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ABSTRACT

Spiderplant is an African leafy vegetable that has gained popularity in the recent past, it is
grown in a wide range of environmental conditions and is a rich source of vitamins A (p3-
carotene) and C and minerals Calcium (Ca), Magnesium (Mg) and Iron (Fe). This study
was done in four sites Sigalagala in Kakamega, Kanduyi in Bungoma, Rubongi in Tororo
and Nakalama in Iganga representing four AEZs namely Lower midland (LM) Upper
Midland (UM), Lake Victoria Basin (LVB) and Mt. Elgon Farmlands (MEEFLS) in
western Kenya and eastern Uganda. Its objective was to enhance understanding of
ecological requirements for production and utilization of Spiderplant by determining the
genetic makeup, nutritional make up in terms of vitamins and minerals levels and the
appropriate on-farm seed production techniques in the four AEZs in western Kenya and
eastern Uganda. Genetic analysis was by use of Random Amplified polymorphic DNA
(RAPDSs) analysis for leaf samples of Spiderplant ecotypes collected from each of the
four AEZs. For vitamins and minerals analysis, edible parts of the spiderplant ecotypes
were analyzed for vitamins A (p-carotene) C (Ascorbic) and for Minerals Ca, Mg and
Iron Fe while the seed quality of spiderplant ecotypes was determined by germination %
and electrical conductivity of seeds produced in each of the AEZs. Seed quality of
spiderplant ecotypes using different management practices, Nitrogen application, leave
harvesting and pod drying was also investigated. The study revealed genetic variations of
Spiderplant ecotypes grown in the four AEZ. Variations were also found in the levels of
vitamins C and p-carotene and the minerals Ca, Mg and Fe in the spiderplant ecotypes.
Seed quality of the spiderplant was found to vary across ecotypes while management
practices were also found to affect spiderplant seed quality produced in western Kenya
and eastern Uganda. Molecular variation was found to relate to the seed quality, with the
more polymorphic ecotypes having higher seed quality than the less polymorphic ones.
Ecotypes with higher nutritional quality especially the vitamins were also found to have
higher seed quality. In conclusion spiderplant ecotypes grown in western Kenya and
eastern Uganda were found to vary in genetic makeup and the nutritional quality and

these were found to significantly affect the quality of seeds produced by the ecotypes.
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CHAPTER ONE

INTRODUCTION

1.1. Background information

1.1.1. African Leafy Vegetables

African Leafy Vegetables (ALVs) are reported to significantly contribute to the dietary
vitamin and mineral intakes of local populations (Smith, and Eyzaguirre, 2007). They
have increasingly become known for their importance in providing food and nutritional
security in rural and urban areas in sub- Saharan Africa. Quite a large number of these
ALVs have long been known and reported to have health protecting properties and uses
(Okeno, et al., 2003, Smith and Eyzaguirre, 2007). In Kenya and neighboring countries
combination of cultural pride, interest in healthy foods, and a growing taste for diversity
has created a favorable opportunity to protect and revitalize ALVs as nutritious resources

derived from Africa’s biological and cultural diversity (Smith, and Eyzaguirre, 2007).

ALVs are important source of food and income in many western Kenya communities. A
survey conducted in some markets in western Kenya indicated that ALVs contributed
10% of the income generated by commodities in the markets (Onyango, 2002). In
Uganda consumption of ALVs is reported to go up to an average of 160 g /person/day
during the rainy season (Rubaihayo, 2002). The acceptance and utilization of ALVs in
the urban areas of Uganda has resulted in some popular varieties being grown as cash
crops for the urban markets (Hart et al., 2002). There is need to promote production of
these ALVs to meet the likely continual market demand in Kenya and Uganda.

Sustainable production of any crop depends on sustainable supply of improved and high



quality seeds (George, 1999). The quantity and quality of African Leafy Vegetables also
depend on the harvesting and processing of the seeds (K opondo et al., 2005). Measures
leading to increased production of high quality seeds of ALVs therefore need to be given
prominence. Focus on improvement of both field management and post harvest handling
practices is likely to result in high quality of ALVs seeds and hence increased production

of these crops.

1.1.2. Importance of Spiderplant in Kenya and Uganda

Spiderplant (Cleome gynandra L) is an ALV rich in vitamins A and C and minerals
calcium, magnesium and iron. Its leaves are reported to contain over and above the
normal recommended adult daily allowance of vitamins A and C and the minerals
calcium and iron (Arnold et al., 1985). Its leaves and seeds are used in indigenous
medicine in many countries (Baruah and Sarma, 1984). It is a source of income and
employment mostly to rural women in some African countries including Uganda and
Kenya who sell the leaves and young tender shoots in rural and urban markets (Maundu
et al., 1995). Its cultivation has increased in low-rainfall areas in Uganda, and other parts
of Africa (Schippers, 2002). It is grown in a wide range of environmental conditions and
does well in altitude ranges of 0-2400 meters above sea level and is able to tolerate high
and low temperatures (Chweya, 1995). It is an important and popular vegetable in

western Kenya and eastern Uganda.



1.1.3 Areas of the study

This study was carried out in four areas representing major spiderplant growing AEZs in
western Kenya and eastern Uganda the lower midland (LM), upper midland (UM), Lake
Victoria Basin (LVB and Mount Elgon Farm Lands (MEFLS). Sigalagala area in
Kakamega and Kanduyi in Bungoma represented the UM and LM in western Kenya
while Rubongi in Tororo and Nakalama area in southern Iganga and represented Mount
Elgon Farmlands (MEFLS) and Lake Victoria Basin (LVB) in eastern Uganda.

The project sought to establish whether there are Molecular and nutritional differences of
the Spiderplant ecotypes found in western Kenya and eastern Uganda, as well as increase
the insight into the effect of different crop and seed handling methods on quality of seed

produced by farmers in the same regions.

1.2 Problem Statement

Low seed quality has resulted to low production and consumption of spiderplant despite
its significance as an ALV in western Kenya and eastern Uganda. This low seed quality is
likely to result from lack of information on the ecological conditions suitable for
production of high quality spiderplant seeds in the region. Variations in ecological
conditions likely to causes differences in genetic makeup, nutritional levels and
consequently seed quality are also not known. The different farmers’ agronomic practices
also likely to affect the quality of spiderplant seeds produced in the region are not
understood.

This effect of the agro ecological conditions on the, genetic makeup and nutritional

quality and the appropriate seed production practices affecting spiderplant seed quality is



not understood.
This research therefore sought to determine whether Spiderplant ecotypes found in
different AEZs in western Kenya and eastern Uganda differ in genetic makeup,

nutritional levels and seed quality.

1.3 Justification

The study was carried out in western Kenya and eastern Uganda where Spiderplant is a
major ALV. The cropping systems across the common border are the same and any
research efforts addressing production and consumption of quality spiderplant would
benefit the two sides of the countries equally. Owing to the proximity between western
Kenya and eastern Uganda, there is plenty of cross border sharing and exchange of food
stuffs and seeds between neighbors, relatives and common markets. Information on the
suitable ecological conditions and appropriate production practices for high quality seed
and vegetables of spiderplant is necessary for farmers and commercial seed producers to
know from which AEZ they can produce good quality seeds of spiderplant.

Molecular characterization was necessary to establish whether there are genetic variations
of Spiderplant resulting from the different environmental conditions prevailing in the
different AEZs. This would help in establishing the genetic potential of spiderplant
grown in the different AEZs that could be used for the crop improvement in the region.
Nutritional analysis was done to determine the suitability of different AEZs of western
Kenya and eastern Uganda for production of spiderplant of good nutritional quality. The
analysis was done for vitamins and minerals which are the most important nutrients in

vegetables.



Seed quality of spiderplant produced in different AEZs was studied to find out the
ecological conditions as well as best farmers’ production practices suitable for production
of good quality seeds of spiderplant in the in western Kenya and eastern Uganda. Good
quality seed is important for improvement of the production of spiderplant in the region.
The information on the suitable AEZs for production of best quality seeds of spiderplant

can then be used for commercial seed production of the crop.

1.4 Objectives

1.4.1 Overall Objective
To enhance production and utilization of spiderplant in western Kenya and eastern
Uganda by determining areas suitable for production of highly nutritious and high quality

seed of the crop.

1.4.2 Specific Objectives

1. Determine the molecular characteristics of Spiderplant grown in different Agro-
ecological Zones of western Kenya and eastern Uganda.

2. Determine the nutritional (vitamins and minerals) levels of Spiderplant found in
different Agro-ecological Zones in western Kenya and eastern Uganda.

3. Determine the effects of farmers production practices on quality of Spiderplant seeds

produced in different Agro-Ecological Zones in western Kenya and eastern Uganda.



1.5 Hypothesis

1. Spiderplant grown in different AEZ in western Kenya and eastern Uganda do not
differ in genetic makeup.

2. Nutritional levels of Spiderplant grown in different AEZs in western Kenya and
eastern Uganda are the same.

3. Quality of Spiderplant seeds produced in western Kenya and eastern Uganda is not

affected by the farmers’ production practices



CHAPTER TWO

LITERATURE REVIEW

2.1 Genetic variations due to ecological differences

Genetic variation or genetic diversity can be defined as the genetic differences among
organisms within the same species or population (Conner and Hart, 2004). Genetic
variation within populations means that more than one allele or genotype is present in the
population while variation among populations is caused by spatially-varying selection
processes such as genetic drift and past bottlenecks. These processes transform variation
among individuals within populations to differences in genotype or genetic differentiation
(Futuyma, 1998). For populations to survive they have to poses genetic traits that make
them adapt to the prevailing ecological conditions (Frankham, 2005). Environmentally
induced genetic changes may occur as a result of these environmental adaptation
processes (Cullis, 1977)). Ecological and climatic conditions are known to determine the

level of genetic variation of plants (Guleray et al., 2010).

Information concerning the extent and nature of genetic diversity within a crop species is
useful for selection of parents for hybridization (Rabbani et al., 1998). This is because
crops perform well when they grow within the environmental conditions to which they
are suited. Cool climate legumes, peas, broad beans, chickpeas and lentils show the best
developments in temperatures of around 18-20° C while the hot-climate legumes like
beans and cowpeas show a better development within temperatures of 20-24° C (Ceyhan

etal., 2011).



2.2 Effects of ecological factors on Nutrient levels of plants

Plant nutrients are influenced primarily by a plant's genetic makeup and environmental
conditions. Findings by Kramer et al. (2005), confirm that the nutrient content of plant
parts depends upon the agro ecological zones in which they are grown. Temperature
influences the composition of plant tissue, the uptake and metabolism of mineral
nutrients by plants (Lee and Kader, 2000), while rainfall affects water supply to the plant,
which may influence the composition of the harvested plant parts. Variations of
micronutrients contents within same species have also been found to exist between
samples of ALVs collected from areas with different soil characteristics (Gadgil et al.,

1993).

2.3 Effects of ecological factors on seed quality

Seed quality is one of the most important factors affecting the performance and
productivity of most agricultural crops. Environmental factors acting during plant growth
and seed development play a big role in determining seed characteristics produced
(Kigel, 1999). The germination of a seed lot can be affected by environmental conditions
in the field during seed growth and development particularly temperature, rainfall and
relative humidity as well as by the conditions the seeds are exposed to during harvesting,
drying, cleaning and storage (Egli et al., 2005). Most factors that affect the physiological
quality of seed are ecological conditions during filling and maturation stages (Lysiak,
2007). Electrical conductivity is also a test to determine the physiological potential of
seeds. Seeds with lower physiological potential liberate a greater amount of electrolytes

as a consequence of lower cellular membrane selectivity (Vieira et al., 2001.



