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Nanotechnology, which is the study of manipulating matter on atomic and
molecular scales, involves developing materials or devices possessing at least one
dimension sized from 1 to 100 nanometers. Nanomaterials (structures with at least
one dimension between 1 and 100 nm) are revolutionizing the scientific world
mainly on the account of their unique properties in comparison to the traditional
micron-sized materials. There are a large number of new opportunities that could
be realized by down-sizing currently existing structures into the regime of <100
nm, or making new types of nanostructures.

For Kenya, nanotechnology provides a new focus for research through her stated
aim to manufacture from the ‘bottom-up’ approach that uses state of the art
techniques and tools to make complete, high performance products, with its
potential in the form of improved water purification systems, energy systems,
healthcare, food production and communications, and in agriculture and health.
Recent statistics lament on the lack of Kenyan scientists in applying research and
technology in advancement of science due to lethargy in research. Although many
reasons have been advanced for lack of growth in this field ranging from poor
remuneration, lack of infrastructure as well as lack of well-trained researchers and
scientists, the country has an opportunity for take-off through resource
mobilization and restructuring. The STI Act 2012 and Education Act 2012 are
efforts toward the right direction where the government envisages setting about
2% of the GDP on STI and this should enable our fledging scientists to embrace the
new and emerging technologies such as nanotechnology. Also the development of
Nanotechnology policy 2013 and creation of new Ministry of Industrialization and
Enterprise Development shows the political will to industrialize the country as per
Vision 2030 development blue print, otherwise it will remain a pipe dream without
these concrete steps.

There are so many raw materials that can be improved through value addition in
Kenya for example the rice husks that are normally burned can be used to recover
silica which continue to revolutionize electrical and electronic engineering and the
compost made into viable fertilizers if appropriate technology is applied such as
nanotechnology. The Silicon Valley famed for use of silicon developed from simple
concepts as is the case with Embraer in Brazil which has used technology to build
the world’s third most viable aircraft manufacturer. With the discovery of huge
deposits of minerals in Kenya from coal in Mutomo, titanium in Kwale, all the way
to oils in Turkana, Kenya has a chance to showcase the benefits of using
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appropriate technology in efficient utilization of natural resources for wealth
creation and poverty reduction. But for this to happen, the government must
invest in quick succession on capacity building while emphasizing on technical and
vocational training and desist from converting middle level colleges into
universities. For example, by identifying institutions such as KIRDI, KARI and KEMRI
among others as flag ship projects to drive the economy, the universities will be
left with the tasks of teaching and research while these institutions will act as
incubation centers and a link between innovators and end users.

Currently, every local university seeks attention as centers of excellence,
incubation centers and research park but this at best remains in their charters with
colorful vision and mission statements. Thus, for the jubilee government to
achieve on her manifesto, it must empower few research centers with
infrastructure such as state of the art equipment like transmission electron
microscope(TEM), scanning electron microscope(SEM) which will enable
researchers across disciplines benefit; audit existing programs and courses in our
universities and TIVET institutions as well as set deliverable targets to CEOs in our
local research institution in order to eliminate copycat duplications of programs
and research. In line with this, the curricula in our universities and TIVET
institutions must be made to embrace new and emerging technologies of
delivering their contents. Some of them although have technical names are analog
in their teaching and research methodologies. Some lecturers and tutors are
computer illiterate yet every year they sign performance contracts. Going
technology, nanotechnology will enable this country to industrialize at a quicker
pace and catch up with emerging economies which have fully embraced the new
thinking through manufacturing, drug delivery, farm input encapsulation which
saves millions of dollars in wastage to paint industry thus mitigating on
environmental pollution. Nanotechnology, unlike biotechnology, possesses no
known serious environmental risks and the technology revolves around
minimalization with maximum return. It is on this premise that we hope the new
CEO at the ministry of industrialization and enterprise development will assemble
a visionary leadership that can help him duplicate the corporate success he had at
Barclays Plc.

The author is a senior lecturer at the Department of Chemistry.
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Abstract

Dairying in Kenya remains a multi-purpose cattle system providing milk, manure
and capital assets to the farmer. Dairy activities in Kenya are predominantly run by
smallholders and are concentrated in the high and medium potential areas.
Smallholders operating 1-3 dairy cows on small farms are predominant in Kenya.
They produce 56% of the total milk in the country and supply 80% of Kenya’s
marketed milk. Estimated growth in the consumption of milk and dairy products in
developing countries is 3.3%, which is in line with Kenya’s 3% per year. National
statistics show that milk production continues to decline. For example, since 2000
milk annual growth rate has been 1.4% compared to 9.2% experienced between
1980 and 1990. The main challenge of Kenya’s dairy industry is how to confront
growing milk demand and a highly competitive export environment when yields are
as low as 195 litres per lactation. One of the key options is to develop a vibrant
competitive dairy sector in Kenya by increasing the efficiency of production. Thus, this
study examined the technical efficiency of smallholder dairy farms of rural Kenya.
Data from a 2005 survey of smallholder farms in five provinces was utilized to
examine the technical efficiency of smallholder farms. The Cobb-Douglas stochastic
production frontier model was used to identify the determinants of technical
inefficiency. The findings revealed that the mean efficiency was 79 percent, which
suggested that 21 percent of production was lost due to technical inefficiency. The
technical efficiency also varied across regions ranging from a mean of 83.9% in
Central region and 72.5% in Nyanza region. Land size, access to extension service,
infrastructure and the level of schooling were found to reduce inefficiency.

Key words: Smallholder dairy, technical efficiency, stochastic production frontier
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1.0 Introduction

Kenya is a developing country and the agricultural sector is particularly important
for its large contribution to national income and employment. Kenya’s economy is
still heavily dependent on agriculture. The National statistics show that the
agricultural sector currently contributes about 26% of Kenya's gross domestic
product (GDP) and is a major source of livelihood for the majority of households,
especially in the rural areas. The dairy industry is the single largest agricultural sub-
sector contributing about 14% of agricultural GDP and 3.5% of total GDP
respectively. Omore (1999) has shown that, milk production sustains about
800,000 small-scale farmers who account for 80 per cent of the country's total milk
production and offers employment of about 350,000 jobs along the milk marketing
chain. Milk sales are beneficial to farmers. Annual net earnings from milk cash
income averages $370 (Ngigi et. al, 2003). The stated Government policy in the
National Food Policy and the Kenya Dairy Development Policy is to maintain a
position of broad self-sufficiency in food crops, milk and meat production. The
policy also seeks to establish reserve stocks that will ensure both the security of
food supply and an equitable distribution of foodstuffs to each section of the
community.

Currently, the demand for milk is growing because milk is an important part of the
diet of both rural and urban Kenyans, with per capita milk consumption of 80-100
litres per year. It has been estimated that annual consumption of milk and dairy
products in developing countries will more than double (i.e. from approximately
168 to 391 million tonnes) between 1993 and 2020 (Thorpe et al.,, 2000).
Population growth, urbanization and increased purchasing power are expected to
drive this increase in consumption. Estimated growth in the consumption of milk
and dairy products in developing countries is 3.3%. This projection is closely in line
with Kenya’s annual population growth rate of 3%. However, Food and Agriculture
Organization (FAQ) statistics (2005a) show that the annual milk growth rate in
Kenya continues to lag behind the projected consumption and population growth
rates. For example since the year 2000 milk annual growth rate has been 1.4% as
compared to 9.2% experienced between 1980 and 1990. The productivity per
animal remains as low as 195 litres per lactation despite the availability of
advanced dairy production technologies when compared with other developing
countries like India whose productivity per cow is more than 2000 litres per
lactation (Karanja, 2003).

Kenya was a net exporter of dairy products but since 1997, imports have grown
and exports declined. The Common Market for Eastern and Southern Africa
(COMESA) statistics indicate that currently the milk production in this region is
estimated to be 12 million tonnes per year against a demand of 14 million tonnes.
The demand for milk and milk products in this region is expected to rise to about
400 million metric tonnes of milk in the year 2020. Thus, given the massive
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increases in the demand for food of animal origin that has been predicted for
developing countries in the coming years, will the expected large increase in
population and demand for milk be met by the current level production? To
answer the above question, there was need to know the current efficiency of
production of the smallholder dairy farms in rural Kenya since they are the
majority of the producers of milk in East Africa as well as in the Sub Saharan
region.

The main purpose of this paper was, therefore, to investigate the technical
efficiency of smallholder dairy farms in rural Kenya. It also determined the socio
economic factors influencing milk yields for small holders.

2.0 Methodology

2.1 Data sources and variables

Cross sectional data was used in this study. The data came from the REPEAT
Research on Poverty and Environment and Agricultural Technology survey carried
out in 2005 by Temegeo Institute of Agricultural Policy and Development, Kenya
and the Foundation of Advanced Studies in International Development (FASID),
Japan. Stratified random sampling was used to select 900 agricultural households
covering five (5) main agricultural provinces of Kenya i.e. Central, Rift Valley,
Western, Nyanza and Eastern Provinces. The sample was a national representation
of all crop and dairy keeping farmers in the main agricultural provinces. Then a
survey of all the respondents was undertaken for the study. A structured
guestionnaire instrument was used to collect data on physical quantities of inputs,
their costs and production of crops and livestock for the period. Household socio-
economic variables were also collected during the survey, e.g. assets owned,
education level, type of household head i.e. whether female headed or male
headed and distance to the nearest urban centre. In the analysis of technical
efficiency the regions were classified into the high potential areas (i.e. Central
Province) and the medium potential areas (i.e. Rift Valley, Nyanza, Western and
Eastern Province). Afterwards the dairy keeping households were selected from
the sample. Then data cleaning ensued, removal of outliers was done and
observations with missing values were discarded. Ultimately, 474 household cases
were used for the stochastic frontier analysis.

