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PREFACE 

From February till the half of April 197^, three students of 

the Training Project in Pedology - Kenya, from the Agricultural 

University in Wageningen,_have carried out a semi-detailed 

soil survey (scale 1 : 50.000) gf_the Kisii West area.. 

This survey was supervised by W.G. Wielemaker and H.W. Boxem. 

With the help of field data obtained from the Irigonga and 

Marongo detailed surveys most of the western Kisii Highlands 

has been surveyed. 

This preliminary report describes the physical environment 

and the soil associations of the area and their relationship. 
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1. INTRODUCTION 

The Kisii West semi-detailed survey covers the whole western part 

of the Kisii District and is situated between 0° 35' and 0° 58 S 
o ' o * 

and between 3^ 35 and 3^ 50 E. It includes partly or 

completely the subdistricts of Kitutu, Wanjare, Kasipul, Nyarobari, 

South Mugirango, Bomachoge, Bobasi (Kisii district) and South 

Nyokal (South Nyanza district). The area covers about 71.800 ha . 

Being a transition zone of the Kisii Highlands in ths East to the 

gently sloping lowlands in the West the area has a gradual decrease 

in elevation in E - W direction (from about 6000 to V?00 ft). 

The highest summits are formed by some isolated plateau remnants 

in the South-Western part and by the Manga scarp in the Eastern 

part. 

The outer limits of the survey area are defined by the long 

quartsitic Manga scarp in the East, by the Kisii districts-

boundary in the south and in the West and the North by the 

Tanzania road or by physiographic and lithological boundaries. 

Important towns and administration centres are Manga in the North, 

Rongo and Kisii in the centre, the last one is the districts-town, 

and Ogembo and Kenyenya in the South. 

The main rivers are the deeply inci; ed Gucha in the„South and the 

Riana in the North, both running in E - W direction. 

The strong growth of the population has resulted in complete removal 

of the original forest. Nearly the whole area is now under intensive 

cultivation. 
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2 . 1 , Climate 

2.1.1. Introduction 

The climate of the Kisii West area is a transition of the monsoon 

climate (Am according to Koppen's classification) of the Kisii 

Highlands and the tropical savannah climate (Aw) of the lower area 

round Lake Victoria. 

The mean annual temperature is about 20 C, temperatures over 30 C 

rarely occur due to the rather high altitude (l40Q - l800 m), 

whereas temperatures at night are low (10 - 15 C). 

The mean annual precipitation ranges from about 1500 mm in the 

West to 2.000 mm in the East. 

A moderate dry period during January and february is followed by the 

long rains of april and may, a short dry period in august preceeds 

the short rains in October and november. Dry periods are more 

pronounced in the western part of the Kisii West area« 

Climatic data -mainly rainfall data - are taken from all the 

weather stations in the surveyed area out.of the "Summary of 

Rainfall of Kenya" (1938 - 1971), see fig. 1 the location map of 

the weather stations. Diagrams of average monthly rainfall and 

fluctuation of the total annual rainfall have been made, see 

fig. 3 to 11. In "studies of Potential Evaporation" (T. Woodhead) 

data were available for the diagram.of the mean monthly evaporation 

(Eo - according Penman), see fig. 2. Mean ncximum and minimum 

temperatures are derived from the.Climate and Vegetation map of 

S.W. Kenya (sheet 3; 1 : 250.000). 

Some waterbalances have been calculated to give an idea of the 

amount of available water for plant growth for all the months. 

2.1.2. Calculated_waterbalances of soil P£°fjles_with_different 

maximum storages_of_available_water_for_the__plant^ 

Some simplified water input and -output balances in soil profiles 

have been calculated by using rainfall data of two weather stations 

in the Kisii West area and calculated evaporation data according 

Penman (T. Woodhead). 
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The choosen weather stations - Kisii Coffee Substation and 

Kamagambo Training School - have a rainfall which is respectively 

the maximum and minimum total annual rainfall of all the stations 

in' the surveyed area. 

Method: 

The input-output waterbalance is: R - r = Ea + D + Û S 

R = rainfall 

r = runn-off 

Ea = actual évapotranspiration 

D = drainage in the subsoil 

US = change in the storage of available water in the soil profile 

The calculation method used is based on the following assumptions: 

- SÇR - Ep) ¥f 

| S = So ,, e So So = maximum storage of available water 

for the plant in the soil profile. 

