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ABSTRACT 

The study was conducted to work out the relation and conservation strategy of thc endcmic 

Klliphofia species by comparing their distribution, demography, reproductive biology, and 

genetic diversity. The KllipllOfia species studied include KlliphoJia foliosa, K. hildebralldtii, 

K. illsignis, K. isoetijolia, K. schill/peri and K. plllllila. 

The experiments performed were divided into field, greenhouse and laboratory. The field data 

were collected from nine experimental sites each with a size of 20 m X 20 m plot. The data 

collected from field and greenhouse include demography, reproductive and quantitative 

morphological phenotypic characters. The laboratory studies consist of karyotype, isoenzyme 

analysis and sequencing of tmL-tmF intergenic spacer of the chloroplast DNA. 

The results obtained from the distribution data showed that the KllipllOfia species are spread 

in waterlogged grassland to openings in the montane forest on the mountainous part of the 

country ranging from 2000 m.a.s.l. to 4000 m.a.s.l. KnipllOfia foliosa, K. isoetijolia, K. 

schill/peri are relatively widespread than K. insignis and K. hildebrandtii. 

The results from demography and reproductive biology have shown that Kniphofia species are 

clonal plants that reproduce asexually and sexually. The meristems from the rhizomes give 

rise to new ramets that later produce their own rhizome. The new rhizome remains attached 

with the mother rhizome (underground stem). K. foliosa and K. isoetijolia have runners that 

give rise to new ramets that have the potential to be physiologically independent clones. K. 

foliosa has the highest and K. hildebrandtii the smallest number of ramets in the experimental 

sites. The presently studied Kniphofia species have protandrous flowers and pollinated by 

Tecezze sunbirds (Nectarilla tacazze). The fruit to flower ratio ranges from 0.17 to 0.7. 
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Klliphofia species have 2n =12 number of chromosomes and the karyotype is 1m + 3sm + 

2sm. The homologous pair in each species has different total chromosome lengths except the 

short arms of chromosome V and VI (p< 0.05). The dendogram made based on the 

morphology of the mitotic chromosomes indicated close relationship among all except K. 

foliosa. 

The genetic diversity of the Klliphofia species as a whole is higher than what is described for 

endemic species. The total genetic diversity at the polymolphic loci ranges from 0.123 K. 

foliosa to 0.396 in K. sclzimperi. The genetic variation harboured among the species is only 

6.6%. They have high genetic identity and very low genetic distance than congeneric species. 

Despite their closeness, K. illsigllis showed divergence on the cladogram made based on the 

genetic similarity values. 

The trnL (UAA)3'-trnF (GAA) intergenic spacer of chloroplast DNA of the Klliphofia species 

has very low diversification among the species. The variations realized from the alignment of 

the sequences were one length mutation (indel) and four substitutions (transversion). The 

phylogenetic study of the species needs molecular markers that can provide sufficient 

parsimony-informative characters. 

The results of the studies indicated that the two geographically restricted species (K. 

hildebralldt;; and K. illsigllis) might need due attention when compared to the rest of the 

endemic species due to the land use changes taking place at present. Other wise, none of the 

studied population in the studied Klliphofia species are endangered because of genetic erosion 

or inbreeding. 
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1 INTRODUCTION 

1. 1 Family Asphodelaceae 

The genus KlliphoJia Moench belongs to the family Asphodelaceae. According to Smith and 

Van Wyk (1998), the family includes two subfamilies: Asphodeloideae and Alooideae. These 

two subfamilies contain 17 genera and ca. 780 species that are mostly herbaceous and woody 

with trunks reaching to several meters high. These are mainly distributed in arid and mesic 

regions of the temperate, subtropical and tropical zones of the Old World. The main centre of 

distribution of the family is in Southern Africa. 

According to Dahlgren et al. (1985), the family Asphodelaceae includes mostly herbaceous 

and some woody members with trunks reaching to several meters high. The members have no 

secondary thickening except in the species of Aloe and KlliphoJia. The roots are inflated, 

fusiform and some with multi-layered velamen. Leaves are a11'anged spirally, and are 

dorsi ventral, thick, succulent, and the shape varying from linear or subulate to thickly conical 

or even elliptical. The stomata are anomocytic or tetracytic, rarely paracytic. The vessels 

occasionally have scalariform pelforation plates. The parenchymatous, aloine cells are 

arranged as a cup at the phloem pole of most vascular bundles of the leaf of Alooideae and are 

lacking in subfamily Asphodeloideae and these cells secret a range of anthraquinones and 

other substances. The inflorescence is spicate, racemose or paniculate. The flowers are 

bisexual, trimerous and hypogynous. The tepals are free to fused with their colour varying 

from white or rose-coloured to bright red andlor yellow pmple and greenish. The stamens are 

6 in number arising from the base of the ovary. The filaments are free from each other with 

dorsifixed-epipeltate anthers. The pistil is syncarpous, 3-carpellate and 3-locular with two 

numerous ovules per locule. It has long style with a small stigma of dlY or wet type. 
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Placentation is axial. The flUit is a loculicidal capsnle and contains arillate seeds, which are 

elongate, ovoid and sometimes winged in some species of Ere/llllrlls. The endosperm cells 

stores lipids and aleurone. The embryo is straight, linear and occupies three quarter of the 

length of the endosperm. 

Van Wyk et al. (1995) identified seven anthraquinones from the rhizomes of 46 species 

belonging to the subfamily Asphodeloideae in the genera Asphodeills, Asphodelille, BlIlbille, 

BlIlbillel/a and Kllip/lOfia. One of which, 1,8-Dihydroxyanthraquinones based on 

chrysophanol unit was found to be the main constituents of the subterranean metabolism of 

subfamily Asphodeloideae. But the genera BlIlbille, BlIlbillel/a and Kllip/lOfia showed 

kniphofoline-type compounds, which characterizes the three genera from the rest of the 

subfamily and they concluded that the genus Klliphofia is not related to the Alooideae. 

Additionally, Van-Staden and Drewes (1994), and Dagne and Steglich (1984) isolated 

anthraquinone knipholone from fresh bulbs of BlIlbille latifolia and BlIlbille fl'lltescellS that 

supports the placement of Kllip/lOfia and BlIlbille within the subfamily Asphodeloideae. 

Beaumont et al. (1985) showed the difference between the genus Klliphofia and the other 

genera in Aloe, Cha/llaealoe, Astroloba, La/llatophylllllll, Gasteria, HaIVorthia, Asp/lOde/i/le, 

Asphodeills, BlIlbille, El'ellllll'lIS and Trachya/ldra based on the presence or absence of thin

walled parenchymatous cells in the inner bundle sheath of the species in the genera. The 

presence of a thin-walled secretory tissue together with the compounds secreted in many 

species under the genera suggested relationship among all except genus Klliphofia. In the 

genus Knip/lOfia, the inner bundle sheath has lignified sc1ercnchymatous cells that make it 

different from the other group. 
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of the Tropical Africa species. Baijnath (1980) worked on the leaf anatomy in order to assist 

in the classification of the genus. 

The species of Klliphofia in general are herbaceous medium-sized perennial plants (Smith and 

Van Wyk, 1998) and show variation in size according to the site and water available (Marais, 

1973). Their habitats range from low and wet Savannah grassland from about 900 m.a.s.!. to 

montane and alpine vegetation about 4400 m.a.s.!. K. gralltilli Bak. from Burundi (J. Levalle, 

Coil. No. 3072, at Kew Herbarium) represents an example of Klliplwfia species from the 

Savannah vegetation and K thomsollii Barker val' thomsollii from Kenya (0. Aut., Coil. No. 

92, at Kew Herbarium) represents the alpine habitat. 

Sebsebe and Nordal (1997), recognised seven species of genus Klliplwfia in the Ethiopian 

flora. The species concept followed was according to Sebsebe and Nordal (1997). They are 

Klliplwfia foliosa Hochst., K. hildebralldtii Cufod., K. illsigllis Rendle, K. isoetifolia Hochst., 

K. pl/Illiia (Ait.) Kunth, K. scilimperi Baker and K. tholllsollii Baker. Of these, K. foliosa, K 

hildebralldtii, K. illsigllis, K. isoetifolia, and K. scililllperi are endemic to Ethiopia. 

Klliphofia pI/mila and K. tlwlllSOIl;; are widely distributed from West Africa to Eastern and 

Central Africa. According to Marais (1973), Klliphofia tholllson;; is common in Kenya, 

Uganda and Tanzania, in particular on Mount Killimanjaro. 

Other studies conducted were on the secondary metabolites and ill-vitro propagation. Berhanu 

et al. (1986) extracted aloe-emodin, aloe-emodin acetate, chrysophanol, islandicin and 

knipholone from the rhizomes, leaves, flowers, and flUits of K. foliosa, K. illsigllis, K. 

isoetifolia, K. pl/Illila, and K. schilllperi. They used anthraquinones to show the variation 
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among the species and as taxonomic markers in the Ethiopian Klliphofia species. The endemic 

Klliphofia species based on presence or absence of chrysophanol (anthraquinone) in the 

flowers were separated into two groups. K. il1Sigl1is and K .pllmila make one group and the 

rest of species the other. In addition to these, the study revealed that anthraquinones as the 

major secondary metabolites of the genus. 

McAlister and Van-Staden (1996) indicated the applicability of in-vitro propagation in the 

genus Kl1iphofia. They propagated plantlets, which were successfully hardened off in a 

seedling mix in the mist house for 2 weeks. The plantlets were generated from the apical 

regions of a stolon of Klliphofia pallcij10ra on Murashige and Skoog medium supplemented 

with 100-mg 1-1 myo-inositol, 3% sucrose and 0.8% agar. They used Kinetin (2 mgl) and 

NAA (1 mgl) to obtain shoot development. Furthermore, Nayak and Sen (1992) studied the 

behaviour of chromosomes and level of 4C nuclear DNA content of the root tips of 

regenerated plants derived from rhizome explant of KllipllOfia Ile/sollii and Klliphofia ltvaria. 

Their result indicated that there is no much difference between the plantlets. Lindsey et al. 

(1998) pointed out the importance of Kelpak, a seaweed concentrate prepared from Eck/ollia 

maxima (Osbeck) Papenfuss to increase root growth and plantlet establishment when applied 

as a soil drench following the planting of in vitro grown plantlets of KllipllOfia pallcij10ra 

Bak. Thus, plantlets regenerated in-vitro propagation can be a potential resources for 

conservation. 

The genus Kl1iphofia is found useful in the field of Horticulture and is grown in home and 

botanical gardens. It is also used as cut flowers, which indicates its aesthetic and economical 

importance. The species of Klliphofia in cultivation are known by common names, such as 

red-hot pokers and torch-lights (Cox, 1986). Some naturalized garden escapes were reported 
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from Australia indicating their early uses as horticultural plants (Conran, 1987). Beside this, 

according to Dagne and Steglich (1984), Berhanu et al (1986), and Bringmann et al. (1999), 

the secondaty metabolites from genus KllipJlOjia have medicinal uses. Such as, knipholone 

and related natural phenylanthraquinones are considered to be a new group of potential 

antimalarials and anthraquinone aloe-emodin known to exhibit antileukemic properties. Also, 

the roots of Klliphojia joliosa are used in traditional Ethiopian medicine for treatment of 

abdominal cramps. Furthermore, naturally occuuing species of KllipJlOjia are important as 

honeybee-plants for pollen source and nectar (Fichtl and Adi, 1994). 

In this study, the distribution, 'instant' demography, reproductive biology, variation in 

quantitative morphological Phenotypic characters, katyotype, genetic variation were 

considered and this is followed by their relationship studies based on chloroplast DNA 

sequence of the Klliphofia species in Ethiopia. Previously no comprehensive studies have 

been conducted to investigate their reproductive biology, demography, the genetic variation 

and the phylogenetic relationship of these species although the basic taxonomy has been 

studied as part of the Ethiopian Flora Project. This study may assist any future conservation 

plan, which tend to cover the habitats of the species of Klliphofia in Ethiopia. 
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2 LITERATURE REVIEW 

The global loss of genetic diversity and species extinction, especially in area of high species 

diversity like in tropical rain forests, is taking place at an alatming rate. This could destabilize 

global climate and biochemical cycles thereby leading to potential disastrous effects. 

Therefore, it is necessary to conserve those areas with species of potential medicinal, 

agricultural, recreational and industrial values (Bekele, 1986; Falkner et al., 1997; Ginsberg, 

1999). 

One of the serious threats to the maintenance of biodiversity is the fragmentation of habitats 

that occurs throughout the world and turned habitat into sets of isolated remnants. As a result, 

many natural plant populations have become small and isolated. These subdivided 

populations have a higher proportion of homozygotes as a result of genetic drift and Wahlund 

effect and thus may face risks of extinction because of loss of genetic variation or 

demographic factors (Saunders et al. 1991). Such as, endemic plants, which are in the lists of 

global conservation priorities that were once widespread, are now found in pockets of suitable 

habitats and their extinction might be a greatest and irreversible loss of genetic resources 

(Templeton et al., 1991; Kelbessa et al., 1992; Pieko-Mirkowa et al., 1996; Ginsberg, 1999). 

The present structure of endemic plant populations is based on the past history of their 

ancestors, abiotic and, biotic factors and on human activities, which causes their isolation, 

rarity and endangerment compared to their widespread relatives (preville, et al., 1998; Bevill 

and Lauda, 1999; Thompson, 1999). Their survival and fitness is dependent on performance, 

spatial arrangement, and genetic structure of the population, stochastic and catastrophic 

disturbances. These aspects are closely linked and are a continuum6f j·eaction. Moreove/', the 
• 
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upsets m one aspect modify or determine survival and fitness of population and may 

eventually result in the extinction of the species (Holsinger and Gottlieb, 1991). The ability of 

endemic plants to persist depends on the interaction between their life history traits and the 

environmental factors (Fiedler, 1987; Ellstrand and Elam, 1993). 

A species is defined as "rare" when it occurs in a small number throughout its range or has 

narrow geographical range. It suffers the risk of extinction if its present environment is 

changed even if it is not yet threatened with extinction (Rabinowitz, 1981). According to 

Reveal (1981), a species is considered as "endangered" if it is threatened by factors that 

reduce its capacity to reproduce and survive. Depauperate genotype, past or present climate 

changes, age of taxon, pollination biology, land use change, and the environment affecting the 

germination and growth of individuals could result to endangering species (Fiedler, 1987). 

Most of the endemic plants and plants with clonal growth are identified as having low genetic 

diversity and being at a disadvantage in the future, although there is a need for complete 

documentation of the total distribution area that a species occupies. In addition, the combined 

dynamic factors related to their actual and potential existence are needed (Aparicio and 

Garicia-Mattin, 1996; Witkowski and Liston, 1997; Bosch et al., 1998). Furthermore, effect 

of loss of genetic diversity and other stochastic events, on the present or future survival of the 

species may be studied by comparing them with related plant taxa that are co-occurring and 

are likely to be exposed to similar stochastic and evolutionary pressure (Bevill and Louda, 

1999). 

2.1 SPATIAL STRUCTURE OF POPULATION 

Clonal plants, unlike the non-clonal plants, are capable of naturally producing potentially 

independent offspring by means of vegetative growth and have a capacity to multiply by both 
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sexual and vegetative reproduction (Harper, 1977). The genet (genetic unit), which grows 

from seed once established, branches to form new independent units; ramets (physiological) 

that remain connected to a parent for the time. This constitutes the basic characteristics of 

clonal growth (Hartnett and Bazzaz, 1983; Hutchings and de Kroon, 1994, Oborny, 1994). 

Clonal plants include some of long-lived and invasive plants that are assumed more abundant 

in arctic, aquatic, shady habitats, and under nutrient-limited conditions. Clonal growth 

substantiates low population growth by means of vegetative reproduction and scarcely 

spatially distributed resources can be made available by division of labour (Callaghan et aI., 

1992; Alpert, 1996). Like all other non-clonal plants, the spatial structure of clonal plant 

population is affected as the abiotic and biotic component of the environment varies 

throughout their habitat. These can affect the distribution and performance including plant 

weight, size, height, productivity and fitness of a population (Crawley and Weiner, 1991; 

Wijesinghe and Hutchings, 1997). 

The spatial structure of the clonal plant depends on the relative magnitude of the two mode of 

reproduction; sexual or vegetative (Harada and Iwasa, 1996). The amount and spatial pattern 

of recruitment of sexually reproduced seedlings are influenced heavily by spatial distribution 

of flowers, dispersal mechanisms and seed establishment at the time of seed dispersal, which 

determines distribution of adult plants. Therefore, the spatial structure of population may be 

regular (uniform) or aggregate (clumped) than randomly distributed (Rabinowitz and Rapp, 

1980). In some plant species seeds are dispersed in clumps and others are dropped close to 

mother plants in high density. Therefore, if all seeds are equally likely to germinate they give 

a clumped spatial structure of a population. But, in most cases, the spatial structure of the 
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population can be regular because seeds are dispersed farther away from the mother 

(Augspurger, 1983). 

In addition to these, microhabitat has effect on the germination of seeds, which positively 

facilitate or inhibit germination of con-specific seeds. The clumping of seedlings may 

generate intra-specific competition and leads to density dependant mortality of seedlings. 

Moreover, the distribution of the seedling or spatial pattern of reclUitment is affected by the 

spatial stlUcture of established plant, competition with parent adult plants or predators 

attracted or pathogens harboured by the parent adult plants, which leads to scattered or 

clumped spatial population stlUcture (Augspurger, 1983; Fisher et a/., 1991). 

In clonal plants species, offspring produced vegetatively are found close to their parents. The 

degree of spatial clumping depends on the strategy of the genet in distribution of the ramets. It 

can be phalanx strategy where the ramets are compact or clumped together or guerrilla 

strategy where the ramets are connected with long internodes and wonders away from the 

genet (Harper, 1977). According to Schimid et al. (1995), the vegetative mode of 

reproduction in clonal plants is not associated to the size-fecundity relationships, and there is 

no evidence of a minimum size for clonal growth. The vegetatively produced ramets can 

remain connected to the parent plant for unlimited period or the connection can decay any 

time from the point that the ramet produced its own root (Hartnett and Bazzaz, 1983). The 

clonal plants have an advantage of nutrient and water reallocation between ramets within 

clonal fragments from more suitable microhabitat to less suitable, which may reduce the 

competition among the member of the same genet (Alpert, 1996). 
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The other features that could vary the sltucture of population are the plant weight, size, 

height, productivity and fitness. Productivity depends on spatial and temporal aspects of 

flowering, which influences the pattern of pollination, dispersal (Johnson, 1992; Murali and 

Sukumar, 1994) and the number of flowers, which mature to seeds. In most cases it is 

asymmetrical in population with different ages, which is composed of small number of large 

plants and many small ones. 