Technical efficiency (TE) was estimated simultaneously along with its
determinants. The level of efficiency was measured using Cobb Douglas production
function; the output and input variables included in the production frontier are
described below and summarized in Table 1. Output refers to the total quantity of
milk produced measured in litres. The inputs included labor (sum of family and
hired labor), number of milking cows, total costs for commercial feeds and
veterinary services and the breed type of the cows. The variables for inefficiency
model were mainly farm specific factors, farmers specific factors and
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organizational factors. These variables included land size; education level of
household male and female; off farm income; use of extension services and
infrastructure. Land size was measured in acres, education level was measured by
the number of years of schooling, off farm income was measured by the total
revenue earned outside the farm in Kenyan shillings, infrastructure was captured
by the amount of time in hours it took to get to the nearest urban Centre, a
dummy variable was used to capture water infrastructure (i.e. 1 if there is water
on the farm, 0 otherwise); a dummy variable was used to captures extension
service provision using Artificial Insemination service (i.e. 1 if the farmer is served
with A.l, 0 otherwise). Finally, a dummy variable was used to differentiate the
potential in provinces (i.e. 1 for central province as a high potential area, 0
otherwise). The descriptive statistics are as presented in Table 1.

Table 1: Descriptive statistics for the variables

Variable Units Mean Std. Dev  Min Max
Milk Yield Yield in litres 4077.66  4005.03 195 38635.82
Labor Man hours 4.29 2037.07 553.20 13463
Milking cows ~ Number 4 2 1 18
Cost of feeds ~ Kenya Shilings 8175.97 6176.80 10 22550
Breed Type (Improved or local) 0.467 0.423 0 1
Health costs Kenya Shilings 2004.88 2327.10 0 26600
Land size Hectares 4.57 4.37 0.2 38
Offincome Kenya Shilings 19037.95 47795.35 0 440000
Travel time Hours 0.52 0.23 0.15 1.62
Number of years of
Educ Male schooling 10.16 3.81 0 20
Number of years of
Educ Female schooling 9.14 4.16 0 19
Water Dummy for yes=1, No =0 0.33 0.63 0
A.l Service Dummy for yes=1, No=0 0.42 0.56 0

Source: Tegemeo Institute, Kenya, REPEAT Survey, 2007

The average yield of milk per cow per lactation of the sampled farms was 4077.66
litres while the minimum was 195 litres per lactation. This yield was relatively low
compared to other milk producers who realize a minimum of 6000 litres of per cow
per lactation such as Israel and South Africa. This yield was obtained by milking 4
cows on average which used: 4.29 Man-hours, expenditures of Kshs. 8175.97 on
purchased feeds and Kshs 2004.88 veterinary services and 4.57 Hectares. In
addition, farmers spent 30 (0.52*60) minutes of travelling to the nearest shopping
centre. Dairy farmers engaged in off-farm activities realized Kshs. 19037.95. About
47% of the farmers had improved breeds while about 42% had local breeds. Only
33% of the sampled farms had water on farm. About 42% of the farmers used
Artificial Insemination service while 56% used bulls.
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2.2 Technical inefficiency effects model

The technical efficiency of an individual is defined in terms of the ratio of the
observed output of the corresponding frontier output conditioned on the level of
inputs used by the farm. Technical inefficiency is therefore defined as the ratio of
the amount by which the level of production for the farm is less to the frontier
output. The use of stochastic frontier production approach is the most popular
approach to measure technical efficiency. The stochastic production Frontier
function that was first proposed by Aigner, and his colleagues (1977) and
Meeuseen and Van den Broecl (1977) is defined as follows:

Y S L D) T (1)

Where Yi represents the output level of the ‘th sample farm; f(x; B) is a suitable
function such as Cobb Douglas or translog production functions of vector X, of
inputs for the 'th farm and vector B, of unknown parameters; e, is an error term
made up of two components, vi which is a random error having zero mean N(0O;

2
O ) associated with for example measurement errors in production and weather
conditions which farmers do not have control over and p; which is a non negative

2
truncated half normal N(O; O ) random variable associated with farm specific
factors which leads to the i th farm not attaining maximum efficiency of
production. It is associated with technical efficiency and ranges between zero and
one. Thus,

where, Y, = S, ;ﬁ), highest predicted output for the Ith farm

TEi = Exp(—") = %k (Actualoutput | Frontieroutput) ..................... (3)
Technical Inefficiency = I—TE,- ................................................................... (4)

23 Empirical model specification

The Cobb Douglas production Frontier was used to specify the stochastic
production frontier hence forming the basis for deriving the technical efficiency
and its related efficiency measures. The stochastic Cobb Douglas production
function was chosen because this functional form has been widely used in farm
efficiency analyses for both developing and developed countries. The first
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application of the stochastic frontier model to farm-level agricultural data was
presented by Battese and Corra (1977). Data from the 1973/74 Australian Grazing
Industry Survey were used to estimate deterministic and stochastic Cobb-Douglas
production frontiers for the three states included in the Pastoral Zone of Eastern
Australia. The variance of the farm effects were found to be a highly significant
proportion of the total variability of the logarithm of the value of sheep
production in all states. The parameter estimates exceeded 0.95 in all cases, hence
the stochastic frontier production functions were significantly different from their
corresponding deterministic frontiers. Kalirajan (1981) estimated a stochastic
frontier Cobb-Douglas production function using data from 70 rice farmers for the
rabi season in a district in India. The variance of farm effects was found to be a
highly significant component in describing the variability of rice yields. Bagi
(1982a) used the stochastic frontier Cobb-Douglas production function model to
determine whether there were any significant differences in the technical
efficiencies of small and large crop and mixed-enterprise farms in West
Tennessee. The variability of farm effects were found to be highly significant and
the mean technical efficiency of mixed-enterprise farms was smaller than that for
crop farms (about 0.76 versus 0.85, respectively). However, there did not appear
to be significant differences in mean technical efficiency for small and large farms,
irrespective of whether the farms were classified according to acreage or value of
farm sales. Dawson and Lingard (1989) used a Cobb-Douglas stochastic frontier
production function to estimate technical efficiencies of Philippine rice farmers
using four years of data.

The individual technical efficiencies ranged between 0.10 and 0.99, with the
means between 0.60 and 0.70 for the four years involved. In developing countries,
studies on technical efficiency include that of Nega et al. (2006) who analyzed the
inefficiency of smallholder dairy producers in the central Ethiopian highlands using
the stochastic production frontier technique and confirmed the existence of
systematic inefficiency in milk production. The average efficiency level of the
farmers was only 79% implying that milk output would be attained on average by
21% with the existing technology by training dairy farmers on better production
techniques. The study recommended training of farmers on proper feeding,
calving, milking, cleaning of cows, storing milk, marketing as well as other
management skills to improve efficiency in milk production. Kibaara (2005)
analyzed the technical efficiency in Kenya’s maize production using a translog
production function. The results indicated that maize farmers were 49% efficient
with a range of 8 to 98%. The number of years of formal schooling, age of household
head, health of the household head, gender of the household head, use or non use of
tractors and off-farm income were found to have an impact on technical efficiency.

In this study, the Frontier (4.1) software program was used to estimate the
Stochastic Frontier Model. This program used the maximum likelihood technique
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for estimation (Coelli 1996). The general non-log form model is specified as
follows:

y =f(X1,X2) ........................................................................................................ (5)
The general log form model is specified as follows:
5
Yi :a,0+zaklnxkz+vi_uz ..................................................................... (6)
k=1

Where, In denotes natural logarithms, y and x variables are defined in Table 1, a’s
are parameters to be estimated. The inefficiency model is estimated from the
equation given below.

u; =0, + ngzi ................................................................................................ (7)

The variables z; are the variables in the inefficiency model. Equation 7
above shows a joint estimation of the stochastic frontier production function in
Frontier 4.1.

Iny =P o™ Bllnlabour + lenlabour N2 +B 3lncows +pB 4lnfeeds +pB 5lnothercosts
+B 6Breed +6 o™ 611ar1d +6 2offincome + 63traveltime +6 4schyrsmale +90 5schyrsfemale

+9 @ Watersource + 67 Alservice + 68regionaldummy +V, —u,

Where :

Y= milk yield in litres;

Feeds = cost of feeds;

Other costs = Veterinary costs;

Cows = humber of cows;

Breed = Type of breed (improved or local)

Labor = labor in man hrs;

Land size= number of acres of land;

Offinc = dummy for off farm income Yes =1 No = 0;

Travel time= time in hrs to the nearest urban centre;

Educmale = number of years of schooling for males;

Educfemale = number of years of schooling for females;

Water= dummy for source of water, has water on the farm: Yes = 1 No =0;
Al = dummy for Al services, Uses Al: Yes = 1 No =0;

Regional dummy = dummy for high potential region;

v, —u; = error terms, and the former refers to normal statistical error while the

latter concerns technical efficiency of farms.
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3.0 Model estimation results

The estimated coefficients of the production frontier for smallholder dairy farms
are presented in Table 2. Most of the estimates were found to be significant at the
five percent significance level. The summary statistics on the technical efficiency of
individual farms for the 474 smallholder farms are presented in Table 3, which
presents the range of technical efficiency scores of the farms and the number of
farms within each range.