S = the actual storage of available water., 

The exhausting of the storage of available water in the soil 

profile declines according an negative e-power, so the with

drawing of moisture out_of the soil is more difficult when the 

soil contain less water. 

- Eo = Ep, the evaporation of open water is approximately.the 

potential évapotranspiration of soil and plant. 

- Maximum storages of available water of some soil profiles 

A 
are estimated: 

So = 50 mm, is the estimated maximum storage of available water 

of a very shallow soil (with a depth of about 25 cm) 

So =100 mm, of a shallow soil (depth about 50 cm) 

! So =200 mm, of a deep soil (depth about 100 cm) 

So =^00 mm, of a very deep soil (depth about 200 cm) 

- The considered soil profiles have no water table or the water 

table is much deeper than the above mentioned soil depths. 

- r = 0, the run-off is in this calculated water balances 0, 

run-off data when available could be easily incalculated. 

- Ea = R -/>S with Ea(max) = Ep, the actuel évapotranspiration is 

the sum of the rainfall and the 

1 /•' 

•J change in the storage of available water in the soil profile, 

Ea is at most as big as Ep. 
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- Sh = Ep - Ea, the shortage of water for optimum plant growth 

is the difference between potential and actual 

évapotranspiration. 

- D = R - Ea - fi S if R > Ea -AS 

D = 0 if R < Ea -£S 

D is the precipitation which cannot be stored in the soil and 

which is drained in the subsoil. 

The waterbalances ( see table I and II) could be an-indication, 

about the water conditions for plant growth in the Kisii West area, 

but they must be handled with care because the used calculation 

method is a simplification of the.reality and next to it the 

evaporation data are rather rough. 

Some important reflections when drawing interferences out of 

the waterbalances are: 

- The used potential évapotranspiration (Ep) is not necessary 

the potential évapotranspiration of a special crop, it may be 

lower or even higher. 

- when the withdrawing of moisture out of soil profiles has 

passed more than 50% of the maximum storage, the growth of 

crops will than be considered as decreased. 

- the data used are mean data, the fluctuations in the precipitation 

must be considered, see fig, kb and lib. _ . 

- for getting moisture out of soil profile of e.g. a depth of 

2 meters ( ̂ fOO mm available water), the plant must be a deep, 

rooted one. It must not be an annual one or in a young phase. 
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TAB5LX I - WATER BALANCES OF SOME SOIL PROFILES 

KIS 11 COFFEE SUB STATION 90 .34-080 

K W TM i à F 

Wer /ift 

M A 
w r-i\ 

M J 
1 * <." 

A 
t . . t 

s 0 D year 
1 f>l aa» f^~ 

T-- • 1 
R 

: - is 
73 106 

-1' j , 

198 
""J 
286 236 155 103 170 194 148 

1 - V 

I65 122 lo950 

Ep 175 175 185 I3O 150 130 130 155 160 170 ISO I60 I.890 

R-Ep -102 -69 13 136 86 25 -27 15 34 -22 ys -38. 
ikTj (216) 