The resource availability, competition and genetic differences have effect on the size 

hierarchy of a population (Liddle ef al., 1982; Cannell ef al., 1984). These factors affect the 

size of individual plants, survival and spatial sltucture of a population. The variation become 

more asymmetric as the difference in size increases among the plants. It has a major effect on 

lifetime reproductive success such that the frequency of flowering and mean annual fecundity 

is higher for plants from higher size classes than one from lower size classes. Because of the 

linear relationship between the minimum size to be attained and sexual reproduction output, 

thought size-fecundity relationships show significant genotypic variation and phenotypic 

plasticity.(Matthies, 1990; Schmid and Weiner, 1993). It also affects the productivity and 

persistence of the population, which ultimately measure the pelformance sllucture of a 

population in the future (De Jong and K1inkhamer, 1989; Kunin and Shamida, 1997). 

2.2 DEMOGRAPHY 

Demographic studies helps to understand the birth and death rates or increase and decrease in 

the density of plants at particular life histOlY stages, and have been used widely to model the 

dynamics of plant population (Harper, 1977; Silvertown ef al., 1993). The study reveals the 

population structure, genetic variability and vulnerability to natural selection. According to 

Silvertown and Lovett-Doust (1993), the relative change in number of organisms at a given 
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place per time in a population is describe by demographic parameters, where the finite rate 

increase or annual increase is described as Ie = Nt / Nt _ 1 or the relative increase between the 

ratio of the demographic factors that contribute to change of dynamics of population; 

Nt(B+DlNt _I(D+E). The net result determines whether the population remain stable, Nt = Nt -I; 

Ie = I, or increase Nt > Nt-I; Ie> I or decrease Nt < Nt _ I; Ie < I. 

The prediction of the increase or decrease in population density does not tell anything about 

the mechanisms that controls the dynamics of population or growth of population that affects 

the demographic factors such as the age or stage in the life history of a population that is 

important to the annual net increase; Ie. This may be identified by projection matrix or 

transition matrix: based on the age, stage, or combining both age and stage (Law, 1983; 

Silvertown et al., 1993; Bullock et ai, 1996; Vavrek ef al., 1997; Caswell, 1998; Rivas and 

Owens, 1999). 

2.3 GENETIC STRUCTURE 

Genetic diversity is highly needed during adaptation to environmental changes and is 

necessary to preserve the long term-evolutionaty potential of a species. It is responsible for 

the survival and reproduction of the organism in the contemporary and future environment 

(Clegg, 1997). It influences the physiology, demography, and performance of population or 

individual. It is the basic component of population and community, and for the evolution of 

higher level of biodiversity. It is an indispensable prerequisite for the function of our 

biosphere (Vida, 1994). It is found distributed or clumped in a plant population. The 

nonrandom distribution of genetic variation is often referred to as genetic sttucture of a 

population (Loveless and Hamrick, 1984). 
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The sum total of the genetic constitution (genotypes) of the member of a species makes the 

gene pool of the species, and the variation in the gene pool is expressed in terms of either 

genotypic or gene frequency (Brown et al., 1990). The richness or evenness of alleles 

describes the degree and level of genetic diversity at gene level. Richness of allele measures 

the diversity and the total number of distinct allele at a locus in the population. Evenness 

measures frequency of the different types in the population or samples or lack of variation 

among the frequencies of alleles. The genetic diversity is high when the number of alleles is 

large and has equal or low variance in the frequency (Hamerick and Godt, 1989; Brown, 

1990). 

The genetic variation is measured by estimation of the proportion of polymorphic loci or 

polymorphism in a population and heterozygous individuals per locus or heterozygosity. The 

level and distribution is estimated based on mOlphological or phenotypic variations, 

electrophoresis of soluble proteins, nuclear or plastid DNA (Bekele, 1983; Brown et al., 1990; 

Liu and Fumier, 1993). The total genetic variation within each species can be partitioned into 

individual within and among population, and species levels. The stochastic forces and 

recombination states affect genetic variations at each level as well as the different 

evolutionary forces such as directional and non-directional selections (Barrett and Kohn, 

1991 ). 

The loss of genetic variation has a net effect on the fitness and viability of the various 

hierarchical levels. At the level of individual, it increases homogeneity and leads to 

inbreeding depression, which is reflected by fitness of the individual. At popUlation level, 

often related to adaptation to local environment conditions, can distupt the local gene pool 

and can reduce the chance of adaptation to local environmental changes. At the species level, 
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loss of diverse populations reduces the potential of the species to respond to environmental 

changes at regional or global scale (Karron ef al. 1988; Jain, 1994). 

The causes for the reduction of genetic variation include random genetic drift and founder

effect acting upon the truncated size of rare and endangered plant species that can be 

comparable to a population with a bottleneck or a population size lower than the genetic 

effective number. ill addition to these, high level of inbreeding followed by strong directional 

natural selection of rare alleles in a limited number of environments leads towards 

homozygous and lower level of heterogeneity (Barrett and Kohn, 1991). The genetic effective 

number (effective population number) is much smaller in many rare and endangered plant 

species and it would be worse in smaller population. Continuous reduction in size, as in case 

of rare and endangered species, can lead to loss of alleles and results in a significant loss of 

variations (Maruyama and Fuerst, 1985; Hauser et al., 1994; Frankham, 1995) thus leading to 

extinction. 

2. 4 ISOENZYMES ANALYSIS 

One of the most common methods to study genetic variation in plants, based on allele that 

codes for soluble enzymes, is starch gel electrophoresis of proteins. Isoenzymes can be 

resolved from most plants regardless of their habitat, age (though in most cases a young plant 

is needed) and size and virtually any plant tissue can be sampled from leaf, roots, pollen 

grains and callus. So, the technique is very versatile. It is most suited to analyse the genetic 

variation at the population, subspecies and species level. The results obtained from isoenzyme 

analysis are comparable with other techniques used to study genetic diversity in organisms. 

One advantage over the rest may be, that the isoenzymes loci are co-dominant and 
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heterozygotes can be scored directly (Crawford, 1983; Ramirez et al., 1987; Brown, 1990; 

Berg ancl Hamrick, 1997). 

Isoenzymes show Mendelian inheritance, most are co-dominant, they rarely exhibit epistatic 

interaction and allelic frequencies can be calculated from their band phenotype. Therefore, the 

levels and distribution of genetic diversity within and among population can be compared 

directly. The isoenzyme data enables to estimate genetic variability within population or 

species. The parameters are: percentage of polymorphic loci (P), the mean number of alleles 

per locus (A), mean number of alleles per polymorphic locus (PA), the effective number of 

alleles at a locus (Ae) and the excepted proportion of heterozygous of loci per individual (He) 

(Hamrick and Godt, 1989). The fixation index that results from excess or deficiency of 

heterozygotes is determined using Wright's (1951) fixation index for diploid or Nei's (1973, 

1978) can be applied for multiple allele system to compare genetic diversity within 

popUlation, among population and species. The Wright's (1951) fixation index indicates level 

of heterozygosity at population level (Fls), among population (FIT) and among species (FST). 

In Nei's genetic diversity statistics (Nei, 1973), the total genetic diversity (HT) is partioned 

within population (Hs), among population (DST) and species (GST) averaged over all 

polymOlphic loci. 

The measurement of genetic variation depends on the extraction buffer, homogenisation 

process, electrolysis buffers, interpretation of the band phenotype and the electrophoresis 

methods including current, and the buffer conditions (Kephart, 1990). The structure of 

proteins does affect the appearance of zymogram. The protein, which makes up the enzyme 

molecules, can have a primary, secondary, tertiary or quaternary structure. The number of 

protein molecules can be one, two, three, or more, which are encoded by one locus or 
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multilocus. The bands are referred as monomeric, dimeric, tetrameric 01' multimeric. Under 

electric field, the individual polypeptide exhibits different movement depending on its charge 

and mass. This is exhibited as band phenotype either singly 01' combined with the rest of the 

polypeptide molecules that constitute the enzyme. This gives homomeric 01' heteromeric band 

features, which may be interpreted as homozygous 01' heterozygous genotypes. The 

heterodimers contain two bands for monomeric enzyme, three bands for dimeric, five bands 

for tetrameric 01' multiple number of bands for polymeric enzyme (Wendel and Weeden, 

1990). 

According to Berg and Hamrick (1997) the type of enzymes that are assayed are less than 50. 

Most of these catalyse metabolic process, either respiration or photosynthesis. The number of 

individuals taken to identify the number of genetic variability in plant population ranges from 

30 to 50 individuals and 10 to 20 allozymes loci. 

2. 5 CHLOROPLAST DNA 

Chloroplasts are intracellular plastids, which include DNA and ribosomes. The typical 

terrestrial plants chloroplast DNA (cpDNA) is a circular molecule and the size ranges from 

120 kb to 160 kb. It varies little in size, stlUcture and gene content among Angiosperms. The 

circular DNA is characterised by two large, ca. 25 kb inverted repeats that divide the 

remainder of the genome into one large and one small single copy region (Sugiura, 1989). 

According to Palmer and Thompson (1982) and Raubeson and Jansen (1992), all conifers and 

one group of the legume family have substantially smaller chloroplast genome in which on 

copy of the inverted repeat is missing and in the parasitic plant Epijagus (Orobanchaceae) a 

massive deletions including a loss of numerous genes has been reported by dePamphilis and 

Palmer (1990). The changes in gene order and content in the chloroplast genome are rare and 
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typically arise through inversion of a portion of the genome or through the loss of a gene 

(Sugiura, 1989). The chloroplast gene content of Tobacco, Nicofialla fabaclIIlI, exhibited a 

typical gene content of angiosperms with a total of approximately 113 different genes, 

including four rRNA genes, 30 tRNA genes, and putative protein coding genes (Shin ozaki ef 

al., 1986). 

Chloroplast DNA has been used to study phylogenetic relationships and the pattern of 

geographical distribution from the species level to higher taxa, but not all, the species studied 

(Soltis ef aI., 1992; Sewell et al., 1996). The advantage using the chloroplast DNA for 

phylogeny inference is its small size and that most genes in the chloroplast genome are single 

copies compared to nuclear genes, which often are multigene families (Palmer et al., 1988; 

Olmstead and Palmer, 1994). Beside this, there are substantial numbers of reports that have 

shown a number of mutations in the chloroplast genome. These are stlUctural changes such as 

base substitutions, stlUctural rearrangements with many inversions and gene or intron 

deletions, and base substitutions. However, the chloroplast genome is considered conservative 

and it has a low evolutionary rate at the nucleotide sequence level. This feature of the cpDNA 

leads to limited applicability to infer phylogeny at population and among closely related 

species (Downie and Palmer 1992). 

Most of the molecular approaches used to infer phylogeny are applicable for the chloroplast 

DNA. One of the sequences used in the inference of phylogeny in plants are the non-coding 

region of chloroplast tmL (UAA) intron, and the intergenic spacer between the tmL (UAA) 3' 

exon and the tmF (GAA), which are easily amplified and relatively small in size (Olmstead 

and Palmer, 1994). The tmL (UAA) intron ranges from 350 bp to 600 bp and the trilL (UAA) 

3'-trnF (GAA) intergenic spacer ranges from 120 bp to 350 bp (Taberlet etal., 1991). 
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3 OBJECTIVES 

3. 1 General objective 

To study the demographic patterns, reproductive biology, genetic variations, and relationships 

of the endemic KnipllOfia species: Kniphofia foliosa, K. hildebrandtii, K. insignis, K. 

isoelifolia, and K. schilllperi. 

3. 2 Specific objectives 

To study the distribution, "instant" demography and the reproductive biology of the species 

and variation in the quantitative morphological phenotypic characters 

To determine karyotype, the magnitude of genetic variation and the relationship within and 

among the population 
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4 MATERIAL AND METHODS 

4.1 BIOLOGICAL MATERIALS 

The biological materials used in this research are KllipilOjia species that occur in Ethiopia: 

KnipilOjia joliosa Hochsl., K. hildebrandtii Cufod., K. insigllis Rendle, K. isoetifolia Hochsl., 

K. pllllliia (Ail.) Kunth and K. scililllperi Baker. Seeds of these species were used to cultivate 

the plants in the greenhouse of the University of Oslo and seeds from all the species were 

sown in pots in December 1997. The seeds were collected from each experimental site from 

August to Febtuary in 1998 and again in 1999. The seeds of the individual mother plants were 

collected separately. Voucher specimens of each species is deposited in the National 

Herbarium of Addis Ababa University and in the Biology Department of the University of 

Oslo. 

4. 2 EXPERIMENTAL SITES 

Experimental sites were selected for the Kniphojia species. Selection of the site was based on 

the data obtained from the National Herbarium of Addis Ababa University. Two experimental 

sites were selected for each species, except for K. hildebrandtii. The experimental site for K. 

hildebrandtii was one. Experimental plot was established for the endemic Kniphojia species 

at each experimental site. The size for each of the experimental plots was 20 m X 20 m. 

4. 2. 1 KllipllOjia joliosa Hochst. (1844) 

The experimental sites were located at Dinsho (Dn), in the compound of Bale Mountains 

National Park main office, and at Egdu (Ali Doro, AD). Dinsho is located 406 km south east 
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of Addis Ababa in Bale Zone in Oromia Region, at 7° OS' N & 3So 4S' E and 30S0 m.a.s.!. The 

vegetation of the site is montane forest. The vegetation cover includes PodocaJjJus, Juniperus, 

HypericulIl, Hagenia, Phillippia (now = Erica), shrubs, herbs and grass families. A stretch of 

approximately 25 km along the main road is covered by K. foliosa, from a place called 

Sebsebe Wash to Dinsho. Egdu (Ali Doro, AD) is located 145 km north of Addis Ababa at 

9°20' N & 37" 13' E and 3040 m.a.s.l. The site has red soil with much rock olltcropping. The 

telTain is sloping hills surrounded by farmlands. At this site, along the road, though not 

continuous the species covers about 4 km. 

4. 2. 2 Klliphofia hildebmlldtii Cufod. (1971) 

The experimental site is located at Raffeso Alenga (Gheddo, Gh), 210 kIn west of Addis 

Ababa in Chelia Zone in Oromia Region, on the road towards Fincha Sugar Factory at 9° 0 I' 

N & 37" 30' E and 2450 m.a.s.l. It was probably montane forest but now it is converted to 

overgrazed grassland with newly planted Eucalyptus seedlings. The site is located on top of 

the hill overlooking the montane forest below and it faces towards southeast. There are 

scattered individuals of K. hildebmndtii for ca. 10 km along the road to Fincha Sugar Factory, 

and for about 4 km along the road to Nekemte. 

4. 2. 3 Kllip/wfia illsigllis Rendle (1896) 

The experimental sites are located at Bu110 Workie (BW) near Debre Birhan area and at Lega 

Shekole (Torban Ashie, TA). Bu110 Workie is located 133 km northeast of Addis Ababa in 

Debre Birhan Zone in Amhara Region at 9° 19' N & 39° 31' E and 3000 m.a.s.l. The site is 

grassland and it is usual1y flooded during the rainy period, 'Kiremt'. There are more K. 

insigllis plants than observed elsewhere in ca. 5 km of area. Lega Shekole (Torban Ashie) is 
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located 120 km, northwest of Addis Ababa in Fiche zone in Oromia Region at 9° 20' N & 37° 

12' E and 3140 m.a.s.l. It is flat and intensively cultivated area, which is flooded during the 

rainy period, 'Kiremt' by river Lega Shekole. The K. illsigllis plants are growing on fallow 

land or in an area reserved for animal fodder production and along the course of rivers among 

grass. 

4. 2. 4 Klliplzojia isoetifolia Hochst. (1844) 

The experimental sites are located at Cheffa Jallo (Bekojji, Bkl and Gessie (Dinsho, Dnl. 

Cheffa Jallo is located 200 km south of Addis Ababa in Arssi zone in Oromia Region at 9° II' 

N & 38° 30' E and 2400 m.a.s.l. The site is marshy grassland and a spring is flowing through 

the site. Even during the dry season, the area is wet and the plants are seen flowering. The site 

is surrounded by farmland. Gessie is located 395 km south of Addis Ababa in Bale zone in 

Oromia Region at 7° 08' N & 39° 48' E and 3050 m.a.s.! or 5 km from Bale Mountains 

National Park main office towards Addis Ababa. Plants grow among grasses and the area is 

flooded during the rainy period, 'Kiremt' and remains covered by water up to October. 

4. 2. 5 Kniphofia schimperi Baker (1874) 

The experimental sites are located at Entoto (En) and at Goro Wonchi (Gwl. Entoto is located 

10 km north of Addis Ababa in Addis Ababa zone in Oromia Region at 8° OS' N & 37° 54' E 

and 2800 m.a.s.!. There are scattered woody plants of Erica arborea and Juniperus procera. 

K. schimperi grows in a Eucalyptus plantation on the slope of the hill. Goro Wonchi is found 

ISS km west of Addis Ababa in western Shewa zone in Oromia Region at 9° 07' N & 38° 43' 

E and 3010 m.a.s.l. There are species of Erica arborea, and very much scattered JUlliperus 
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procera and Hagellia abyssillica plants K. schilllperi grows among Erica arborea plants on 

the slope of the hill. 

4.3 DISTRIBUTION OF ENDEMIC KNIPHOFIA SPECIES 

The data to determine the distribution of KllipJlOjia species were collected from the National 

Herbarium of Addis Ababa University (ETH), Royal Botanical Garden; Kew (K), and of the 

Natural History Museum of London (BM). This data set was supplemented by personal 

observations made during data collection. 

4.4 FIELD DATA COLLECTION 

The field data collection was made on 'instant' demography, reproductive biology and 

quantitative morphological phenotypic characters of the species. The day one in the data 

collection was approximately correlated with the flowering time of the individual Klliphofia 

species. Each plant, in the experimental plots, was identified by co-ordinates (X and Y) from 

fixed points marked by pegs. Measurements were taken to the nearest centimetres. 

4. 4. 1 "Instant" demography 

The data were collected in two censuses the first at flowering and the second at flUiting. Data 

were collected on each plant in the 20 m X 20 m plot established at each experimental site. 

The data set is composed of number of genets, number of ramets in individual genets, width 

of genet and life stages. Similar data were collected from pot plants grown in the greenhouse 

at the University of Oslo. 