2.4 Ecological variation of the spiderplant growing areas in western Kenya and
eastern Uganda

Agro Ecological Zones (AEZs) are land units within which soil, landform and climatic
conditions are quantified (Amien, 1998). They have varied environmental conditions
including temperature, rainfall and soils. The UM in western Kenya lies in an altitude
range from 1300 to 1900 m with a mean annual temperature range of 18° C to 21° C and
mean annual bimodal rainfall of 1800 mm per annum. LM which lies in an altitude from
800 to 1500 m has warmer temperatures ranging from 21° C to 24° C and a bimodal
rainfall averaging 1500 mm per annum (Jaetzold et al., 2007). The soils in UM are
volcanic, well drained and deep while those in LM are described as having good physical
properties but low in nutrient levels (Jaetzold et al., 2007). In eastern Uganda the Lake
Victoria Basin (LVB) which is mainly a banana-coffee system has a rainfall regime of 1
000 - 1 500 mm evenly distributed throughout the year in a bimodal pattern (Mwebaze,
2002). The LVB has generally sandy soils, with low soil organic matter levels, highly
susceptible to leaching and consequently low in base saturation and rather acidic while
MEFLs has mainly rich volcanic soils (Wortmann and Eledu, 1999). Owing to these
variations, spiderplant grown in each of the AEZ is likely to have different genetic

characteristics from the others.

2.5 Spiderplant ecotypes
An ecotype describes a genetically distinct geographic variety, population or race within
species which is adapted to specific environmental conditions (Turesson, 1992). It is also

described as a group of organisms, normally a subdivision of a species that is adapted to a
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specific environment (Steven et al., 1997). Typically, ecotypes exhibit phenotypic
differences such as in morphology or physiology stemming from environmental
heterogeneity and are capable of interbreeding with other geographically adjacent
ecotypes without loss of fertility or vigor (Molles, 2005). Habitat heterogeneity,
combined with natural selection, often result in multiple genetically distinct ecotypes
within a single species (Linhart and Grant, 1996). Spiderplant ecotypes in this study were
considered to be the spiderplant populations growing in different AEZs likely to vary

from each other in genetic makeup, nutrient levels and seed quality.

2.6 Top dressing effects on seed quality

Nitrogen (N) is a very important nutrient element especially for green leafy vegetables
(Dursun et al., 2006). It promotes rapid growth of plants, increasing seed and fruit
production and improving the quality of leaf and forage crops. The prudent application of
nitrogen is essential to get an even maturing crop with full grain size. In seed production,
it is added to ensure maximum growth of the side branches that enhances seed yield.
Studies conducted by AVRDC (2003), established that, top-dressing spiderplant with 100
Kg/Ha of calcium ammonium nitrate (26% N at thinning stage, 3 weeks after seedling
emergence) led to increase in the number of pods per plant in Spiderplant. The studies do
not clarify how the quality of the Spiderplant seed produced is affected by this
application of Nitrogen. Increase in plant nitrogen concentration has been found to show
a significant increase of the nutrient in the seed (Bressani et al., 1987). Given that
nutrient supply to the maternal plant may affect not only seed chemistry but also seed

coat structure and hormone content (Gray and Thomas, 1982) and given that nitrogen in
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seeds is stored mainly in the form of protein, the nutrient treatments applied to the
maternal plant can influence the seed quality. There is some evidence that nutrient

treatments applied to the maternal plant can influence the nutritional quality of seeds.

2.7 Effects of defoliation on Seed quality

Studies have shown that defoliation of the maternal plant may lead to affects mean seed
weight (Maun and Cavers, 1971). Leaf removal affects carbohydrate supply influencing
hormonal and nutrient supply as well as translocation patterns (Salleo et al., 2002)). This
change in nutrient supply and consequent change in seed weight is likely to have an

effect on the quality of the seed produced.

2.8 Seed drying methods and seed quality

Seeds are generally harvested at high moisture content and need to be dried before
storage. The rationale of drying seeds is to reduce their moisture content to a level, which
encourages longevity and consequently increase the regeneration intervals. Sun and shade
drying which are common farmers' practices of drying seeds have been recommended by
Ellis et al., (1990) as some of the low cost methods of seed drying. Further drying seeds
under ambient relative humidity and temperature is a common practice in many countries
in Africa for small-scale seed drying (Probert et al., 2009), but the results obtained
depend mainly on the season, location and species (Hong and Ellis, 1996). Ravi et al.,
(2007) also observed that all kinds of drying methods do not suit equally well under

given set of conditions in retaining vigor and vigor of seeds.
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CHAPTER THREE

MOLECULAR CHARACTERISTICS OF SPIDERPLANT ECOTYPES
GROWN IN DIFFERENT AGRO-ECOLOGICAL ZONES IN WESTERN

KENYA AND EASTERN UGANDA

3.1 Introduction

Spiderplant is grown in a wide range of climatic conditions and its morphological traits
are reported to be significantly influenced by environmental conditions (Omondi, 1990;
Chweya and Mnzava, 1997). A species with a broad distribution rarely has the same
genetic makeup over its entire range (Hamrick and Godt, 1996). Spiderplant is therefore
likely to poses genetic variations which make it adaptable to the varied ecological
conditions in which it grows.

As spiderplant continues to gain popularity as an agricultural crop in Kenya and Uganda,
understanding of ecological conditions to which it is best adapted becomes essential for
the crop’s improvement. Characterization of diversity is a necessary requirement for the
improvement, use and conservation of plant genetic resources (Archak et al., 2003).
Understanding spiderplant ecotypes genetic variability and adaptability can be used as a
stepping stone in identifying the ecotypes with novel genes which can be used in the
improvement of the crop.

Molecular markers have proved to be powerful tools in the characterization and
evaluation of genetic diversity within and between species and populations (Raoudha et
al., 2010). Random Amplified polymorphic (RAPD) DNA markers described by
(Williams et al., 1990) have been widely used for a number of applications in plant and

genetic studies (Kumar et al., 2001). Moreover, RAPD uses arbitrary primers that provide
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a large number of multilocus markers, and can be applied to analyze organisms, even
those for which no previous genetic or molecular information is available (Guleray, et al.,
2010). This study therefore sought to establish the genetic variation of Spiderplant found
in different agro-ecological zones of western Kenya and eastern Uganda using RAPD

molecular analysis.

3.2 Materials and Methods

3.2.1 Sample Collection

Tender leaf samples of Spiderplant were collected from each of the four sites Sigalagala
in Kakamega, Kanduyi in Bungoma, Rubongi in Tororo and Nakalama in lganga
representing the four western Kenya and eastern Uganda AEZs UM, LM, MEFLs and
LVB respectively. A total of 72 leaf samples were picked, 18 from each site with 6
representing each of the three spiderplant morphotypes, green, purple-green and purple.
The leaf samples were kept in a cool box and transported by road to KARI Njoro for the
samples picked in Kenya or to the Molecular Laboratories of Makerere University for

those picked in Uganda

3.2.2 DNA Extraction

DNA was extracted from each of the collected samples using the protocol by Saghai-
Maroof et al., (1984) whereby about 850 g of leaf tissue was put in a mortar and liquid
nitrogen poured halfway the mortar. Using a pestle the leaf was pressed gently to break it

into smaller particles, followed by gentle grinding done by pressing the pestle on the
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mortar in a circular motion and applying more pressure and more speed, as the nitrogen
evaporated to crush the leaves into fine powder. Micro tubes were put in a rack placed in
a container having liquid nitrogen to keep the crushed leaf tissue cool. The powder was
put into the micro tubes using a spatula, which was cleaned after every sample to avoid
contamination. The micro tubes were labeled with the sample number on the lid and on

the side of the tube. After grinding DNA was extracted by the following procedure:

1 ml of CTAB incubated in a water bath at 65 °C to resolve for 35 minutes was added to
the ground plant tissue. The sample was incubated for 60 min at 35 °C in a water bath
with periodic shaking; tubes were removed and let to cool to room temperature. 1 ml of
chloro; isoamyl alcohol (24:1) was added and mixed by periodically inverting the tubes
for 10 min. The phases were separated by centrifuging for 10 min at 3600 rpm at room
temperature. 600 pl of the top aqueous phase was recovered and put into a new tube
using a sterile wide bored plastic pipette and avoiding the interface layer. 700 ul of cold
isopropanol was added into each of new tubes and the tubes inverted 10-15 times and
allowed to precipitate for 30 min at room temperature. The mixture was centrifuged for
10 min at 12000 rpm at room temperature and the supernatant removed by decanting. 1.5
ml of washing buffer was added and the tubes put on a vertical shaker for 30-60 min.
after which they were centrifuged for 10 min at 12000 rpm at room temperature and the
supernatant removed. The pellet was air-dried for 30 min and the DNA re-suspend in
100-200 pl of TE buffer (storage buffer) pH 8.0 and left to dissolve overnight in a cold
room. The DNA solution was then transferred into a 1.5-ml eppendorf tube using a wide-
bore pipette (blue). The second extraction was done to remove RNA by treating each of

the samples with 8 pl of RNAase and incubating for 1 hour at 37 °C. DNA quality was



15

tested, using 0.8 % agarose gel electrophoresis, and its concentration was determined
with a UV spectrophotometer. Part of the DNA was then diluted to 20 ng/pl for PCR

amplification.

3.2.3 RAPDs Analysis

DNA analysis was done by Random Amplified Polymorphic DNA (RAPDs), Preliminary
PCR amplification trials were performed with four samples one representing each AEZ
and 20 RAPD primers were screened (Appendix 1).  Optimization was done using
different concentrations of MgCl,, DNA, dNTPs, and Tag DNA polymerase to obtain the
most reproducible and reliable DNA amplification profiles. Optimal conditions, which
revealed clear and reproducible amplification fragments, were, a total reaction mix of 10
pl containing 0.8 pl of 20 ng DNA 1 ul primer, 1 ul of 1x reaction buffer , 0.5 ul of
DNTPs, 0.8 pl of 25 mM MgCl, 0.1 pl of Tag DNA polymerase and 5.8 pl of sterile
distilled water. Amplification was performed in a thermal cycler with initial denaturation
temperature of 93 °C for 1 minute followed by 45 cycles of 92 °C for 1 minute, annealing
temperature of 36 °C for 1 minute, and extension temperature of 71 °C for 1 minute,
followed by a final extension of 72 °C for 5 minutes. Amplification products were
separated on 1.5 % agarose gel by electrophoresis at 150 Volts for three hours and

detected by staining with ethidium bromide. The gels were photographed under UV light.

Primers that gave polymorphism (OP-07, OPV-06, OPU-08, and OPW-02 and OPD-20)

were used to analyze all the 72 samples.

3.2.4 Data Analysis

Photographs from Ethidium bromide stained agarose gel were used to score RAPD data
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for analysis. The presence of a particular band was scored as 1 and absence as 0. The
positions of PCR bands were compared with molecular weight standards.

Data analysis was performed using the software Popgene version 1.31 for Population
Genetic Analysis and subjected to diploid data analysis for genetic variation presented
bygenetic distance and polymorphism which measures the proportion of genetic diversity
within populations, (Nei, 1978). The levels of diversity and polymorphism determined

the genetic diversity of the spiderplant ecotypes.

3.3 Results
The PCR bands separation of the by 1.5 % Agarose gel revealed polymorphic bands for

the samples as in Figure 1

200

300

1000

2000

3000

4000

5000

Figure 1: PCR RAPDs products bands where sample 1 was the ladder, samples 2, 3 and 4
represent samples from UM in Sigalagala- Kakamagea 5, 6 and 7 represented samples
from LM in Kanduyi-Bungoma, 8,9 and 10 represent samples from MEFLs in Rubongi-
Tororo while 11, 12 and 13 represented LVB in Nakalama in lgaga.