The mean efficiency of the small dairy farms was 79%, with the highest efficiency
value of 94% and the lowest farm efficiency value of 46%. These results clearly
rejected the null hypothesis that there was no gap between potential and actual
milk production of smallholders’ dairy farming in rural Kenya meaning that most
farmers had not yet attained full efficiency and there was still potential to increase
milk production by 21% on average.

Table 2: Results of the maximum likelihood estimates of stochastic production

function
Parameter Coefficient Standard Error t-ratio
Betal 10.359 1.399 7.395%**
Labor -1.109 0.353 -3,139***
labour”2 0.066 0.023 2.935%**
Milking cows 0.964 0.044 21.721%**
Cost of feeds 0.163 0.015 10.800***
Breed 0.815 0.033 8.213***
Health costs -0.002 0.015 -0.158
Delta0 1.420 0.907 -1.565
Land size -0.008 0.079 -0.099
Off farm income 0.017 0.019 0.899
Travel time 0.419 0.195 2.149%**
Educ Male 0.385 0.194 1.994**
Educ Female -0.006 0.095 -0.067
Water -0.416 0.173 -2.398**
Al service 3.243 1.296 -2.617***
Regional 0.590 0.191 -3.097***
sigma”2 0.692 0.142 4.890***
gamma 0.812 0.049 16.297***

Log likelihood function=-0.27913653E+03
Source: Authors’ Analytical Estimates, 2007.
Asterisk indicates: *significant at 10%, ** significant at 5% and ***significant at 1%.
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Table 3: Results of summary statistics on technical efficiency of individual farms

Technical Efficiency Frequency Percentage
<50 7 1.480
50-59 28 5.91

60-69 60 12.66
70-79 115 24.26
80-89 183 38.61
90-99 81 17.09

Total 474 100

Source: Authors’ Analytical Estimates, 2007.

The summary statistics of technical efficiency for the smallholder farms in the five
regions presented in Table 4 indicated the diversity of scores of efficiency among
regions, which suggests that the diversity in socio economic factors can have
different impacts on efficiency in milk production in different regions.

Table 4: Results of scores of technical efficiency among regions

Region Observation Mean Std. Dev Min Max
Nyanza 73 0.725781 0.109076 0.456 0.906
Western 43 0.750442 0.085484 0.544 0.891
Rift Valley 140 0.768786 0.120632 0.464 0.94
Central 200 0.83924 0.090964 0.479 0.938
Eastern 18 0.7805 0.099433 0.577 0.913

Source: Authors’ Analytical Estimates, 2007.

4.0 Technical inefficiency and socio-economic characteristics

Considering the detailed results, the coefficient of labor was significant at 1%
though it had a negative sign, while when labor was squared; the coefficient
became positive and statistically significant at 1%. This shows that when labor
increased from the present level, milk production declined, but after some time
milk production increases. The plausible explanation for this observation being
that dairying requires some experience especially on management practices like
feeding and not all the laborers may possess this experience. In the absence of
such experience in the majority of employed labor, the coefficient tends to be
negative. With an increase in experienced labor force, milk production tends to
increase as shown by the squared labor term. Another possible explanation is that
in most cases, family labor may be used which may not be restricted to only
dairying and hence it may be difficult to correctly quantify the amount of time
strictly spent on dairying activities.

The coefficient of feeds was positive and statistically significant at 1% as was
expected meaning that feeds are critical in milk production and thus an increase in
feeding increased milk production. The coefficient of cows was significant at 1%
and had a positive sign as was expected, meaning that milk production increased
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with the increase in the number of milking cows. The number of cows was a good
proxy for farm size. Thus, the higher the number of cows a farmer owns, the higher
the milk production.

The coefficient of breed was significant at 1% and had a positive sign as was
expected, meaning that milk production increased with the type of breed,
improved cows would give more milk than the local breeds. The coefficient of
health costs was negative though it was not significant. Normally a high
expenditure in health is a proxy for unhealthy animals or poor management and
this reduces milk production.

Considering the estimates of the determinants of technical efficiency, the
coefficient of land was negative, meaning that land size may reduce inefficiency
due to economies of scale, though the coefficient was not statistically significant.
The explanation is that in smallholder dairy farms, there is a tendency of
integrating dairy and the growing of food or cash crops on the same piece of land;
hence, economies of scale may not be realized. Furthermore, intensification of
dairy, such as zero grazing, is enabling farmers to keep cows without necessarily
having land as long as they have a source of feeds. Thus, land may not have an
impact on efficiency.

The coefficient of off farm income was positive, meaning that an increase in off
farm income may increase inefficiency, but this coefficient was not statistically
significant. This may indicate that the surveyed farmers may solely be depending
on farming and therefore the off farm activities do not affect their farm activities.
The coefficient of years of schooling for males was positive and statistically
significant at 5%, which clearly indicates that more years of schooling for males
increases their inefficiency in milk production, while the coefficient of that of
females was negative but was not statistically significant. The major argument is
that with more years of schooling, males tend to get off farm employment and
income activities, which may result in dairying inefficiency.

The coefficient of travel time to the nearest urban centre which was a proxy for
infrastructure was positive and statistically significant at 1%, meaning that
inefficiency increased when more time was taken in traveling to the nearest urban
centre. Bad roads are evident in most rural areas of Kenya and thus it takes a lot of
time to get milk to the market and to get the inputs to the farms especially the
feeds. Bad roads also deter extension services from being effective, thus increasing
inefficiency. Milk production requires speedy transportation to the market and
requires easy access to commercial feeds and artificial insemination services which
are obtainable from the nearest urban centres.
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The dummy for source of water at the farm was negative and statistically
significant at 1%, meaning that having water on the farm reduced inefficiency.
Dairying requires water throughout and access to water on the farm cannot be
overemphasized.

The dummy for artificial insemination was negative and statistically significant at
1%, meaning that it reduced inefficiency to use artificial insemination. Artificial
insemination was a good proxy for extension service. Artificial insemination allows
farmers to upgrade their animals and reduces fertility diseases such as brucellosis,
which reduce milk production. Thus, Artificial Insemination helps in reducing
inefficiency. The government provided this service to the farmers up to 1992 when
the dairy industry was liberalized and the private agents started to offer this
service.

The regional dummy that represented the high potential areas (i.e. Central
Province) was negative and statistically significant at 1%. This means that being in
a high potential region reduces technical inefficiency. This region is noticeable for
its good infrastructure, high quality breeds and its close proximity to the capital
city of Nairobi, where most of the milk is sold and inputs especially the commercial
feeds are processed.

5.0 Policy implications and recommendations

One of the important policy implications concerns technology. Feeds were found
to reduce inefficiency. Technologies that will enable the farmers to produce feeds
cheaply should be introduced as several farmers depend on manufactured feeds
besides grazing land to feed milking cows, it is thus imperative to facilitate easy
access to manufactured feeds at affordable prices. The government needs to
encourage production of manufactured feeds by promoting industrial activities.

Another policy implication is to make the artificial insemination services affordable
to farmers since it reduces inefficiency. This will help the farmers to upgrade their
dairy cows without using the traditional bulls that may have low quality genetic
potential and are capable of transmitting breeding diseases.

Importantly, the government needs to improve infrastructure especially rural
roads, which in most cases are in a deplorable condition. This will enable the
farmers to access the inputs and to market their produce with ease. This is not
only beneficial to the milk producers but also to the other agricultural activities.
Water is an important input in dairy production and its supply on farms cannot be
overemphasized. The supply can be piped water or borehole water and this will
greatly reduce the inconvenience and the time that the farmers have to take to
fetch water for their animals. This will also save useful labor time that can be used
in other farming activities.
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Abstract

Rainwater harvesting and drip irrigation are possible interventions to enhance crop
performance in Arid and Semi-Arid Lands (ASAL). Work was undertaken to evaluate the
feasibility of rainwater harvesting for bean production under an ASAL environment in
Kaiti Watershed, Makueni District, Kenya. Treatments comprised two rainwater
harvesting methods, Zai pits and contour ridges; bucket-kit drip irrigation and a
control. No intervention was made to enhance water availability in the crop root zone
in the control. The experiment was arranged in a Randomized Complete Block Design
with three replicates. Each of the 12 experimental plots was planted with beans
(Phaseolus vulgaris L.), variety GLP 2. Soil moisture content and pan evaporation were
measured daily for 100 days and runoff after every rainfall event. Crop height was
measured once a week and grain and biomass yield were determined at the end of the
growing season. Soil moisture content and crop performance were significantly
influenced by drip irrigation but not by rainwater harvesting. In drip irrigated plots,
grain and biomass yield, were 4 tonnes ha™ and 9 tonnes ha™ respectively compared
to 3.5 tonnes ha™' and 7.5 tonnes ha™ respectively, in the control plots. Drip irrigation
effectively maintained adequate soil moisture resulting in better crop performance
while rain water harvesting methods failed to significantly enhance soil moisture
content and crop performance. This study indicated that rainwater harvesting makes a
difference in runoff when the 14 Day Antecedent Precipitation (14DAP) exceeds 80
mm. However, the grain yield obtained in all the plots was higher than the national
average of 0.36 tonnes Ha™. It is recommended that further research be done under
different rainfall conditions to confirm the conditions under which the benefits of
rainwater harvesting using contour ridges and zai pits can be realized in the
enhancement of crop performance in ASAL conditions.