In addition to these, the ramets were classified into categories based on life-stages. The rank 

and number of leaf were considered as an indicator of transformation from one life-stage to 
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the next. The categories are (I) juvenile vegetative (JV), (2) matured sterile vegetative (MSV) 

(3) flower and (3) old or senescence (O)(which has old inflorescence peduncle). The flower 

life-stage was subdivided into (a) just growing inflorescence stage (J01), (b) bud stage (B), (c) 

flowering stage (FL) and (d) ftuiting stage (FU). Juvenile vegetative stage (JV) contains those 

ramets with a size less than the minimum size of the flowering individuals in the population. 

Matured sterile vegetative stage (MSV) contains those ramets that have acquired the size of a 

flowering individual but without any sign of sexual reproduction. Just growing inflorescence 

stage (JGI) includes those ramets with growing peduncle. Bud stage (B) includes ramets only 

in bud stage. All ramets with opened flowers were considered as flowering stage (FL) 

although, a flowering ramet can posses bud, opened flowers, and ftuits because of sequential 

opening of the flowers. The fruiting stage includes ramets only at the stage of fruiting. 

4. 4. 2 Reproductive biology 

The experiments used to determine the reproductive biology were studies of phenology, 

pollination experiments and pollen viability test. Meiosis was also studied in order to analyse 

the chromosomal pairing and segregation during gamete production. 

4. 4. 2 1 Phenology 

The phenology of the flowers was almost completely determined by greenhouse experiments 

at the University of Oslo, though additional observations were made in the field. The stages in 

floral development were followed from the time the buds were breaking until they wither

away or began to set fruits. The stamen and the pistil lengths were measured and the exertion 

behaviour was followed to determine whether the flowers were protandrous or protogynous. 

Moreover, everyday until the experiment was stopped and all the flowers were dry, the 
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number of buds, open flowers and dried flowers were counted, and the length of time of the 

opened and dried flowers were measured. 

4. 4. 2. 2 Pollination experiments 

These experiments were conducted on the experimental sites and in the greenhouse at the 

University of Oslo. In the field, six randomly selected plants were used. The pollination 

experiments were of two types. (1) Augmentation experiment: ten individual opened flowers 

were selected from each inflorescence as the experimental series, and other ten flowers as the 

control series. The flowers were marked with different coloured threads. Each flower, in the 

experimental series, was hand pollinated three times per day for three consecutive days. The 

source of pollen were plants outside of the experimental plot. (2) Bagging Experiment: six 

young inflorescences at bud stage were covered by paper bags to exclude external pollen and 

visiting pollinators. At time of fmiting, fmits from the experimental and control series were 

collected. Fmits from each individual mother plant were collected separately, and the seeds 

were counted. In addition to these, the type of pollinator and their foraging behaviour were 

observed during data collection period. 

In the greenhouse selfing, crossing within and between species, including reciprocal crosses, 

were conducted. Six plants with fully opened flowers were used for each cross. five fully 

opened flowers from an inflorescence were used as staminate and another six as pistilate 

flowers for each type of cross. The hand-pollination was done consecutively for three days. 

Starting date was when the stigma was assumed receptive (watery stigma). Different colour 

threads marked the different crosses. The control series were composed of all flowers that 

were not considered in the crossing experiments. 
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4. 4. 2. 3 Pollen fertility test 

\The pollen viability test was conducted using cotton blue lactophenol mixture. Pollens from 

fully opened anthers were taken and soaked in cotton blue lactophenol mixture. Fertile pollen 

grains, stained and dark coloured, were counted under light microscope. Their percentage out 

of the total pollen count was calculated. From each slide, five plates were counted in order to 

reach a total of 500 pollen grains. Digital photographs of fertile and malformed pollen grains 

together with the pollen coat were made in TIFF formats (tagged image file format) and later 

enhanced in Adobe PhotoShop (Adobe PhotoS hop program, 1989 - 1998, USA.) or NIH

image (National Institute of Health image program modified for Window by Scion 

Corporation, 1998, USA.). 

4. 4. 3 Quantitative morphological phenotypic characters 

The quantitative morphological phenotypic character measurements were taken at time of 

flowering and fruiting. The characters considered were: rank of leaf (RL), number of leaf 

(NL) , length of leaf (LL), width of leaf (WL), length of inflorescence (LI), length of raceme 

(LR), number of flowers (NF), length of oldest flower (LOF), number of bracts below flower 

(NBBF), width of bract (WB), length of bract (LB), length of stamen (LS), length of pistil 

(LP), aborted fruits (ABFU) , and counted number of fruits (CNFU). Greenhouse data were 

also collected to compare the relati ve growth of the greenhouse plants with those in the field. 

4.5 LABORATORY EXPERIMENTS 

4. 5. 1 Karyotype 

Root tips from specimens grown in the greenhouse at the University of Oslo were used for the 

analysis of the karyotype. 2 - 4 cm long root tips were obtained and put into cold tap water in 
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a vial. The vials were kept in a trough with ice cubes and stored in a refrigerator for an 

average of 24 hours. The root tips were then transferred into clean vials and fixed in 3 parts 

ethanol: I parts glacial acetic acid (volume parts) for 2 hours. They were then hydrolysed in 

IN HCI for 10 minutes at 60°C. After brief rinsing in water the meristem was dissected out in 

a drop of 45 % acetic acid and cell wall was broken by gentle tapping with a forefinger. The 

preparation was stained in aceto-orecin and slide was heated to spread the chromosomes and 

clear the cytoplasm. The meristem was further clUshed with the thumb on the cover slip with 

the slides between layers of absorbent paper. This process was repeated with intermittent 

heating and checking with light microscope until the chromosomes were seen spread. 

Permanent preparation was made by freezing and embedding the slide in Euparal. 

The slides were analysed using Zeiss Universal microscope with immersion lens 100x 11.3 

and ocular lOx with optovar 2x. Mitosis was hand drawn with a Camera Lucida. The images 

of five to ten cells with spread chromosomes were captured with an Apple Video camera 

connected to the Zeiss Universal microscope, using NIH-image program for Macintosh 

(National Institute of Health, Rasband, W. USA) on a Macintosh Power PC 5300. The phase

contrast image was analysed using Adobe PhotoShop program (Adobe PhotoS hop program, 

1989 - 1998, USA.). The total length and arm lengths of the chromosomes were measured in 

micrometers with Scion image program (NIH-image program modified for Window by Scion 

Corporation, 1998, USA.) freehand measuring tool. It was possible to identify the location of 

the centromeres of chromosomes by clicking within the chromosomes in the active image 

window to zoom in using the magnifying glass tool. The karyotypes were prepared from the 

images using copy and paste tools. The printouts were generated from Tiff images files. The 

chromosomes were arranged according to their length from longest to shortest. The arm 

length ratio was calculated by dividing the length of the short arm to the length of the long 
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arm. The relative length was obtained by the ratio of the total length of each chromosome and 

the total length of chromosome I (total length of chromosome/total length of chromosome n· 

The chromosomes were classified according to the nomenclature of Levan et al. (1964). 

Voucher specimens are deposited in the National Herbarium of Addis Ababa University. 

4. 5. 2 Isoenzyme electrophoretic analysis 

The electrophoretic analysis was conducted on six Knip//Ojia species grown in the greenhouse 

at the University of Oslo. The laboratory procedure was with modifications of Wendel and 

Weeden (1990). It is composed of (1) Tissue selection and clUshing, (2) preparation of gels, 

(3) Loading of samples and electrophoresis, and (4) staining the gels for the enzymes 

activities. The gel and the electrode buffer system were categorized as D-system and AB-

systems. The D-system was with modification of Stuber et al. (1977) and AB-systems with 

modification of Ashton and Braden (1961). The D-system gels were stained for glucose-6-

phosphate dehydrogenase (G6pdh 1.1.1.49) and phosphoglucomutase (Pgm5.4.2.2). The AB-

system gels were stained for aspartate amino transferasti (Aat 2.6.1.1) and glucose-6-

phosphate isomerase (Gpi 5.3.1.9). Relative mobility (R/ was calculated bases on the 

I 
migration of a band relative to the h0nt. The alleles in a lo(,us were designated by alphabets. 

I 
, 

The fastest and the anodal was denoted as 'A' allele and thb rest were assigned according to 

decreasing order of electrophoretic mobility in ascending order of the alphabets. 

4.5.3 Chloroplast DNA (cpDNA) sequencing 

The chloroplast DNA sequencing is composed of four parts: (I) extraction of total DNA (2) 

PCR amplification and (3) enzymatic pre-treatment of PCR products and (4) PCR product 

sequencing. 
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Extraction of total DNA and PCR amplification: - The method used for the extraction of 

total DNA was a modification of Dolye and Dolye (1990). Polymerase chain reaction (PCR) 

was conducted using standard PCR reaction mixture: S III 20 mM MgCh, 2 III 2 mM dNTPs 

(pH 7.0), 2.S fll of the primers: "e" (S'-GGTTCAAGTCCCTCTATCCC-3') and "f" (S'

ATTGAACTGGTGACGCGAG-3') intergenic spacer (Taberlet et al., 1991), S fll template 

DNA, 0.2S III Taq DNA polymerase (S U/fll) and 34.S fll dH20 was added to make the final 

volume SO III into a O.S ml thin-walled microcentrifuge tube and covered with a hot lid. Then 

the sample was loaded to Genius Thermocycler (Techne Ltd, Cambridge). The PCR cycle 

started with 3 minutes at 94°C for melting and followed with 3S cycles of PCR amplification, 

denaturing at 93°C for 4S sec, annealing at SO°C for "e" and "f" for 60 sec, and extending at 

noc for 90 seconds. At the end of amplification, it was incubated for 10 minutes at noc to 

complete all the strands. The S fll of PCR product was used to IUn 1% (O.SglSO ml of TE) 

agarose gel electrophoresis with EtBr2 and ~ X174/HaeIII molecular marker to check the PCR 

amplification products. 

Enzymatic pre-treatment of PCR products: - The PCR products to be sequenced were 

purified with enzymes to remove the residual single stranded primers, any extraneous single 

stranded DNA produced by PCR and excess dNTPs. The enzymes are a combination of 

exonuclease I and shrimpe alkaline phosphate (Amarsham, US 7099S). The procedure 

followed was according the manufacturer manual (Amersham Life Science, 1996). 

Sequencing of PCR products: - About 200 ng of the PCR product was mixed with 0.7 III 

DMSO (reaction buffer), 1111 I pmollfll of the fluorescent dye-labelled universal primer 

(Amersham pharmacia biotech) and dH20 was added to a final volume of 14 fl1. The universal 

primer used for the sequencing was primer "f". The microcentrifuge tubes were labelled as A 

reaction, C reaction, G reaction and T reaction. A reagent, C reagent, G reagent, T reagent and 

foramide loading dye were removed from the Thermosequenase fluorescent labelled primer 
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cycle sequencing kit with 7 -deaza-dGTP (Amersham pharmacia biotech) and stored on ice. 

The reagents were mixed by briefly vortexing the tubes. 1.5 J.l1 of the A, C, G and T reagents 

from the Thermosequenase fluorescent labelled primer cycle sequencing kit with 7 -deaza -

dGTP (Amersham phannacia biotech) were mixed with 3.5 J.lI of the DNA, primer and 

DMSO premix in the microcentrifuge tube labelled as A, C, G and T respectively. The 

reaction mix were mixed thoroughly by pipetting up and down two or three times with 

micropipette. Then each of the microcentrifuge tube containing the reaction components were 

overlayed with one drop of light mineral oil to prevent evaporation. All of these steps were 

done on ice. The cycling reaction was: hot start at 90°C for 3 min followed by 25 cycles of 

denaturation at 94°C for 20 sec, annealing at 50°C for 60 sec, elongation 72°C for I min and 

final elongation step at 72 °C for 10 min and subsequent cooling to 10 cC. 6 III of the stop 

solution (80 % formamide in I x TBE) was added and denatured for 3 min at 94°C followed 

by immediate cooling on ice. The sequences were analysed by loading 1.3 III of the 

sequencing reaction in to automatic sequencer, ABI PRISM™310 Genetic Analyzer. The 

procedure followed was according the manufacturer manual (Perkin-Elimer, 1995). The 

multiple alignment of the tmL (UAA) 3'-tmF (GAA) intergenic spacer was carried out 

manually in SeqApp (Gilbert, 1992) and with CLUSTAL-W (Thompson et ai, 1994). The 

distance method of analysis was performed using P AUP 4.02 (Swofford, 1999) settings. All 

characters were treated as unordered characters with equal weight and gaps as missing data. 

4. 6 DATA ANALYSIS 

The mean, standard deviation, minimum, maximum and percentage of coefficient of variation 

were analysed using Microsoft Excel 2000. T -test, Pearson's two-tailed correlation matrix and 

analysis of variance were done using SPSS for Window (Release 9.0.1). The basic genetic 
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parameters, Hardy-Weinberg test, F-statistics, genetic distance, cluster analysis were 

calculated using the BIOSYS-l release 7.1 computer program (Swofford and Selander, 1989) 

and POPGENE version 3.1 (Francis and Rong-cai, 1999). The chloroplast DNA sequences 

were analysed with DNA sequencing analysis software; Chromas vertion 1.43 (MaCarthy, 

1997). 
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5. RESULTS 

5. 1 DISTRIBUTION OF ENDEMIC Kniphofia SPECIES IN ETHIOPIA 

The KllipllOfia species are distributed from 2000 m.a.s.!. to 4000 m.a.s.! on the highlands of 

Ethiopia. Their habitat varies from montane grassland (characterised by Olea eumpaea subsp. 

cuspidata, ]ullipe1'lls procera, Celtis africalla, Euphorbia amplipizylia, Dracaella spp., 

Carissa edulis, Rosa abyssillica, Mimusops kummel and Ekebergia capellsis), to sub-alpine 

Erica arborea zone (characterised by Erica arborea, Lobelia CYllchopetalum and species of 

Helic/lI)'sulll, Bartsia, Alchemilla, Crassula, and grasses mainly species of Fesfllca, Poa, and 

Agrostis). 

The available ten years average rainfall and temperature, 1989-1999, from the National 

Meteorological Services Agency are shown in figure I and 2, respectively. Fiche stands for 

Ali Doro and Torban Ashe (K. foliosa and K. illsigllis) and, Dinsho stands for Dinsho Park 

Head Quarter and Gessie (K. foliosa and K. isoetifolia). No data was found for Goro Wonchi. 

Therefore, it is not possible to compare the experimental sites and analyse if rainfall and 

temperature have effect on the distribution of the Klliphofia species. 
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Figure I. Ten years average rainfall at the experimental sites. 
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Composite soil sample of sixteen holes from each experimental site were analysed and the 

linear correlations among the samples were low and the similarity matrix ranges from 0.84 to 

0.98 (Table I). It indicates that the soil is not a factor to differentiate or show the distribution 

of the species (Appendix 2.). 

]--+-Dn ___ Gh --I::r- Fitche ---ioE- Bckojjii I 

Figure 2. Ten years average minimum (Min) and maximum (Max) temperatures at the 

experimental sites. 

Table I. Correlation similarity matrix of the composite soil samples of sixteen ogre holes 

from each experimental site. 

AD 
Dn 0.97 
Gh 0.98 0.97 
BW 0.98 0.95 0.97 
TA 0.96 0.95 0.95 0.95 
Bk 0.95 0.90 0.95 0.90 0.87 

Dn (Gessel 0.97 0.96 0.97 0.96 0.92 0.93 
En 0.94 0.90 0.92 0.95 0.84 0.89 0.97 
GW 0.92 0.93 0.95 0.86 0.85 0.96 0.93 0.86 

5. 1. 1 Klliphofia foliosa 

K. foliosa is distributed from 6° 30N to 14°N and from 33° E to 39° 5'E. The populations are 

in the highlands from the lowest altitude 2400 m.a.s.l., in Delio Awraja at Harana forest in 

Bale to the highest altitude 4000 m.a.s.!. in Lasta at Aboye Meda in Wollo. The habitat of the 

species is variable. It is found in meadows to Afro-Alpine vegetation. The plants usually grow 
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on well-drained soil mountain slopes with rocky outcrops. The vegetation consists of species 

of Erica, RIIlIlex, Hagellia, HypericIIIIl, Lobelia, ThYIIlIIs, Plec/rallthlls, Crepis, Satllreja, 

Alellelllilla, grasses and mosses. The plants normally cover larger areas at their place of 

occurrence (Fig. 3). 

5 .1. 2 Klliphofia hildebralldtii 

K. hildebralldtii is distributed from 9° N to 9° 01' N and from 37° 27' E to 37° 59' E. It is 

found in the highlands from the lowest altitude 2000 m.a.s.!; in Gheddo Awraja at about 6 km 

form Gheddo town towards Lekemte to the highest altitude ± 3000 m.a.s.l. in Dendi Awraja at 

Degha Pille. It has a constant habitat. The vegetation consists of species of Pellllesitlllll, 

RallllllcIIIIIs, COllllllelilla, CYllodon, Helielllyslllll, Oxalis, Geranillm, Haplocmpha, JlIllipel'lls, 

Lactllca and salvia. They are found very sparsely distributed at their places of OCCUlTence and 

almost always found associated with Gicha grass (Pellllesitllm spp.) (Fig. 4). 

5. 1. 3 Klliphofia illsigllis 

K. illsigllis is distributed from 9° ]3' N to 9° 20' N and from 37" 11' E to 39° 40' E. It located in 

the highlands from the lowest altitude 2550 m.a.s.!: in NOithern Showa Administrative Zone 

near Rogora river on the Sululta plain, to the highest altitude 3134 m.a.s.l. in Northern Showa 

Administrative Zone about 145 km from Addis Ababa towards Blue Nile river. The habitat of 

the species is constant and it is always found associated with waterlogged meadows. These 

areas will be flooded during the rainy period, 'Kiremt'. The vegetation can be characterised as 

grassland and in particular with Adl'Opogol! abyssiniclls and also species of Alellemilla, 

Pellllisetlll/l, Cypert/s, Crepis, Hypericum and Salvia (Fig. 5). 
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5. 1. 4 KllipllOjia isoetifolia 

K. isoetifolia is distributed from 6° 03' N to 12" 58' N and from 35° 35' E to 41 ° 46' E. It is 

located in the highlands from the lowest altitude 2050 m.a.s.!. in Eastern Shewa 

Administrative zone about 18 km East of Shashemenae, to the highest altitude 3700 m.a.s.!. in 

Northern Showa Administrative Zone about 27 km north ease of Debre Birhan in Wof Washa 

natural forest. The habitat of the species is variable from waterlogged meadow in the montane 

highlands to Erica arborea zone. The vegetation in the area consists of species of Erica, 

Hypericllm, Helic/lIyslllll, Senecio, Juniperus, Ra/lll/lcu[us, Dipsacus, Festllca, Andropogoll 

and PennisetulIl (Fig. 6). 

