C J a r o i ù c a compared 
t o t h e r a i n f a l ï ~ c u r v e s in t h e fou r th p r i o r i t y 
a r e a 
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1 ' • Exper imenta l wine c u l t i v â t ion a t t a " T.ar . .-."rt ."Këseârch b t a t i o n nea r 'ï'Iiîlca 

Various u ine v e r i t i e s j,row r e l a t i v e l y 
h e l ] v i t a some supplementary i r r i g a t i o n . 

: • ; 

Although the young t r e e s are cheap , they 
arc not s o l d in t;<e llaraka S e t t l e m e n t 
Schemes, because the nu r se ry i s too f a r 
av;ay. :>:..,-ill secondary n u r s e r i e s Eor s a l e -

iu tl i" Sehenes are :.. : necessa ry 
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f l a t e 15 : A s e t t l e r unci h i s family i n Iiunyu 

Here , the main problem of the fu tu re i s 
demons t ra ted very c l e a r l y - c o n t r a r y to 
the t heo ry t ha t the nunber of c h i l d r e n 
d e c r e a s e s wi th r i s i n g l i v i n g s t a n d a r d s . 
Tliis i s a r a t h e r s u c c e s s f u l s e t t l e r , who 
enjoys a good income fron h i s employment 
a t a f i r n in Thika . 
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ho improved by cu l t i va t ing napier grass . Steep slopes should 
not lie used, as at present , for the cu l t iva t ion of maize, but 
they should be refores ted . 

fi. Conclusion 

Though development aid would have most effect in both semi-
humid areas of higher po ten t i a l (mpz and slipz) , the popula­
tion of these areas only need l imited support in the form of 
a f e r t i l i z a t i o n - , t r e e - p l a n t i n g - , fodder-cul t ivat ion- and 
cattle-improvement-programme. In the low and very low poten­
t i a l zones, however, considerable amounts of development aid 
are urgently required to prevent famines and further des t ruc­
t ion of the natural resources . P r io r i t y should be given to 
the matuta-system with water harvest ing (runoff a g r i c u l t u r e , 
Fig. 27), because i t reduces crop r isks and prevents further 
destruct ion of the s o i l . The introduct ion of undemanding crops 
such as Indian bar ley , barbed mi l le t from West Africa, dwarf-
sorghum from Texas and buffalo gourds from Arizona should be 
promoted. But with a l l the help i t i s unavoidable tha t the 
mistake of creat ing farms which are too small for these semi-
arid areas i s corrected by r e s e t t l i n g par t of the populat ion. 
Therefore development aid should be combined with the creat ion 
of new sett lement areas near Lamu where the surplus popula­
tion can find a new home. 

The large number of children that many farmers have is a l a r ­
ming (Plate 15). The pressure on the land is in tens i f i ed by 
th is factor . Here i s a p o s s i b i l i t y to introduce a comprehen­
sive development aid pro jec t by creat ing old age support 
systems which would abrogate the need to have many ch i ld ren . 
To pay s e t t l e r s over 65 years of age a monthly pension of So 
Shi l l ings would cost very l i t t l e at the present and l a t e r about 
3oo ooo Shi l l ings per year . This amount would probably save 
much more money which would be necessary to prevent famine 
from an exploding populat ion. 
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APPENDIX TO IMPORT ON AGROCLIIIATE OF SETTLEMENT SCHEMES EAST 01: TUIKA 

PAGE 1 

EXAMPLE OP VERY LOW POTENTIAL ZONE 

STATION: Y ATTA li 2 VET. STATION (NR. 9137076) 

RAINPALL, IN MM, l'OR PROBABILITIES 

2 OUT OF 3 YEARS 4 OUT OF 5 YEARS 

MONTH LIMIT LIMIT 

LOWER UPPER LOWER UPPER 

01 10.00 26.00 0.00 34 . 00 21 

02 2.00 16 .00 0.00 4 3.00 21 

03 2 3.00 8 3.00 8.00 110.00 21 

04 72.00 12 7.00 4 9 .00 18 3.00 20 

OS 1 4 . UO 4 3.00 2. 00 5 7.00 20 

06 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 2.00 5 7 .00 20 

11 145.00 199.00 ó 4 .00 217.00 20 

12 33.00 56.00 2 3.00 8 7. 00 20 

PERIOD 

(MARCH-

I 

MAY) 1 5 3.00 213.00 9 7.00 310.00 20 

PERIOD II 

(JAN-DEC) 
39 2.00 4 9 7.00 349.00 5 7 7.00 20 

NOTE: LIMITS WERE COMPUTED PROM THE LORENZ - CURVE IISIMC LINEAR 

SMOOTHING. 



PAGb 2 

liXAiiru; or j.ow I>OTI;,\!TIAL ZOMI; 

STATION': KANGIUIH) KITHIMJXNI D.O. (NR. 9137Ü74) 

UAlNl :Al,l,,IN MM, 1:0R PROKABI LITIl-S 

4 OUT 0I : 5 YbARS 

LIMIT YEARS 

LOH'ÜK UITbli OBSI-Kvfc) 

3 . 0 0 

3 . 0 0 

1 0 . 00 

7 7 . 0 0 

y .oo 

u.oo 

o.oo 

0 . 0 0 

0 . 0 0 

1 9 . 0 0 

8 0 . 0 0 

2 5 . 0 0 

1 7 3 . 0 0 3 7 1 . 0 0 25 

4 3 4 . 0 0 f . 9 5 . 0 0 25 

,'JOTi; : TIII:. LIMITS W1-IŒ COMPUTbJ) 1:R0M THH 1..0R1-NZ - CURVb USING LINbAR 

SMOOTHING. 