(Source: Author, 2010)
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Molecular characteristics of Spiderplant grown in different Agro-ecological Zones of
western Kenya and eastern Uganda were found to vary. Genetic variation was
demonstrated by genetic distance determined by pair wise comparisons of the spiderplant
ecotypes which ranged from 0.1352 to 0.4114 (Table 1.1). A large value comparing two
ecotypes indicates large genetic variation between the two ecotypes while a small value
shows less genetic variation. The least genetically varied ecotypes were therefore those
between UM and MEFLs, followed by LVB and MEFLs, UM and LM, UM and LVB,
LM and MEFLs and LM and LVB in that order (Table 1.1). Generally the spiderplant
ecotypes from AEZs in one country were more genetically closer to each than from the
other country AEZs except those from UM and MEFLs that were the genetically closest
to each other (Table 1.1). The ecotypes from western Kenya were genetically more

distant from each other compared to the eastern Uganda ones (Table 1.1)

Table 1.1: Genetic distance between Spiderplant ecotypes grown in AEZs in western

Kenya and eastern Uganda

AEZ UM LM MEFLs LVB
U M *kk*k

LM 0.1960  ****

MEFLs 0.0944 0.3471  ****

LVB 0.2935 0.4114 0.1352  ****
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There was high polymorphism within spiderplant ecotypes grown in western Kenya and
eastern Uganda with percentage of polymorphism being highest for UM ecotypes
followed by LM, MEFLs and LVB in that order (Table 1.2). High polymorphism was an
indication of high genetic diversity within the genotypes and so spiderplant ecotypes
grown in UM had the highest genetic diversity within them while LVVB had the lowest.
The Western Kenya ecotypes also had more within genetic diversity compared to the

eastern Uganda ones which tended to have lower polymorphism (Table 1.2).

Table 1.2: Genetic diversity within spiderplant ecotypes from different AEZs of

western Kenyan and eastern Uganda

AEZ No. of polymorphic Loci % of polymorphic Loci
UM 13 43.33
LM 15 50.00
MEFLs 10 33.33
LVB 4 13.33

The general genetic diversity for both among and within spider plant ecotypes were also
revealed by both the average gene diversity within populations Hs and the diversity for
the entire population shown by Ht (Table 1.3). When the two values for Hs and Ht are
different, both within and among genetic variations exist. The genetic variation among
the spiderplant ecotypes is however more significant than the within ecotypes variation as
revealed by the proportion of genetic diversity among populations Gst (Table 1.3). When

Gst is low (approaching 0), the majority of variation is found within populations and
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when it is high (approaching 1) the variation among a populations is significant than
within them. In this study, the Gst is above 0.5 and hence an indication that genetic
variation of spiderplant ecotypes from western Kenya and eastern Uganda results more

from among than within the ecotypes (Table 1.3).

Table 1.3: Genetic diversity for Subdivided PopuOolations of spiderplant ecotypes

grown in western Kenya and eastern Uganda.

Locus Sample Size Ht Hs Gst
Mean 12 0.2839 0.1284 0.5476
St. Dev 0.0309 0.0092

3.4 Discussion

Results obtained in this study revealed high genetic diversity in spiderplant ecotypes
grown in western Kenya and eastern Uganda. Populations of plants growing in a
particular AEZ have to enhance their fitness to the environmental conditions encountered
in that area. This leads to natural selection where the most favorable allele(s) increase in
frequency as the unfavorable alleles become rare and eventually disappear from the gene
pool. As this happens in each of the AEZs with time, the populations from different
AEZs (ecotypes) become more genetically distinct from the others. This kind of natural
selection where each ecotype became more adapted to its growing environment and more
genetically different from the other ecotypes contributed to the genetic difference among
the spiderplant ecotypes grown in western Kenya and eastern Uganda.

Rates of mutation and recombination also are dependent on environmental conditions and

have the potential to generate new genetic diversity in the population (Hoffmann and
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Harshman (1999). This may have contributed to genetic diversity between the spiderplant
ecotypes grown in western Kenya and eastern Uganda. Habitat heterogeneity, combined
with natural selection results in multiple, genetically distinct ecotypes within a single
species (Linhart and Grant, 1996).

Ecotypes growing in neighboring AEZs could also be more closely related genetically
compared to those growing in AEZs far off from each other. This is because there is more
likelihood of seed exchange between farmers and traders across closely neighbouring
AEZs as opposed to those that are far off from each other. This could explain why in this
study there was less genetic diversity between UM and LM and also between MEFLs and
LVB which are in the same country and physically closer to each other. MEFLs though
on the other side of the border, immediately neighbours the western Kenya AEZs and due
to its proximity seed exchange between farmers in this AEZ and those in the western
Kenya AEZs is more likely between than with LB which is further off from the border.
This explains why the spiderplant grown in MEFLs are more closely genetically related
the ones from the western Kenya side. Proximal distance has been found to affect genetic
variation in other plants. McCauley, (1995) examined spatial patterns of chloroplast DNA
in Silene alba, and found the most similar genotypes were those in close proximity to
each other. Zhang et al., (2009) found significant influence in the genetic diversity by
environmental conditions and the proximal distance between the populations of forage
grass Leymus chinensis.

The high within ecotypes genetic diversity of spiderplant ecotypes were as a result of
gene flow which is the transfer of alleles or genes between different populations of the

same species. Gene flow in plants takes place through seeds and pollen dispersal.
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Spiderplant (Cleome gynandra) is both self- and cross-pollinated with more likely high
rate of out crossing (Omondi, 1990). The pollinators are ants and flying insects and its
seeds are wind-dispersed (Chweya and Mnzava, 1997). This nature of seed and pollen
dispersal of spiderplant is therefore likely to be the cause of gene flow which is
responsible for the high genetic diversity within the spiderplant ecotypes. Wind
pollination and wind dispersal have been found to foster high genetic diversity. Ruiz et
al., (2006) observed that high gene flow through seed dispersal and/or pollen
dissemination is correlated with high levels of genetic diversity within populations.
Sombroek et al., (1982) did molecular characterization of mango species and also found
high genetic differences within populations which he attributed to gene flow since
mangoes are cross pollinated. Spiderplant ecotypes grown in western Kenya and eastern
Uganda therefore exhibited genetic variation as a result of factors causing variation

across different ecotypes and also and in plants within the same ecotypes.
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CHAPTER FOUR

NUTRITION STATUS OF SPIDERPLANT ECOTYPES GROWN IN

DIFFERENT AEZS OF WESTERN KENYA AND EASTERN UGANDA

4.1 Introduction

4.1.1 Nutritional quality of Spiderplant

Spiderplant (Cleome gynandra L.), has high nutritional value and is a good source of
vitamins and minerals. Its interest and popularity as a source of food and income, in
many parts of the world has been on the increase. In western Kenya and eastern Uganda
Spiderplant grows in different AEZs. The variation ecological conditions found in the
different AEZs are likely to cause differences in nutrition status of the Spiderplant. In this
study, the variations in vitamins A and C and minerals Ca, Mg and Fe levels in

Spiderplant grown in four AEZs of western Kenya and eastern Uganda were investigated.

4.1.2 Vitamins and Minerals

Micronutrients such as calcium, iron, vitamins A, and vitamin C have a great role in
boosting the human diet and in boosting immune system. Vitamin C, one of the most
important vitamins in the human body cannot be produced in the body and it has to be
entirely obtained through one’s diet (Kramer et al., 2005). About 90% of this vitamin
comes from mainly fruits and vegetables (Combs, 1992). Vitamin A which in plants is
found in carotenoid form is mainly obtained from dark green, leafy vegetables (Smith et

al., 1996). The carotenoid concentrations in vegetable crops are influenced by
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environmental factors such as light, temperature, and soil fertility (Kopsell and Kopsell,
2007). Spiderplant contains a considerable amount of the vitamins and its raw edible
parts have been found to contain a range of Vitamin C (127 — 484 mg), -carotene (6.7 -
18.9 mg), Calcium (213 — 434 mg), Magnesium (86 mg) and Iron (1 — 11 mg in 100 g)
(Mathooko and Imungi, 1994; Chweya and Mnzava, 1997). It is one of the ALVs whose
local production can provide households with access to foods rich in these
micronutrients. However spiderpant growing in different AEZs could vary in the vitamins
concentrations due to environmental variations in the AEZs.

Minerals are organic elements that originate in the soil and cannot be created by living
things, such as plants and animals (Barminas et al., 1998). Rainfall and temperatures
variations in the sub-Saharan Africa and the soil types determine the level and
availability of plant nutrients (Blair, 1999). The amount of minerals content in plants is
influenced a great deal by environment (Ceyhan, 2006) and therefore varies depending on
the environment where they are grown. This study investigated how these important
micronutrients, vitamins A and C and minerals Ca, Mg and Fe are affected by the AEZs

in western Kenya and eastern Uganda in which Spiderplant is grown.

4.2 Materials and Methods

4.2.1 Samples collection

Seeds planted in this experiment were obtained from the plants from which leaves for
molecular analysis in chapter two had been harvested. Plots one square metre were
planted each with seeds harvested from the same site AEZ UM and LM in western Kenya

and MEFLs and LVB in eastern Uganda. The resulting spiderplant crop from theses plots
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contained the three spiderplant morphotypes, green, purple and purple-green. Four weeks
after emergence, three bunches of plant samples representing each of the three spiderpant
morphotypes were harvested by uprooting and tying together ten plants of the same plant
colour. For vitamins analysis, the uprooted plant samples were put in a cool box and
transported by road to Makerere University Food Science Department laboratories where
the vitamins analysis was done. All the samples were delivered to the laboratories the
same day they were harvested. For minerals analysis, uprooted plants were packed in
brown paper bags and transported to Kericho Tea Research Foundation Chemistry
laboratories where the analysis was done. In the laboratories, the samples were washed
under tap water and excessive water dripped off. The edible parts were cut into small

pieces and homogenised using a blender for 2 minutes.

4.2.2 Vitamin C analysis

Standard Indophenol Solution was prepared by dissolving 0.05 g of 2, 6 dichlorophenol
Indophenol in water, diluted to 100 ml and filtered. The dye solution was freshly
prepared and standardized before use. Standardization of dye was done by pipetting 10
ml of standard Ascorbic acid solution in a small flask and titrating with the standard

Indophenol solution until a faint pink colour persisted for 15 seconds.

To Determine Vitamin C, ten grams of each collected spiderplant sample was
mechanically macerated in 100 ml of 1% metaphosphoric acid. The slurry was adjusted
to 250 ml with 1% metaphosphoric acid and filtered through Whatman filter paper. 50 ml

of the filtrate was pipetted into 100 ml volumetric flask and 25 ml of 20%
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metaphosphoric acid added then made up to volume. 10 ml of the mixture was pipetted
into a small flask and titrated with Indophenol solution per the method described by
AOAC (1984) until a faint pink colour persisted for 15 seconds. This was repeated three

times.

The concentration of Ascorbic acid (vitamin C) content was then calculated using the
formula:

Vitamin C (mg / 100 ml) = 20 (V) (C).
Where V is volume in ml of Indophenol solution,

C is Vitamin C per ml Indophenol solution expressed as milligrams of

Ascorbic acid equivalent to 1 ml of dye solution.

4.2.3 Vitamin A (p-Carotene) Analysis

Beta-Carotene was extracted and analyzed according to the procedure published by
Kurilich et al., (1999). 100 mg of sample were put into a test tube and 10 ml of ethanol
containing 0.1 g of BHT added. The test tube with the sample was placed in a water bath
at 70 °C for 15 min. After removing the tubes from the water bath, the tissue was
completely homogenized in a mortar and filtered through Whatman no. 42 filter paper.
Then 180 ml of 80% KOH was added to each tube. The sample was then saponified at 70
°C for 30 min to remove chlorophyll and other lipids. The sample tubes were placed
directly in an ice bath and 2.5 ml of de-ionized water and 2.5 ml hexane: toluene mixture
(10:8) was added. Then the tubes were vortexed and centrifuged at 2100 rpm for five

minutes. The upper layer hexane: toluene fraction was then transferred to a separate test
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tube. The hexane: toluene extraction was repeated two more times. The combined
hexane: toluene fractions were dried using a Speed-vac concentrator. The residue was
reconstituted in 200400 ml Tetrahydrofuran (THF). The solution was filtered on a 0.2
mm nylon filter and 20 ml of the filtered solution was injected in the Shimadzu High
performance liquid chromatography. The mobile phase consisted of acetonitrile:
methanol: THF (52:40:8) (v/v/v) at a flow rate of 0.7 ml/min. The absorbance was
recorded at 450 nm for B-carotene. The retention time for the standard  -carotene was
recorded as 6.192. The B-carotene analysis was done by open-column chromatography
using a magnesium oxide column to separate the carotenoids from xanthophylls on the
basis of polarity and this was followed by visible absorption spectrophotometry
according to AOAC (1984). The first fraction eluted was B-carotene. This was replicated

three times.

