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Table 1. Legal proceedings brought by the Ogiek Welfare Council.
Case title Legal basis Status

Case No. 605

Claims that the Ogiek have rights
to UCRN lands because of their
ancestral status

Denied,
appealed

Case No. 238

Opposition to Moi's settlement of
Kalenjin from the W. Mau on the
basis that portions of the UCRN
were still gazetted when
settlement was approved.

Denied,
appealed

OWC
Environmental
Case

Focuses on improper
degazettlemt of UCRN lands, the
disruption of conservation efforts. Pending
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Table 2. Sample farm and household characteristics.

Number Age Family size Land size (Ha) Crops grown

1 28 4 2 C, PY, O§, K§, PO§

2 53 4 4 M, B, PO, PY, O§, C§, PE§

3 52 7 2 M, B, PO, PY, O§, K§

4 40 10 3 M, B, PO, PY, O§

5 22 9 2 M, B, PO, PY, PE§

6 26 9 2 M, B, PO, PY, C, K§, PE§

7 29 5 2 M, B, PO, O§

8 34 8 1 M, B, PO

9 30 7 4 M, B, PO, PY, O§, C§

10 27 3 1 M, B, PO, PY, C§, K§

11 50 7 4 M, B, PO, PY, C, K§

12 47 7 5 M, B, PO, O§, K§, PE§

13 43 1 1 M, B, PO, PY

14 55 8 1 M, B, PO, PY, PE §, O§, C§, K§

15 41 6 5 M, B, PO, PY

Mean Value 38 6 2.6 M, B, PO, PY (Most common)
§= Grown in home garden, not sold on the market.
M= Maize; B= Bean; PO= Potato; PY= Pyrethrum; K= Kale; C= Cabbage; O=
Onion; PE= Peas.
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Household Select trees maintained for medicine, fuel

Cattle Corral

Erosion in riparian areas

Felling of trees for timber or
fuelwood sales

Patchy areas of lesser fertility

Some attempt to maintain
riparian strips

Pyrethum and potato plots

About 2.5 ha
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Key
Crop J F M A M J J A S O N D Ti Tillage

Maize (Zea Mays) H Ti FP FP Fertilization/Planting
Beans(P. vulgaris) Ti FP H P Planting

Chrysanthemum pyrethrum H H H P H H H H H H Main crop growth Period
Potatoes(Solanum tuberosum L.) ‡ Ti P H H H Harvest

•= There is no harvest from pyrethrum for the first 8= There is no harvest from pyrethrum for the first 8-9 months of growth.  After this time, the plant has reached sufficient maturity to be 
harvested. Harvest is possible nearly year round thereafter. Productivity begins to decline in the 3rd year of production. Consequently,  pyrethrum
is entirely replanted every fourth year of 
cropping.‡=Potatoes are usually planted every few years. Aside from this, they are harvested anytime between June-November. Seed  potatoes are left in the 

ground

†=Crops are generally planted in the spring and harvested sometime thereafter. 

 in intermittant years (not all are harvested) to allow regrowth.

Table 4. Planting, growth and harvesting schedule for common annual crops in the upper Njoro watershed.†
Month

QuickTi me™ and a
Graphics  decompr essor

are needed to see this  pic tur e.



���������������#� ����������� �������������������� ������������������#�
�����������������������693���
�$��������������������������#���������
����� ��� ��� �� �������#�� "���
��� ����������� ������� ����� ������
����#��#� ����
�N
������ #������ ������ ���� ���� ������ ����"��������� ���
����� �������� ��� ������
���� ��
��� ����� ��� ���"��� �� ���� ����� �#������
�������������
�@��� �������������������
����#������������������
�� ����
������������������
��������������������
���#�������������������
�

>�"��� ���
��� ��� ���� �������#� ������� ���
��������� �
���#� �����#�!�
�������#!� ������#� ���� �������� �������
� ������#� ���
��� #���������
�������
���#�������� �������#�����������!���������������	
�������	
���
�����������$�����"��*@���"��*�����"��!������
#���������
��������#����
����������5����������
�)����#���
��
���������������������������
����
�1��
������ ��"��� ���� "�� ��������� ��� ������ �����!� ��� ��� ���� 
�������� ����
�������� ��� ������������ ����� ���� ������� ��� ������������ ����� �������
�
&���� �������� ����������� ���� ������� ��������� ���������� "�� ���� ����*
��
�������
���
��

)�����������!����"������H����
������������"������������'�����
#��
����������+� �����������#�������� ���� ����
����������������� �������� ���
������
������������
��#��������������#��������������������������������!�
�����
#�� ���� �
�"��� �
������#� ��� ���
����� ��� #��������� ������ '�����
����� 69+
� $��� �������� ��������� ������������#� ���
������ ���
����#�
�������#�� ��
��� ��� ��������� ��� ����������#���� ����� ������ �����
������
���
��!� ������ ������ ����� "�� ������� ���� �
��� ����!� ����� ��� ���"���
����
�����
��

-",���	
�

���8	
����������
1�����'	
�����������
��
0���� ��� �#�������� ����
������ ����������!� ��
��� ����� �������#�
�������� ����������� �����������
� ��"��� 9� �������� �����#�� ���������
����������������������#��������"�����������������������
��



0�#
��� 9� ��������� ������� ���� ������� ������ ��������� ���� $
"� $�������
)���������������������������������������
�������
�

 

0

500

1000

1500

2000

2500

3000

3500

1Crop

Maize, UCRN
Maize, Kenya
Drybeans, UCRN
Drybeans, Sub
Saharan Africa
Pyrethrum, UCRN
Pyrethrum, Kenya
Potato, UCRN
Potato, Kenya

 
0�#
���9
�M�������������#��������������������������'�#�H���H���+����������
��������
����������������������$
"*$�������)�����
�

&������#����������� ��� "����� ������� �� ��� ��� ��������������� ������
����� ����
��� ��� ��� ��� �������� �� ���������� ����������� ��� ������� ���
������������"��4����������'68;8+
�%���������������������"�������
����� ���� 0���� ���� )#���
��
��� @�#��� �����5�� ��*����� ������������
����"�����'0)@�233<+
�%����������������������������'�"�
��6:?B��#�
H��H����+!� ��� �� ������� ��� ���� (%��� '23;:� �#� H��H����+� ���� ��#�
�
�����������!������
���"�������������������� ������
������������������

Table 5. Sample farm annual average yields. †

Crop Area
(ha)

Yield (kg) Equivalent
yield (kg/ha)

Maize 1.85 3859 2085
Beans 1.85 265 143
Pyrethrium 0.31 240 775
Potato 0.31 279 900
† = All data sourced from field notes.
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Table 6. Typical UCRN farm household variables used in the
economic analysis.

Variable Value
Area in maize/beans 1.85 ha
Area in potato 0.31 ha
Area in pyrethrum 0.31 ha
Rate of fertilizer application for
maize

34 kg/ha of Diammonium
phosphate

Adult males 1
Adult females 2
Children and unmarried youths 3
Hoes (farming tool) 3
Machetes (farming, fuel wood
extraction)

2

Bagging sacks 40
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Table 7. Annual average quantities and 2003 costs of inputs to the typical cropping system.

Quantity Cost

Materials Unit Quantity Unit Cost (Ksh)
Fertilizer

Diammonium phosphate Kg2.16haž 62‡ Ksh/kg 30 ß

Planting Seeds
Maize kg/1.85ha 84 ‡ Ksh/kg 10 ß

Beans kg/1.85 ha 90 ‡ Ksh/kg 40 ß

Pyrethrum kg/.31 ha 1.4 §, ‡ Ksh/kg 240 ‡

Potato kg/.31 ha 30 ‡ , •, † Ksh/kg 5 ‡

Labor
Preparation (Family Labor)

Tillage ps-d/2.5 ha² 18 ‡ Ksh/ps-d 100 ‡

Planting (Family Labor, Including fertilization)
Maize ps-d/1.85ha 5 ‡ Ksh/ps-d 100 ‡