5. 1. 5 Klliphojia schimperi 

K. schimperi is distributed from 6° 43' N to 9° 47' N and from 37° 54' E to 39° 45' E. It located 

in the highlands from 2200 m.a.s.l. in Wollo Administrative Zone at Aya Afetch to 3500 

m.a.s.l. in Bale Administrative zone and in Genalle Awraja at about 25 km from Dinsho 

towards Addis Ababa. The habitat ranges from montane forest to Erica zone. The vegetation 

consists of species of Juniperus, Erica, Hagenia, Thymlls, Crepis, Hypoxis, Helichrysum and 

Dispicus (Fig. 7). 
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Figure 3. The distribution map of K. foliosa. Top left arrow indicates Ali Doro and bottom 

right arrow indicates Dinsho experimental sites. 

Figure 4. The distribution map of K. hildebrandtii. An arrow indicates the experimental site 
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Figure 5. The distribution map of K. illsigllis. The top left arrow indicates Torban Ashie and 

the bottom right arrow indicates Bullo Workie experimental sites. 

Figure 6. The distribution map of K. isoefijolia. The top left arrow indicates Bekojji and the 
bottom right arrow indicates Dinsho. 
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Figure 7. The distribution map of K. schilllperi. The bottom left arrow indicates Goro Wonchi 
and the top right arrow indicates Entoto. 
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5.2 "INSTANT" DEMOGRAPHY 

The endemic Klliphofia species are clonal plants and reproduce asexually and sexually. The 

genet (genetic unit), by growth of lateral underground stems and short rhizomes, gives rise to 

new genetically identical descendants (ramets) with the potential to be independent from the 

mother plant (Fig. 8). At the experimental sites, the genets have aggregated spatial 

distribution and the ramets have phalanx-like growth and are found clumped together. The 

total numbers of individual genets and ramets at the experimental sites are different from 

species to species and from site to site, and the number of genets per m2 increases from the 

lowest frequency found in K hildebrandtii at Gheddo (0.40 genets/m2
) to K. insignis at Bullo 

Workie (3.35 genets/m2
) (Fig. 9). K. hildebrandtii also consistently has the lowest number of 

ramets while K. foliosa has highest number of ramets at both their experimental sites (Fig. 

10). 

The results of the pot-plant experiment in the greenhouse at the University of Oslo depicted 

that the clonal growth in all the species follows a similar trend. The first plant from a seed 

produces underground short rhizome and a thick root system. The meristems on the short 

rhizome give rise to new ramets. The newly produced ramets produced their own short 

rhizomes that remain attached with the rhizome of the mother plant and, the expansion of the 

genet is by increment of short rhizomes. In Kniphofia foliosa the mother plants produces very 

stout short rhizome that suppress the lateral growth of rhizomes at the early growing period of 

the plant compared to the other species. In addition to the short rhizome production, K. foliosa 

produces a thick IUnner that grows out of the basal meristems of the short rhizome and may 

give rise to new ramet that have the potential to become an independent clone. The same 

phenomenon was also observed in K. isoetijolia but the IUnners have longer internodes than 

38 



K. foliosa. In K. schilllperi, besides the moderate short rhizome production, the roots develop 

tubers and production of a new ramet remains with the short rhizome. 

In all experimental sites the genets with only one ramet constitute the largest class. K. 

schilllperi has the highest number of genets constituted of only one ramet and at 001'0 Wonchi 

93 % of the genets have only one rame!. K. Foliosa has the lowest number of genets 

constituted of only one rame!. There were 82 genets at Ali Doro and 35 at Dinsho 

experimental sites. On the other hand, K. foliosa has the highest number of ramets per genet 

and the numbers reach up to 175 ramets per genet (Ali Doro). The number of genets with ;:0: 2 

ramets ranges from 31 in K. schilllperi at Ooro Wonchi to 685 in K. illsigllis at BuUo Workie. 

AU species have few genets with the number of ramets >3, i.e. in K. foliosa, the genets with 

175 ramets is only 1 and those with more than 19 ramets ranges from 1 to 4 in aU the species 

except K. schilllperi. K. sclzill/peri at 001'0 Wonchi has the lowest number of ramets pel' genet 

and the maximum number of ramets pel' genet is 3 (Fig. 11). 

In the greenhouse experiment the number of ramets per genet showed variation. In the 1998-

1999 growing period the highest mean number of ramets per genet is found in K. isoetifolia 

from Dinsho (mean =11 ± 8.43) exhibited, and K. foliosa from Dinsho (mean =3.04± 1.43) 

exhibited the lowes!. In the 1999 growing period, again K. isoetifolia from Dinsho exhibited 

the highest mean (mean =5.74± 2.03) and the lowest is exhibited by K. illsigllis from Torban 

Ashie and K schilllperi from Bntoto (mean = 1). The 1998-1999 growing periods is one year 

and six months long and the 1999 growing period is six months long (Fig. 12). 
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Fig. 8. Short rhizome formation in Klliphofia species: (A) K. foliosa, (B) K. hildebrandlii, 

(C) K. illsignis, (D) K. isoetifolia and (E) K. schill/peri 
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Figure 10. The number of genets in percent and the number of ramets per genets of individual 
species in the experimental sites. 
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Figure II. The number of genets (NO) and total number of ramets (TNR) of endemic 

Klliphofia species at the experimental site. 

In the field experiment the width of a genet does Vaty in all species and seems to increase 

with the size and number of ramets in the genet. For example, in K. foliosa the genet with 175 

ramets has a width of 300 em. The width of the genets in K. foliosa, ranges from 3 em to 300 

em at Ali Doro and from 2 em to 102 em at Dinsho. In K. hildebralldtii, it ranges from 2 em 

to 10 em. In K. illsigllis, it ranges from 5 em to 14 em at Bullo Workie, and from 4 em to 15 

em at Torban Ashie. In K. isoetifolia, it ranges from 2 em to 60 em at Bekojji, and from 5 em 

to 26 em at Dinsho. In K. sclzimperi, it ranges from 2 em to 9 em at Entoto, and from 2 to 4 

em at Ooro Wonehi. The maximum width of a genet does not always correspond to the 

maximnm number of the ramets in a genet; for example in K. isoetifolia, at Dinsho; the genet 

with maximum number of ramets has width of 21 em. 
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Figure 12. The mean number of ramets per genet in the green houses experiment for each 

experimental site. The growing period for 1998-1999 and 1999 are lV2 and 1 year 

respectively. 

One genet can have more than one life stages ranging from "JV" to "0" stage. The "JV" and 

"MSV" stages constitute the bulk of the population in evelY experimental site. The number of 

ramets at the "JV" stage ranges from 5% in K. isoetiJolia at Bekojji to 74% in K. foliosa at 

Dinsho. The "MSV" stage ranges from 26% in K. foliosa at Dinsho to 90% in K. schimperi at 

Entoto. The percentage of ramets at "JGI" stage is very low in most of the experimental sites; 

the highest percent of ramets at that stage is 8% and were observed in K. illsigllis at Bulla 

Workie. The rest have 2% or less and the stage was absent in K. foliosa at Ali Doro. The "B" 

life stage ranges from 1 % to 19%, and the highest percentage was seen in K. illsigllis at Bulla 

Workie. The number of ramets in the "FL" stage ranges from 2% to 16% in K. hildebralldtii 

and K. illsigllis at Bulla Workie, respectively. The "Fu" sage is very low in all sites except in 

K. isoetiJolia where at both experimental sites it was 10% (Fig 13). 
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Figure 13. The percentage of ramets at different life-stages of the species in the experimental 

. d' h 1st sites unng t e census. 

The distribution of life-stages during the 2nd census, after one month, which corresponds to 

the time of flUiting, was different from the first. The ramets at different life stage have either 

transformed (progression or retrogression) to the other lifestages or were dry and dead. In all 

the species the ramets at all Jifestages were observed with drying and senescing leaves and 

particularly those at "JV" stages were dry and dead (Fig. 14). The number of ramets in the 

"JGI", "B" and "FL" stage, at the experimental sites, exhibited variations in the percentage of 

ramets transformed to the fruiting life-stage. All individuals at JGI life-stage were dead, 

except in K. illsignis at Toraban Ashie where 71 % were transformed to fruiting lifestage. The 

maximum persentage of ramets at "B" and "FL" stage transformed to flUting stage is found in 

K. foliosa from Ali Doro = 89% and 95%, respectively. The minimum percentage of buds 

transformed is found in K. isoetifolia from Dinsho = 43%. The Minimum for the FL stages are 

in K. illsignis from BuBo Workie and K. isoetifolia Dinsho = 43% (Table 2). 
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Figure 14. Life-cycle graph of endemic Klliphofia species. Ovals corresponds to life-stages 

and middle arrows indicated the possible transition of one stage to the next. The top arrows 

indicate the start after sensence at the beginig of every growing season and the bottom arrows 

indicate the possible transition in one growing season. 

Table 2. The number of ramets at the "JGl", "B" and "FL" stages transformed to Fmiting 

stage (FU) at the experimental sites. The experimental sites are: Ali Doro (AD, Klliphofia 

foliosa), Gheddo (GR, K. hildebral/dtii), Bullo Workie (BW, K. illsigllis), Torba Ashie (TA, 

K. illsigllis), Bekojji (BK, K. isoetifolia), Dinsho (Dn, K. isoetifolia), Entoto (En, K. 

schilllperi) and Goro Wonchi (GW, K. schilllperi) 

Life-stages Number of ramets at the different life- Number of ramets at "FU" life-stage 
stage during the I" census during the 2"" census 
AD GH BW TA BK On En Gw AD GH BW TA BK On En Gw 

JGI 0 4 203 14 33 1 3 2 0 0 0 10 0 0 0 0 
B 23 11 497 55 107 7 1 23 20 3 17 36 60 3 1 15 
FL 147 36 437 115 95 27 20 98 139 28 211 75 64 13 13 71 
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5.3 REPRODUCTIVE BIOLOGY 

5. 3. 1 Phenology and pollination 

The peak flowering periods for the endemic Kniphofia species are from June to late 

November, except for K. foliosa at Ali Doro where the peak is from late October to late 

December and at Dinsho from mid July to late August. K. hildebralldtii flowers from mid 

September to late October, K. insignis from mid July to early September and K. schilllperi 

from early October to mid November. K. isoetifolia flowers from mid July to mid September 

at Dinsho and at Bekojji. However, at Bekojji it flowers almost throughout the year and with 

additional peak flowering period from mid April to eady June. 

In the greenhouse experiment at the University of Oslo, K. isoetifolia started flowering in July 

1998, K. schilllperi in October 1998 and the rest, except K. fo/iosa, did not flower until 

slimmer of 1999. K. hildebrandtii flowered in June 1999 and K. insignis in August 1999. K. 

fo/iosa did not flower until the end of the experiment (FebtUary 2000). 

The growth of the inflorescence peduncle in K. hildebrandtii and K. schilllperi is initiated 

from lateral meristems while in K. fo/iosa, K. insigllis and K. isoetifolia it arises from central 

meristems. The number of inflorescences observed per ramet in the field is one in all species, 

except in K. hildebrandtii where two ramets displayed two inflorescences. Under greenhouse 

conditions, however, the ramets produced most often one inflorescence, but sometimes 2 to 4 

inflorescences per ramets were observed. The gap between the growth of two subsequent 

inflorescences by the same ramet ranges from 24 days to 30 days. As an example, in K. 

hildebrandtii the first inflorescence appeared on 30th June 1999 and the second on 24th July 

1999 and the third on 22nd of August 1999. 
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The sequence of opening of the flowers in the inflorescence varies. In K. isoetifolia flowers 

open from the top to the bottom while in the rest of the endemic KllipJlOjia species open from 

the bottom to the top (Fig. 15). The number of flowers that open per day, depending on the 

species, ranges from one to sixty five and the flowers remain open from three to seven days 

before wilting (Table 3). The growth of the stamen and pistil follows the same growth pattern 

in all the species except the red colour flower morph of K. schilllperi. The stamens grow and 

exserts out of the tube before the pistil. In K. hildebralldtii, K. insignis, K. isoetifolia, and K. 

schilllperi the stamens retreat in to the tube, and are followed by the exsertion of the pistil out 

of the tube. In the red colour flower morph of K. scililllperi, however, the stamens and the 

pistils are usually not exserted. In K. joliosa, both the stamens and pistil remain exerted and 

the stamens are longer than the pistil (Table 4). 

Table 3. The number of new flowers that open per day (FOlD), range of length of exserted 

stamen (RLES), range of length of exserted pistil (RLEP), mean length with standard 

deviations, and the range of days flowers remained opened before wilting (RDFW). 

Species CF FOlD RLES (em) Mean s.d RLEP (em) Mean s.d RDFW 
Min Max Min Max Min Max Min Max 

K·foliosa* RIY 50 65 1.20 lAO 1.33 0.08 1.70 2.00 1.85 0.12 4 5 
K. hildebralldtii W 2 3 0.10 0.30 0.17 0.09 0.05 0.30 0.17 0.08 6 7 
K. illsignis W 3 5 0.20 0040 0.26 0.07 0.20 0.20 0.30 0.08 3 5 
K. isoetifolia Y 3 5 0.10 0.20 0.14 0.05 0.10 0.60 0.36 0.14 4 6 

RIP 3 5 0.10 0.60 0.26 0.16 0.20 0.90 0.58 0.17 4 6 
K. schimperi p 2 5 0.10 0.70 0.29 0.18 0.40 0.90 0.61 0.13 3 5 

*Data taken from field experiment 

The anthers dehisce in the same manner in all endemic KnipJlOjia species. The anthers open 

by longitudinal slits when they are still in the tube or after the exsertion. They start wilting 

from 15 to 17 hours after opening. The stigma is closed when it is inside the tube, but opens 
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and displays the papillae after exsertion. The papillae are whitish and wet up to 71 to 78 

hours, anel their colour changes to brownish when the stigma wilts (Table 5). 

Table 4. The length (mm) of the stamens (S) and pistil (P) measured from the base of the 

ovmy and tube (T) length at the young bud, bud, bud breaking, and opened flower stages. 

Species CF* Young bud Bud Breaking open Opened (Stamen Opened (Pistil 
Exerted) Exerted) 

S P T S P T S P T S P T S P T 

K.foliosa * (R)Y 15-17 14 19 19-21 21 25 26-28 22 25 39-45 28 25 39-40 38 25 
K. hildebrandtii (GW) 4-6 4 10 8-10 8 12 11-14 II 14 15-17 15 15 13-14 16 15 
K. insigl';s W 15-18 16 30 21-23 19 33 23-33 20 35 36-37 28 35 28-30 36 35 
K. isoeti/olia Y 13-15 12 19 21-24 23 30 27-30 29 33 36-38 32 35 28-30 42 35 

RIP 14-17 15 27 19-22 21 30 30-36 27 35 39-42 31 38 25-30 43 38 
K. schimperi P 13-17 17 21 27-33 27 31 28-37 29 33 37-40 38 38 35-37 42 38 

OIR 11-13 II 25 21-23 18 39 29-27 21 43 41-43 39 47 39-40 39 47 
* Data taken from field experiment; CF* is colour of flower 

Table 5. The range, mean and standard deviation of the length of duration in hours taken for 

the dehiscing of anther, and the stigma remained with papillae whitish and wet. 

Species Anther Stigma 
Range Mean* s.d Range Mean* s.d 
Min Max Min Max 

K. foliosa** 15 19 17.00 1.15 73 80.00 76.00 2.36 
K. hildebrandtii 14 l7 16.00 1.03 72 76.30 74.30 1.34 
K. insignis 15 l7 17.30 1.23 75 76.30 76.30 1.55 
K. isoeti/oia 15 l7 16.30 1.34 75 77.30 77.30 2.12 
K. schimp"eri 15 l7 17.30 1.14 71 77.00 74.00 1.79 
*Mean rounded to the next minute; **Data taken from field experiment 

The production of nectar in all the species is synclu'onized with the growth of the pistil and 

stamen. The nectar production, as visually evaluated by the wetness of the sUiface of the 

ovary and the content of nectar at the base of the tube, increases as the pistil exserts out of the 

tube and the stamen retreats into the tube. No faint scent was recorded in the flowers, except 

in K. illsigllis when the buds break open and the anther started dehiscing. Later, it disappears 

as the stamen retreat into the tube. 
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5. 3. 2 Breeding system and fertility 

The bagging experiment conducted in the field revealed that there is no auto deposition within 

the perianth and no within-inflorescence geitonogamy, and may indicate that Knip/lOfia 

species are out-crossing. All the flowers from the bagging experiments are abscised. The 

intraspecific crossing experiment (crossing made between flowers from plants in the same 

population) conducted in the greenhouse did not result in fruit production. 

The number of fruits and seeds produced by each species in the augmentation experiment and 

the control were compared (Table 6). There was a tendency to slightly higher fruit and seed 

set in the hand-pollinated plants but the difference was not significant. The fruit:f1ower and 

seed:fruits ratio indicated that K. illsignis at Bullo Workie experimental site had the lowest 

feltility and highest percentage of abortion (91 %) and K. foliosa at Ali Dol'o had the highest 

fertility rate and lowest percentage of abortion (30%)(Table 7). The number of seeds 

produced per m2 was calculated based on the result obtained from the field pollination 

experiment (control pollination experiment) and the number of fruits recorded per m2. The 

result indicated that K. foliosa has the highest (1435 seeds/m2) and K. hildebrandtii has the 

lowest (6.3 seeds/m2) seed set. 
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Figure 15. Inflorescences ofthe endemic Kniphofia species: (A) Kniphofia foliosa, (B) 
Kniphofia insignis and (C) Kniphofia hildebrandfii. 
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Figure 15. (Continued) Inflorescences ofthe endemic Kniphojia species: (E) Kniphojia 
isoelifolia and (G) Klliphojia schill/peri. 
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The pollinators of endemic Klliphofia species are birds, and the most frequent visitors are the 

individuals of Tecezze sunbird (Nectarilla tecezze). The observation made on the foraging 

behaviour of the pollinators indicated that they moved from the opened flowers with exserted 

pistil to the flowers with dehiscing anthers within the same inflorescence. Also, bees were 

observed in the inflorescence of all species, in particular in K. foliosa. At Bekojji, beetles 

were observed moving into the tube of the flowers of K. isoetifolia, through small opening on 

the tube were probably made by nectar robbers. The hole is seen at the base of the perianth, 

which indicates the incision made by the robbers. 