Key words: ASAL, soil moisture content, Phaseolus vulgaris L, Zai pits, contour ridges
drip irrigation, rainwater harvesting
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1.0 Introduction

Water that is held in the spaces between soil particles is referred to as soil moisture.
Surface soil moisture is the water stored in the upper 10 cm of soil. The root zone
depth, depending on the crop varies between 60 cm for shallow rooted crops like
cabbage to about 200 cm for deep rooted crops such as citrus (Michael, 1978).
Compared to other components of the hydrologic cycle, the volume of soil moisture is
small; nonetheless, it is of fundamental importance to many hydrological, biological
and biogeochemical processes. Soil moisture information is valuable to those who are
concerned with weather and climate, runoff potential and flood control, soil erosion
and slope failure, reservoir management, geotechnical engineering, and water quality.

Arid and Semi Arid Lands (ASAL) are those areas characterized by low, poorly
distributed, and highly variable rainfall within 100-600 mm per year (Mugwe et al,
1999). The ASAL in Kenya covers over 80 % of the country. These vast lands are
generally poor and experience food scarcity. Accurate knowledge of soil water
content, in ASAL areas is essential for proper soil water management, irrigation
scheduling and crop production. However, the data necessary for sound agricultural
water management is often scarce.

Studies have shown that agriculture in the ASALs of East Africa is mostly rain-fed
(Hatibu and Mahoo, 2000; Critchley, et al. 1999). Therefore, moisture stress is a major
constraint against food production in these areas. Demand for water use in agriculture
will continue to increase as a result of growing population and economic growth
(Rosegrant, 2009).This is a threat to food security. To guarantee food security, sound
Agricultural Water Management (AWM) is necessary. AWM includes all deliberate
human actions designed to optimize the availability and utilization of water for
agricultural purposes (Mati, 2007). AWM include practices such as irrigation
(supplemental or full), drainage, soil and water conservation, rainwater harvesting, soil
fertility management, conservation agriculture and wastewater reuse among others.

Sound agricultural management should ensure that available rainwater becomes
useful to crops and that it is not used for negative impacts such as soil erosion. Wei et
al. (2007) showed that surface runoff depends on the antecedent moisture conditions,
and that when it rains during wet conditions, much of the rainwater is likely to be lost
as runoff. Soil and water conservation with water harvesting, is one of the techniques
for supporting rain-fed agriculture in the ASAL (Hai, 1998; Mati, 2006), where bean
crop failure is observed during 3 out of every 10 seasons (Jaetzold (2007). On-farm
rainwater harvesting using structures such as pits, bunds, basins and contour ridges
preserve soil moisture and result in improved crop yields (Kaluli et al., 2005; Gathenya
and Kaluli, 2004). Zai pits, usually with a diameter of 0.3-0.6 m and 0.3 m deep, are
used to harvest rain water at farm level. Manure may be put into the pits to improve
soil fertility. Retaining the water in a pit prevents it from running off the farm and
makes water available for crops. Another way of making water available for crop
production is through the use of contour ridges and trenches. Ridging is the
construction of furrows along a contour at a spacing of 1-2 m (Mati, 2007). In East and
Southern Africa ridging is done for high value crops such as potatoes, groundnuts and
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maize. Ridging and pits retard surface runoff, improve infiltration, and reduce soil
erosion.

This project was conducted in Kaiti watershed which receives between 300 to 500 mm
of rainfall annually (Nderitu, 2006). Dry spells of 2 weeks to 1 month during the
growing season are a common feature in this area. Furthermore, soil erosion and
degradation of organic matter, soil physical characteristics and soil fertility in Kaiti
watershed make crops susceptible to water deficits. Information on soil water
availability and the relationships between crop production and crop water use during
the growing season is needed to assess crop water requirements and make good
schedules for irrigation (Michael, 1978). This knowledge can be used to improve water
use efficiencies and increase returns to the producer. Such information can also help
farmers and the government to make better plans for development. Using the
common bean (Phaseolus vulgaris L.), as the test crop, the effect of on-farm rain water
harvesting on soil moisture and crop yield in the ASAL environment of Kaiti watershed
was investigated, with the objective of providing information on the most suitable
rainwater management technologies for arid

2.0 Materials and methods

2.1 Location of the study site

The research site, Kaiti watershed (1°44’1.5”S to 1°47’19.3”S; 37°13'13.4”E to
37°41'25.2"E), is located within the greater Makueni District, which borders Kajiado
District to the west, Taita Taveta to the southeast, Kitui to the east and Machakos
District to the North (Figure 1). It is typically ASAL with minimum monthly mean
temperature of 10°C in July and a maximum of about 30°C in February. The rainfall
pattern is bimodal, but generally scarce, with significant differences in distribution
during different years. Average annual rainfall ranges from slightly over 1000 mm in
the higher rainfall areas to less than 500 mm in the low lying south and southeastern
parts of the district (Gichuki, 2000). The dry season falls between the months of
January and February and between August and September. The average slope is 15-
30% and the soil is deep sandy clay loam.

2.2 Experimental design

The study was carried out for 100 days from October 1, 2005 to January 8, 2006.
Treatments comprised two rainwater harvesting methods, Zai pits and contour ridges,
bucket-kit drip irrigation and a control. The Zai pits had a diameter of 30 cm and a
depth of 30 cm. They were dug at a spacing of 90 cm between rows and 60 cm within
the row. The contour ridges were 25 cm high and they were constructed at a spacing
of 100 cm. The bucket-kit drip irrigation was set up at 1.0 m high on a wooden stand
placed at the highest point of the plot. The water was filtered to remove sediments
before being placed in the bucket to prevent clogging of the drip emitters. In the
control no intervention was applied to enhance water availability.

The treatments were randomly allocated to experimental plots that were 3 m wide,
along the contour, and 10 m long. The experiment was arranged in a Randomized
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Complete Block Design (RCBD) with three replicates (Figure 2). To reduce interference
between plots, galvanized iron sheets were placed around individual plots and placed
at 30 cm below the ground and extended 30 cm above the ground. A 2 m buffer zone
was also created between blocks. Each plot was planted with a bean crop (Phaseolus
vulgaris L.), variety GLP 2 popularly known as “nyayo”. In each treatment the beans
were spaced at 15 cm to give a plant population of 17 per m2. Farm yard manure was
applied at the rate of 10 ton ha-1 and Diammonium phosphate (DAP) fertilizer at 200
kg ha-1.

23 Land preparation

Land preparation, which involved digging using a hoe followed by harrowing, was
carried out in late September and early October, 2005, before the onset of the rains.
The land was then graded to achieve uniform slope within each block.

24 Drip irrigation and runoff measurement

Drip irrigation is a method of watering plants through devises called emitters (Figure
3). Drops of water come out one at a time to wet the soil around the roots of the plant.
The “bucket drip kit” used in this study is a simple drip system commonly used by
farmers in home gardens. It is made up of a bucket, a filter, connectors and a drip tape.
Some 4 mm of water was applied daily through drip irrigation from November 20,
2005 to December 13, 2005. By this time the crop had matured to the point that it
would not be affected by lack of irrigation water. For all treatments, a 50 mm PVC pipe
was fixed at the outfall of each plot and directed into a 20 litre plastic container. The
amount of runoff collected in the containers was measured at the end of each rainfall
event.

2.5 Measurement of rainfall, evaporation and soil moisture

Soil moisture content and pan evaporation were measured daily during the study
period with the help of a tensiometer placed at a depth of 15 cm, and Class A
Evaporation pan, respectively. A rain gauge was used to measure daily rainfall.

2.6 Measurement of crop performance

The crop data collected included crop height, measured once a week; and grain and
biomass yield for each treatment measured at the end of the experiment. Biomass was
measured by uprooting randomly selected mature plants and weighing them. The
beans were then threshed and the grain separated from the straws. Further weighing
was then done. This gave the weight of grain as well as the weight of total biomass. At
least twelve plants were sampled from every plot. To ease identification of the
sampled plants the selected plants were tagged.
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Figure 2: A sketch of experimental layout

Figure 3: Drip irrigation and use of tensiometers for soil moisture monitoring Statistical
analysis

2.7 Statistical analysis

The Statistical Package for the Social Sciences (SPSS) was used for the statistical
analysis on mean soil moisture content, mean crop height, and bean biomass yield.
Analysis of variance (ANOVA) was chosen to analyze the data. The model for each
analysis included the treatments; drip irrigation, ridging, zai pits and the control.
The hypothesis of normal distribution of the residuals was verified.