Bean ps-d/1.85ha 7 ‡ Ksh/ps-d 100 ‡

Pyrethrum ps-d/.31 ha 2 ‡ Ksh/ps-d 100 ‡

Potato ps-d/.31 ha 3‡ Ksh/ps-d 100 ‡

Harvest (Family Labor)
Maize ps-d/1.85ha 8 ‡ Ksh/ps-d 100 ‡

Bean ps-d/1.85 ha 7 ‡ Ksh/ps-d 100 ‡

Pyrethrum ps-d/.31 ha 1.5 ‡ Ksh/ps-d 100 ‡

Potato ps-d/.31 ha 2‡ Ksh/ps-d 100 ‡

Crop Care(Family Labor)
Weeding ps-d/2.5 ha 34 ‡ Ksh/ps-d 100 ‡

Post Harvest
Shucking Maize/Sacking ps-d/1.85 ha 5 ‡ Ksh/ps-d 50 ‡

Stacking residue ps-d/2.5 ha 12 ‡ Ksh/ps-d 100 ‡

Pyrethrum drying ps-d/.31ha 1‡ Ksh/ps-d 50‡

Residue burning ps-d/2.16 ha 1 ‡ Ksh/ps-d 100 ‡

Potato sacking ps-d/.31ha 1 ‡ Ksh/ps-d 50 ‡

Hired Labor
Harvest assistance ps-d/ 1.85 ha 15‡ Ksh/ps-d 100 ‡

Weeding ps-d/1.85 ha 30‡ Ksh/ps-d 100 ‡

Tillage ps-d/2.16haž 15‡ Ksh/ps-d 100 ‡

Transport
Purchased Inputs  Trips/year 1.5 ‡ Ksh/trip 60 ‡

² - Land area tilled by the family includes all crops. For pyrethrum (a perennial) is customary for
farmers to disturb the soil around the crop to allow improved water infiltration
‡- Data are based on the “archetypical” UCRN farm derived as described in preceding sections of
this paper.
§- Data was multiplied by 1/5 in calculating the net value of production because seeds are
purchased only every five years.
• -- Adequate field data for this crop was not collected. A “best estimate” was used regarding
typical seed potato inputs to farming systems.
†- Data was multiplied by 1/4 during the calculation of the net value of production as seed tubers
are bought only every four years. In interim years farmers reuse harvested tubers for seed.
ž --Includes the land area tilled in potato preparation.
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Table 8. Annual average outputs and 2003 prices from the
typical cropping system. ß

Crop
Output Quantity 2003 Price

Unit of
Measurement Yield (kg)

Market Price
(Ksh/Kg)

Maize kg/1.85ha 3859.1 13
Beans kg/1.85 ha 264.55 24
Pyrethrum kg/.31 ha 240.25 § 30
Potato kg/.31 ha 900 5
ß- Data are based on the “archetypical” UCRN farm as
described in preceding sections of this paper as based on farmer
testimony.
§ - These data were adjusted to represent the delay in
harvestable product during the first year of crop cultivation.
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Table 9. Soil characteristics of sample farms in the Upper Catchment of the River Njoro.

Bulk Total N Total P
Available

P CEC SOM
Number Texture density pH (%) (%) (PPM) (meg/100g) (%)

1

Sandy
Silt

Loam 0.94 6.20 0.85 0.11 0.002 31.92 5.53

2

Sandy
Silt

Loam 0.95 6.10 0.72 0.05 0.001 37.52 8.41

3

Sandy
Silt

Loam 0.98 6.50 1.50 0.06 0.003 26.88 6.02

4

Sandy
Silt

Loam 0.99 6.70 1.21 0.08 0.002 39.20 7.38

5

Sandy
Silt

Loam 1.01 5.80 1.03 0.07 0.002 36.12 7.22

6
Clay
Loam 0.93 5.80 0.72 0.02 0.002 29.68 5.53

7
Clay
Loam 0.98 5.80 1.09 0.10 0.001 37.80 7.14

8

Sandy
Silt

Loam 0.98 6.00 0.91 0.08 0.002 30.52 7.29

9

Sandy
Silt

Loam 0.87 6.40 0.79 0.06 0.001 30.52 6.74

10

Sandy
Silt

Loam 0.96 6.40 0.79 0.06 0.003 36.68 7.38

11

Sandy
Silt

Loam 0.94 6.70 1.33 0.05 0.003 32.20 8.41

12

Sandy
Silt

Loam 0.98 6.20 0.61 0.08 0.002 32.20 6.57

13
Clay
Loam 0.97 7.00 0.91 0.08 0.002 35.56 8.10

14
Clay
Loam 1.02 6.30 0.80 0.07 0.002 34.72 6.33

15

Sandy
Silt

Loam 0.92 6.20 0.78 0.05 0.002 36.68 6.74
Mean 0.96 6.27 0.94 0.067 0.002 33.88 6.99
Std.

Error 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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Table 10. Farmer's fertility management practices, perception of soil fertility, and long-term
fertility strategy for maize.