i*i J-Qfl HI Mfl 
27 

/.J» Ml 
22 

' 1 
i s 

\ ^ ^ ~ _ ^ — — - = — & 

3 . 1 

7 

14 50 
1 

50 

j 

50 29 44 50 

f 

32 47 20 

AS -17 -2 13 36 0 0 -21 15 6 -18 15 -27 _ 

0= 50mm Ea 90 108 I85 150 150 130 124 155 160 166 150 147 I.715 

D 0 0 0 100 86 25 0 0 28 0 0 0 239 

Sh 85 67 0 0 0 0 6 0 0 4 0 13 175 

s 23 12 25 100 100 100 76 91 100 80 95 64 

AS -4l -11 13 75 0 0 -24 15 9 -20 15 -31 

So=100ram Ea 114 117 185 150 150 130 127 155 160 168 150 153 lo750 

D 0 0 0 61 86 25 0 0 23 0 0 0 97 

Sh 61 , 58 0 0 0 0 3 0 0 2 0 7 131 

S 96 68 81 200 200 200 175 190 200 179 194 160 

AS -64 -28 13 119 0 0 -25 15 10 -21 15 -34 -

f'O=Z00mm Ea 137 134 185 I5O I50 130 128 155 I6O 169 150 156 Ic8o4 

D 0 0 0 17 86 25 0 0 24 0 0 0 152 

Sh 38 41 0 0 0 0 2 0 0 1 0 4 86 

S 277. 233 246 382 400 400 374 389 400 379 394 357 

ÄS -80 -44 13 136 18 0 -26 15 11 -21 15 -37 -

So~400ram Ea 153 150 185 150 150 130 129 155 I6O 169 150 159 1.8'iO 

D 0 0 0 0 64 25 0 0 23 0 0 0 , 1 2 

Sh 
i 

j 22 25 
i 

0 0 0 0 1 0 0 1 0 1 50 

- all figures are in mm water 

- small deviations in the total annual figures are caused by 

rounding the monthly figures. 
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TABEL I I - WATERBALANCES OF SOME SOIL PROFILES 

~Sc 

KAMAGAMBO TRAINING SCHOOL 90.34-005 

J F M A M J J A S 0 N D year 

R 55 ' 97 148 234 204 124 85 114 120 125 148 112 I.565 
Ep 175 175 185 150 15,0 130 130 155 160 170 150 160 I.890 

R-Ep -120 -78 -37 84 54 -6 -45 -41 -40 -45 TT2 -48 

-r(R-Ep) 

_xzfe^  
347 4-25 462 

l»s&> l-3£ 

6 

»•41 

51 92 132 177 179 227 

• 1 ~ 
t 

i s 0 0 0 50 50 
j 

44 18 8 4 1 1 

- r •" 

0 

i AS 0 0 0 50 0 -6 -26 -10 -4 -3 0 -1 _ 

5o= 50mra Ea 55- 97 148 150 150 130 111 124 124 128 150 113 lo472 

D 0 0 0 34 54 0 0 0 0 0 0 0 88 

Sh 120- 78 37 0 0 0 19 31 36 42 0 47 410 

S 3 1 0 84 100 94 60 40 27 17 17 10 

ÜS -7 -2 -1 84 16 -6 -34 -20 -13 -10 0 -7 _ 

So=100mm Ea 62 99 149 150 150 130 119 134 133 135 150 119 I.530 

D 0 0 0 0 38 0 0 0 0 0 0 0 38 

Sh 113 76 36 0 0 0 11 21 27 35 0 41 360 

• 

1 s 15 9 8 96 150 x }144 106 81 62 46 45 33 

as -18 -6 -2 84 54 -6 -38 -25 -19 -16 -1 -12 _ 

o=200mm ; Ea 73 103 150 150 150 130 123 139 139 141 149 124 1.571 

D 0 0 0 0 0 0 0 0 0 0 0 0 0 

Sh 102 72 35 0 0 0 7 16 21 29 1 36 319 

So=400mm, the same as So =200mra 

x) 150mm is the maximum storage of moisture for lack of enough rainfall 

for storage above the 150mm. 



- 7 -

Conclusions: 

The water conditions for plant growth in areas with a total 

rain fall, a rainfall distribution and a evaporation according 

to the Kisii Coffee Substation (see table 1) are good for all 

the months for a soil profile with a depth of 1 meter or more, 

with an exception for the month February. 

This month gives decreased growth on soils with a depth of about 1 m. 

Soil profiles less than 1 meter get more water difficulties with 

diminishing depth of the soil in the months of February, January and 

December. The first two months show a considerable decreased growth. 

The climatic conditions at Kamagambo Trainiag School (see tabel II) 

are in comparison with Kisii Coffee Substation less favourable 

for plant growth. 

The actuel évapotranspiration ranges from 1.^70 to 1.570 mm and 

the potential évapotranspiration is 1.890 mm, so some crops with 

a high water demand cannot be cultivated. 

There are severe drought months and some growth reducing months. 

For a profile of 25 cm depth (50 mm storage) the months of 

January and February are severe dry while the months of July, _ 

August, September, October and December show a reducing growth. 

This is also applicable for soil profiles to a depth of 75 cm 

(150 mm storage), in this situation the months of July to December 

have now slightly reduced growth conditions. 