4.2.4 Minerals analysis

In the laboratory leaves and shoots (edible parts) were plucked from the plants, washed
and oven-dried at 100 °C in about 24 hours. The material was then milled into a fine
homogenous powder. 0.25 gm. of each of the milled samples was weighed into dry
specimen tubes and ashed for 4.5 hours in a muffle furnace set at temperature of 450 °C
for analysis of major elements i.e. Ca and Mg. To analyse Fe, 1.0 gm of the samples was
weighed and ashed for 8 hours.

The digestion mixture was freshly prepared by measuring 20 ml of the mixed acid and
30 ml of 20-volume hydrogen peroxide into a labeled dry clean digestion tube,

thoroughly shaking the mixture then pouring into a 25-ml burette.
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To each specimen tube containing the ashed samples 0.5ml of acid/peroxide mixture was
added. The tubes were put into a metal tray placed on electric hotplate and evaporated to
near dryness. The tubes were then removed and into each 25 ml of 0.05M Hydrochloric
(Hcl) solution added. The tubes were stoppered and shaken thoroughly. 2 ml of wet-
digested sample solution was pipetted into a 50 ml volumetric flask and made to mark
with distilled water. 15 ml of 1M Hcl was added to each flask and made up to 500 ml

with distilled water and kept in the reagent bottles.

Working solutions of the elements Ca and Mg were made by adding 50 ml of 1000 ppm
(stock solution) to 100 ml of distilled water to make 500 ppm. Standard solutions were

made by pippeting stock solution of the elements to make 0, 5, 10, 15, 20 and 30 ppm.

Determination of mineral elements done by atomic absorption spectroscopy (AAS) by
spraying sample solutions directly into the flame of the atomic absorption
spectrophotometer (wavelength 7665 A, slit 0.07 mm) starting with the blank. The
amount of the element was then read off from the solutions from the calibration curve.

This was repeated three times to obtain three separate readings for each element.

Iron standard solutions of 1000 ppm was prepared by dissolving 1.0 g of Iron metal wire
(99.9%) in 20 ml of 1:1 hydrochloric acid and diluted to 1 litre to give 100 ug/ml of Fe.
This standard solution was stored in a reagent bottle. Calibration Standards of 1, 2, 3, 4
and 8 ppm were made by pipetting 1 ml, 2 ml, 3 ml, 4 ms and 8 ml of 1000 ppm and
sprayed starting with the blank, Fe standard series and sample solutions in to the flame of
the atomic absorption Spectrophotometer at a wavelength of 248.3. Fe absorbance was

measured for the Fe standard series and a calibration curve of absorbance against
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concentration constructed. The sample solutions were then sprayed on the AAS and the
concentrations read off based on the curve in ppm. This was done three more times to

achieve three readings (replications).

4.2.5 Moisture Content Determination

Moisture percentage was calculated as outlined in the AOAC (1984). Five grams of well
mixed dried sample was placed in tarred moisture dish (about 75 mm wide and 25 mm
deep). The dish was placed in an air oven maintained at a temperature of 1052 °C and
dried for 2 hours. The contents were cooled in a desiccator and weighed. This was
repeated until the difference between two successive weighing was less than 1 mg and the

lowest weight recorded.
Moisture Percent by weight = 100 (M1 — M)/ (M1 — M),
Where M; is weight in gm. of dish with material before drying,
M, is weight in gm. of dish with the dried material

M is weight in gm. of empty dish.

4.3 Data analysis
The nutrients’ data was analyzed using the procedure of analysis of variance (ANOVA)
using Genstat computer package (2000). Separation of means was done by Tukey's 95%

confidence intervals.
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4.4 Results

4.4.1 Levels of Vitamins C and A (p-carotene) and Minerals Ca, Mg and Fe in
spiderplant ecotypes of western Kenya and eastern Uganda.

Levels of vitamin C and B—carotene in Spiderplant ecotypes grown in western Kenya and
eastern Uganda were found to differ (Table 2.1). The ecotypes grown in the western
Kenya AEZs had higher levels of both vitamins C and B-carotene compared to those
grown in eastern Uganda (Table 2.1). Spiderplant ecotype grown in UM had the highest
level of vitamin C and p-carotene followed by those from LM, MEFLs and LVB
respectively (Table 2.1). The levels of vitamin C differed significantly (P<0.05) between
the spiderplant ecotype grown in the western Kenya but the difference in $-carotene was
not significant. The differences in vitamin C and B-carotene levels were not significant
for the eastern Uganda ecotypes (Table 2.1).

Levels of minerals Ca and Mg in Spiderplant ecotypes grown in western Kenya and
eastern Uganda were found differ across the ecotypes but that of Fe did not (Table 2.1).
The spiderplant ecotypes grown in eastern Uganda had higher Ca and Mg minerals
content compared to those grown in western Kenya. The ecotypes from LVB had the
highest levels of both Ca and Mg levels followed MEFLs, UM and LM in that order

(Table 2.1). These differences were significant (P<0.05) across all the four ecotypes.
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Table 2.1: Amounts of Vitamins C and - Carotene, Calcium, Magnesium and Iron
(mg/100g) in spiderplant ecotypes grown in different AEZs of western Kenya and

eastern Uganda

AEZ Vit C B-Carotene Ca Mg Fe

UM 4456 a 103.02 a 1.902c 0.152¢ 1.383a
LM 346.2b 100.38a 1.650d 0.112d 1.000a
MEFLs 216.2c 73.10ab 2.167b 0.376b 1.224a
LVB 172.0c 61.99b 2.380a 0.577a 1.602a

Means with a common letter within a column are not significantly different compared by
a Tukey’s test at 5% confidence level

4.4.2 Levels of Vitamins C, p-carotene, Ca, Mg and Fe levels in morphotypes of
spiderplant grown in western Kenya and eastern Uganda

The level of vitamin C and [-carotene varied widely across the morphotypes of
spiderplant grown in western AEZs, with the green having the highest levels of both
vitamins (Table 2.2). In Vitamin C were highest in the green Morphotype followed by the
purple/green and then purple while B-carotene was highest in green but purple had higher
level than purple/green (Table 2.2). The levels of both vitamins however did not differ
significantly between the three morphotypes.

The levels of the three analyzed minerals, Ca, Mg and Fe also did not significanty differ

across the three morphotypes.
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Table 2.2. Amounts of Vitamins C and - Carotene, Calcium, Magnesium and Iron
(mg/100g) in spiderplant morphotypes grown in different AEZs of western Kenya

and eastern Uganda

Morphotype Vit C B-Carotene  Ca Mg Fe
Green 307.64 98.73 2.01 0.30 1.53
Purple 243.63 87.13 2.02 0.25 1.28
P/IG 272.11 56.41 1.99 0.35 1.09
Mean 274.46 80.76 2.01 0.30 1.30
Sig (P=0.05) 0.40™ 0.31"™ 0.78™ 0.13™ 0.50 ™

Means at 5% confidence level of significance according to LSD test

4.5 Discussion

Results from this study revealed that there is a large variation in nutrient levels of the
different spiderplant ecotypes grown in western Kenya and eastern Uganda.. Ecotypes
grown from the Western Kenya AEZs were found to be richer in the Vitamins C and -
carotene than those from eastern Uganda while the opposite was true for the minerals Ca
and Mg. The environmental factors like soil types, rainfall amounts and temperatures
regimes are different for each AEZ in which spiderplant was grown and could have been
the cause of variations on the nutrient levels of spiderplant ecotype. No manure or
fertilizer was added to the experimental plots and so plants nutrients were purely
dependent on the status and availability of the soil nutrients to the plants in the growing

area. Acidic soils are known to have a binding effect to minerals like Mg and Ca making
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them unavailable to plants. This may have contributed to the lower levels of these
minerals in spiderplant ecotypes grown in western Kenya compared to those grown in
eastern Uganda. In western Kenya AEZs the relatively more acidic soils may have led to
leaching of nitrogen making it less available to the plant. Low nitrogen supply to the
plant is likely to lead to enhanced carbohydrate production resulting to increased vitamin
C which is synthesized from carbohydrates (Worthington, 2001). Soils types in western
Kenya and eastern Uganda have been reported to vary, with western Kenya ones being
mainly humic nitisols while the eastern Uganda soils vary from lowland ferralsols to
highland nitisols (Delve and Ramisch, 2002). The largely nitisols rich soils in western
Kenya region are said to be much more Phosphorus deficient and more acidic than the
eastern Uganda ones (Delve and Ramisch, 2002). This could explain why Vitamin C
levels of spiderplant ecotypes grown in western Kenya were higher than in the eastern
Uganda ecotypes.

In addition to the soil types, high rainfall amounts too contribute to low pH and high
levels of aluminum which binds the basic minerals like Ca and Mg making them
unavailable to plants (Buol et al., 2011). In this study the spiderplant ecotypes grown in
western Kenya had lower levels of the minerals Ca and Mg compared to the lower
rainfall AEZs of eastern Uganda which could have been due to the unavailability of the
minerals to the plants in the wetter western Kenya AEZs. Studies by Yu et al. (2007) also
found that there were differences in Calcium and Magnesium concentration in leave
tissues due to different water supply amounts whereby more water supplies resulted to

lower minerals levels and low supply to higher minerals levels. Vitamins C levels in
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vegetable amaranth were also found to vary with rainfall conditions as well (Yauri et al.,
2011).

The variation in temperatures may too have contributed to the variations in the vitamins
C and p-carotene and mineral Ca, and Mg levels of spiderplant ecotypes grown in
western Kenya and eastern Uganda. Temperatures affect differently the absorption and
subsequent assimilation of nutrients leading to different levels the nutrients in the plant.
Since each of the four AEZs in western Kenya and eastern Uganda where the study was
conducted have different temperatures regimes, the rate of absorption and assimilation of
the various nutrients in each of the spiderplant ecotypes was different. This could have
influenced the levels of the minerals Ca and Mg and Fe in the spiderplant ecotypes. This
variation of vitamins and minerals to changing environmental temperatures may be
species specific. Other studies have revealed effect of temperature on various plant
nutrients in different crops. According to Lee and Kader, (2000), temperature has been
found to influence the composition of plant tissues during growth and development. In
rocket (Eruca vesicaria subsp. sativa) higher temperatures were found to result to higher
vitamin C content but reduced levels of Ca and Fe (Funda, 2011). PB-carotene
concentrations in the leaves of kale (Brassica oleracea L. variety. acephala D.C) was
found to increase with temperature increase from 15 to 30 °C, while increase of
temperature from 10 to 25°C resulted to decrease in 3-carotene concentrations in spinach
(Lefsrud and Kopsell, 2005). In this study spiderplant ecotypes grown in western Kenya
AEZs which have relatively lower temperatures had higher vitamins C and B-carotene
and lower minerals Ca and Mg levels while that grown in the warmer eastern Uganda

AEZs had lower levels of the same vitamins and higher levels of the minerals. A study by
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Kopsell and Kopsell, (2006) found accumulation of 3 -carotene in spinach and kales to be
influenced by environmental temperature.