Table 6. The means, standard deviation, range of flUits and seeds from the hand pollination 

(HPFU, HPS) and control experiments (CFU, CS) and t-test (ex = 0.05). 

SQccies LOC. HPFU CFU HPS CS 
K·foliosa AD 7.17 6.33 10.79 9.83 MEAN 

2.14 2.88 6.24 7.62 s.d. 
7.00 4.00 0.00 0.00 MIN 
18.00 10.00 40.00 20.00 MAX 

P > 0.05 P> 0.05 TrEST 
K. hildebrandtii Gh 5.60 3.60 6.07 6.30 MEAN 

2.51 1.34 4.45 4.36 s.d. 
2.00 2.00 0.00 1.00 MIN 
8.00 5.00 19.00 17.00 MAX 

P > 0.05 P> 0.05 TrEST 
K. illsignis BW 3.17 2.67 11.50 11.00 MEAN 

1.97 2.32 9.67 4.74 s.d. 
0.00 1.00 2.00 2.00 MIN 
5.00 6.00 30.00 18.00 MAX 

P > 0.05 P > 0.05 TrEST 
TA 3.67 3.33 13.18 6.29 MEAN 

1.63 1.03 5.94 4.30 s.d. 
2.00 2.00 3.00 2.00 MIN 
6.00 5.00 30.00 17.00 MAX 
0.00 P> 0.05 P > 0.05 TrEST 

K. isoetifolia BK 3.50 3.83 9.67 9.58 MEAN 
1.52 2.32 5.78 6.88 s.d. 
1.00 1.00 3.00 2.00 MIN 
5.00 7.00 34.00 35.00 MAX 

P> 0.05 P> 0.05 TrEST 
K. schimperi GW 4,00 3.80 21.75 22.06 MEAN 

2,74 2.68 17.26 13.63 s.d. 
1,00 1.00 2.00 1.00 MIN 
8,00 7.00 55.00 47.00 MAX 

P > 0.05 P> 0.05 TrEST 
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Pollen viability is one measure of male fertility. Thus, the pollen viability test indicted that the 

endemic Kiliphofia species have high fertility eventhough it is not determined for K. foliosa 

(Table 8). The fertile pollens are larger in size and dark coloured while the sterile pollen 

grains are shrivelled and smaller than the viable ones (Fig. 16). In addition to these, the 

chromosomal pairing and segregation during meiosis is found to be normal 

Table 7. Total number of flowers (TNFL) and fruits (TNFU) per 1m2 area in the experimental 

sites, and percentage of abscission (AB). 

Species LOC TNFL TNFU TNFUrrNFL %AB 
K.foliosa AD 82824 58282 0.70 29.63 
K. hildebrandtii Gh 1548 259 0.17 83.27 
K. illsigllis BW 24386 2176 0.09 91.08 

TA 5980 2042 0.34 65.85 
K. isoetiJolia BK 5862 1710 0.29 70.83 

Dn 1300 452 0.35 65.23 
K. schimperi En 496 262 0.53 47.18 

GW 1882 628 0.33 66.63 

Table 8. The Mean and standard deviation of the viable pollens and percentage of fertility. 

Species 
K. hildebrandtii 
K. illsignis 
K. isoetiJolia 
K. schimperi 

Mean and s.d. of viable pollen 
480 ± 1.64 
489 ± 2.74 
491 ± 2.73 
483 + 1.93 

5. 3. 3 Interspecific crossing 

% Viable pollen grains 
96.00 % 
97.80 % 
98.18 % 
96.90 % 

Four of the endemic species were pairwise crossed with each other, but no fruit set was 

observed. All flowers used for the interspecific crosses were dry, and later aborted. In some 

cases, flowers were seen with swollen ovary but later aborted. These results may indicate that 

no gene flow takes place among K. hildebrandtii, K. illsigllis, K. isoetijolia and K. schimperi. 
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Figure 16. The fertile pollen, sterile pollen and the pollen coat in four species of Klliphofia: 

(A) K hildebralldtii, (B) K illsigllis, (C) K isoetifolia and (D) K schill/peri. 
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5. 4 ANALYSIS OF QUANTITATIVE MORPHOLOGICAL PHENOTYPIC 

CHARACTERS 

The Klliphofia species have different means for the quantitative morphological phenotypic 

characters, except for the length of the above ground stem, which was only measured in K. 

foliosa at Ali Doro. The length varied from 4 cm to 90 cm, with a mean 20 cm ± 0.4 s.d. K. 

foliosa from both sites exhibited the maximum mean of all vegetative morphological 

characters, and from Ali Dol'o for all other characters, except for the length of the floral tube 

(Table 9) exhibited by K. scllimperi. The minimum mean of the individual character is 

distributed among the remaining species. K hildebrandtii has the minimum mean of width of 

leaf, length of inflorescence peduncle, length of oldest flower, width of bracts, length of 

bracts, and length of pistil (Table 10). K. insigllis form Bullo Workie has the minimum mean 

length of stamens and lowest number of fruits counted per plant (Table 11). K. isoetifolia 

from both sites has minimum mean length of the raceme (Table 12). K. schimperi from Goro 

Wonchi has the minimum mean size for rank and number of leaf, number of flowers and 

number of bracts below flowers, and from Entoto the lowest abortion of flowers per plant 

(Table 13). 

The percent coefficient of variation for all characters indicated the heterogeneity of the sizes 

of the ramets in each population. Each population is composed of plants that are juvenile with 

smaller vegetative size to older plants with larger vegetative size, and plants with younger 

flowers and less exserted and other with old flowers, which have more, exserted reproductive 

structures. The variation among the individual plants is also indicated by the standard 

deviation of the means, which indicated wide ranges between the minimum and maximum 

sizes of the quantitative morphological characters in the populations of the Klliphofia species. 
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Table 9. The mean, standard deviation, range and percentage of coefficient of variation of the 

quantitative morphological phenotypic characters of K. foliosa at Ali Doro and Dinsho 

experimental sites. 

Ali Doro (N = 4260) Dinsho (N = 3028) 
Mean s.d. Min Max %CY Mean s.d. Min Max %CY 

RL 13.14 8.62 1.00 40.00 65.59 3.69 1.50 1.00 12.00 40.67 
NL 26.67 17.21 1.00 80.00 64.54 7.92 2.99 1.00 25.00 37.68 
LL 54.08 19.75 4.00 160.00 36.52 75.51 17.74 8.00 130.00 23.49 
WL 2.21 1.46 0.20 6.50 66.11 1.59 0.65 0.30 7.90 40.55 
Ll 126.00 26.59 47.00 194.00 21.14 
LR 38.00 13.04 7.00 70.00 34.40 
NF 367.00 99.29 99.00 570.00 27.08 
LOF 2.00 0.12 2.10 2.60 5.03 
NBBF 37.00 14.71 10.00 91.00 39.35 
WB 1.00 0.67 0.40 6.00 47040 
LB 2.00 1.23 0.20 8.00 61.71 
LS 1.00 0.08 1.20 lAO 6.11 
LP 2.00 0.11 1.70 2.00 5.74 
AllFU 122.00 98.18 8.00 529.00 79.81 
CNFU 249.00 117.00 1.00 530.00 47.06 

Table 10. The mean, standard deviation, range and percentage of coefficient of variation of 

the quantitative morphological phenotypic characters of K. hildebralldtii at Gheddo. N = 226 

Mean s.d. Min Max %CY 
RL 2.65 1.36 1.00 6.00 51.38 
NL 5.85 2.89 1.00 13.00 49.40 
LL 26.31 18,04 4.00 100.00 68.55 
WL 0.39 0.15 0.10 0.80 37.89 
Ll 37.23 17.23 7.00 86.00 46.28 
LR 9.00 4.84 2.00 20.00 56.38 
NF 33.00 13.81 8.00 72.00 41.85 
LOF 1.43 0.07 1.30 1.60 5.21 
NBBF 3.85 0.86 3.00 6.00 22.31 
WB 0.38 0.09 0.20 0.60 23.63 
LB 0.47 0.14 0.20 0.90 29.05 
LS 0.24 0.07 0.10 0.30 26.69 
LP 0.21 0.09 0.10 0.30 42.15 
ABFU 26.60 12.20 7.00 53.00 45.76 
CNFU 8.68 6.59 1.00 24.00 75.96 
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Table II. The mean, standard deviation, range and percentage of coefficient of variation of 

the quantitative morphological phenotypic characters of K. illsigllis at Bullo Workie and 

Torban Ashie. 

Bulla Workie (N = 2675) Torban Ashie (N - 1379) 
Mean s.d. Min Max %CY Mean s.d. Min Max % CY 

RL 3.09 1.08 1.00 7.00 34.87 2.25 1.01 1.00 6.00 44.94 
NL 6.68 2.09 1.00 14.00 31.28 4.80 1.97 1.00 12.00 41.09 
LL 16.49 4.97 4.00 55.00 30.14 33.37 7.60 10.00 71.00 22.79 
WL 0.81 0.26 0.10 1.30 32.47 0.62 0.28 0.10 1.30 45.82 
LI 39.85 9.80 6.00 80.00 24.59 52.05 12.44 16.00 83.00 23.91 
LR 9.80 4.85 2.00 25.00 49.49 9.15 5.15 2.00 27.00 56.31 
NF 27.87 10.34 8.00 65.00 37.11 36.78 11.85 11.00 80.00 32.22 
LOF 3.28 0.40 1.50 3.50 12.24 2.68 0.79 1.00 3.50 29.27 
NBBF 4.69 0.94 3.00 8.00 19.96 3.17 1.07 2.00 5.00 33.83 
WB 0.43 0.09 0.30 0.70 21.37 0.38 0.09 0.20 0.60 22.61 
LB 0.48 0.24 0.10 1.50 50.08 0.63 0.38 0.20 1.50 59.83 
LS 0.19 0.09 0.10 0.30 45.27 0.16 0.08 0.10 0.30 51.73 
LP 0.23 0.09 0.10 0.30 38.41 0.23 0.08 0.10 0.30 34.18 
ABFU 20.44 10.12 1.00 57.00 49.53 21.44 11.22 1.00 51.00 52.32 
CNFU 7.43 4.95 1.00 28.00 66.62 15.39 10.70 1.00 61.00 69.55 

Table 12. The mean, standard deviation, range and percentage of coefficient of variation of 

the quantitative morphological phenotypic characters of K. isoetifolia at Bekojji and Dinsho. 

Bekajji (N = 1681) Dinsha (N= 1795) 
Mean s.d. Min Max %CY Mean s.d. Min Max %CY 

RL 2.27 0.98 1.00 7.00 43.29 1.91 1.07 1.00 6.00 55.77 
NL 5.06 1.94 2.00 14.00 38.34 4.28 2.15 1.00 13.00 50.19 
LL 47.82 11.97 5.00 90.00 25.04 53.82 19.66 4.00 108.00 36.52 
WL 0.85 0.34 0.20 1.80 40.46 0.80 0.36 0.20 1.50 45.37 
LI 60.67 18.16 16.00 108.00 29.93 75.77 21.45 28.00 105.00 28.31 
LR 8.00 4.97 1.40 26.00 62.10 8.39 5.17 1.50 17.00 61.66 
NF 32.20 11.70 11.00 75.00 36.34 42.45 15.28 9.00 64.00 35.99 
LOF 3.14 0.50 2.00 4.00 15.86 3.34 0.56 2.00 4.00 16.89 
NBBF 5.26 2.41 0.30 13.00 45.75 4.95 1.43 3.00 7.00 28.87 
WB 0.49 0.12 0.30 1.00 24.98 0.60 0.17 0.10 0.90 27.70 
LB 0.86 0.37 0.20 2.60 
LS 0.30 0.10 0.10 0.40 
LP 0.59 0.15 0.30 0.80 
ABFU 21.38 9.71 3.00 69.00 
CNFU 10.82 7.33 1.00 34.00 

42.49 1.23 0.73 0.20 4.10 59.62 
33.87 0.28 0.08 0.20 0.40 29.30 
25.64 0.55 0.17 0.30 0.80 29.83 
45.44 22.00 8.49 1.00 37.00 38.57 
67.76 20.45 11.88 4.00 41.00 58.06 
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Table 13. The mean, standard deviation, range, and percentage of coefficient of variation of 

the quantitative morphological phenotypic Characters of K. schimperi at Entoto and Goro 

Wonchi experimental sites. 

Entoto (N = 1180) Goro Wonchi (N - 954) 

Char. Mean s.d. Min Max %CV Mean s.d. Min Max %CV 

RL 1.52 0.77 1.00 5.00 50.90 1.44 0.61 1.00 5.00 42.41 

NL 3.19 1.81 1.00 10.00 56.63 3.24 1.35 1.00 11.00 41.65 

LL 48.51 20.06 5.00 128.00 41.36 37.20 14.73 5.00 120.00 39.59 

WL 0.43 0.17 0.20 1.40 38.95 0.49 0.12 0.20 1.00 25.48 

LI 54.03 15.97 16.00 85.00 29.55 56.31 13.60 13.00 95.00 24.16 

LR 15.28 5.22 5.00 29.00 34.15 17.76 5.43 5.00 35.00 30.60 

NF 23.91 5.38 14.00 36.00 22.52 18.14 6.33 7.00 48.00 34.91 
LOF 3.42 0.66 1.00 4.50 19.17 3.43 0.61 1.50 4.50 17.65 
NBBF 3.78 1.04 2.00 7.00 27.48 2.85 1.05 1.00 6.00 36.98 
WB 0041 0.15 0.10 0.70 35.24 0.38 0.14 0.10 0.80 35.79 
LB 1.39 0.88 0.20 2.50 63.19 0.94 0.42 0.20 2.50 44.38 
LS 0.23 0.08 0.10 0.50 35.49 0.27 0.13 0.10 0.50 49.37 
LP 0.51 0.08 0.30 0.60 16.05 0.32 0.13 0.10 0.60 39.90 
ABFU 16.47 6.51 5.00 31.00 39.53 12.24 5.27 3.00 32.00 43.08 
CNFU 7.44 4.54 1.00 15.00 60.99 5.90 3.18 1.00 16.00 53.91 

The oneway analysis of variance, on the pooled data at the species level, indicated a 

significant difference for all vegetative morphological characters (p < 0.001). The multiple 

comparison (LSD) based on each character showed a relation between K. hildebrandtii, K. 

insignis and K, isoetifolia (p > 0.05) in number of leaf and between K. hildebralldtii and K. 

isoellfolia where a = 0.001 (p > 0.001) in rank of leaf. At a population level, the multiple 

comparison of the means of the vegetative characters indicated a significant difference except 

rank and number of leaves between populations of K. illsigllis, K. isoetifolia and K. schimperi 

(p > 0.05). 

The oneway analysis of variance on the reproductive quantitative morphological phenotypic 

characters indicated significant difference among the species (p < 0.001). But the pairwise 

multiple comparison (LSD) of the species means for the individual characters showed 
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relations among K. hildebrandtii, K. insignis, K. isoetifolia, and K. sclzimpel'i in number of 

flowers, number of bracts, aborted number of flowers and counted number of fruits per plants. 

The length of the bracts is not different among K. hildebrandtii, K. isoetifolia and K. 

sclzimperi. The length of inflorescence peduncle indicates relation between K. hildebrandtii 

and K. insignis and between K. isoetifolia, and K. sclzilllperi (p > 0.001). At population level, 

one-way analysis of variance showed a significant difference among the means of the 

characters (p <0.001). The pairwise multiple comparisons (LSD) of the means showed no 

difference between the populations within the species (p>O.OI). 

The Pearson 2-tailed con'CIation indicated a linear positive con'elation among the quantitative 

morphological characters (p < 0.0 I). The vegetative characters, rank, number, and width of 

leaf have a positive strong conelation among all the characters except length of leaf with a 

lower correlation coefficient. The length of the oldest flower showed negative and a weak 

correlation among all characters and the con'e1ation with length of the raceme is not 

significant (p>O.01) (Table 14). 

In addition to these, the KniphoJia species were compared based only on the vegetative data 

collected from the plants grown in the greenhouse at the University of Oslo. It is, because few 

plants flowered in K. hildebralldtii and K. insignis, and none of the plants flowered in K. 

Joliosa (Fig. 17). 
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Table 14. Pearson's two-tailed correlation matrix of the quantitative morphological 

phenotypic characters. 

RL 

NL .10(") 

LL .34(") .35(*') 

\VL .84(H) .84(**) .52(**) 

LI .81(U) .81(**) .80('*) .81(**) 

LR .79(**) .79(**) .68('*) .75(*') .87(*') 

NF .93(*¥-) .93(*') .68(**) .89(**) .86(**) .86(**) 

LOF -.28(**) -.29(*') -.20(*') -.24(*') -.16('*) -.06 -.27(") 

LST .84(H) .84(**) .61(**) .81(**) .78(**) .70(") .83(**) .34(**) 

LP .84(**) .84(**) .65(**) .82('*) .80(U) .73(**) .84(**) -.30(*$) .81(H) 

NBBF .85(**) .85(**) .60(**) .84(**) .78(**) .70('*) .85(*') -.27(**) .77(**) .86(**) 

\VB .75(*') .75(**) .49(*"') .70(**) .66(*') .64(**) .76(**) -.29(**) .63(*') .70(**) .66(*') 

LB ,46(*') .46(**) .31('*) .42('*) .38(*') .37(**) ,46('*) -.15(*') .43(**) ,48('*) .47(*') .38(**) 

ABFU .66(*"') .66(**) .45(**) .64('*) .56(*') .52(**) .71 (**) -.22(**) .63(**) .61(**) .58(U) .56(**) .44(**) 

CNFU .86(**) .87(**) .61(**) .83('*) .84('*) .83(**) .93('*) -.26(**) .77(*') .77('*) .78(*') .66(*') .36(*') .37(*') 

Correlation is significant at **p < 0.01. 

The one way analysis of variance on the morphological vegetative characters showed a 

significant difference among the KllipllOfia species grown in the greenhouse (p <0.05). But 

the paired-sample T-test comparison (LSD) between the vegetative characters of the 

population within each species indicated similarities for rank, number and width of leaf in all 

four species (Table 15; p >0.05) and rank of leaves in K. schimperi (at a = 0.001). The length 

of leaf is different between each popUlation of K. foliosa and K. schimperi (p<O.OO 1). 

Table 15. Paired-samples T-test between vegetative morphological characters of the 

population within the Klliphofia species grown in the greenhouse. 