3.0 Results and discussion

During the data collection period, 171 mm of rainfall occurred and was spread over
the 100 days. During this period there were 24 wet days. For most of December
2005, the weather was dry and pan evaporation varied between 3 and 7 mm/day.
The total pan evaporation for the study period was 359 mm, which translated to a
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daily average rate of about 3.6 mm. The highest daily rate of evaporation was 7.8
mm which was recorded on 17th January 2006. The lowest evaporation rate of
about 2 mm/day was recorded in early November 2005 (Figure 4).

3.1 Effect of rainfall and evaporation on soil moisture

To evaluate the effect of rainfall and evaporation on soil moisture only the data for
the control treatment was considered. Soil moisture content was highest between
November 24, 2005 and December 14, 2005. This was the period with the most
rainfall, when the weather was cooler, tending to reduce the rate of evaporation.

Most of December was dry and pan evaporation increased from 2.5 mm/day to
about 7.0 mm/day, causing soil moisture content to decrease from about 14% to
about 2% (Figure 4 and Figure 5). The rainfall received over a 14 day period, prior
to a certain date is referred to as the 14 Day Antecedent Precipitation (14DAP).
There was a strong linear relationship between the 14DAP and soil moisture
content, suggesting that rainfall is the main factor affecting soil moisture content
in this farm (Figure 6). Peaks of the 14DAP corresponded to soil moisture content
peaks for different treatments (Figure 7).

3.2 Effect of rainwater harvesting and drip irrigation on soil moisture and
crop performance

Zai pits and contour ridges did not significantly increase soil moisture when
compared to the control. The pits and contour ridges failed to collect and store
rain water and provide adequate moisture to crops even after the rain had
stopped. Because rainfall was insufficient during most of the study period, there
was hardly any surface runoff even from the control and drip irrigated plots. Soil
moisture in drip irrigated plots was significantly higher than in the control plots,
even after irrigation was discontinued (Figure 7).

The wettest period of the growing season was the last week of November 2007.
After the rainfall event of November 27, when the 14DAP was about 80 mm, the
control and drip irrigated plots yielded surface runoff of 2.5 — 2.6 mm. However,
plots under Zai pits and contour ridges had less surface runoff of 0.8-0.9 mm. This
suggests that a minimum 14DAP of 80 mm is required for runoff to be produced.
However, there is need for further research to confirm the conditions under which
rainwater harvesting would be effective in preventing runoff and enhancing root
zone soil moisture. Crop performance was assessed in terms of crop height,
biomass yield, and bean grain yield. Rainwater harvesting did not influence crop
development in terms crop height (Figure 8). This is could have been because the
rainfall received during the vegetative stage of plant growth was just enough for
the purposes of plant growth. By end of November 2005, the bean crop had
reached maximum height. The fastest growth occurred during the second month
after planting.
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The bean crop was harvested after 100 days and the highest biomass yield was 9
tonnes ha-1 realized in drip irrigated plots. However, biomass yield for drip
irrigated plots was not different from the control treatment. Biomass yield from zai
pits and contour ridges was significantly lower than the yield from drip irrigated
plots at 5% level of signicance (Figure 9). Although Mati (2006) found that contour
ridges increased the yield of maize in semi-arid climate, in this study, beans
planted in contour ridges did not perform as well. This was contrary to
expectations. Bean yields were higher than the national average of 0.36 tonnes ha-
1 (Ministry of Agriculture, 2009) and higher than the average bean yield for
Makueni District (0.4 tonnes ha-1) (Jaetzold, 2007) for all the treatments. Drip
irrigated plots had the highest average bean grain yield of 4.0 Ton ha-1.

Reasons for lack of rainwater harvesting impact on bean yield are unknown. The
fact that there was minimal runoff suggests that most of the rainfall went into the
soil uniformly in all the plots, and hence the reason crop yield from plots that were
not irrigated was nearly the same, irrespective of rainwater harvesting.
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4.0 Conclusions and recommendations
The strong linear relationship between the 14 Day Antecedent Precipitation

(14DAP) and soil moisture content indicates that rainfall is the main factor
affecting soil moisture content and crop performance. Under the soil and crop
conditions used in this study, a minimum 14DAP of 80 mm is necessary for surface
runoff to be produced, and therefore for the impact of rainwater harvesting on soil
moisture to be observed. Further research, under various rainfall and soil
conditions should be undertaken to confirm the conditions under which the
benefits of rainwater harvesting using contour ridges and zai pits can be realized in
the enhancement of crop performance in ASAL conditions.
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THE INFLUENCE OF NITROGEN APPLICATION ON THE GROWTH AND MINERAL
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Abstract

Plant growth, leaf nitrogen and nitrate-N, and chemical content of two African
nightshades, Solanum villosum and S. sarrachoides under different nitrogen levels
was investigated in field experiments in 2001 and 2004. Plants were supplied with
0, 1.3, 2.6 and 5.2 g N/plant. Both African nightshade species responded similarly
to nitrogen supply. Leaf area and dry matter production of plants supplied with
nitrogen was 4-8 times that of plants not supplied with nitrogen. Plants supplied
with nitrogen had significantly higher specific leaf area but had a lower leaf to
stem ratio (p<0.05). Leaf nitrogen concentration was significantly higher (p<0.05)
in plants supplied with nitrogen. However, when expressed on a leaf area basis,
the differences in the leaf nitrogen content between nitrogen treatments were
minimal. Leaf blade nitrate-N tended to be high in young plants especially those
that were supplied with nitrogen. The species showed significant differences
(p<0.05) in the mineral content. It was concluded that African nightshade
responded to limited nitrogen by drastic reduction in leaf area to maintain the leaf
nitrogen content.

Key words: Leaf nitrogen, leaf to stem ratio, mineral content, nitrates, Solanum
sarrachoides, Solanum villosum
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1.0 Introduction

African nightshades are grown and consumed as leafy vegetable crops in Kenya
and various parts of Africa (Chweya and Eyzaguirre, 1999; Smith and Eyzaguirre,
2007). They are promising alternative cash crops considering their increasing
availability in retail and supermarkets and have been recently ranked second to
amaranth in priority among indigenous vegetables in Kenya (Agong and Masinde,
2006; Ndegwa et al., 2011). Limited agronomic technologies have been identified
as a constraint facing African nightshade production (Ndegwa et al., 2011). The
application of nitrogen to increase yield in leafy vegetables is a well-recognized
practice. It is known that nitrogen deficiency exerts its effects on plant growth
through reduced leaf area index and hence low light interception and low dry
matter production (Jones, 1992). Also, the leaf nitrogen content correlates well
with the leaf chlorophyll content, hence N deficiency leads to reduced
photosynthesis resulting in lower biomass accumulation (Zhao et al., 2005). Under
limited nitrogen supply, plants may respond by reducing leaf area and hence
maintain the leaf nitrogen concentration as has been shown in potato (Solanum
tuberosum L.) (Vos and van der Putten, 1998). Another strategy is to maintain a
high leaf area, but adapt the leaf nitrogen concentration to nitrogen availability as
demonstrated in maize (Zea mays L.) (Vos et al., 2005). A clear understanding of
the response of African nightshades to limited nitrogen supply is vital in the efforts
to integrate them into the mainstream agriculture. Growers may apply excessive N
to realise high leaf yield and presumably high economic returns but this can lead to
environmental contamination as well as nitrate accumulation in the vegetables,
thereby posing health hazards to consumers (Gashaw and Mugwira, 1981; Wright
and Davison, 1964).

Some agronomic studies to develop optimal cultivation practices for improved
yield and nutritive quality of African nightshades have been conducted (Murage,
1990; Khan et al., 1995; Opiyo, 2004). These studies have shown that production of
leafy Solanum spp. required high amounts of nitrogen application with
recommendations of upto 5 g N/plant under field conditions. This study focuses on
Solanum villosum Mill. subsp. miniatum (Bernh. ex Willd.) Edmonds and S.
sarrachoides Sendtn. (Edmonds and Chweya, 1997; Schippers, 2000). The objective
of this study was to evaluate the mechanisms of adaptation to nitrogen stress by
these species and asses the influence of nitrogen application on the nutrient
content of the two African nightshade species.

2.0 Materials and methods

21 Experimental site and plant materials

Field experiments were conducted in July - October 2001 and December 2003 -
March 2004 at Jomo Kenyatta University of Agriculture and Technology (JKUAT)
farm, Juja, Kenya (1525 m above sea level). The plant materials consisted of two
African nightshade species; Solanum sarrachoides Sendtn. obtained from
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Genebank of Kenya (GBK 028726) and also from IPK Genebank, Gatersleben,
Germany (Sol 262/97) and S. villosum Mill. subsp. miniatum (Bernh. ex Willd.)
Edmonds purchased from Kenya Seed Company, Nairobi, Kenya.