A profile with a maximum storage capacity of more than 150 mm 

'has no special significance in a year with a rainfall of less 

than the mean total rainfall of I.565 mm, for lack of enough 

rainfall for storing more than 150 mm in the soil. 

But in a year with more precipitation the deeper soils has the 

advanteFî that they can store the surplus precipitation. 



• Weniger sfflb>orb 

' ^ ~ ' roads 

rivées 

'?' * Location of \JNL weatherstation 

m th£ K is i i U£s t BreB 



mm 

2oo-

.30-

180-

160-

150-

1^0-

)«3o-

I 2 P -

110-

100-J 

•MonTHLv potential evftporftticm From open wffiee. ( Tb-v^n - Eo ) 

kv, Kjsii- West- ^ 

totftl •• i(5aoyv»m 

• 1 i 

J F M A M J J A S O ^ D 

*• Fia- Z 

#) S o u r c e : stmüfci of potewtifll evflpoy^icm i* 1<6V\UA 1?M T W0ODn6ftû-



OD 
o» 

o 
3 

7» 
5 ' 
3 

-n 
Lö' 

> 

I 
O 
o 
o 

N* O* 
O O 
O o o o 

z 
z 

^ -

3 

5' 
-t 
9 

VS' 

o» 

3> ^D 
8 

^ 
* 2- 8 </>' 

8 -"• 
• • m 3 

•• s. O 
co O l to </<* 

H 
^ g> " ff, 
i o o' • -57> O —« 

c© c+- x: 
- 4J V) 0 
^ 1 
O-N 
0 

Cs: 

o» 

m 

O 
dl 
-r 
O 
o 



I 

2' 
S 

F 

ar 
o 

sr 

ô 
V 

S 3 

* f - M 
es» 

- § 

<_P 

ce 

a 

1 

» 
«o 

«M 

m 

3 
S" 
CA 

O 

JC 
» 

O 

8 

/ 



I 
I 
I 
I 
I 
I 

K 

i 

i 
i 
I 
I 
I 

i 

or 
o o 

o 3 O 
O O 

^ 3 O 3 

& 

Oo 
Go 

co 

3 

Ol 

< 

O 
3 

3 

O 
Q-

o 
i 

ui 
O) 

_ o 
rr O 

0 üj 

o> 

r 
m 

c s 
ja 

I 
O 
I -

o 
0 

O 
O 

O 
O 8 8 

»» X 
o 
O 

3 
3 

i 
1 l 1 

£ 

1 1 1 1 1 

r J 

1 

ca 

1 

J 

1 

? 

1 1 

y 

1 

/ 

1 

2 

1 1 1 1 

2 

1 1 

3> 

O 
3 
•3 
C 
P_ 

Ui 
to» 



I 

I 

1* 

i 

> 

I 
I 
I 
If I I t f I f I H 2 

9 

9 

£ 
I. 
-n 
9 

OD 

J« 2 T Ô 

- •• I. 
J. Q 

TÎÎ CO 

or* 

21-

"g 
i 

O 
X 
o 



» s 
I I I I I I 

8 en 
o i — I 1—i 1—i i 1—i 1—r 

3} 

3 

C-i 

CO 

ô' 

C O 

3 

] 
J 
m 

3 

B 

> 

Sa^U? rif 8 r r 
et CP O l 

J. -S^o 
( 9 *** XT 
~ M CO 

— CO 

C C CO 

9 

A 
O 

Mp 

to 



I 
II 
I 
f 
I 
1 
1 
I 
! 

i 
i 
i 
i 

T i r-

o 

I 
I 
I 
I 

o ' 
r»-
3> 

3 

o «5 
i i i 

I 
i » i i 

•»» Li r f i § 3 
3 

S* 

3> 
5' 
•n 

I—P 

CP 

J2 3 

3D 

18 

3 
§ 

3 

> 

3)?n 

S I T * 

"V S " 
_ O o 

Ol rt-i 

l 

3 

rn 

Ol 

o o 

I T 

iè 



I 
I 
I 
t g r r * * J I f o 

o !g_ ' 1 • 1 1 i • ~T ' I ~ " T . | , | , 

Jf 
5] 
1 
Jf 
• 
m 
-si 
m 

o 

sr 

5 
•9' 