Character K. foliosa K. illsigllis K. isoetifolia K. schimperi 
df p df P df P df P 

RL 48 0.728 20 0.782 79 0.284 29 0.042* 
NL 48 0.800 20 0.739 79 0.322 29 0.169 
LL 48 0.000** 20 0.181 79 0.153 29 0.000** 
WL 48 0.044* 20 0.579 79 0.289 29 0.707 

*p < 0.05, **p < 0.001 
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Figure 17. Clustered Box plots of the vegetative quantitative morphological characters of the 

plants grown in the greenhouse of the University of Oslo. 

63 



Three of the canonical discriminate function, in canonical discriminate analysis, based on the 

quantitative morphological phenotypic characters of KnipJlOfia species (Table 16, Fig 18) 

indicated that the popUlations of a species from different sites appeared on the same side. 

Such as, K. Izildebralldtii appear at the centre opposite to K. isoetifolia, and K. illsigllis 

appeared on the right side opposite to K. schill/peri. But K. foliosa diverged from rest and 

occupied the upper central position. Seven characters out of twelve and seven canonical 

functions were used in the analysis. In the shuctural matrix, RL and WL in function one, LL 

in function two, and LR in function three have the largest absolute correlation between each 

variable and corresponding discriminate function. The characters, RL, WL, NF, LS and LP 

weighed more in the first canonical discriminate function coefficient, that describes 90.65 % 

of the variation among the species. 

Table 16. First three Standardized Canonical Discriminate Function Coefficients. 

Function Coefficients 
1 2 3 

RL 0.436 0.093 -0.103 
LL -0.058 0.803 -0.122 
WL 0.238 -0.676 0.027 
Ll 0.104 0.209 0.773 
LR 0.179 -0.045 -1.108 
NF 0.255 0.031 0.243 
LOF -0.180 -0.016 0.620 
LB 0.091 0.264 -0.261 
LS 0.481 -0.123 0.117 
LP 0.230 0.305 0.031 
Eigenvalue 32.807 2.153 0.691 
Proportion of Variance 90.646 % 5.950 % 1.909 % 
Cumulative variance 90.646 % 96.596 % 98.505 % 
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Figure 18. Plot of the KllipllOfia species from the seven experimental sites against their value 

for the three canonical discriminate function from the group centroid. 
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5.4 KARYOTYPE ANALYSIS 

All Kllip/lOfia species considered in this study have chromosome number 2n '" 12. They have 

three size classes: large, medium and small. They are also divided into two a group of "V" 

shaped that comprises those with submedian chromosome and "J" shaped with subterminal 

centromere (Fig. 19). 

The image analysis showed that somatic chromosomes do vary in the position of the 

centromere and arm lengths in each species (Fig. 17). The homologous pair in each species 

has different total chromosome length and arm lengths except for the short arms of 

Chromosome V and VI (p < 0.01) but the arm ratio for the homologous pairs, in all the 

species, is not different (p > 0.01) and indicates that the position of the centromere is constant 

in all the species .. The karyotype composition of Kllip/lOfia species in Ethiopia is 1m + 3sm + 

2sl. The chromosome length decreases gradually from I to VI (Table 16). 

Chromosome I: It is the longest and in the large size category in all the species. Total 

chromosome length ranges from 12.27 Jlm to 14.65 Jlm with mean of 13.53 Jlm ± 0.44 s.e. 

The centromere is median. There is terminal constriction on the long arm and visible weak 

constriction on the short arm. It was taken as standard to measure the relative length of the 

chromosomes in the species. The mean difference of the total chromosome, long arm and 

short arm lengths of K. foliosa were different from the rest (p < 0.01), but the short arm length 

was not significantly different from K. schimperi and K. pumila (p > 0.01). 
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Figure 19. Somatic metaphase cell of (A) K. foliosa, (B) K. hildebralldtii, (C) K. illsigllis. (D) 

K. isoetifolia, (E) K. schimperi and (F) K. pI/mila. (X2600) 
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Figure 20. Karyotype of the species: (A) K. foliosa, (B) K. hildebrandtii, (C) K. insignis, (D) 

K. isoetifolia, (E) K. schimperi and (F) K. pI/mila. 
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Chromosome II: Total chromosome length ranges from 9.88 flm to 13.63 flm and mean of 

12.40 ~lm ± 0.39 s.e. There is terminal constriction on the long ann. At the terminal position 

of the short arm, there is a knob in all and in K. insignis, it appeared as a satellite. The 

centromere is submedian. The mean difference of the total length of chromosome of K. 

foliosa differs significantly from the rest (p < 0.01) and the difference was not significant 

among K. hildebrand!ii, K. insignis and K. isoetifolia, and between K. schimperi and K. 

pllmila (p > 0.01). The mean difference of long arm length of K. foliosa and K. schimperi was 

significantly different from all other (p < 0.01). The mean difference of short arm length of K. 

foliosa was significantly different from K. hildebrandt;; (p < 0.0 I). 

Chromosome ill: It is submedian chromosome. Total chromosome length ranges from 9.83 

flm to 12.32 flm with mean 11.24flm ± 0.35 s.e. It has constriction on the long arm and 

satellite on the short arm of K. insignis and K. isoetifolia. The rest have a knob like structure 

at the terminal position on the short arm. All seems to have an additional terminal constriction 

on the short ann. The mean difference of total chromosome length showed the same 

significance level as chromosome II but K. pllmila was significantly different from all other (p 

< 0.01). 

Chromosome IV: It is subterminal chromosome. The total length ranges from 9.60 flm to 

12.08 flm with a mean 10.66 flm ± 0.44 s.e. All have terminal constriction on the long arm, 

and no satellite was observed in any of the homologous chromosomes. The mean difference 

of total chromosome length of K. foliosa and K. hildebrandtii, the long arm length of K 

illsignis, and the short arm length of K. hildebrandt;; was significantly different from all other 

species (p < 0.01). 
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Table 17. The mean and standard error of total chromosome length (TL), long arm length (L), 

Short ann length (S), arm ratio (r) and relative length (RL) of the metaphase chromosomes in 

the Kllipilojia species. 

Species Chromosome Total Long arm Short arm Arm ratio (r) Relative 
number chromosome length (L) length (S) ~mean) I S(me-an) length 

length (TL) mean ± s.e Mean ± s,e Mean ± s,e 
Mean ± s.e (~m) (~m) 

(~m) 

K. foliosa I 12.03 + 0.12 7.57 + 0.39 4.45 + 0.22 1.71 + 0.06 1.00 
II 11.06 + 0.25 7.10+.40 3.96 + 0.41 1.81 ±0.1O 0.92 
III 9.98 + 0.06 7.26 + 0.14 2.72 + 0.15 2.68 ± 0.07 0.83 
IV 9.73 + 0.15 7.31+0.13 2.41± 0.13 3.03 ± 0.06 0.81 
V 8.53 + 0.15 5.91 + 0.18 2.62 + 0.29 2.28 + 0.12 0.71 
VI 7.04 + 0.24 5.53 + 0.49 1.51 + 0.49 3.96 + 0.64 0.59 

K. hildebralldlii I 14.49 + 0.13 9.12 + 0.18 5.37 ± 0.18 1.70 ± 0.03 1,00 
II 13.33 + 0.24 8.56 + 0.28 4.76 + 0.35 1.80 + 0.07 0.92 
III 12.09 ± 0.21 8.80 ±0.07 3.30 ±0.21 2.68 ± 0.06 0.83 
IV 11.71 ±0.30 8.81 + 0.18 2.90 + 0.22 3.05 +0.08 0.81 
V \0.47 + 0.56 7.28 + 0.12 3.19 + 0.50 2.31 + 0.13 0.72 
VI 8.48 + 0.32 6.76 + 0.13 1.72 ± 0.26 3.99 ± 0.23 0.59 

K. insiRllis I 13.83 ± 0.61 8.68 + 0.46 5.13 + 0.30 1.70 + 0.04 1.00 
II 12.75 ± 0.12 8.18 ± 0.02 4.56 ± 0.06 1.80 ± 0.06 0.92 
III 11.65 + 0.23 8.47 + 0.34 3.18 ± 0.20 2.67 ± 0.12 0.84 
IV 11.35 + 0.36 8.48 + 0.54 2.87+ 0.18 3.04 + 0.30 0.82 
V 9.91 ± 0.35 6.88 ± 0.35 3.03 ± 0.44 2.30± 0.16 0.72 
VI 8.09 + 0.36 6.44 +0.07 1.65 + 0.31 3.8 + 0.29 0.58 

K. isoelifolia I 14.33 + 0.39 9.04 + 0.26 5.33 + 0.53 1.71 + 0.07 1.00 
II 12.99 ± 0.52 8.35 ±0.39 4.64 ± 0.29 1.81 ± 0.05 0.91 
III 11.70 + 0.34 8.49 + 0.15 3.21 + 0.46 2.67 + 0.17 0.82 
IV 11.43 + 0.43 8.57 + 0.17 2.85 ± 0.33 3.03 + 0.14 0.80 
V \0.00 ± 0.31 6.94 ±0.23 3.07 ± 0.48 2.30 ± 0.16 0.70 
VI 8.24 + 0.31 6.53 + 0.52 1.71 + 0.45 3.99 + 0.49 0.58 

K. schimperi I 13.65 + 0.19 8.58 + 0.16 5.07 + 0.27 1.70 + 0.04 1.00 
II 12.52 ±0.29 8.01 ±0.13 4.51 ± 0.36 1.79 + 0.06 0.92 
III 11.27 + 0.15 8.16 + 0.48 3.11 +0.51 2.67 + 0.19 0.83 
IV 10.99 + 0.22 8.25 +0.29 2.74 + 0.36 3.04 +0.17 0.81 
V 9.63 + 0.22 6.70 + 0.07 2.93 + 0.24 2.30 + 0.07 0.71 
VI 7.95 + 0.37 6.25 + 0.31 1.70 + 0.62 3.99 +0.63 0.58 

K. pI/mila I 13.28 ± 0.35 8.35 ± 0.29 4.88 ±0.29 1.71 ±0.03 1.00 
II 12.18 + 0.12 7.84 + 0.17 4.34 + 0.11 1.81 ± 0.03 0.92 
III 11.22 ± 0.15 6.16 ± 0.21 5.06 ± 0.30 2.66 ± 0.12 0.84 
IV 11.01 + 0.17 8.17 ±0.29 2.84 + 0.42 3.04 + 0.22 0.83 
V 9.57 + 0.69 6.64 + 0.29 2.93 + 0.33 2.29 + 0.11 0.72 
VI 7.72 ± 0.29 6.21 ±0.15 1.684 ± 0.68 3.99 ±0.53 0.58 

Chromosome V; It is submedian. The total chromosome length ranges from 8.4011m to 11.19 

11m and with a mean of 9.8 11m ± 0.33 s.e. It has terminal constriction on the long arm. The 
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short ann in K. hildebrandtit and K. insigllis has satellite, and a terminal knob is visible on the 

short arms of K. foliosa and K. plImiia. The short arm length is similar among the species (p > 

0.01). The mean difference of the total chromosome length of K. hildebrandtii was different 

from all other species, and K. foliosa was different from K. isoetifolia and K. plImiia. Also, 

the long arm length of K. foliosa from all the species and K. hildebrandtli except with K. 

insignis were different (p<O.OI). 

Chromosome VI: It is subterminal. The total length ranges from 6.81 11m to 9.18 11m and with 

a mean of 8.21 11m ± 0.25 s.e. There is terminal constriction on the long arm of all species and 

satellite or a terminal knob on the short aim of K. hildebrandtii, K. insignis, and K. pllmila. 

The mean difference of total and long arm length of K. foliosa is significantly different from 

all the species except for K. pumila (p < 0.01). 

The dendogram of hierarchical cluster analysis showed that K. foliosa is an outsider and the 

rest are relatively closely related, where K. insigllis and K. isoetifolia, and K. schimperi and K. 

pumila are more mutually related than to K. hildebrandtii (Fig. 21). 

K. ins ignis 

K. isoetifolia 
K. hildebrandtii 

K. schimperi 
K. pllllliia 

30.2 

178.1 
K·foliosa -------------------' 

Figure 21. The dendogram of hierarchical cluster analysis based on the total, long arm and 

short arm lengths of the mitotic chromosomes. 
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5. 5 ISOENZYME ANALYSIS 

The isoenzyme analysis conducted on four enzyme systems in the KllipllOjia species revealed 

that Pgm, Aat and Gpi are polymorphic and G6pdh is monomorphic. Pgm and G6pdh are 

monomeric and, Aat and Gpi are dimeric. 

Pgm has three putative loci (Fig. 22). Pgm-l displayed five alleles (A-E). The alleles A, Band 

C are common and found in all the species. Allele D is less common and only found in 

Klliphofia illsigllis and K. schimperi. Allele E is a rare allele only found in one population of 

K. schimperi ("sch-14", Table 17). pgm-2 displayed three alleles (A-C). Allele B is common 

in all and fixed in half of the populations. Allele A is found in K. illsigllis and in one 

population of K. isoetifolia ("iso-I"). Allele C is found in K. isoetifolia and in one population 

of K. foliosa ("fol-13") and K. illsigllis ("ins-8"). Pgm-3 is fixed and monomorphic in all the 

species (Table 17). 

Aat has three putative loci (Fig. 22). The loci identified as Aat-l and Aat-3 are blurred and not 

interpretable. The middle locus identified as Aat-2 has four alleles (A-D). Allele B is most 

common in all species and populations. Allele A is rare and only found in K. isoetifolia. 

Allele C is also rare but found in K. isoetifolia and K. schill/peri. Allele D is found in all the 

species except in K. hildebralldtii and K. isoetifolia (Table 17) 

Gpi has two putative loci (Fig. 22). The anodal locus has bands without sharp distinction, 

assumed to be of chloroplast origin, and not further interpreted. The cathodal locus Gpi-2 has 

four alleles (A-D). Allele C is the most common in all the species and populations. Allele A is 

found in K. illsigllis, K. isoetlfolia and K. pI/mila. Allele B is found only in K. schimperi. A 
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very faint mark of allele B was observed in K. pI/mila and more rarely in K. foliosa, when the 

gel was kept in the stain solution for longer period than usual. These bands were, however, 

interpreted as ghosts and not scored. Allele D is present in all species except in K. isoetifolia 

and K. pI/mila. A third putative locus was observed towards the cathode in relation to the 

application point, but was not consistently expressed and accordingly not included in the 

further analysis (Table 17). 

0.1i ...... Aat-l E!l3 Gpi-l 
0<; -Pgm-1A - Aat-2A 

-tt-3~ -P!!.m-1B - at 
04 

-Pgm-1C - at- D 

Rr P!!.m-1D 
-Pgm-1E ...... Aat-3 

0.1 

-Pgm-2A 
- Gpi-2A 

O.? -Pgm-2B - Gpi-2B 
-Pgm-3 

o 1 -Pgm-2C 
0 Gpi-2D 

Figure 22. The relative mobility of the alleles in the variable loci of Pglll, Aat and Gpi. The 

shaded bands represent blurred bands. 

G6pdh has two regions identified as G6pdh-l and G6pdh-2 with Rr values 0.26 and 0.14; 

respectively. Both were monomorphic in all the samples. 

Four of thc total of seven loci interpreted were polymorphic, and they all together displayed 

16 allelic bands. At the species level the percentage of polymorphic loci (P) ranges from 28.6 

% in K. hildebralldtii to 57.1 % in K. foliosa, K. illsigllis and K. isoetifolia (Table 18). The 
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lowest mean number of alleles (A) per locus is 1.43 again in K. hildebralldtii and highest is 

2.43 in K. insignis and K. schilllperi. K. foliosa has the lowest mean number of alleles per 

polymorphic locus (AP = 2.25), and K. schilllperi has the highest (AP = 3.6). The mean 

effective number of alleles per locus (Ae) range from 1.07 in K. plllllila and K. foliosa to 1.42 

in K. insignis (Table 19). The values of these diversity parameters on the population level are 

in fact, of the same order of magnitude as for the species level. 

The expected heterozygosity (He) in the species ranges from 0.058 in K. plllllila to 0.188 in K. 

insigHis. At the population level "fol-lO" has the lowest and "ins-8" has the highest value 

(Table 20). 

Table 18. The sample size (N) and mean, standard error (s.e.) of the allele frequencies of 

polymorphic locus in the populations of genus Klliphofia species. 

Population of genus Kllil!hofia species 
Locus Alleles fol- 10 fol-13 hild-4 ins-8 ins-12 iso-l iso-2 sch-5 sch-14 ~um-6 mean s,e. 

(N) 39 30 35 31 36 90 36 46 73 51 
Pgm-I A 0.103 0.125 0.071 0.177 0.083 0.150 0.139 0.043 0.048 0.049 0.099 0.047 

B 0.872 0.821 0.757 0.500 0.444 0.733 0.667 0.707 0.603 0.843 0.695 0.143 
C 0.026 0.054 0.171 0.258 0.417 0.1l7 0.194 0.217 0.281 0.108 0.184 0.1l7 
D 0.000 0.000 0.000 0.065 0.056 0.000 0.000 0.033 0.062 0.000 0.022 0.029 
E 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.001 0.002 

Pgm-2 A 0.000 0.000 0.000 0.016 0.042 0.0 II 0.000 0.000 0.000 0.000 0.007 0.004 
B 1.000 0.982 1.000 0.952 0.958 0.956 0.986 1.000 1.000 1.000 0.983 0.006 
C 0.000 O.oI8 0.000 0.032 0.000 0.033 0.014 0.000 0.000 0.000 0.010 0.004 

Aat-2 A 0.000 0.000 0.000 0.000 0.000 0.072 0.083 0.000 0.000 0.000 0.016 0.010 
B 0.949 0.946 1.000 0.968 0.931 0.911 0.889 0.837 0.842 0.980 0.925 0,018 
C 0.000 0.000 0.000 0.000 0.000 0.017 0.028 0.120 0.137 0.000 0.030 0.017 
D 0.051 0.054 0.000 0.032 0.069 0.000 0.000 0.043 0.021 0.020 0.029 0.008 

Gpi-2 A 0.000 0.000 0.000 0.129 0.125 0.150 0.278 0.000 0.000 0.039 0.072 0.030 
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.098 0.027 0.000 0.013 0.010 
C 0.962 0.911 0.757 0.677 0.694 0.850 0.722 0.750 0.760 0.961 0.804 0.034 
D 0,038 0.089 0.243 0.194 0.181 0.000 0.000 0.152 0.212 0.000 0.111 0.031 

Of the 48 individual loci tested for the deviation from Hardy-Weinberg equilibrium six 

(12.5%) indicated significant difference (p<O.OS) and found scattered in five populations. ~t 
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the population level the mean of the inbreeding coefficient (F) is positive indicating a slight 

deficiency in heterozygosity though at locus level Pgm-l in "sch-14", Aat-2 in "ins-12" and 

"iso-I", and Gpi-2 in "fol-l3", "sch-5" and in "sch-14" are negative indicating slight excess in 

heterozygosity (Table 19). 