2 OUT Ol-" 3 Yb A RS 

MOMTII L I M I T 

LOWl-R l l l ' l ' l -R 

01 1 1 . 00 3 H . 0 0 

02 6 . 0 0 2 7 . 00 

03 4 1 ; 00 1 1 2 . 0 0 

04 1 or,. oo 1 8 0 . 0 0 

05 1 7 . 00 8 3 . 0 0 

06 0 . 0 0 8 . 00 

07 0 . 0 0 0 . 0 0 

Ü« 0 . 0 0 0 . 0 0 

09 0 . 00 5 . 0 0 

10 2 2 . 00 4 9 . 0 0 

11 4 r.. oo 2 0 2 . 0 0 

12 36 . 0 0 5 3 . 0 0 

l'LMUOn I 

(MARCII- MAY) 2 3 6 . 0 0 3 1 5 . 0 0 

PbRIOI) I I 

( J A N - M - C ) 4 9 2 . 0 0 6 0 7 . 0 0 

6 6 . 0 0 25 

57 . 0 0 25 

142 . 0 0 25 

203 . 0 0 25 

99 . 0 0 25 

14. . 0 0 25 

9, . 0 0 25 

5. . 0 0 25 

15 . . 0 0 25 

6 7, .00 25 

242 . , 0 0 25 

9 5 . , 00 25 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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PACE 3 

S A M P L E EOR THE MEDIUM POTENTIAL ZONK 

(fTATION: MITUBIRI Clllll ESTATE (NU. 9 1 3 7 0 5 3 ) 

RAINFALL, IN MM, EOR PROBABILITIES 

I 
I 
I 
I 
I 
I 
I 

2 OUT OP 3 YliARS 4 OUT OP 5 YEARS 

MONTH LIMIT LIMIT YEARS 

LOWER UPPER LOWER UPPER OBSERVED 

01 5 . 0 0 3 9 . 0 0 2 . 0 0 5 3 . 0 0 27 

02 5 . 0 0 1 8 . 0 0 2 . 0 0 2 0 . 0 0 2 7 

0 3 5 5 . 0 0 1 3 3 . 0 0 8 3 . 0 0 8 7 . 0 0 2 7 

04 6 8 .00 2 39 .00 161 .00 88 .00 27 

05 5 4 . 0 0 8 9 . 0 0 2 4 . 0 0 37.OU 27 

06 4 . 0 0 19.00 0 .00 23 .00 27 

07 2 .00 6 . 0 0 2 .00 12 .00 27 

08 1 .00 9 .00 0 . 0 0 12 .00 2 7 

09 0 . 0 0 11.00 0 . 0 0 15 .00 25 

10 33 .00 6 2 .00 24 .00 8 7.00 27 

11 22 .00 180.00 9 8 . 0 0 204 .00 2 7 

12 4 5 . 0 0 8 3 . 0 0 34.OU 3 0 . 0 0 2 7 

P H I OD I 

(™RC1I-MAY) 3 0 3 . 0 0 46 2 . 0 0 2 5 9 . 0 0 5 1 1 . 0 0 25 

PERIOD II 

(Ml-DEC) 566.00 716.00 515.00 .00 25 

I 
I 
.'Hi: THE LIMITS WERE CALCULATED l-'ROM TUE LORENZ - CURVE UDINC LINEAR 

SMOOTHINO. 

I 
I 



J'A GH 4 

EXAMPLE FOU Till; 5HMI - HIGH POTENTIAL ZONE 

STATIC?!: HITHBIRI K I T l f O COFFEE EST. (NR. 9 0 3 7 0 1 6 ) 

RAINFALL, IN MM, FOR PROBABILITIES 

2 OUT OP 3 YEARS 

MONTH L I M I T 

LOWER UPPER 

01 1 0 . 0 0 4 1 . 0 0 

02 8 . 0 0 2 R . 0 Ü 

0." 6 7 . 0 0 15 7 . 0 0 

04 18 s. no 2 9 1 . 0 0 

OS S 1 . 00 14 2 . 0 0 

06 6 . 00 1 6 . 0 0 

07 1 i " \r» 
i . . W I J 7 . 0 0 

OS 2 . 0 0 6 . 0 0 

0!) 4 . 0 0 1 S. 0 0 

10 4 4 . (JO as.no 

11 1 4 7 . 00 2 2 5 . 0 0 

12 6 3 . 0 0 9 2 . 0 0 

Pli R IO» I 2 9 9 . 0 0 4 0 3 . 0 0 

(MARCH- MAY) 

PERIOD I I 74 3 . 0 0 92 7 . 0 0 

( J A N - P E C ) 

4 OUT 01-" 5 YliARS 

LIMIT 

LOWER 

3 . 0 0 

3 . 0 0 

4 0 . 0 0 

1 5 6 . 0 0 

34 . 0 0 

3 . 0 0 

U . 0 0 

0 . 0 0 

0 . 0 0 

3 2 . 0 0 

1 1 2 . 0 0 

4 4 . 0 0 

2 6 0 . 0 0 

6 4 0 . 0 0 

UPPER 

8 5 . 0 0 

5 8 . 0 0 

9 7 . 0 0 

3 4 6 . 0 0 

1 9 7 . 00 

31 . 0 0 

1 3 . 0 0 

1 3 . 0 0 

Z 7 . 0 0 

1 0 7 . 0 0 

24 7 . 0 0 

15 7 . 0 0 

4 3 4 . 0 0 

9 7 2 . 0 0 

YEARS 

OBSERVE 

31 I 
31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

31 

MOTE:. THE LIMITS WERE COMPUTED PROM THE LORENZ - CURVE USING LINEAR 

SMOOTHING. 
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