2.2 Experimental design and crop culture

The experiments were carried out as split plots in a completely randomised block
design with three replications. The experimental factors consisted of 0, 2.6, 5.2 g
N/plant in 2001 and 0, 1.3, 2.6 and 5.2 g N/plant in 2003, and two African
nightshade species. The main plots comprised of the nitrogen levels, while the sub-
plots consisted of the two species. The sub-plots, each measuring 2 m X 2.5 m
were prepared by raising the soil about 15 cm above the ground. Seedlings were
first raised in pots (10 cm diameter) in July 2001 and December 2003. The field was
ploughed and harrowed and sub-plots raised about 15 cm were made to fine tilth.
Soil samples were taken for nitrogen analysis using the Kejdahl method (Okalebo
et al., 1992). Transplanting to the field was done in August 2001 and January 2004
at a spacing of 40 x 40 cm in 2001 and 30 x 30 cm in 2004. The crops were irrigated
using sprinklers 2-3 times in a week depending on weather conditions. Nitrogen
treatments consisting of Calcium Ammonium Nitrate (CAN, 26%N) were applied
one week after transplanting using. The fertilizer was weighed and applied
uniformly by hand along drills ensuring that each plant row had drills on either
side. Phosphorus was applied at planting along the drills at levels of 92 kg P205/ha
using triple superphosphate (TSP, 46% P205).

23 Harvesting

At transplanting time, some seedlings were excised to determine the initial plant
size in terms of leaf area, plant height and shoot dry weight. Subsequent harvests
were carried out 5-16 days interval to quantify plant size over time. Harvesting was
ended when plants were flowering profusely. At each harvest, one plant in a
central row from each plot was cut at the base and partitioned into leaf blade,
petioles and stems. Plant leaf area was measured using a leaf area meter model
AAM-8, Hayashi Denko Co. LTD., Tokyo for 2001 crop, and model 3100, LI-COR,
Lincoln, Nebr. for 2004 crop. The shoot parts were dried at 100°C for 48 hours in
the oven for dry weight measurement. Dried leaf blades were ground and used for
nutrient analysis. Nitrogen content was analysed using the Kjeldahl method
(Okalebo et al., 2002). Nitrate content was analysed using the colorimetric method
while determination of Ca and Fe contents was done by dry ashing followed by use
of atomic absorption spectrophotometer for Ca and Fe (Okalebo et al., 2002).

24 Data analyses

Statistical analysis was done using the GLM procedure of SAS (SAS, 1999). An
ANOVA was executed with a split plot design for the field experiments for each
date separately for the parameters; leaf area, dry weights, nitrogen and nitrate
contents and mineral contents. Significance level was set at P<0.05.
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3.0 Results

3.1 Effect of nitrogen and species on growth of African nightshade

The soils nitrogen content at 0.10% N, which was low. The interactions between
nitrogen applied and species were not significant. Nitrogen application significantly
increased leaf area from the age of 16 and 15 days after transplanting in 2001 and
2004, respectively (Figure 1). In 2001, plants supplied with 2.6 and 5.2 g N/plant
had similar leaf area in all the harvests except at 53 days after transplanting when
the 5.2 g N/plant treatments plants had significantly higher leaf area. Similarly, in
2004 plants supplied with 5.2 g N/plant had significantly higher leaf areas followed
by plants in the 1.3 and 2.6 g N/plant treatments, while plants in the 0 g N/plant
had the lowest leaf area. Leaf area was generally higher in sarrachoides as
compared to villosum but this was significant only at 53 days after transplanting in
2001 and beyond 15 days after transplanting in 2004. At the time of terminating
the experiments, the leaf area of sarrachoides ranged 6029.83-10448.41 cm’
while that of villosum ranged 3050.06-6930.74 cm®.

2001 2004
18000 18000

= 160001 *® 0 g N/plant 16000 1 ® 0gN/plant

E 14000 4 4 2.6 g N/plant I 14000 1 ® 1.3 gN/plant
= 5.2 ¢ Niplant 120001 A 26 Niplant I
= 10000 4 ¢ 5.2gN/plant I
=

[

Z

«<

3

=

0 10 20 30 40 50 60 0 10 20 30 40 50
14000 14000
= 12000 4 v sarrachoides I 120004 Y sarrachoides
=) o villosum ® villosum
= 10000
N\
g 8000 I
s 6000 A ¢
=
w4000
S
— 2000 1 I
O T T T T T
a-d 0 10 20 30 40 50 60 0 10 20 30 40 50

Days after transplanting Days after transplanting
Figure 1(a-d): The leaf area as influenced by nitrogen rates (a, b) and species (c, d) for
African nightshade grown at JKUAT farm in August-October 2001 and
January-March 2004. Vertical bars show LSDO0.05.
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Figure 2(a-d): The leaf dry weight as influenced by nitrogen rates (a, b) and species (c, d) for
African nightshade grown at JKUAT farm in August-October 2001 and
January-March 2004 Vertical bars show LSD0.05
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Figure 3(a-d): The shoot dry weight as influenced by nitrogen rates (a, b) and species (c, d)
for African nightshade grown at JKUAT farm in August-October 2001 and
January- March 2004
Vertical bars show LSD0.05
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Leaf dry weights followed similar patterns as leaf areas. Nitrogen application gave
significantly higher leaf dry weights from 16 and 15 days after transplanting in 2001
and 2004, respectively (Figure 2). In 2001, there was no difference in the leaf dry
weight between plants supplied with 2.6 g and 5.2 g N/plant while in 2004, plants in
the 5.2 g N/plant treatment gave consistently higher leaf dry weight. The influence of
the species on leaf dry weight corresponded closely to that of leaf area with S.
sarrachoides having significantly higher weights than S. villosum in older plants.

The influence of nitrogen application on shoot dry weight was similar to leaf area and
leaf dry weight (Figure 3). On the other hand, the shoot dry weight was not
significantly different between the two species except at 36 days after transplanting in
2004 when S. sarrachoides had higher shoot dry weight than S. villosum.

3.2 Effect of nitrogen and species on the specific leaf area (SLA) and dry
matter partitioning of African nightshade

Plants supplied with nitrogen maintained a higher specific leaf area (SLA) in both
species than plants, which did not receive any nitrogen, and this difference was
significant in mature plants (Figure 4). In both years, treatment 5.2 g N/plant gave the
highest SLA but this was significantly different from the other nitrogen treatments only
at 53, and 28 to 43 days after transplanting in 2001 and 2004, respectively. Solanum
sarrachoides had significantly higher SLA ranging 179.57-328.94 cm2/g compared to
156.56-264.53 cm2/g for S. villosum in the mature plants.
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Figure. 4(a-d): The specific leaf area as influenced by nitrogen rates (a, b) and species
(c, d) for African nightshade grown at JKUAT farm in August-October 2001
and January-March 2004. Vertical bars show LSDO0.05

Leaf to stem ratios declined over time in both years. Plants supplied with nitrogen had
significantly lower leaf to stem ratios from 22 and 28 days after transplanting in 2001
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and 2004, respectively (Figure 5). The differences in the leaf to stem ratio between
the nitrogen treatments 1.3 - 5.2 g N/plant were minimal. Solanum sarrachoides
maintained a significantly higher leaf to stem ratio than S. villosum for all or most
of the harvesting period in both years.
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Figure. 5(a-d). Leaf (harvestable part, blade+petiole) to stem ratio in natural logarithims as
influenced by nitrogen rates (a, b) and species (c, d) for African nightshade grown at JKUAT
farm in August-October 2001 and January-March 2004. Vertical bars show LSDO0.05.

The leaf blade to stem ratio in 2001 declined with increasing plant height (Figure
6). The power function fitted well to the data for S. sarrachoides only in 2001, and
for S. villosum in both years. The two species had similar coefficients in 2001, while
S. villosum had a significantly higher power coefficient in 2004 as compared to in
2001 (Table 1). Nitrogen treatments had no significant effect on the leaf blade to
stem ratio as a function of plant height.
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Figure. 6(a-d) The blade to stem (stem+petiole) ratio as functions of plant height for African

nightshade species S. sarrachoides (a, b) and S. villosum (c, d) under different

nitrogen levels grown at JKUAT farm in August-October 2001 and January-March

2004. Lines show power function y=ax'b where the coefficients are significant. The
coefficients a and b are shown in Table 2.

Table 1: Coefficients and their 95 % confidence intervals for the blade to stem ratio as
functions of plant height
Species Year a (95%Cl) b (95% Cl) R2
2001 12.3(7.1,17.5) -0.58 (-0.73, -0.42) 0.95
2004 14.9 (-11.7,41.5) -0.80(-1.39,-0.22) n.s*
2001 11.1 (0.6, 21.5) -0.59 (-0.88, -0.30) 0.99
2004 459 (18.3,73.6) -1.08(-1.25,-0.91) 0.99

S. sarrachoides

S. villosum

3.3 Effect of nitrogen and species on the mineral contents of African
nightshade leaf blades

The leaf blade nitrogen concentration was significantly higher in plants supplied

with 5.2 g N/plant as compared to plants that received no nitrogen (Figure 7).