Table 19. Estimate of Genetic variability within each population and species of genus 

Kllip/lOfia. 

Po~ulation Expemental site P* A AP A, He + se 
fol-1O Ali Dora 42.86 1.57 2.33 1.07 0.058 ± 0.033 
fol-13 Dinsho 57.14 1.71 2.25 1.l1 0.088 ± 0.044 
K·foliosa 57.14 1.71 2.25 1.09 0.Q70 ± 0.037 
K hildebrandtii (hild-4) Gheddo 28.60 1.43 2.50 1.18 0.110 ± 0.071 
ins-8 Bullo Workie 57.14 2.14 3.00 1.42 0.187 ± 0.103 
ins-12 Torban Ahie 57.14 2.00 3.00 1.39 0.188 ± 0.097 
K. iJlsignis 57.14 2.14 3.00 1.42 0.188 ± 0.100 
iso-l Bekojji 57.14 2.00 2.50 1.20 0.134 ± 0.061 
iso-2 Dinsho 57.14 1.86 2.50 1.28 0.164 ± 0.081 
K isoetifolia 57.14 2.00 2.75 1.22 0.143 ± 0.067 
sch-5 Butolo 42.86 2.00 3.30 1.27 0.164 ± 0.080 
sch-14 Goro Wonchi 42.86 2.14 3.60 1.32 0.172 ± 0.087 
K. schimperi 42.86 2.14 3.60 1.30 0.170 ± 0.084 
K.pumila (Qum-6) Yirba Muda 42.86 1.57 2.33 1.07 0.056 ± 0.039 

p* is percentage of polymorphic loci at 95 % criterion; A is the mean number of alleles per 

locus; AP is the mean number of alleles per polymorphic locus, Ae is the effective number of 

alleles per locus; He is unbiased estimate of the heterozygosity expected under Hardy-

Weinberg equilibrium and se is standard error. 

The total genetic diversity at the polymorphic loci (HT) in the species ranges from 0.123 in K. 

foliosa to 0.396 in K. schimperi. The proportion of HT harboured within the popUlation in K. 

foliosa, K. illsigllis, K. isoetifolia, and K. schilllperi ranges from 99.5% in K. schimperi to 

98.9% in K. isoetifolia indicating very low diversification between the populations (Table 21). 

At the generic level HT ranges from 0.034 to 0.470 with a mean 0.247. The genetic variation 

among the species (GST) is 6.6% (Table 22). 
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Table 20. Chi-square test for the deviation of the observed and expected allele frequencies 

from Hardy-Weinberg equilibrium at the polymorphic loci. 

Pop. PglII-l Pgm-2 Aat-2 Ge i-2 

x' df p X' df P x' DF P x' df P 
fol-1O 3.736 3 0.291 0.084 I 0.771 0.041 1 0.839 
fol-13 1.546 3 0.672 0.000 1.000 0.059 1 0.808 4.288 I 0,038 * 
hildA 6.906 3 0.075 0.814 1 0.367 
ins-8 7.495 6 0.278 0.053 3 0.997 0.017 1 0.896 2.715 3 0.438 
ins-12 9.765 6 0.135 0.045 1 0.832 5.890 1 0.015** 3.948 3 0.267 
iso-l 1.528 3 0.676 0.169 3 0.982 17.221 3 0.001** 0.754 1 0.385 
iso-2 4.386 3 0.223 0.000 I 1.000 0.486 3 0.922 0.073 I 0.786 
seh-5 12.196 6 0.058 1.126 3 0.771 13.538 3 0.004' 
seh-14 37.331 10 0.000** 1.589 3 0.662 23.229 3 0.000** 
pum-6 1.094 3 0.779 0.010 1 0.920 0.063 1 0.802 
*p < 0.05; **p< 0.005 significant different between observed and expected 

Table 21. Estimate of the F-statistics and unbiased Nei's (1978) genetic diversity statistics for 

the polymorphic loci. 

Species Locus X' df FJS FIT HT Hs DST GST 

K·foliosa Pgm-l 0.93 2 -0.031 -0.027 0.264 0.263 0.001 0.004 
Pgm-2 1.40 -0.018 -0.009 0.Dl5 0.Dl5 0.000 0.009 
Aat-2 0.00 1 -0.055 -0.055 0.100 0.099 0.000 0.000 
Gpi-2 1.50 0.222 0.230 0.113 0.112 0.001 0.011 
Mean 0.022 0.027 0.123 0.122 0.001 0.006 

K. hildebrandtii Pgm-l 6.91 3 0.199 0.398 
Gpi-2 0.81 -0.165 0.373 
Mean 0.023 0.386 

K. illsignis Pgm-l 5.03 3 0.092 0.106 0.646 0.637 0.009 0.Dl5 
Pgm-2 3.05 2 -0.041 -0.036 0.087 0.087 0.000 0.005 
Aal-2 0.93 0.229 0.234 0.100 0.099 0.001 0.007 
Gpi-2 0.05 2 -0.120 -0.120 0.481 0.481 0.000 0.000 
Mean 0.Dl5 0.023 0.329 0.326 0.003 0.008 

K. isoetijolia Pgm-l 2.60 2 0.129 0.134 0.451 0.448 0.003 0.006 
Pgm-2 1.55 2 -0.032 -0.025 0.070 0.070 0.000 0.006 
Aal-2 0.43 2 0.030 0.031 0.176 0.176 0.000 0.001 
Gpi-2 5.53' 1 0.052 0,075 0.305 0.298 0.007 0.024 
Mean 0.D78 0.088 0.250 0.248 0.003 0.011 

K. schimpe,.i Pgm-l 3.43 4 0.033 0.041 0.519 0.514 0.004 0.008 
Aat-2 1.14 2 0.085 0.085 0.277 0.277 0.000 0.001 
Gpi-2 6.21* 2 0.319 0.323 0.391 0.389 0.002 0.006 
Mean 0.141 0.146 0.396 0.393 0.002 0.005 

K.p 11111 ila Pgm-I 1.09 3 0.073 0.278 
Aat-2 0,01 -0.020 0.039 
Gpi-2 0.06 -0.041 0.076 
Mean 0.042 0.131 

*p<0.05 significant different between observed and expected 
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Table 22. Estimate of the F-statistics and unbiased Nei's (1978) genetic diversity statistics for 

the polymorphic loci at genus level. 

Locus FJS FIT HT Hs DST GST 

Pgm-l 0.094 0.154 0.470 0.440 0.030 0.064 
Pgm-2 -0.031 0.011 0.034 0.033 0.001 0.020 
Aat-2 0.085 0.133 0.158 0.150 0.008 0.052 
Gpi-2 0.036 0.113 0.327 0.301 0.026 0.080 
Mean 0.069 0.131 0.247 0.221 0.016 0.066 

The similarity among the populations is higher than among the species as shown by Roger 

(1972) similarity and unbiased Nei's (1978) genetic distance (Table 23). The similarity 

between the population ranges from 0.965 to 0.984 with a mean of 0.973. The lowest 

similarity is between populations of K. isoetifolia and the highest is between populations of K. 

foliosa. The largest genetic distance is between "fol-IO" and "ins-12" (Table 23, 0.034) with 

mean 0.011 that indicated very high genetic identity between the populations within each 

species that ranges from 0.983 to 1.00 with mean 0.990. Pairwise comparison of the species 

was made by pooling all genotypes to a species level and the species similarity coefficient 

ranges from 0.909 to 0.956 with mean of 0.939 and genetic distance ranges from 0.001 to 

0.027 with mean 0.0 I!. The smallest value is between K. foliosa and K. pI/mila and the 

highest value is between the K. isoetifolia and K. sclzimperi. The genetic identity among the 

species ranges from 0.975 to 0.999 with mean 0.989. 

77 



Table 23. Roger (1972) genetic similarity (above the diagonal), and Nei's (1978) unbiased 

genetic distance (below the diagonal) and mean of genetic identities (1* values): paired 

identities between each population and other populations. 

pop. fol-IO fol-13 hildA ins-8 ins-12 iso-l iso-2 sch-5 sch-14 pum-6 1* 

fol-IO 0.984 0.940 0.911 0.900 0.948 0.922 0.931 0.917 0.980 0.987 
fol-\3 0.000 0.950 0.925 0.912 0.957 0.931 0.939 0.927 0.972 0.991 
hildA 0.009 0.005 0.943 0.928 0.942 0.935 0.957 0.954 0.954 0.992 
ins-8 0.023 0.017 0.008 0.969 0.935 0.939 0.932 0.942 0.916 0.988 
ins-12 0.034 0.027 0.014 0.002 0.918 0.926 0.928 0.941 0.902 0.983 
iso-l 0.005 0.004 0.009 0.012 0.020 0.965 0.938 0.926 0.953 0.991 
iso-2 0.Ql5 0.013 0.013 0.008 0.014 0.003 0.939 0.932 0.929 0.989 
sch-5 0.011 0.008 0.004 0.010 0.013 0.009 0.01l 0.975 0.935 0.992 
sch-14 0.Ql8 0.013 0.006 0.007 0.008 0.013 0.014 0.001 0.92 0.990 
pum-6 O.OOt 0.001 0.008 0.020 0.Q28 0.004 0.012 0.009 0.Ql5 0.989 

The phenogram of the UPGMA clustering showed two major groups that depicted the relation 

among the species. The first grouping includes K. foliosa, K. pI/mila and K. isoetifolia. And 

the second includes K. izildebrandtii, K. sciJimperi and K. insigllis (Fig. 23). K. illsigllis 

appeared more divergent in the cluster than the rest. 

°195 1 01'96 1 0.?7 1 0,98 1 0.?9 1 I.QO 
K. foliosa 10 
K. foliosa 13 

K. plllllila 6 
K. isoetifolia I 
K. isoetifolia 2 

r---r-- K. izildebralldtii 4 
K. scizilllperi 5 

'--- K. scizimperi 14 
1---_____ [ K. illsigllis 8 

K. illsigllis 12 

Figure 23. Phenogram expressing overall level of genetic similarity among KllipilOjia species 

based on Roger's (1972) coefficient of genetic similarity. 
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5. 6 PHENETIC ANALYSIS 

The PCR amplification work of the fmL (UAA) 3'-fmF (GAA) intergenic spacer is shown 

Fig. 24. The length of fmL-fmF intergenic spacer sequences range from 355 base pairs in K. 

foliosa ("fol-lO"), K. isoefijolia, and K. hildebralldtii to 360 base pair in "fol-13", K. illsigllis 

and K. schimperi. The mean base frequency across the taxa is 0.33(A), 0.38(T), 0.14(0), and 

0.15(C) (Fig. 25). 

A) 

Figure 24. The PCR amplification products generated from the total DNA of the KnipllOfia 

species. (A) He" and "f' primers. The molecular marker is ¢ X 1741HaeIII. 

The t/'llL (UAA) 3'-tmF (OAA) intergenic spacer sequences of the six species are remarkably 

similar except five positions, one length mutation of 5 bp (indels) and four substitutions 

(transvertions). In the phenetic analysis of the 360 characters (aligned base sequences) 355 are 

constant. The identified differentiation at the intergenic spacer is not sufficient to draw firm 
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conclusion regarding relation of the Klliphofia species. The mutations are about I % of the 

aligned sequences (Table 24). Figure 2S indicates the relation among the species. 

1 11 21 31 41 50 
CATTTTTCAT AA-----GTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTT1'TCAT AACATAAGTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTTTTCAT AA-----GTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTTTTCAT AACATAAGTT GTTTAAAGAA AATTCAATTT CTTTCTCATT 
CATTTTTCAT AACATAAGTT GTTTAAAGAA AATTCAATTT CTTTCTCATT 
CATTTTTCAT AA-----GTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTTTTCAT AA-----GTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTTTTCAT AA-----GTA GTTTAAAGAA AATTCAATAT CTTTCTCATT 
CATTTTTCAT AACATAAGTA GTTTAAAGAA AATTCAATTT CTTTCTCATT 
CATTTTTCAT AACATAAGTA GTTTAAAGAA AATTCAATTT CTTTCTCATT 
CATTTTTCAT AA-----GGG GTTTAAAGAA AATTCAATAT CTTTCTCATT 

51 61 71 81 91 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 
GATTCTACCC TTTCCCAAAC AAATAGGTCT GAACAGAAAT CTTTTTGTCT 

101 111 121 131 141 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 
TATACCAAAT TTGGTTTGAA TAGATACGAT ACCTGTGCAT ATGAATATAT 

151 161 171 181 191 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 

45 
50 
45 
50 
50 
45 

fol-10 
fol-13 
hild-4 

ins-8 
ins-12 
iso-l 

45 iso-2 
45 iso-1-16 

100 

50 
50 
45 

sch-5 
sch-14 

pum-6 

95 fo1-10 
100 fol-13 

95 hild-4 
100 ins-8 
100 ins-12 

95 iso-1 
95 iso-2 
95 iso-1-16 

100 sch-5 
100 sch-14 

95 pum-6 

150 
145 
150 
145 
150 
150 
145 
145 
145 
150 
150 
145 

200 
195 
200 
195 
200 
200 

fol-10 
fol-13 
hild-4 

ins-8 
ins-12 
iso-l 
iso-2 

iso-1-16 
sch-5 

sch-14 
pum-6 

fol-10 
fol-13 
hild-4 

ins-8 
ins-12 

ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 195 iso-1 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 195 iso-2 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 195 iso-1-16 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 200 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA 'I'ATCATTCTT 200 
ATGGGCAAGG AATTTCCATT GTTGAATCAT TCACAGTCCA TATCATTCTT 195 
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sch-5 
sch-14 

pum-6 



201 211 221 231 241 250 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 fol-10 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 250 fol-13 
'rTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 hild-4 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 250 ins-8 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 250 ins-12 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 iso-l 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 iso-2 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 iso-1-16 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 250 sch-5 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 250 sch-14 
TTTCCGTTTA CAAATAAAAA GAAAGTCTTC TTTTTGAAGA TCTAAGAAAT 245 pum-6 

251 261 271 281 291 300 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 fol-10 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 300 fol-13 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 hild-4 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 300 ins-8 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 300 ins-12 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 iso-l 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 iso-2 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 iso-1-16 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 300 sch-5 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 300 sch-14 
TCATGGACTA GGTCAATTTT TTGAATACTT TAAATTAATA TTGAATTTCT 295 pum-6 

301 311 321 331 341 350 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 fol-10 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 350 fol-13 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 hild-4 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 350 ins-8 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 350 ins-12 
ATTAAATTTA TTGGTCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 iso-l 
ATTAAATTTA TTGGTCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 iso-2 
ATTAAATTTA TTGGTCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 iso-1-16 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 350 sch-5 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 350 sch-14 
ATTAAATTTA TTGGGCTATT TAATTTACCA AGCACTCTAC TAGGATGGTG 345 pum-6 

351 
CGCGGGAAAT 355 fol-10 
CGCGGGAAAT 360 fol-13 
CGCGGGAAAT 355 hild-4 
CGCGGGAAAT 360 ins-8 
CGCGGGAAAT 360 ins-12 
CGCGGGAAAT 355 iso-l 
CGCGGGAAAT 355 iso-2 
CGCGGGAAAT 355 iso-1-16 
CGCGGGAAAT 360 sch-5 
CGCGGGAAAT 360 sch-14 
CGCGGGAAAT 355 pum-6 

Figure 25. Sequence of the tmL (UAA)3'-tmF (GAA) intergenic spacer of the chloroplast 

DNA. The length mutation is underlined and substitutions (transversion) are bold faced. 
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Table 24. The rate and percentage of informative variation per aligned length (360 bp) of the 

trnL (UAA) 3'-tmF (GAA) intergenic spacer of chloroplast DNA. 

trnL(UAA)·trnF(GAA) region Informative variation Rate Percentage 
Substitution 4 0.01 1% 
Length mutation (inde\s) \ 0.002 0.2% 

The Relation among the species fails into two clusters based on the absence and presence of 

the length mutation. Accordingly, K. insignis and K. schilllperi made one cluster and, K. 

hildebrandtii, K. isoetifolia and K. pl/lIliia the other. The populations with a species are 

similar unlike the relation between K. foliosa from Ali Doro (fol-13) and from Dinsho (fol-

10) are different compared with the rest. Again, the length mutation determined the clustering 

pattem (Fig. 26). 

sch-5 
sch-14 

fol-13 

ins-8 
ins-12 

iso-2 

iso-lOl6 

iso- I 

fol-l0 

hildA 
pum-6 

Figure 26. Dendrogram of the Knip/lOjia species using Average Linkage (Between Groups) 

based on the tmL (UAA) 3'-tmF (GAA) intergenic spacer sequences of chloroplast DNA. 

The Tamura and Nei (1993) pairwise genetic distance calculated among the species is low and 

ranges from 0.0 to 0.009 and with a mean of 0.005 ± 0.003 (Table 25), indicating over 99% 
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similarity and very low differentiation of the fmL (UAA) 3'-fmF (GAA) intergenic spacer of 

the chloroplast DNA among the species. 

Table 25. Tamura and Nei (1993) pairwise comparison of the bases of the fmL(UAA) 3'-

frnF(GAA) intergenic spacer of the chloroplast DNA in the KllipllOfia species. 

fol· \0 
fol-13 0.000 _._-
hildA 0.000 0.000 -_.-
iso-I 0.003 0.003 0.003 ... --
iso-2 
iso-I-16 
ins-8 
ins-12 
seh-S 
sch-14 
pum-6 

0.003 0.003 0.003 0.000 ----
0.003 0.003 0.003 0.000 0.000 
0.006 0.006 0.006 0.008 0.008 0.008 ----
0.006 0.006 0.006 0.008 0.008 0.008 0.000 ----
0.003 0.003 0.003 0.006 0.006 0.006 0.003 0.003 ----
0.003 0.003 0.003 0.006 0.006 0.006 0.003 0.003 0.000 ----
0.006 0.006 0.006 0.009 0.009 0.009 0.008 0.008 0.009 0.009 
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6. DISCUSSION 

6. 1 DISTRIBUTION 

The Klliphofia species are found distributed between 6° 00' N to 14° 00' N latitude and 33° 00' 

E to 41 ° 46' E longitude that falls within the mountainous area of the country. K. foliosa, K. 

isoetifolia and K. schimperi are widespread and K. illsigllis and K. hildebralldtii are 

geographically restricted to the central highlands. Moreover, K. hildebralldtii is found in a 

few areas within nall'OW range in restllcted area. The distribution of the species follows the 

mountain massifs though they are only found in the open areas and have a disjunct 

distribution. 