3 

CD 

ID 

J l 
5É 

3 
l p * 

o 
o 

J. « 9 
—iJ C» 

Co 

1 j r 

m 

dp 
o 

1 
o 
en 

I 
I 



I 
§ s 

_ _ — IN» l«J • = 

8 S 8 S 8 8 
M 1 1 1 1 1 

5* 
-rr 1 r _j s; _j 

2 
O 1 

9 

S 

3 ? -n 

1 
1 

3 
CD 

jo 57 ö 

M O » " 

.loo 

_ 6n 
i 

G* 
X 
CM 
is» 
m 

o 

3 
ja

o 

I 

o 



I 
I 
r 

c 

s o o 
Ol 

o 
O 
O 

-7—r 

O 

O 

3 
5 

x : 
£•.' 

14 I I t ( I I t ) i I 

O 

§ r r s 

ui","o o |o 
ro »o 

§ f 
1 s 

- T | ' 1 ' ! ' ' 1 ' 
- T • • - , 

.J 
1 ' u 

- T • • - , 

.J 
1 ' 

1 

1 ' 

1" 
1 

1 ' 

l 
1 

1 ' 

I-5 "1 

1 ' 

u 

1 ' 

h 

1 ' 

1 ^ 
Co 

1 ' 

• -* 

1 ' 

1 — 

1 ' 

1 * 

1 ' 

I * 

1 ' 1 ' 

1 

1 ' 

u 

1 ' 

S3 

1 ' 

r i-g 'i 

1 ' 

—u 

1 ' 

O' 
C T -

n 
3 

7* 

5' 

o, \3 
8 * 

1 1 1 1 • 

-3) 
< 
"> 
9 

<£ 
3 o 
3 

1 

1 

o 

C 
o» 

J 

~» 

5' 
"3"* 

3? 
27 

0 
t7 

i s 

l ! 

0 
t7 

<s> co 
O" £ 
0 <? 
1 > 

0 
1 

Ol 

fr 
<-OCS> CS» 

j 

ar 

7$ 

01 

m 
is» 
^ > 

JE 
I 

O 
0 0 o 



- 8 -

2.2. HYDROLOGY 

Nearly the whole area of the Kisii West semi-detailed survey is 

drained by the Kuja river. Only a small part of the Kisii West area 

is drained by tributaries of the Awach Tende river, like the Hogusii 

river (see the contour map). 

The rest of the area is drained - more or less - by the Kuja river 

directly. 

The river basins of the most impafcant tributaries of the Kuja river 

in the Kisii West area are the Riana, the Nyangweta and the Mogunga 

river (see the contour map). Those river basins are areas less 

directly drained by the Gucha river in comparison with the area 

which remains. 

Mean fall of the main rivers in the Kisii West area; 

Name of the 

river from to mean fall (m/100m) 

Kuja Ogembo Ibencho gorge 1.1* 
Kuja Ibencho gorge Bridge Tanzania 0,68 

Hi ana Gesonso market Riana 0,98 

Nyangweta Hokubo school Nyangweta 1,86 

The smaller streams have in general a much bigger fall than the 

above mentioned rivers. 

Rejuvenation of the Kuja river is evident by the frequent rapids 

betvieen Ibencho and Ogembo and though below the Ibencho gorge 

the fall of the river lessens, even here there are also occasional 

steep sided, deeply incised short gorges. 

Clearly to see is the lengthening of the rivers the Riana, the 

Nyangweta and the Mogunga rivers by the proces of headward erosion. 

About 93% of the soils of the Kisii West area are well drained soils. 

The rest of the soils belongs mainly to the Hydromorphic soils, 

which are poorly to imperfectly drained. The hydromorphic soils 

are found in broad valleys, which are filled up with alluvial deposits. 

These soils are roughly situated in the south-east of the surveyed 

area and westly of the Sameta hill. 
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The broad valley bottoms are probably an indication for a stagnation 

period in the erosive action of the main river Kuja» 

In this stagnation period sedimentation could take place in the 

sharply incised valleys. 

Nowadays these broad flat valley bottoms are the remains of this period, 

which are not yet removed by the erosive action of the lenghthening 

rivers,the Nyangweta and the Hogunga. 
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