Plants that received 2.6 g N/plant had intermediate leaf blade nitrogen

concentration. The nitrogen concentration ranged 3.26-5.37%, 3.84-6.09% and

5.33-6.29% in control, 2.6, and 5.2 g N/plant treatments. Similarly, plants supplied
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with 5.2 g N/plant had higher leaf blade nitrate concentration, significant at 16 and
37 days after transplanting (Figure 7). The nitrate concentrations declined in more
less the same ways as leaf blade nitrogen concentration, with the decline being
highest in the 2.6 and 0 g N/plants treatments. For both leaf blade nitrogen and
nitrate concentrations, there were no differences between the species.
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Figure 7: The leaf blade nitrogen (a) and nitrate (b) contents of African nightshade grown
at JKUAT farm in July-October 2001 as influenced by nitrogen rates. Vertical bars

show LSDO0.05.
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Application of nitrogen had limited influence on the % Ca and % Fe content in leaf
blades. Significant differences were observed only at 53 days after transplanting
where plants supplied with 5.2 g N/plant had higher % Ca while those supplied
with 0 and 2.6 g N/plant had higher % Fe (data not shown). On the other hand,
S. villosum had significantly higher % Ca in leaf blades as compared to S.
sarrachoides while S. sarrachoides had significantly higher % Fe as compared to S.
villosum (Figure 8).

4.0 Discussion

The objective of this study was to evaluate the growth characteristics leaf nitrogen
concentration and mineral nutrient content of Solanum villosum and S.
sarrachoides under different nitrogen levels. In both years, the two species
responded similarly to nitrogen supply as shown by lack of significant interactions
between the species and nitrogen levels. Leaf area in mature plants was 5-8 times
higher in plants supplied with 5.2 g N/plant than in plants that were not supplied
with nitrogen. Potato, which has a similar strategy, was shown to vary the leaf area
4-fold between non-limiting and limiting nitrogen supplies (Vos and Van der
Putten, 1998). On the other hand, maize, which does not have this response,
increased leaf area only by 30% in plants supplied with non-limiting nitrogen rates
as compared to those in the limiting rates (Vos et al., 2005).

Dry matter production response corresponded with that of the leaf area. Both leaf
and shoot dry weights were 4-8 times higher in the plants supplied with non-
limiting nitrogen then plants in the nitrogen limiting treatment. This can be
attributed to the reuction in leaf area, which results in reduction in the cumulative
light interception (Jones, 1992). It has been shown that in tomato (Lycopersicon
esculentum Mill.), increasing nitrogen supply led to an increase in the accumulated
absorbed photosynthetically active radiation through increase in leaf area index
(Tei et al., 2002). Nitrogen supply has been shown to increase dry matter
production in crops such as soybean (Glycine max (L.) Merr) (Taylor et al., 2005),
sunflower (Helianthus annuus L. var. CATISSOL-01) (Cechin and de F'atima Fumis,
2004) and safflower (Carthmus trinctorious L.) (Dordas and Sioulas, 2009). The leaf
area and leaf dry weight being higher in S. sarrachoides suggests that it would be a
better leaf yielder as compared to S. villosum. Differences in the shoot dry weight
between the two species were minimal or absent due to a bigger stem in S.
villosum.

The specific leaf area (SLA) was higher in plants that were supplied with higher
levels of nitrogen. This could be explained by the higher leaf area in these plants,
which may imply a higher leaf expansion as well as leaf appearance. The low SLA in
the African nightshades under nitrogen stress suggests that plants were restricting
leaf area probably to maintain a high leaf nitrogen concentration. Meziane and
Shipley (2001) working on 22 herbaceous species have shown that increased
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nutrient supply increased specific leaf area at low irradiance. Similarly, higher
nutrient additions resulted in higher SLA in Arabidopsis thaliana (Bonser et al.,
2010). A low SLA suggests thicker leaves as opposed to thinner leaves which have a
high SLA. Whereas thicker leaves have a greater concentration of the
photosynthetic apparatus per unit leaf area, broad thinner leaves can intercept
more light (White and Consuelo Montes, 2005). The higher SLA in S. sarrachoides
as compared to S. villosum especially in mature plants may suggest a higher light
interception and photosynthetic activity in the former species. However,
photosynthesis was not measured in this study. In addition, there was no clear
evidence of differences in shoot dry matter production between the species.

The partitioning of dry matter in the two species was considered through the leaf
to stem ratio and the leaf blade to stem ratio. The former is a measure of the
harvest index, in which case the leaf consisted of the leaf blade and petiole, which
comprise the harvestable part. The latter is an indication of partitioning of dry
matter between the photosynthetic tissues (leaf blades) and the support
structures (stems and petioles). It seems that application of nitrogen while
increasing overall leaf growth, increases stem growth relatively more, hence the
low leaf to stem ratios. The differences emerged at 22-28 days after transplanting
and widened with time. In mature plants, the dry matter allocated to the leaves
was about 60% of that allocated to stems in plants that were supplied with
nitrogen. In comparison, mature plants that received no nitrogen supply had
similar dry matter allocation between the leaves and stems. In this regard,
nitrogen supply could be seen as having reduced the harvest index.

In the second consideration of dry matter partitioning, the leaf blade to stem ratio
was fitted as a function of plant height. It is recognized that as the plant leaf area
increases, a greater proportion of new dry matter needs to be invested in
structural material (mainly stems) to maintain the plant’s integrity and strength
(Statzel et al., 1988). Thus, the leaf blade to stem ratio declines with increase in
plant size in a power function. In this study, attempts were made to evaluate the
effect of nitrogen application and species on the function. Both factors had no
significant effect on the function. This suggests that the partitioning of new above-
ground dry matter was directly dependent on plant size rather than nitrogen level
or species.

Leaf nitrogen concentration is an important physiological parameter that indicates
the plants nitrogen status. In this study, plants supplied with the highest nitrogen
level that is 5.2 g N/plant maintained higher leaf nitrogen as compared to other
treatments. Such a response has been reported in soybean (Taylor et al., 2005),
and 22 herbaceous species and wheat (Sinclair et al., 2000; Meziane and Shipley,
2001). However, the leaf nitrogen concentration in plants supplied with no
nitrogen ranged 61%-84% of the concentration in plants supplied with 5.2 g
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N/plant. The differences therefore were much smaller than those in leaf area and
dry matter production. Moreover, when the leaf nitrogen concentration was
expressed per unit leaf area, the range of leaf nitrogen content in plants not
supplied with nitrogen was 64%-95% of that in plants supplied with 5.2 g N/plant.
This suggest that the African nightshade species under nitrogen stress tried to
maintain a high leaf nitrogen concentration. This was probably through reduction
in leaf growth. It has been shown that the maximum canopy photosynthesis in
cauliflower, maize and rice was correlated to leaf nitrogen concentration (Vos et
al., 2005).

Supplying nitrogen to African nightshade can increase the nitrate content in blades
significantly. In this study, the equivalent NO-3 content in fresh blades using the
observed moisture content of 88% ranged 2652-3029 mg/kg to 5-462 mg/kg in
plants supplied with nitrogen, and 1063 mg/kg to 112 mg/kg in plants not supplied
with nitrogen, in young to mature plants, respectively. It therefore appears that in
the early vegetative stages, African nightshade can be classified together with crop
species that accumulate moderate nitrates up to 2500 mg/kg such as endives
(Cichorium endivia L.), leeks (Allium ampeloprasum var porrum (L.) J. Gay, parlsey
(Petroselinum crispum) and rhubarb (Rheum rhabarbarum) (Hill 1991, Santamaria
and Elia 1997). However, in cases where high nitrogen has been supplied, the
young plants have high amounts of nitrates (above 2500 mg/kg), similar to high
accumulating species like celery (Apium graveolens L.), lettuce (Lactuca sativa L.)
and spinach (Spnacia oleracea L.) (Van Der Boon et al., 1990; Hill, 1991; Andersen
and Nielsen, 1992; Behr and Wiebe, 1992; Martignon et al., 1994; Jaworska, 2005;
Prasad and Chetty, 2008). Mature plants have relatively low nitrates in the leaf
blades irrespective of whether nitrogen was supplied or not. The European
Commission Regulation (EC) No 1881/2006 has established maximum levels (MLs)
for nitrate in lettuces and spinach at 2500-3500 mg mg/kg for summer harvest and
3000-4500 mg/kg for winter harvest (Cited in Correia et al., 2010). Thus there is
always the risk of accumulating nitrates more than the acceptable levels especially
in young African nightshades, which have been supplied with high nitrogen levels.
The differences in the mineral content between the two species means they can
play complementary roles in meeting the consumers nutrient requirement.
Solanum sarrachoides will be valued for its high iron content while S. villosum
provides high calcium content.

5.0 Conclusion

The two species of African nightshade responded to limited nitrogen supply by
drastic reduction in leaf area. This could be seen as a strategy to maintain a high
leaf nitrogen content and therefore keep photosynthesis high. On the contrary,
this led to a similar drastic reduction in dry matter production which could be
attributed to reduced light interception. To avoid these reductions and keep the
leaf yield high, it is recommended that that growers may need to supplyupto 5.2 g
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N/plant, although the risk of nitrate accumulation has also to be considered.
Nitrate fertilizer levels that may lead to toxic nitrates levels need further
investigation.
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Abstract

Naromoru is a semiarid area in Central Kenya, occurring on the leeward side of Mt.
Kenya. Its water sources include a few permanent rivers such as Nairobi River,
intermittent streams and a large number of undrainable water reservoirs. Most of
the undrainable water resources have been stocked with fish but their utilization
for fish rearing has generally remained very low. The purpose of this study was
therefore to examine the water quality status of the dams to assess their suitability
and potential for fish production. pH, electro-conductivity and total dissoved
solutes (TDS) were measured in-situ from three reservoirs (Gathathini, Lusoi and
Kianda dams) differing in their habitat characteristics. Water samples were
collected for determination of the ionic concentartions of the reservoirs. Water
quality status differed markedly between sites, with electric conductivity ranging
from 350uScm™ at Gathathini dam to over 1350uScm™ at Lusoi dam. pH however
showed only a slight variation from 8-9.6. Water temperature and transparency
varied significantly between the sites, while cationic constituents (Ca*, K*, Mg**
and Na*), anions (SO,%, HCO5*, and CI%), heavy metals (Pb> and Cu?*) and nutrients
(NO5 and PO,*) were all within the recommended WHO levels for fish production.
Generally the water quality status was within the standards recommended for
fisheries production.