Number

Maize soil
amendment
kg /ha/year

Application
s

per Year
Application

method

Years soil has
been

cultivated
Future

fertility †
Long-term fertility

strategy

1 62 ‡ 2

Split: 1/2 with
seeds,

1/2 2 mo. Pre-
harvest

5 3
Additional inorganic

fertilizers,
perhaps manure •

2 24‡ 1
Placed with

seeds at
planting

9 2 Incorporation of
residues

3 25‡ 1
Placed with

seeds at
planting

4 2
Additional inorganic

fertilizers

4 123‡ 1
Placed with

seeds at
planting

8 10
Rotational fallows (2

years each)

5 49 ‡ 1
Placed with

seeds at
planting

5 5
Additional inorganic

fertilizers

6 61 ‡ 1 Broadcast pre-
tillage

5 1

Additional inorganic
fertilizers,
 manure

incorporation •

7 98‡ and 36 ¶ 1
Placed with

seeds at
planting

7 5 Manure

8 None --- --- 10 ? Rotational fallows
9 None --- --- 5 5 ?
10 None --- --- 7 5 ?

11 25‡ 1 Broadcast pre-
tillage

4 1 Manure •

12 25‡ 1
Placed with

seeds at
planting

8 1
Mechanized
ploughing

13
25‡ and/or

180 ¶
1 Broadcast post-

tillage
4.5 2

Additional inorganic
fertilizers

14 None --- --- 3 5
Additional inorganic

fertilizers

15 18¶ 1
Handful placed

with seeds
29 5

Pasture based
rotational fallow

Average 34‡ and 13¶ 0.8 --- 7.5 3.4 ---
†= Farmer response to the question "How many years do you expect your soil to remain at this level of fertility
and yields with the same management methods?"
‡ = Inorganic fertilizer: diamonium phosphate.
¶ = Cattle Manure (imported).
•= Obtained Borrowed from neighbors.
? = Respondent did not have an answer for this question.
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Table 11. Common trees found on and near-farm in the study area and their associated uses.

Scientific name Frequency † Uses§ Additional comments
Hagenia
abyssinica

R F, M Fuel wood.

Morus alba R T, F, FR Propagated vegetatively.
Zanthoxylem
gilletti

R T, F, M Timber and fuel.

Cussonia spicat C M A common riparian species.

Euclea divinorum C T, F, TH, M Used in traditional medicine.
Croton
macrostachyus

C TH, M Preferred as a building material, can be used for fodder.

Ficus thonningii C R, O, M
Though not utilized in the study area, the leaves can be used
as green manure.

Grevillea robusta C T, F, CH
Although not practiced in the study area, the leaves can be as
fodder.

Schinus molle C F, BF, M Can be used in cooking and traditional medicine making.
Teclea
simplicifolia

C T, CH, M A riparian species.

Warburgia
ugandensis
(W. salutaris)

C F, M Medicinal applications.

Dombeya
goetzenni

C BF, F, T Also bow/arrow construction.

Eucalyptus
globulus

C T, F Problematic for soils and water conservation.

Podocarpus
falcatus

C T, F, TH Beehives are often placed in the trees branches.

Cupressus
lusitanica

EC T, F A former plantation species.

Juniperus procera EC T, BH, F Sometimes planted to denote property lines.
Olea europaea
subsp. africana

EC T, F, BF, M A prized on-farm species.

Pinus patula EC LI, T, TH, F Logged industrially for paper pulp.

Polyscias fulva EC BH
Though not utilized in the study area, the leaves can be used
as green manure.

Prunus africana EC T, F, M  Exported in parts of E. Africa as a medical ingredient.
†= Respondents' impressions of tree frequency in the upper watershed: R = Rare; C= Common; EC = Extremely common
§=Respondents reported tree uses: F = Fuel wood, M = Medicinal Uses; T = Timber; TH = Tool handles; RO = Rope
fabrication, B = Bee fodder; BH = Beehive Fabrication; LI = Timber (industrial); FR = Edible fruits; CH = Charcoal
production.
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1. Despite farmers’ universal expectation that maize yields would 
decline within the next few years, agronomic assessment 



suggests a longer-term ability for UCRN soils to support maize 
culture at current, albeit low-yielding levels.

2. While farm soils analysis points to possible deficiencies in 
available P levels, farmers were unaware of any specific nutrient 
deficiencies that might have adverse effects on crop 
productivity. 

3. Farmers were similarly unaware of the need for optimal 
synchronization between fertilizer application and crop uptake 
in maize, resulting in misapplication and inefficient use of 
fertilizers in the current maize production system. 

4. Despite scientific concerns regarding the sub-optimal climate for 
maize production, farmers appeared unaware of these issues.
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1. Full investigation of the apparent P deficiency in farm soils is 
needed to determine if crops are still able to assimilate the 
nutrient. Analysis could be done by comparing P-deficiency 
evidence from soil analysis with P-deficiency status of plant 
tissue. Should P deficiency in plants be confirmed, research into 
cost-effective and adoptable interventions for partial or full 
correction of any P-deficiency problem should be conducted.
Analysis to determine if the soil is P-fixing is recommended as 
part of the design of experimental farm trials of applications of 



P-fertilizer, rock phosphate, manures, crop residues or 
combinations of each to determine impacts on yield, feasibility, 
and cost-effectiveness from the farmers’ perspective. 