Though spiderplant grows well in a wide range of AEZs, the levels of vitamins and
minerals content varies from one AEZ to another depending on soil types, rainfall and
temperature variations. Consumers of spiderplant grown in the different AEZs in western
Kenya and eastern Uganda benefit differently from the plant vitamins and minerals with
those in western Kenya benefitting more from the high vitamins levels while those from

eastern Uganda AEZs benefit more from the minerals in spiderplant.
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CHAPTER FIVE

QUALITY OF SPIDERPLANT SEEDS PRODUCED IN DIFFERENT AGRO-

ECOLOGICAL ZONES OF WESTERN KENYA AND EASTERN UGANDA

5.1 Introduction

ALVs are rarely cultivated deliberately to produce seed (Adebooye et al., 2005).but seeds
are harvested from remnants of crops after vegetables harvesting period is over. Seeds
allowed to mature naturally in the field can be subjected to potentially unfavorable field
conditions (TeKrony et al., 1980). Different farmers use their own practices to produce
ALVs seeds and such seed is of unknown quality. Some farmers normally apply nitrogen
fertilizers to boost vegetative growth of the ALVs for leave harvesting. Defoliation is
done as farmers harvest the tender shoots and leaves of ALVS for their vegetables
consumption. It is recommended that spiderplant seeds be harvested at yellow pod stage
(Kamotho, 2004). The seeds are normally harvested and dried while still in the pods
before threshing them. Such seeds still have high moisture content and drying them is
therefore a critical step in maintaining its quality. In this study effects of various farmers’
practices of top dressing with nitrogen fertilizer, defoliation, and seed drying practices on

seed quality of Spiderplant were investigated.

5.2 Materials and Methods
5.2.1 On- Farm Trials
Seeds harvested from tagged plants from which leave samples for the molecular

characterization in chapter three had been harvested in the previous season were used to
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plant these trials. Four on-farm trials were planted one in each of the four sites
Sigalagala-kakamega, Kanduyi Bungoma, Rubongi-Tororo and  Nakalama-lganga
representing the four AEZs, Upper midland (UM) and Lower Midland (LM) in western
Kenya and Lake Victoria basin (LVB) and Mt Elgon Farmlands (MEFLs) in eastern
Uganda. The plots were planted in 2x2 factorial experiments laid in a RCBD (Appendix
VI11) with topdressing with nitrogen fertilizer and defoliation of the plants by nipping off
of the terminal branch as the factors then replicated four times Each plot measured 1.2 m
x 1m with an 80 cm path between plots and blocks. No planting fertilizer was used. The
seed was drilled within rows of 70 cm spacing. After 2 weeks the plots were thinned to a

spacing of 25 cm inter row.

5.2.2 Nitrogen application

To investigate the effects of topdressing spiderplant with Nitrogen on seed quality,
Nitrogen was applied in form of CAN three weeks after germination in two treatments:
the first treatment TO- no top dressing was done while in the second treatment T1- 31.2 g
of CAN was applied to each of the 1.2 m2 plot representing CAN (26% N) application

rate of 100Kg/Ha.

5.2.3 Defoliation
To investigate the effects of defoliation on seed quality, plants were subjected to
defoliation treatments. The spiderplant was defoliated 4 weeks after planting. In the first

treatment (Do) no defoliation was done and in the second (D;) all the plants were
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defoliated by nipping off the terminal branch.

5.2.4 Seed drying

From each plot pods were harvested separately from the four selected plants representing
the three plants representing the three different of spiderplant morphotypes. Each of the
harvested pods samples was then subdivided into three more samples, which were dried
using different drying methods; open sun, shade and the standard recommended drying

condition using a dryer in the laboratory as control.

Open sun drying was done according to the way farmers do to create uniformity in all the
sites, samples were spread on canvas placed on wooden structure 1 metre high from the
ground under direct sunlight. The pods were dried every day as from 9 a.m. to 4 p.m and
kept inside a room in the farmers’ houses overnight. The temperature and relative
humidity were dependent on the environmental conditions prevailing in the experimental
sites. When the bad weather conditions during the experiment period made it not possible

to display pods for drying every day they remained inside in the house.

Drying under shade was done by creating shading conditions by using grass thatched
wooden structures which ensured there was controlled drying to avoid direct sun. Inside
the structure, the pods were laid on a linen sheet placed on wooden tables raised to one
metre high. All the pods were dried in the same ecological zones they were produced.
These conditions were done to simulate the conditions under which farmers dry their

seeds under farm conditions.

Drying using a Seed drier was done at the University of Eldoret Seed Technology

laboratories. The pods were placed in the drier and dried at 39 °C and 24 % relative
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humidity (RH) for four days. This was a control where by the seeds were dried under

ideal conditions.

5.2.5 Germination test

Pods of spiderplant produced using the two field treatment of topdressing and defoliation
and dried in the three different drying methods were separately threshed, and cleaned,
wrapped in aluminum foil paper and taken for seed quality testing at University of
Eldoret Seed technology laboratories. After cleaning, 50 seeds were counted from each
sample, arranged inside a Petri dishes on-top of paper number (ISTA, 1993). This was
replicated four times for each seed sample. Seeds in each replica was moistened, labeled
and placed in a growth chamber set at 30 °C in darkness. Starting from the 4™ day the
seeds were observed for germination, germinated seeds counted, recorded and removed
from the Petri dish. This was repeated daily up to the 10" day until no more germination
was taking place and it was concluded that the remaining seeds that had not germinated
were non-viable. The total number of germinated seeds for each replication were summed

up, divided by 50 and multiplied by 100 to get the germination percent.

5.2.6 Bulk electrical conductivity

To test for seed vigor of spiderplant seeds produced from the four AEZS and in the
different production methods, fifty seeds from each seed sample were weighed (0.01 g
precision) and soaked in 500 ml plastic cups containing 250 ml distilled water, for 24 h at
20 °C (Hampton & TeKrony, 1995). This was replicated four times for each sample.

Afterwards, the electrical conductivity of the solution was determined using a EC meter
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and the average values obtained for each seed lot were expressed in pS cm™ g™

5.3 Data analysis

Statistical analysis of the spiderplant seed quality was done with the statistical package
SPSS. Analysis of variance was done to test the significance of means and the separation
of the means done using Turkey’s 95% confidence intervals and LSD tests. Variation of
the seed quality for the different AEZs, seed production and drying methods were
determined by separated means of seed germination percent and the electrical

conductivity.

5.4 Results
5.4.1 The quality of seed from the four AEZs

The seed quality of spiderplant ecotypes grown in wastern Kenya and eastern Uganda
was different (Table 3.1). Spiderplant seeds grown in MEFLSs had the highest germination
% while those grown in LVB had the lowest but seeds of spiderplant ecotypes grown in
UM and LM in western Kenya did not differ significantly in germination % (Table 3.1).
On average quality of spiderplant ecotypes expressed in germination % for spiderplant
ecotypes grown in western Kenya was found to be higher than of the ones grown in
eastern Uganda ones. Difference in germination % for spiderplant seeds of the two
eastern Uganda ecotypes was significant (p<0.05) from each other (Table 3.1).
Spiderplant seed vigor expressed in EC was highest for the spiderplant ecotypes grown in
UM followed by that from MEFLs, LVB and LM respectively (Table 3.1). The difference

in seed vigor was significant (p<0.05) between seeds of spiderplant ecotypes grown in
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UM and MEFLs. Seeds from LVB and LM did not significantly (p=0.05) differ in seed

vigor as expressed by EC (Table 3.1).

Table 3.1 Quality (Germination % and EC) of spiderplant seeds produced in

different AEZs in western Kenya and eastern Uganda

AEZ Germination % EC (uscm™ g7)
UM 66.78" 32.6°
LM 67.63° 44.7°
MEFLs 71.55° 37.7°
LVB 50.47° 41.8"

Means with a common letter within a column are not significantly different compared by

a Tukey’s test at 5% confidence level,

5.4.2 Seed quality of spiderplant top-dressed with Nitrogen

The quality of spiderplant seeds was higher for the plants that were top-dressed with
Nitrogen at the rate of 100 Kg/Ha of CAN. The seed quality from the top- dressed plants
was significantly (p<0.05) higher than that from non-top dressed plants (Table 3.2.). The
vigor of the top dressed plants was also higher as their EC was lower compared to that of
those not top-dressed although the difference was not significant (Table 3.2). The effect
of top dressing spiderplant was found to vary across the AEZs as the interaction between
AEZ and topdressing was found to be significant for spiderplant seed quality (Appendix

V1IN
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Table 3. 2. Quality (Germination % and EC) spiderplant top-dressed with Nitrogen
fertilizer (CAN)

Nitrogen Treatment Germination % EC(uscm™g™)
0.0 57.95 38.4

31.2 65.33 36.6

Mean 66.40 37.5

LSD (P=0.05) 0.02* 0.8 ns

Means at 5% confidence level of significance according to LSD test

5.4.3 Effects of defoliation of spiderplant on seed quality

Defoliation by nipping of the terminal branch just before flowering had some effect on
quality of spiderplant quality. Seeds from the defoliated plants had slightly higher quality
than those that were not defoliated though the difference was not significant as expressed
by both germination % and electrical conductivity (Table 3.3). However the effect of
defoliation affected seed quality differently across the AEZ as the interaction between
AEZs and defoliation was found to be significant for spiderplant seed quality (Appendix
VIII).

Table 3.3 Effects of spiderplant defoliation on seed quality (Germination % and EC)

Defoliation Germination % EC (uscm™g™)
Defoliated 63.30 38.0

Not defoliated 59.98 37.1

Mean 61.64 37.5

LSD (P=0.05) 0.145 ns 0.09 ns

Means at 5% confidence level of significance according to LSD test
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5.4.4 Effects of seed drying method on the seed quality of spiderplant

The drying method used was found to have an effect on the seed quality of spiderplant
(Table 3.4). Laboratory dried seeds had the highest germination percent followed by
those dried under shade and then the seeds dried in the sun. Electrical conductivity was

highest for the sundried seeds followed by shade dried and then laboratory dried.

The differences in spiderplant seed quality in terms of germination percent and vigor
expressed in EC were significantly (p<0.05) different for the three drying methods with
the laboratory dried seeds having the highest seed quality followed by shade drying and
then sun drying in that order (Table 3.4). Drying seeds in the different AEZs also had an
effect on seed quality as the interaction between the AEZs and spiderplant seed drying

was found to be significant (Appendix VIII).

Table 3. 4. Quality (Germination% and EC) of spiderplant seeds dried using

different methods

Drying method Germination % EC (uscm™g™)
Sun 60.30a 39.3¢c
Shade 63.67b 37.2b
Lab 68.35¢C 36.4a

Means with a common letter within a column are not significantly different compared by
a Tukey’s test at 5% confidence level.

5.4.5 Seed quality of different spiderplant morphotypes
Seed germination percent was significantly (p<0.05) lower for seeds from the purple
morphotype compared to the other two whose germination percent did not significantly

differ (Table 3.5). The vigor expressed by EC was significantly (p<0.05) different for the
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three morphotypes being highest for purple, green and purple/green in that order (Table
3.5). Interaction between AEZ and spiderplant morphotypes was significant meaning that
Seed quality of Spiderplant morphotypes was differently affected by AEZ s in which the

spiderplant was grown (Appendix VIII)

Table 3.5: Seed quality (Germination % and Ec) of spiderplant morphotypes

Morphotype Germination % EC (uscm™ g?)
Green 66.23a 37.3b
Purple-green 66.21a 40.6¢
Purple 59.99b 35.0a

Means with a common letter within a column are not significantly different compared by

a Tukey’s test at 5% confidence level.