Key words: Mt. Kenya, limnology, fisheries, productivity
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1.0 Introduction

Undrainable dams in general are relatively small, perennial water bodies, varying
in size from 0.02 to 25ha in area, with depths rarely exceeding 2.5 m. They have
been constructed in many countries that lack natural lakes to trap run off water to
meet future water demands and enhance food security (Sena de Silva, 1988).
Because of their location in semi-arid areas, they experience extensive water level
fluctuations due to water run-off, direct precipitation, ground water discharge,
evaporation and most importantly human interference (Kemdirim, 2005). Their
fisheries productivity is mainly influenced by prevailing physical and chemical
characteristics (Chapman, 1996). Chapman (1996) and Dorstch (1981) noted that
water temperature in dams affects their physical, chemical and biological
processes. Different types of pollutants that end up in dams can also influence
water by changing its temperature, light penetration, pH and electrical
conductivity (Kinyua & Pacini, 1991). Similarly, high concentrations of certain
minerals in water bodies cause problems both to the ecosystem and human health
(Chapman, 1996; Masloomi et al., 2009). In semi-arid areas, water bodies are
largely affected by high evaporation rates that may result in high concentration of
mineral salts.

The Naromoru area is generally a semi-arid area with few natural water bodies,
although there are numerous small community owned dams. In the year 2003 for
example, a project initiated by Waterman Foundation and Self Help Centre
constructed several large reservoirs (25,000 m?) and three sub reservoirs (5,000
m®) to supply farmers with water for irrigation. The older dams were however
constructed by white settlers to provide water for irrigation and domestic use.
Some of the constructed undrainable dams have been stocked with fish, mainly
tilapias, although fisheries development has remained low. This paper assesses the
suitability of these dams for future fisheries production by presenting data on their
physical and chemical characteristics.

2.0 Materials and methods

Naromoru area is located on the western leeward side of Mt. Kenya (Figure 1) and
upper Ewaso Ng'iro River basin (Gichuki et al., 1998). The area receives a bimodal
rainfall pattern with the long rains received from March to May and the short rains
from October to December. Rainfall received is usually low averaging 800 mm with
a range of 500 mm to 1200 mm per annum. Because of the low rainfall, the main
economic activity in the area is marginal mixed farming. Temperatures in the area
vary from 20°C to 25°C during the day and from 10°C to 15°C at night (Mathooko,
1992). Fisheries development in the area is largely practised on small aquaculture
ponds with little focus on the large undrainable water dams in the area.
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Figure 1: Location of the undrainable water reservoirs (Gathathini, Lusoi and
Kianda) in Naromoru area, Central Kenya

Sampling was carried out bi-monthly from September, 2008 to February, 2009.
Three dams were purposively selected for sampling, representing the different
localities of Naromoru, namely Gathathini (co-ordinates S00°22.173' and
E037200.699'), Lusoi (co-ordinates S00°16.528' and E037°03.096') and Kianda dams
(co-ordinates S00°05.713' and E037°00.107'). Gathathini dam (1782m asl) was
developed from a disused quarry but had broken down three years prior to the
start of the study and was subsequently rehabilitated. Much of the banks had been
overgrazed although the western shores were more vegetated with tussocky grass.
The dam is fed by water from Nairobi River, which passess through irrigated
vegetable farmlands. During the dry season, the dam’s water volume declines
significantly due to low inflows although it never dries out completely. Lusoi dam
(1989m asl) recieves water from a permanent stream and its water level remains
largely constant. The dam was constructed in the early 1960s but had been
recently desilted. It is well protected with heavy tussocky grass and shrubs growing
along the shores. The dams’ inlet is characterized by massive growth of emergent
macrophytes such as Typha species, which prevents excessive inflows of pollutants
from the surrounding farmlands.

Kianda dam (1880m asl) is located in a more dryer area. It was recently renovated
having broken down in 2003. The dam is fed by a seasonal stream which similarly
flows through an intensive agricultural area. During the dry season the inflowing
stream dries up and the dams’ volume decreases massively. The dam’s shores are
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bare with little grassy vegetation although large acacia trees surround the dam.
The local community has started farming around the dam posing a great danger to
the water quality of the dam.

In each of the three dams, the major physical and chemical descriptors of water
quality were measured. Water temperature was measured using a pocket
thermometer while transparency was estimated by a 20-cm diameter secchi disc
(Wetzel, 1983). The secchi disc was gently lowered into the water until it
disappeared and then slowly raised until it reappeared. Secchi depth was
computed as an average of the depth at which it disappeared and reappeared.
Maximum depth of each reservoir was measured using a long straight pole and a
tape measure. Water pH, conductivity and total dissolved solids (TDS) were
measured in-situ using a calibrated portable pH/Conductivity/TDS probe meter
(model PCT: 40). Dissolved oxygen (DO) was measured using a calibrated portable
HI 9146 dissolved oxygen meter. Duplicate water samples were collected from the
inlet, the shores, dam centre and outlet for analysis of major cations and anions. In
total, five samples were collected from dam during the sampling period. Samples
were transported in well-rinsed sample bottles to the Department of Mines and
Geology, Kenya Government, where concentrations of all ions were determined
using an electron spectrophotopheter (APHA, 1998).

3.0 Results

Surface water temperature, averaged for the whole the study period, was
generally higher at Gathathini dam, averaging 21.9+0.52°C as compared to
20.310.43°C and 20.8+0.49°C at Lusoi and Kianda dams, respectively (Table 1)
although the differences were not significant (K=3.638, P>0.05, Kruskall-Wallis
test). The water temperature remained fairly stable at Gathathini dam, ranging
from 21.0 to 24.39C, while at Lusoi dam, water temperature showed greater
fluctuation ranging from 19.3 to 21.3°C.

Water transparency was lower at Kianda dam as compared to Lusoi and Gathathini
dams (Table 1), but the differences were not significant (K=4.028, P<0.05, Kruskall-
Wallis). Gathathini dam was significantly deeper (K=6.25, P<0.05, Kruskall-Wallis)
than Lusoi and Kianda dams, with an average depth of 1.7+£0.38m. The increased
depth of water at Gathathini dam was due to the desilting that occurred after the
1997-98 El Nino rains. Kianda dam recorded the least mean depth of 0.8+0.08m as
compared to Lusoi dam with a mean of 0.9+0.03m. Water depth at Gathathini
dam was also noted to experience high fluctuations which ranged from 1.21m to
4.91m, while Lusoi and Kianda dams had relatively stable water depths.

Water pH was higher at Lusoi dam averaging 9.6+0.05, as compared to Gathathini
and Kianda dams with mean pH values of 8.3+0.11 and 8.6%0.05, respectively
(Table 1).
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Table 1: Physical-chemical characteristics of the three reservoirs of Naromoru

Condu-

Temp Transparency Depth TDS ctivity DO
Reservoir  (2C) (cm) (m) pH (mg/l)  (uS/cm) (mg/l)

21.940.5 1.7+0. 8.3+0 221+4. 312+41. 5.3%0
Gathathini 2 20.4+0.87 38 A1 41 3 .01

20.310.4 0.910. 9.6#¢0 833+3 1283%4 6.710
Lusoi 3 20.5+0.98 003 .05 5.3 8.1 .06

20.810.4 0.840. 8.610 53015 5.9+0
Kianda 9 7.4£0.03 08 .05 0 730+10 .06

However, the differences were not significant (K=5.139, P>0.05, Kruskall-Wallis
test). Gathathini dam recorded high fluctuations in water pH ranging from 7.53 to
8.64. Lusoi and Kianda dams had stable water pH that ranged from 9.46 to 9.73
and 8.5 to 8.69, respectively. Lusoi dam had significantly higher TDS (K=6.25,
P>0.05, Kruskall-Wallis test) than Gathathini and Kianda dams. TDS at Gathathini
dam was low and fairly constant throughout the study period, probably because of
low entry of solutes into the dam as the dam is entirely dependent on rain water
and its banks are well protected. Lusoi and Kianda dams, however, received stream
inflows from extensive agricultural catchments. Water electrical conductivity was
significantly higher at Lusoi dam (K=6.25, P<0.05, Kruskall-Wallis), averaging
1283uS/cm, with a range of 1190 to 1350uS/cm, probably because of ionic
concentration due to the long period it has existed as it was constructed in 1960’s.
At Gathathini and Kianda dams, electrical cond