2. For those farmers already using chemical fertilizers in the 
UCRN, proper fertilizer application regimes for maize, 
addressing both the timing of applications and the 
supplementary use of manure to maintain soil organic matter 
levels, need to be developed for the UCRN agricultural 
production setting. Given the participatory approach of the 
SUMAWA project, this should be done by conducting farmer-
led participatory trials. Each experiment should include an 
economic analysis to judge the practical viability and 
adoptability of the regime.

3. Research should be conducted on on-farm tree integration 
methods that are cost-effective and that minimize labor inputs as 
this is an important constraint for tree management. Three 
common UCRN tree species (Ficus thonningii, Grevillea robusta, 
Polyscuas fulva) identified by farmers hold potential for 
agroforestry applications (fodder and/or green manure) but are 
not currently understood or perceived by farmers as having 
these characteristics. Joint investigations with farmers should 
critically evaluate the agroforestry benefits of these three species 
jointly in the context of farming practices and operations, in 
particular, fodder and green manure production, and the degree 
to which they would reduce extensive fodder consumption 
activities, improve animal health, and maintain soil fertility.
Because these three identified tree species with green manuring 
potential do not concentrate high levels of P in their leaves, it 
will be particularly important to consider split applications of 
manure with an available P source (perhaps rock phosphate), if 
P deficiencies in plant growth are confirmed.
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1. Interventions at farm scale must take into account the labor 
intensiveness of agroforestry management and the reality that 
farmers may not consider these techniques to be cost-effective 
given other competing opportunities for returns to labor, 
particularly those related to forest product extraction.

2. The research has shown that farmers in the UCRN have a strong 
desire to plant trees on their farm, however, currently this desire 
appears motivated largely by a need to establish perimeter 
boundaries to increase tenure security of land holdings, and not 
by agroforestry benefits. The implications of this motivation and 
of increased boundary tree planting should be further explored 
with small groups farmers and scientifically considered when 
pursuing the development of any tree planting interventions in 
the UCRN. 

3. Labor constraints and preference for boundary planting could 
reduce the potential for on-farm plantings to be used in ways 
that augment soil fertility and/or fodder production. Farmers’ 
current unawareness of green manuring strategies and species 
are clearly also important barriers to adoption that would need 
to be overcome, although common understanding of the role 
played by leaf decomposition in soil building provides a 
departure point for explaining green manure techniques. The 
strong interest in tree planting represents an opportunity for 
further on-farm tree establishment. It is possible that boundary 
plantings could be implemented as an integrated natural 
resource management technique, especially if multi-purpose 
species are chosen that double as fodder and fuel wood banks, 
or as a source of poles and timber for construction.

4. Moving from on-farm to extensive forestry, the apparent 
profitability of forest fuel wood extraction could be a barrier to 
adoption of the integrated agroforestry management techniques 
outline above. Public education on the value and importance of 
maintaining extensive forest complexes along with farmer 
education on agroforestry benefits could assist in changing 
attitudes towards deforestation. Economic research into the 
dynamics driving illegal tree felling in areas like the Njoro 
watershed is needed to identify appropriate scales of policy 
action in Kenya. Improved enforcement of deforestation 
restrictions may also be needed, although care should be taken 



to present a diversity of adoptable income generation strategies 
to impoverished farm households before restricting this activity.

5. Historical developments behind inter-ethnic dynamics within 
the UCRN provide additional insight into why farmers engage 
in extensive resource extraction activities. Lack of land tenure 
and heightened recent migration by ethnic groups from western 
Kenya to the UCRN, combined with low agricultural yields, 
have contributed to farmers’ perceptions that their own lands 
are resource limited. Consequently, extensive resource 
extraction is motivated in part by farmers’ lack of intensive 
management options. Lack of resolution of the land tenure 
issues in the UCRN complicate the prescription of more 
sustainable land use practices. Until land tenure is granted by 
Kenyan government authorities, it may be necessary and 
important to selectively promote conservation efforts and 
agronomic interventions that are most likely to provide direct 
and immediate benefits to farmers rather than ones that require 
long lead times to achieve on-farm benefits. Promotion efforts 
should also be carefully designed to avoid being seen to threaten 
farmers’ claim to production and land rights within the 
watershed. This should be possible through direct and 
personalized engagement that allows farmers as a community in 
the UCRN to take charge of and participate in planning 
agronomic research trails and local intervention actions.
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