5.5 Discussion

5.5.1 Ecological effects on seed quality

In this study the AEZs in which spiderplant seeds were produced were found to affect the
seed quality of the spiderplant ecotypes. The variable environmental factors across the
AEZs being temperature, rainfall/moisture, and soils are likely to have played a role in
determining the variation in spiderplant ecotypes seed quality. MEFLs and UM AEZs
which generally are on higher altitudes and experience lower temperatures produced
higher quality spiderplant seeds compared to LM and LVB which are on lower altitudes
and experience higher temperatures. Exposure of the parent plant to different

temperatures affects the quality of seeds in several species (Egli and Wardlaw, 1980).
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Environmental temperatures during seed plant growth have been attributed to seed
quality of other crops with high temperatures being associated with low quality while
lower temperature lead to higher quality seeds. Low environmental temperatures
increases seed vigor by improving the quality of the seed coat which mediates seed
germination. Gibson and Mullen (1996) stated that high temperature during the first 10 to
30 days of seed development lowered germination and vigour. Egli et al. (2005) found
that high temperatures during the seed filling period lowered the germination and vigour.
This explains why generally the seeds harvested from the high altitude AEZs in western
Kenya and eastern Uganda that experience lower temperatures produced higher quality
spiderplant seeds compared to the warmer lower altitude AEZs.

Defoliation by nipping of the main branch of Spiderplants, just before flowering is done
by farmers to delay flowering in Spiderplant and other indigenous vegetables that flower
early in order to increase productivity. In this study it was also found to contribute to
improvement of spiderplant seed quality in terms of germination % and also seed vigor.
Defoliation could have acted to increase the light intensity and temperature thus reducing
competition for sunlight and air thus improving the photosynthesis process within the
plant canopy. This may have increased the mean seed weight by increasing the
carbohydrate and nutrient supply and on translocation patterns to the plant reproductive
parts. Also defoliation which leads to increased light intensity and canopy temperature
during seed development and maturation reduces seed infection by pests and diseases and
this may lead to production of health seeds free from infestation hence improving seed
quality. Results obtained by Gutema (2006) revealed that defoliation improved seed

germination percent of soybeans. Defoliation of maize plants has also been found to
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increase seed weight and quality of maize grains (Thomison and Allen, 2006). Removal
of leaves or flowers has been found to increase seed quality probably by removing
reproductive sinks.

In seed production nitrogen is added to ensure maximum growth of the side branches that
enhances seed yield (Browning and George, 1981). Results of this study revealed that
adding of Nitrogen by topdressing with CAN at the rate of 100 Kg/Ha resulted to
increased Spiderplant seed quality. The increase in seed quality due to addition of
Nitrogen can be attributed to improvement of nutritional status of the plant which is a
means of increasing the seed nutrient content. The seed nutrients like the proteins and
lipids in the seed provide valuable reserves for use during the early seed germination and
their increase therefore leads to increased seed quality. Increase in nutrient supply has
been found to increase seed quality. Seed germination and requires proteins at increasing
quantities. Higher soil nitrogen levels have been found to lead to increased protein
reserves in the seeds which are used during seed germination (Wang and Daun, 2006).
Prakash (2008) found that there was higher germination % and lower EC of Capsicum
seeds with more availability of nitrogen in the soil. Bodamwad et al. (2006) also found
that more availability of nitrogen in okra resulted in higher quality seeds.

In this study while drying spiderplant pods in a drier in the laboratory produced
spiderplant seeds with the highest quality, of the two spiderplants famers’ drying methods
shade drying was found to produce seeds with higher quality than sun drying. The
spiderplant seed quality expressed both in germination percent and seed vigor as
measured by EC was highest for seeds from the laboratory dried spiderplant pods. This

could be due to the fact that laboratory drying was done in controlled optimum conditions
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which resulted in maintaining the integrity of seed coat, intact embryo and non-breaking
of cell membrane in the seed. Sun and Shade drying of spiderplant pods was done at the
areas of production which were in different AEZs with varied environmental conditions
and these therefore affected differently the spiderplant seed quality. The lower quality
these farmers’ drying methods of pods of spiderplant as opposed to the laboratory drying
could have resulted from various causes including seed infection by fungi, rupturing of
seed coat, damaging embryo and endosperm depending on the prevailing environmental
factors. These findings are in agreement with other findings by Babiker et al. (2010) who
observed highest germination percentage for seeds dried in the seed dryer is opposed to
those dried in open sun under shade. Shade drying of the pods produced seeds of slightly
higher quality compared to the sun drying. This may have been due to the fact that the
areas in which the study was carried out could be rainy sometimes during the drying
operations during which the seeds dried under sun would have to be moved in and out of
houses every day and this may have affected the quality. Under shade the pods remained
in one place until when they were fully dry. Hong and Ellis (1996) also observed that the
result obtained from drying seeds under ambient environmental conditions depends
mainly on the season, location and species. Many times farmers prefer to keep the seeds
of spiderplant in pod and only thresh them about planting time. Farmers may therefore
prefer to dry their spiderplant seeds under shade for convenience if the quality is not
compromised. In a study on wild shrub, Millettia leucantha Vatke, endemic to east
Africa, Muthoka et al. (2003) found out that neither sun nor shade drying were
detrimental to seed quality.

The seed quality for the three morphotypes did not differ in this study. (K’opondo et al.,
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2011) found slight differences with the green morphotype giving a better germination

performance compared to the other two.
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CHAPTER SIX

GENEREAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

6.1. General Discussion

Seed quality depends on the genetic makeup of the hybrid and the environmental
conditions during the development stages of plant. In this study the genetic makeup and
seed quality of spiderplant ecotypes grown western Kenya and eastern Uganda were
found to have some relationship. The spiderplant ecotypes with higher % of
polymorphism had higher seed quality compared to those with low % of polymorphism.
The variation in seed quality for the genetically different ecotypes can be explained by
the fact that seed quality of seed is a trait characteristic of each individual genotype.
Ecotypes varying in genetic makeup are therefore likely to produce seeds with varied
quality. Genetic makeup influences plant traits and affect the amount of resources that a
maternal parent packs into its seeds and are used for seed germination and seedling
establishment (Wulff, 1995). Also the environmental alteration on gene structure in either
the endosperm or embryo of the ecotypes seeds, would affect the seed quality thus

causing differences in seed quality of different ecotypes.

The ecotypes grown in the western Kenya AEZs were found to vary in vitamins C and -
carotene and minerals Ca and Mg levels. The spiderplant ecotypes with high levels of the
Vitamins C and B-carotene generally had higher seed quality compared to the others.
There is therefore positive correlation between Vitamins C and B-carotene with seed
quality of spiderplant ecotypes grown in western Kenya and eastern Uganda. Variation in

nutrient levels of the ecotypes is likely to result to seeds with varied chemical
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composition and hence varied seed quality. Nutrient availability to the maternal plant

could potentially affect seed production and seed traits (Roach and Wulff, 1987).

Maternal plants of Senecio vulgaris with lower nutrient levels were found to produce

seeds with lower quality than those from plants with higher nutrient levels (Aarssen and

Burton, 1990). Germination of S. aralocaspica seeds was also found to be significantly

affected by maternal nutrient levels (Gutterman, 2000).

6.2 Study findings

Vi.

Molecular characterization of spiderplant ecotypes grown in western Kenya and
eastern Uganda established that there is genetic diversity existing in spiderplant
grown in the different AEZs in western Kenya and eastern Uganda.

The level of genetic variation was found to be positively correlated to the seed
quality with those ecotypes with higher % of polymorphism having higher seed
quality compared to those with low percentage of polymorphism.

Vitamins A and C (beta-carotene) levels were found to be higher in the western
Kenya ecotypes than in the eastern Uganda while the minerals (Ca, Mg, and Fe)
levels were higher in the ecotypes from eastern Uganda.

The nutrients levels were found to have also a positive correlation with seed
quality, with those spiderplant ecotypes with high nutrient levels having higher
seed quality compared to the ones with low nutrient levels.

Defoliation by nipping of the main branch of Spiderplants just before flowering
was found to improve the seed quality.

Topdressing spiderplant with 100 Kg of CAN per Ha four weeks after planting

resulted to higher quality of spiderplant seeds produced
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vii.  Drying spiderplant pods under shade produced higher quality seeds than drying

them under direct sun.

6.3 Recommendations

There is need for farmers in western Kenya and eastern Uganda to add nitrogen to their
spiderplant seed crop in order to enhance quality seeds. However the level of nitrogen to
be added to achieve best spiderplant seed quality need to be further investigated.
Defoliation of spiderplant by just removing the terminal branch of the spiderplant will
slightly improve seed quality. This study however did not investigate repeated harvesting
of leaves on seed quality. Farmers can therefore only nip off the terminal branches of
some of plants seeds and leave them to produce seed.

Drying spiderplant pods in the sun and under shade does not affect seed of spiderplant so
farmers can dry either way for as long as the seeds are adequately dry and to the farmers’

satisfaction.

6.4 Areas for future Research

Further research may seek to establish the following

There is need to confirm the ecological effects of spiderplant genetic makeup of
spiderplant by use of other genetic markers. The variation of spiderplant nutrients in
different ecological conditions and their interaction need to be established.

The optimal amount of nitrogen for production of good quality of spiderplant seeds in
different AEZs need to be established by investigating different levels of Nitrogen

treatments.



o1

REFERENCES

Aarssen, L.W. and Burton, S.M. (1990): Maternal effects at four levels in Senecio
vulgaris (Asteraceae) grown on a soil nutrient gradient, American Journal of
Biotechnology 77, 1231-1240.

Adebooye, O.C., Ajayil, S.A., Baidu, J.J. and Opabod, J.T. (2005): Seed constraint and
productivity of African indigenous leafy, Institute for Natural Resources in
Africa, Accra, Ghana, African Journal of Biotechnology 4 (13), 1480-1484,

Amien, 1. (1998): An agro ecological approach to sustainable development, In: Multiple
Objectives Decision Making for Land, Water and Environmental Management,
S.A. El-Swaify and D.S. Yakowitz (Editions). Lewis Publisher, Boca Raton,
Florida, USA, pp. 465-480

AOAC (Official Analytical Chemists) (1984): Official Methods of Analysis, 14th
Edition. Association of official Analytical chemistry, Washington, D.C

Archak, S.A.B., Gaikwad, D., Gautam, E.V.V.B., Rao, K.R.M. and Karihaloo, J.L.
(2003): DNA fingerprinting of cashew varieties of India using RAPD and ISSR
techniques, Euphytica 130, 397-404

Arnold, T.H., Wells. M.J.and Wehmeyer. A.S. (1985): Khoisan food plants, Taxa with
potential for future economic exploitation Field, editions). George Allen and
Unwin, London. , in Plants for Arid Lands Pp. 69-86

AVRDC (Asian Vegetable Research Development Centre) (2003): Progress Report.
Shanhua, Taiwan: AVRDC — the World Vegetable Center. pp. 158-159

Babiker, A., Zakaria,M., Ehsan, D.M.A., Mustafa, E. B. and Tahir. E.l.I. (2010): Effects
of low cost drying methods on seed quality of Sorghum bicolor (L.), The World
Vegetable Center, Shanhua, Taiwan, African Journal of Plant Science 4(9), 339-



52

345

Barminas, J T, Carles M and Emmanuel D (1998): Mineral composition of non-

conventional leafy vegetables. Plant Foods for Human Nutrition 53(1), 29-36.

Baruah, P. and Sarma, G.C. (1984): on the medicinal uses of plants by the Boro tribes of
Assam India, Journals of Economic, Taxonomy and Botany 5(3), 599-604.

Blair, R.A. (1999): Soil-related constraints in major farming systems of agro-
ecological zones of sub-Saharan Africa, African small ruminant research and
development in FAO document repository

Bodamwad, S.G., Rajput, S.G., Kolgane, S.S., Katkar, P.B. and Mamidwar, S.R. (2006):
Influence of Organic and Inorganic Fertilizers on Seed Quality and Seed Yield of
Okra Cultivar Parbhani krant, Journal-Maharashtra Agricultural Universities,
31(1), 130

Bressani, R. Gonzalez, J. M. Elias LG. and Melgar M, (1987): Effect of fertilizer
application on the yield, protein and fat content, and protein quality of raw and

cooked grain of three amaranth species, Plant Food Human Nutrition 37, 59-67

Browning, T.H. and George, R.A.T. (1981): The effects of nitrogen and phosphorus on
seed yield and composition in peas, Plant and Soil 61, 485-488

Buol, S.W., Southard, R. J., Graham, R. C. and McDaniel, P. A. (2011): Soil genesis and

classification, 5™ Edition. John Wiley and Sons pp 494

Ceyhan, E. (2006): Variations in Grain Properties of Dry Bean (Phaseolus vulgaris L.).
International Journal of Agricultural Research 1 (2), 116-124



53

Ceyhan, E., Kahraman, A.and Onder, M. (2011): Environmental Effects on Quality
Parameters of Plant Products, Biology, Environment and Chemistry 24, 23-27.

Chweya J.A. (1995): ldentification and nutritional importance of indigenous green leafy
vegetables in Kenya, Acta Horticulture 153, 99-108. 14.

Chweya, J.A. and Mnzava, N.A. (1997): Cat’s Whiskers (Cleome gynandra L.)

International Plant Genetic Resources Institute, Rome 54 pp

Combs Jr, G. F. (1992): The Vitamins: Fundamental Aspects in Nutrition and Health;
Academic Press, San Diego, California 4-6 and 24-5 and 223-249.

Conner,J.K., and Hart, D.L. (2004): A primer of ecological genetics, 6™ edition. Jones
and Bartlett Associates, Sunderland, Massachusetts, USA pp 854

Cullis, C.A. (1977): Molecular aspects of the environmental induction of heritable
changes in flax. Heredity 38,129-54

Delve, R.J. and Ramisch, J.J. (2002): Impacts of Land Management Options in Western
Kenya and Eastern Uganda. In Policies for Sustainable Land Management in the
East African Highlands, edited by S. Benin, J. Pender and S. Ehui, Washington,
D.C. and Nairobi, Kenya, International Food Policy Research Institute and

International Livestock Research Institute P59

Dursun, N. Ozcan, M.M. Kasik, G. Ozturk, C (2006): Mineral contents of 34 species of
edible mushrooms growing wild in Turkey, Journals of Science, Food and
Agriculture 86 (7), 1087-1094.

Egli, D.B.and Wardlaw,I. F. (1980): Temperature response of seed growth characteristics
of soybeans, Agronomy Journals 72, 560- 640



54

Egli, D.B. TeKrony, D.M. and Spears, J.F. (2005): High temperature stress and soybean
seed quality: Stage of seed development, Seed Technology 33, 345-352.

Ellis, R.H., Hong, T.D., Roberts, E.H. and Tao, K.L. (1990): Low moisture content limits

to relations between seed longevity and moisture, Journals of Botany 65, 493-504

Frankham, R. (2005): Genetics and Extinction: The rate of evolutionary change as
determined primarily by the quantitative genetic variation, Biological
Conservation 126(2), 131-140.

Funda, E. (2011). The effects of different sowing time practices on Vitamin C
and mineral material content for rocket Eruca vesicaria subspecies. sativa,
Research and Essays 6(15), 3127-3131.

Futuyma, D.J. (1998): Evolutionary Biology Sinauer, Associates Sunderland pp763

Gadgil, M., Berkes, F. and Folke, C. (1993): Indigenous knowledge for biodiversity
conservation, Ambio 22, 151-156.

George, R.A. T (1999): Vegetable Seed Production, 2nd edition. CABI, Wallingford pp
322

Gibson, L.R. and Mullen, R.E. (1996): Soybean seed quality reductions by high day and
night temperature, Crop Science 36, 1615-1619.

Gray, D. and Thomas, T.H. (1982): Seed germination and seedling emergence as
influenced by the position of development of the seed on and chemical
applications to, the parent plant, In The Physiology and Biochemistry of Seed
Development, Dormancy and Germination, edited by A. A. Khan. New York,
Elsevier pp 111-136



55

Gutema, E.D. (2006): The effect of canopy architecture and seasonal variations on
several seed quality attributes in Soybean (glycine max). A PhD thesis presented

to the of University of Putra Malaysia

Guleray, A., Ozkan A., Sedat, B., Serap, S., Filiz A.E. and Nalan, G.Y. (2010): Maternal
effects on seeds during development. In M. Fenner Seeds: The ecology of
regeneration in plant communities, 2nd edition, CABI Publishing Wallingford,
UK 59-64

Gutterman, Y. (2000): Maternal effects on seeds during development In M. Fenner
Seeds: the ecology of regeneration in planT communities. 2™ edition, CABI pp
59-84

Hampton, J.G. and Tekrony, D.M. (1995): Handbook of vigor test methods. Zurich, ISTA
pp.117

Hamrick, J.L. and Godt, M.J.W. (1996): Effects of life history traits on genetic diversity
in plant species. Philosophical Transactions, Biological Sciences 351, 1291-1298.

Hart, T., Kawongolo, I., Rubaihayo, J., Kakonge, E. and Mugisha, J. (2002): The
Identification and Recording of Indigenous Knowledge using Rapid Rural
Appraisal Techniques: The cultivation and utilization of Indigenous vegetables in
the Mpigi District, Uganda.” published by the Africa Region’s Knowledge and
Learning Center as part of an evolving IK partnership between the World Bank,
communities, NGOs, development institutions and multilateral organizations,

Indigenous knowledge Notes No. 79

Hoffmann, A.A. and Harshman, L.G. (1999): Desiccation and starvation resistance in
Drosophila: patterns of variation at the species, population and intrapopulation
levels. Heredity, 83(6), 637-643.



56

Hong, T.D. and Ellis R.H. (1996): A protocol to determine seed storage behavior: In
Engels J.M.M, Toll J, volume editors Technical Bulletin No. 1. International Plant
Genetic Resources Institute, Rome, Italy

(ISTA) (International Seed Testing Association (1993): International rules of seed

testing. Rules and annexes, Seed Science and Technology 21, 1-287

Jaetzold, R., Schmidt. H., Hornetz. B.and Shisanya, C. (2007): Farm management
handbook of Kenya vol. Ii — natural conditions and farm management information

— 2nd edition part A west Kenya Subpart A1 Western Province

Kigel, (1999): Culinary and nutritional quality of Phaseolus vulgaris seeds as affected by
environmental factors, Biotechnology. Agronomy and Social Environment 3 (4),
205-209

Kamotho, G.N (2004). Effects of Management practices, maturity stages, drying,
Packaging and storage conditions of seed quality of spiderplant (Cleome

gynandra L.), Department of Crop Science Moi University Kenya (MSc Thesis).

K’opondo, F.B.O., Muasya, R.M.and Kiplagat, O.K (2005): A review on the seed
production and handling of indigenous vegetables (spiderplant, jute mallow and
African nightshade complex) In: MO Abukutsa-Onyango AN Muriithi VE
Anjichi K Ngamau SG Agong A Fricke B Hau and H Stutzel (Eds) Proceedings
of the third Horticulture Workshop on Sustainable Horticultural production in the
Tropics. Maseno University, Maseno:42-4 Horticulture workshop on ‘Sustainable
Horticultural Production in the Tropics’ 26-29 November 2003 Maseno
University, MSU, Maseno Kenya pp 42- 48

Kopsell, D.A.and Kopsell, D.E. (2006). Accumulation and bioavailability of dietary

carotenoids in vegetable crops, Trends in plant science, 11(10), 499-507



S7

Kopsell, D.E. and Kopsell, D.A. (2007): Carotenoid pigments in kale are influenced by
nitrogen concentration and form, Journal of Science, Food and Agriculture, 87,
900-907

Kramer, B.K., Pultz, V.M. and McCormick, J.M. (2005): Vitamin C analysis, in
http://chemlab.truman.edu/chem120labs/vitamin C .html sited in 2008

Kumar, N.V.H., Narayanaswamy, P., Theertha, P.D., Mukunda, G.K.and Sondur, S.N.
(2001): Estimation of diversity of commercial mango (Mangifera indica L.)
cultivars using RAPD Markers, Journal of Horticultural Science and
Biotechnology, 76 (5), 529-533.

Kurilich, A., Tsau, G.j.,, Brown, A., Horward, L., Klein, B., Jeffery E. Kushad,
M.M.,Wallig M.A. and Juvik J.A. (1999): Carotene, topopherol and ascobate
contents in sub-species of Brassica oleroce, Journal of Agriculture and Food
Chemistry 47,1576-1581

Lee, K. and Kader, A.A. (2000): Pre-harvest and postharvest factors influencing vitamin

C content of horticultural crop s, Postharvest Technology 20 (3), 207-220

Lefsrud, M, and Kopsell, D.A. (2005): Air temperature affects biomass and carotenoid
pigment accumulation in kale and spinach grown in a controlled environment™,
Horticultural Science 40, 2026-2030

Linhart, Y.B and Grant, M.C. (1996): Evolutionary significance of local genetic

differentiation in plants, Annual Review of Ecology and Systematics 237-277

Lysiak, G. (2007): Fracture toughness of pea. Weibu analysis, Journal of Food
Engineering 83(3), 436-443


http://chemlab.truman.edu/chem120labs/vitamin%20C%20.html

58

Mathooko, F.M. and Imungi, J.K. 1994: Ascorbic acid changes in three indigenous
Kenyan leafy vegetables during traditional cooking. Ecology of Food and
Nutrition 32, 239-245.

Maun, M.A. and Cavers, P.B. (1971): Seed production and dormancy in Rumex crispus.l.
The effects of removal of cauline leaves at anthesis, Canadian Journal of Botany
49(7), 1123-1130

Maundu, P.M., Ngugi, G.W. and Kabuye, C.H.S. (1995): Traditional Food Plants in
Kenya, Kenya Resource Centre for Indigenous Knowledge, National Museums of
Kenya, Nairobi pp 270

McCauley, D.E. (1995): The use of chloroplast DNA polymorphismin studies of gene
flow in plants. Trends in Ecology and Evolution 10, 198-202.

Molles Jr, M.C. (2005). Ecology Concepts and Applications (3rd edition), New
York. The McGraw-Hill Companies, Inc pp.201

Muthoka, P.N., Probert, R.J. and Coomber, S.A. (2003): Seed quality studies in kenyan
Shrub Millettia leucantha. In Smith R.D. et al. (eds). Seed Conservation turning
science into practice, The Royal Botanic Gardens, Kew, United Kingdom,
Chapter 7 pp 135-149

Mwebaze, S.M. (2002): Country pasture/forage resource profiles, Grassland and pasture

crops programme Rome FAO

Nei, M. (1978). Analysis of genetic diversity in subdivided populations. Proceedings of
the National Academy of Sciences of the United States of America 70(12), 3321-
3323.



59

Okeno, J.A. Chebet, D.K. and Mathenge, P.W. (2003): Status of indigenous vegetables in
Kenya. Acta Horticulture 621, 95-100

Omondi, C.0. (1990): Variation and yield prediction analysis of some morphological
traits in six landrace populations of spider flower. MSc Thesis, University of
Nairobi, Kenya, Abstract

Onyango, A.M.O. (2002): Market survey on African indigenous vegetables in Western
Kenya. In: JM Wesonga, T. Losenge C.K., Ndung’u, K., Ngamau, J.B.M.,
Njoroge, F.K., Ombwara, S.G Agong, A. Fricke, B Hau and H Stutzel (Eds)
Proceedings of the second Horticulture seminar on Sustainable Horticultural
production in the tropics JKUAT 39-46

Prakash, V.P. (2008): Investigation on seed yield and quality as influenced by organics in
capsicum (Capsicum annuum), University of Agricultural Sciences, Dharwad.
(MSC Thesis)

Probert, R.J., Daws, M.I., and Hay, F.R. (2009): Ecological correlates of ex situ seed
longevity: a comparative study on 195 species, Annuals of Botany 104 (1), 57-69.

Rabbani, M.A., Iwabuchi, A., Murakami, Y., Suzuki, T.and Takayanagi, K. (1998):
Phenotypic variation and the relationships among mustard (Brassica juncea L.)
germplasm from Pakistan Euphytica 101(3), 357-36

Raoudha, A., Karimi, K., M’barek, B.N. and Leila, B.K. (2010): Genetic Diversity in
some Tunisian Barley Landraces based on RAPD markers, Pakistan. Journals of
Biotechnology 42(6), 375-3782

Ravi, HVyakarnhal, B.S. and Jagdeesh, R.C. (2007): Influence of Drying Methods of
Fruits on Seed Quality in Chilli (Capsicum annuum L.) in Karnataka J.
Agricultural Science 20(2), 269-271



60

Roach, D.A., Wulff, R.D. (1987): Maternal effects in plants. Annual Review of
Ecological Systems, 18, 209-235.

Rubaihayo, E.B. (2002). The Contribution of Indigenous Vegetables to Household Food
Security, Indigenous Knowledge Notes 44

Ruiz-Lozano, J.M., Porcel, R., & Aroca, R. (2006): Does the enhanced tolerance of
arbuscular mycorrhizal plants to water deficit involve modulation of
drought-induced plant genes, New Phytologist 171(4), 693-698

Saghai-Maroof, M.A., Soliman, K.M., Jorgensen, R.A. and Allard, R.W.(1984):
Ribosomal DNA spacer-length polymorphisms in barley: Mendelian inheritance,
chromosomal location, and population dynamics. Proceedings of the National
Academy of Sciences, 81(24), 8014-8018.

Salleo, S., Nardini, A., Raimondo, F., Gullo, M.A.L., Pace, F.and Giacomich, P. (2003:
Effects of defoliation caused by the leaf miner Cameraria ohridella on wood
production and efficiency in Aesculus hippocastanum growing in north-eastern
Italy. Trees, 17(4), 367-375.

Schippers. R.R. (2002): African indigenous vegetables, an overview of the cultivated
species, Chatham, UK. Natural Resources Institute /ACP-EU Technical Centre for

Agricultural and Rural Cooperation.

Smith and Eyzaguirre. (2007): African Leafy Vegetables: Their role in the world Health
Organization’s Global Fruit and vegetable initiative, African Journal for Food
Agriculture Nutrition and Development, ISSN 1684-5374

Smith, G.C., Dueker, S.R., Clifford A.J and Grivetti, L.E. (1996): Carotenoid values of
selected plant foods common to southern Burkina Faso, West Africa. Ecology of
Food and Nutrition, 35(1), 43-58



61

Sombroek, W.C., Braun, H.M.H. and van der Pour, B.J.A. (1982): Explanatory Soil Map
and Agro-climatic Zone Map of Kenya. Report, National Agricultural
Laboratories, Soil Survey Unit, Nairobi, Kenya, 56 pp

Steven, R.R., Jodie, S.H. and Claudio, G. (1997): Weed Ecology, Implications for
Management page 78.

Tekrony, D.M., Egli, D.B. and Phillips, A.D. (1980): Effects of field weathering on the
viability and on vigor of soybean seed, Agronomy Journal 72,749-753.

Thomison, P. and Allen, G. (2006): "Impact of Defoliation on Grain and Stalk Quality in
Corn." ASA-CSSA-SSSA International Annual Meeting

Turesson, G. (1992): The genotypical response of the plant species to the habitat.
Hereditas 3, 211-350.

Vieira, R.D., Tekrony, D. M., Egli, D. B. and Rucker, M. (2001): Electrical conductivity
of soybean seeds after storage in several environments. Seed Science and
Technology 29, 599-608

Wang, N. and Daun, J.K. (2006): Effects of variety and crude protein content on nutrients

and anti-nutrients in lentils (Lens culinaris). Food Chemistry, 95, 493-502.

Williams, J.G., Kubelik, A.R., Livak, K.J., Rafalski, J.A. and Tingey, S.V. (1990): DNA
polymorphisms amplified by arbitrary primers are useful as genetic markers,
Nucleic acids research journal 18(22), 6531-6535.

Worthington, V. (2001): Nutritional quality of organic versus conventional fruits,
vegetables and grains, Journal of Alternative and Complementary Medicine 7,
161-173



62

Wortmann, C.S. and Eledu, C.A. (1999): An Agro ecological Zonation for Uganda:
Methodology and spatial information, Network for Bean Research in Africa,

occasional paper series No. 30, CAIT, Kampala, Uganda.

WuIff, R.D. (1995): Environmental maternal effects on seed quality and germination. In
J. Kigel and G. Galili .Seed development and germination, Marcel Dekker, New
York 491-505

Yauri, U.A.B., Yahaya, Y., Bagudo, B.U. and Noma, S.S. (2011): Seasonal variation in
Nutrient content of some selected vegetables from Wamakko, Sokoto State,

Nigeria Journal of Soil Science and Environmental Management 2(4), 117-125.

Yu, X., Du, X. and Song, L (2007): Effects of water stress on the growth and eco
physiology of seedlings of Rhustypphina scientia, Silvge sinicae 43 (11), 57-61.

Zhang, J.F., Kimatu, J.N., Guo, W.L and Liu, B. (2009): Habitat fragmentation causes
rapid genetic differentiation and homogenization in natural plant populations. A
case study in Leymus chinensis African Journal of Biotechnology 8 (15), 3440-
3447



63

APPENDICES
Appendix I: RAPDS primers screened.

OPA-03 5-AGTCAGCCAC-3’, OPA-09 5-GGGTAACGCC-3> OPB-02 5’-
GGTGACGCAG-3’0OPB-07 5’-GGTGACGCAG-3’, OPB-10 5’-CTGCTGGGAC-3’,
OPB-20 5’-GGACCCTTAC-3’, OPD-19 5-GAGTCAGCAG-3’, OPM-17 5’-
TCAGTCCGGG-3°, OPR-04 5’-CCCGTAGCAC-3°, OPR-08 5’-CCCGTTGCCT-3’,
OPR-13 5’-GGACGACAAG-3’, OPR-17 5’-CCGTACGTAG-3°, OPS-04 5’-
CACCCCCTTG-3°, OPS-14 5°- AAAGGGGTCC-3’, OPS-19 5’-GAGTCAGCAG-3’,
OPU-08 5’-GGCGAAGGTT-3’, OPU-19 5-GAGTCAGCAG-3’, OPW-02 5’-
ACCCCGCCAA-3’, OPV-03 5’-CTCCCTGCAA-3’, OPV-06 5’-ACGCCCAGGT.
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Appendix I1: Molecular Diploid RAPD Data Set

Number of populations = 4

Number of loci = 30

Locus name:

0PB07-1 0PB07-2 OPBO7-3 OPB07-4

OPV06-1 OPV6-2 OPV06-3 OPV06-4 OPV06-5 OPV06-6

OPU08-1 OPU08-2 OPU08-3 OPU08-4 OPU08-5 OPU08-6

OPWO02-1 OPWO02-2 OPWO02-3 OPW02-4 OPWO02-5 OPW02-6 OPWO02-7 OPWO02-8
OPW02-9

OPD20-1 OPD20-2 OPD20-3 OPD20-4 OPD20-5

Name = UM

0011 010011 010100 000001100 10010
0011 000000 010100 000001110 00000
0010 000111 000000 000011111 00100

Name = LM

0111 001110 000000 000011100 01110
1111 001111 101100 111111111 00110
0111 001110 101001 000111100 00000

Name = MEFLs

0000 010110 000000 000000100 01011
0000 000100 000000 000000000 00000
0000 010001 000000 000001100 00100

Name =LVB

0000 001001 000000 000101000 01100
0000 001001 000000 000100001 01100
0000 001100 000000 000100000 01100



Appendix I11: ANOVA for Vitamin C

Source of variation d.f. S.S. m.s.

Rep stratum 2 14195.  7098.
AEZ 3 419536.  139845.
Morphotype 2 198307.  99153.
AEZ.Morphotype 6 303361.  50560.

Residual 22 58678. 2667.
Total 35 994077

V.I. F pr.

2.66

52.43 <.001
37.18 <.001
18.96 <.001
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Appendix IV: ANOVA for g-carotene

Source of variation
Rep stratum

AEZ

Morphotype

AEZ.Morphotype
Residual

Total

d.f.

2
3
2
6

22
35

S.S. m.s.
1425.8 129
11088.8 3696.3
4371.7  2185.9
11589.6 1931.6
16136.5 733.5

44612.4

V.I.
0.97
5.04
2.98
2.63

F pr.

0.008
0.072
0.044
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Appendix V: ANOVA for Ca

Source of variation d.f. S.S.
Rep stratum 1 0.19984
AEZ 3 1.81158
Stem_coulour 2 0.02351
AEZ.Stem_coulour 6 0.10136
Residual 11 0.24631

Total 23 2.38260

m.s.

0.19984
0.60386
0.01175
0.01689
0.02239
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V.I. F pr.

8.92

26.97 <.001
0.52 0.606
0.75 0.619



Appendix VI: ANOVA for Fe

Source of variation
Rep stratum
AEZ
Stem_coulour
AEZ.Stem_coulour
Residual

Total

d.f.

1
3
2
6
11
23

S.S.
4791841.
1162770.
765084.
3438021.
10532613.
20690329.

m.s.
4791841.
387590.
382542.
573004.
957510.

V.I.
5.00
0.40
0.40
0.60

F pr.

0.753
0.680
0.727
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Appendix VI1: Seed production experiment, Plot layout

< 772m >
A
ToDo ToD: T:Do T.D;
Rep 1
Rep2 | ToD, ToDo T.Dx T:Do
6.4 m

Rep3 | T.D, ToDo ToD: T:Do
Rep4 | 1, T,D, ToD; ToDo

\ 4
KEY N
TO - Not top dressed with CAN W <—I—> E
T1- Top dressed with 120g of CAN S
DO- Not defoliated

D1- Defoliated
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Appendix VI111: Tests of Between-Subjects Effects
Dependent Variable: Germination

Type 11l Sum

Source of Squares df | Mean Square F Sig.
Corrected Model 165168.326(a) | 143 1155.023 42.578 .000
Intercept 2367238.674 |1 2367238.674 | 87264.025 | .000
AEZ 37561.396 3 12520.465 | 461.545 .000
Morp 5134.264 2 2567.132 94.633 .000
N 7084.028 1 7084.028 261.140 .000
Defol 70.840 1 70.840 2.611 107
Dry 6270.899 2 3135.450 115.583 .000
AEZ * Morp 6318.000 6 1053.000 38.817 .000
AEZ * N 3603.514 3 1201.171 44.279 .000
AEZ * Defol 798.396 3 266.132 9.810 .000
AEZ * Dry 8201.156 6 1366.859 50.387 .000
AEZ * Morp * N 16647.028 6 2774.505 102.277 .000
AEZ* N * Defol 607.819 3 202.606 7.469 .000
AEZ * N * Dry 6073.163 6 1012.194 37.313 .000
AEZ * morp * Defol 6246.083 6 1041.014 38.375 .000
AEZ * Morp * Dry 7495.542 12 624.628 23.026 .000
AEZ > Morp * N * Defol 1797.056 6 299.509 11.041 .000
AEZ * Morp * N * Dry 13754.514 12 1146.209 42.253 .000
AEZ * N * Defol * Dry 1873.566 6 312.261 11.511 .000
AEZ * Morp * Defol * Dry 11339.667 12 944.972 34.835 .000
AEZ * Morp * N * Defol * Dry | 7944.778 12 662.065 24.406 .000
Error 11719.000 432 | 27.127

Total 2544126.000 | 576

Corrected Total 176887.326 575

a R Squared =.934 (Adjusted R Squared = .912)

Based on observed means

*The mean difference is significant at the .05 level.