6.2 "INSTANT" DEMOGRAPHY 

The study conducted indicates that there is variation in the number of genets and ramets per 

genet among the endemic Klliphofia species. K. schimperi has a higher number of genets 

consisting of one ramet and K. foliosa has often a rather high number of ramets per genet. The 

variation in the number of ramets per genet among the species may indicate the age of the 

plants in the different experimental sites. Those genets, in the endemic Klliphofia species, 

with higher number of ramets, are considered to have been on the experimental field for 

longer period and those genets consisting of only of one ramet are considered a new 

reclUitment from the seed population. The assumption may be derived from the growth 

pattern of the species in the greenhouse experiment and depicts that the age of genets can be 

related to the number of ramets in the genet. K. fo/iosa has higher number of ramets per genet 

in the experimental sites than observed in the greenhouse experiment. During a growing 

season three times longer than it gets under natural conditions, K. foliosa obtained around 3.s 

ramets on average. These low numbers of ramets compared to the field experiment may be 
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due to the short growing period in the greenhouse compared to the unknown age of the plant 

in the experimental sites. 

In K. foliosa the new reclUitment from the seed population is low compared to the other 

species that have more new reclUited genets from the seed population. The decline in the 

number of genets in time has implication to genetic diversity unless new genets are reclUited 

from the seed population. It will also decrease the level of genetic diversity in the population. 

However, in the population of KllipllOfia species, the reclUitment of genets from seeds and the 

genet and ramets distribution seems to have a potential to rescue the impoverished genetic 

diversity that might result from the impact of clonal growth or vegetative reproduction 

(Hartnett and Bazzaz, 1985; Handel, 1995). 

In the populations, the number of ramets at the juvenile vegetative life-stage ranges from 5% 

to 73% and this proportion of youngsters is considered an indicator of the likely successful 

future of the species but these young ramets do not reach the reproduction stage in same 

growing season. In addition to this, the total percentage of ramets that reach a sexual 

reproductive stage is low, and ranges from 2% in K. isoetifolia to 43% in K. illsigllis at Bullo 

Workie. The low sexual reproduction rate may affect the life history, such as survival, 

fecundity and growth of the population in the future environment. The latent genetic diversity 

in the soil seed bank may also be affected by the low sexual reproduction. In fact the 

determination of the finite growth parameter lambda, .:t, needs a log-term demographic 

studies that may lead to valuable insights on the population dynamics of the species in 

relation to changes in their habitats (Caswell, 1998; Silvertown et al., 1993). 
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Furthelmore, the life history of the species indicted a distinction between r-selection and k

selection adaptation strategies. K. hildebrand'ii has lower population density as well as lower 

number of flowers and fruits, while K. Jolios{t has higher population density and higher 

number of flowers and fruit production. The rest can be in between the lower population . 

density, K. hildebrandtii that follows r-selection, and the higher population density, K. Joliosa, 

that follows k-selection strategy (Pianka, 1970). Thus, the KniphoJia species show an r-k 

continuum as Bekele (1996) showed in Eragrostis tef 

6. 3 REPRODUCTIVE BIOLOGY 

The endemic KlliphoJia species, as observed in the field and greenhouse experiments, have 

relatively constant flowering season. Abnormalities may be seen as in the case of K. 

isoetiJolia at Bekojji, or abnormalities in weather may alter the flowering dates, which do 

depend on the wetness of the area. But any variation between the flowering season in the wild 

and greenhouse experiment may be the outcome of the establishment period and once 

established, the greenhouse plants usually follow the regular pattern corresponding 

approximately to the species in the wild (Codd, 1968; Marais, 1973). The reason for the 

unusual flowering of K. isoetiJolia, at Bekojji is the continuous supply of water from the 

spring. The new vegetative and sexually produced cohorts continue to grow and flower at 

different time of the year (Johnson, 1992). 

The individual species has shown differences in the behaviour of sprouting and the duration it 

takes for each to reach flowering in the greenhouse experiment. K. isoetiJolia flowered after a 

growing period of seven months, K. schilllperi after growing period of 10 months, and K. 

hildebrandtii and K. illsignis after a growing period of one and a half year. K. Joliosa had not 

flowered by the time the experiment was stopped (FeblUruy 2000). This pattern of gr9wth of 
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the species indicates that cohorts recruited from seeds need time to establish before they start 

flowering. This may be related to a minimum size requirement for sexual reproduction, as 

there is a linear relationship between size and sexual reproduction output (Hartnett, 1990). 

The other feature, which may be, linked to accumulation and allocation of resource to sexual 

reproduction is shown by the growth of up to four inflorescences by a ramet in K. schilllperi, 

while K. isoetifolia flowered within 1/3 of the time taken by K. schilllperi as also reported by 

Schmid et al. (1995) and, Sugiyama and Bazzaz (1998). 

The flowers are long lasting and remain open with exserted pistil from 5 days to 7 days. The 

longevity of the flowers is related to their breeding system; outcrossing, and increase the 

opportunity for pollinator visits (Primax, 1985). The amount of nectar production increases 

with flower age and coincides with the female phase that is also observed in other protandric 

species. The production of nectar with the development of female does guide pollinators to 

forage beginning from the female flower and move up the inflorescence. In this process, 

pollen grains from other flowers are dusted on the stigma, and as they move up through the 

inflorescence can cany away pollen from flowers with dehiscing anthers (Pyke, 1978). 

The phenology experiments prove that the endemic Kllip/lOfia species are protandrous where 

the anther dehiscence precedes stigma receptivity. In the species, the chance for within 

inflorescence geitonogamous selfing seems low. Regardless of the weakness of the 

greenhouse pollination experiment to reveal the breeding system of the plants, no fruit yield 

from the within inflorescence crosses (Black ef ai, 1996). The reason for no fruit yield from 

the cross between plants in the same population may be due to the decrease of female fertility 

or viability of pollen (Bierzy-chudek, 1990; Stone ef al., 1993) or one of the reasons listed in 
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Young and Young (1992). Furthermore, the crosses made in green house may not satisfy the 

requirements in the wild. 

The percentage of abscission of flowers observed ranges from 30% in K. foliosa to 91 % K. 

illsigllis. The high percentage recorded in K. illsigllis at Bullo Workie may be because of the 

massive growth of the plants at the site and competition between plants for pollinators and 

pollinator deficiency, or may be due to unaccounted environmental conditions. Otherwise, the 

same species at Torban Ashie has a lower percentage of flower abortion. As a whole, the 

higher percentage of flower abscised in this species may be, that, initially, more nnmber of 

flower were prodnced to attract pollinators than the plants snpport them to matnred seeds 

(Matthies, 1990; Burd, 1994). In addition to these, in the case of K. hildebrandtii, its' 

population size is small and has dispersed individual genets compared to the rest and hence, 

appeared less attractive to pollinators and the abortion of flowers may be due to pollen 

limitation as was pelformed by Allison (1990), Argen (1996), Kunin (1997), and Kunin and 

Shamida (1997). 

The low fmit : flower ratio of the species may be the consequences of breakdown of 

pollinator and species association. This could be because of fragmentation as a result of land 

use changes that may have brought pollinator deficiency (Lamont et ai, 1993). The other 

cause for low rate of production may be the mechanism used by the plants to select the 

inferior zygotes and using the clonal growth as compensation factor (Robertson et al., 1999). 

Other wise the species as a whole have displayed higher rate of viability of pollen. The result 

of the pollen augmentation experiment has shown no significant statistical difference from the 

flowers without the supplementary pollen in both fmit and seed settings. But the percentage 

of flowers aborted and the deviation between numbers of seeds produced per fmit indicates 
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deficiency of pollen or pollinator unless it is related to the clogging of the stigma by 

incompatible pollen due to the inflorescence architecture and clonal growth of the plant. The 

partition of genetic variation of the total phenotypic variation being made up of the additive, 

dominance and epistatic components each of which interact differently with environment at 

each site. Therefore, 'it may be the genetic make-up, environmental limitations and physiology 

of the plants that resulted in reduced production of fruit or seed (Stocklin and Favre, 1994; 

Sugiyama and Bazzaz, 1998). 

6.4 QUANTITATIVE MORPHOLOGICAL PHENOTYPIC CHARACTERS 

The wide range of size distribution among plants in each population is a reflection of the plant 

growth, development and reproduction heterogeneity at each experimental site. The causes 

may be abiotic and biotic factors. The abiotic factors can be the different aspects of the 

environment at their respective habitats (Wijesinghe and Hutchings, 1997). Otherwise, the 

plants grown in the greenhouse under the same environmental condition has displayed 

similarity in the vegetative quantitative morphological characters. Moreover, the clustered 

box plot showed that populations from different sites within a species have same median. 

The population at the experimental sites are composed of plants at different growing stages 

where some are juveniles and others matured plants. The younger plants aggregate at the 

lower part and the matured ones at the higher part of the ranges of the quantitative 

morphological phenotypic characters. The increase of size with age may also depend on the 

heterogeneity of the environment at each site and with the vegetative reproduction of the 

Klliphofia species. Larger and older plants have more ramets produced vegetatively and are 

smaller than their parents, which may be the cause for the wide range and left skewed 
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frequency distribution of the vegetative morphological phenotypic characters (Hanzawa and 

Kalisz, 1993; Garcia and Antor, 1995). 

The high percent of coefficient of variation and the standard deviation also reflects the 

variation in the size of vegetative and reproductive sttUctures of the plants that may be a result 

of herbivory. All except K. foliosa are attacked by herbivores (personal observation). The 

magnitude of the effect is reciprocal to the size of the plant that indicated by weak correlation 

of leaf length, such that the young plants can be completely killed (Weiner, 1993). In addition 

to these, the KllipilOjia species have phalanx clonal growth that induces completion among the 

plants for light, wherein plants shaded by their neighbours may trade-off leaf number and 

width with leaf length to reach the plants with longer leaves (Thomas and Weiner, 1989; 

Schwinning and Weiner, 1998). 

The variation of floral parts in size may be accounted for as a consequence of their phenology 

and breeding system. The flowers on any inflorescence open sequentially and are composed 

of different developmental stages. The variation in length of the floral tube, pistil and stamen 

indicates the various stages of their development (Primack, 1985). The variation in the 

reproductive output is associated with the frequency distribution of juvenile (small sized 

plants) and matured large sized plants). Such that, the mean number of ftUits counted per 

reproductive plants for K. isoefijolia at Bekojji and Dinsho varies, this is related to their mean 

vegetative size. The plants at Dinsho have larger means vegetative sizes than Bekojji. This 

phenomenon, size dependence of sexual reproduction, has also been shown by Stocklin and 

Favre (1994) and Schmid ef al. (1995). 
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The categories made in the discriminate analysis of the Klliphofia species are based on the 

size differences. K. foliosa has the largest and appeared at the positive side of the plot and as 

K. hildebrandtii appeared at the negative side. Therefore, the plot has enabled to categorize 

the species on their size (Manly, 1992). Thus, the individual population in each Kniphofia 

species are close together while the different species are far apart indicating differences in 

morphological phenotypic characters. Eventhough, the data collected from the individual sites 

does not have control experiments. 

6. 5 KARYOTYPE ANALYSIS 

The evolutionary differentiation of the Knip/lOfia species in Ethiopia has taken place without 

involving either change in ploidy levels, aneuploid numbers or kmyotype differentiation. The 

image analysis of the somatic chromosomes of the six Knipilojia species agrees with the 

studies of Webber (1932) and de Wet (1960), although there are differences on the definition 

of the centromeric positions. de Wet (1960) defined chromosome VI as submedian but in this 

study, it was found to be subterminal. Webber (1932) defined the centromere of chromosome 

number III as subterminal but in this, study it was found to be submedian. Webber (1932) 

arranged the chromosomes in increasing length and categorized them into five types. But the 

previous works were carried on the Kniphofia species in South Africa. 

The Knip/lOfia species found in the flora of Ethiopia, though show variation of total 

chromosome length, long mm length, and short arm length, the ranges of their means overlaps 

in particular for K. insignis, K. isoetijo/ia, K. schimperi and K. pllllliia as indicated by the 

result of the pair wise comparison of means. The Dendogram of hierarchical cluster analysis 

(Fig. 21) indicated, that, chromosomes of K. insignis and K. isoetijo/ia, and K. schimperi and 
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K. pI/mila are relatively similar than the other two; K. foliosa which is distantly related and K. 

hildebrandtii proximally related to them. 

6. 6 ISOENZYME ANALYSIS 

6.6.1 Variation within the populations 

Four common parameters for the comparisons of intrapopulational variation are presented by 

Hamrick and Godt (1989), percentage of polymorphic loci (P), number of alleles per locus 

(A), effective number of alleles per locus (Ae), and expected heterozygosity (He). The mean 

value of P for plants (from data which were published until 1989) was calculated to 34.2%. 

All the analysed populations of the genus Klliphofia show a higher percentage of 

polymorphic loci, but, here, it should be remarked that the number of loci is rather low, so the 

result may be biased. The indicated average value for A is 1.53. In this study all the 

populations scored higher in this parameter (from 1.57 to 2.14). When it comes to effective 

number of allels, the average recorded by Hanu'ick and Godt (1989) is LIS, and the 

populations of K. illsigllis, K. scilimperi, and K. isoetijolia have all a higher values, K. 

hildebrandt;; scores close to the average, and the populations of K. foliosa and K. pI/mila 

scores low. The same relations are revealed by the expected heterozygosity (average for 

plants: 0.113), where again the populations of K. illsigllis showed the highest diversty (He= 

0.187 - 0.188), and K. pI/mila and K. foliosa the lowest (He =0.056 - 0.058). It is striking that 

the only non-endemic species, K. pI/mila, displayed the lowest diversity, but it should be 

remarked that only one population of this species was included in the analysis. 

The endemic taxa, with a possible exception of K. foliosa cannot at all be said to be depleted 

of genetic variation at the population level, on the contrary they display more variation than 
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The most straight forward explanation for the low among population variation is gene flow. 

The conspecific populations are, however, situated with a far distance between them. Seed 

dispersal does not seem very probable under the conditions we find in the region today, and 

gene flow via pollen seems improbable given the disjunct distribution. Even if we do no know 

the behaviour and flying distance between flower visits for the pollinators, the distances also 

in this respect appear to be a little too much (Fig. 1 to 5). 

The populations might represent fragments of a more continuous distribution in earlier times. 

In this case, our result indicate that this fragmentation have taken place recently and that there 

have not been enough time to accumulate different alleles by mutation. Otherwise the 

populations are expected to lead to genetic drift and increased level of genetic divergence as 

the population size become smaller and gene flow decreases (Crawford, 1983). 

6. 6. 3 Relation between the species 

The analysed species show a strong genetic similarity, as shown by all the different analyses. 

The amount of variation found among the species (=6.6%) is in fact lower than the 

expectation for among intraspecific populations of outcrossing species (=1O%)! This pattern 

is further supported by the values for the genetic identities among non-specific populations 

(ranging from 1=0.90 to 0.98) and higher than the value of the genetic identity among 

congeneric species (= 0.67) indicated in Crawford (1983). 

When the taxa were clustered according to their genetic similarity, K. foliosa and K. pI/mila 

came closest. They are both characterized by very dense racemes and conspicuously exserted 

stamens, so this grouping is partially supported by the mOlphology of the taxa. K. isoetifolia 

clusters next to this pair (Fig. 23). The latter share the special sequence of flower opening 
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(from top to bottom) with K. pI/mila. Another species pair is constituted by K. hildebralldtii 

and K. schimperi, species that do not have very close morphological identity. The most 

deviating species, as defined by the isoenzymes is K. illsigllis. Morphologically it is most 

deviating by its white flower colour (Sebsebe and Nordal, 1997). 

The six species studied have resemblance in all vegetative characters, fruits and seeds. They 

are predominately separated by traits in the flower morphology and the inflorescence 

architecture, both particularly connected to pollination. The strange phenomenon of different 

the species, in genetic respect more behaving as conspecific populations, indicates rather 

recent speciation (McClenaghan. and Beauchmap, 1986). The results, therefore, indicate that 

all the Ethiopian Klliphofia species share a recent common ancestor, but have differentiated in 

floral and inflorescence characters through rapid evolution due to selection by differential 

pollinator preferences. This hypothesis needs, however, furthers testing. Fangan and Nordal 

(1993) experienced the same relation within the genus Crilllllll, i.e. distinct difference in 

flower morphology and very little genetic differentiation, again explained by rapid evolution 

due to differential pollinator preferences (Hughes and QueUer, 1993). However, the Klliphofia 

species are pollinated by similar pollinator, Tecezze sunbird (Nectarilla tecezze). 

6. 7 PHENETIC ANALYSIS 

The tmL (UAA) 3'-tmF (GAA) intergenic spacer has been shown to evolve faster and posses 

more length mutations than the trnL (UAA) 3' intron region of the chloroplast DNA for other 

groups of plants (Taberlet et al., 1991; Gielly and Taberlet, 1994; Widmer and Baltisberger, 

1999). However, in some studies, the conservative nature of the region in a closely related 

species or at the lower taxa level is an impediment to resolve the phylogenetic relationships 

(Baker et al., 1999; McDade and Moody, 1999). 
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The intergenic spacer is highly conserved in the endemic and indigenous KlliplzoJia species iu 

Ethiopia aud the low distance value indicated the low differentiation found amoug the species. 

The available sequeuce divergeuce among the taxa is less than what is described in Olmstead 

and Palmer (1994). Accordiug to Olmstead aud Palmer (1994), the sequence divergence of 

between 5% and 10% amoug the species compared indicate an appropriate rate of divergence 

to be used for relation analysis. 

Despite the low sequence divergence rate of the trilL (UAA) 3'-trnF (GAA) of chloroplast 

DNA in the studied species, it confirms the conclusions drawu from the isoenzyme analysis. 

For example, that K. illsigllis and K. schilllperi come out more related thau the rest in the 

cluster analysis. They were also close in the isoenzyme analysis. The Ethiopian species again 

are closely related at the tmL (UAA) 3'-trnF (GAA) of chloroplast DNA. Therefore, the 

phylogeny of the species will be better explained by considering molecular markers that could 

provide a sufficient number of parsimony-informati ve characters and including more number 

of KllipilOJia species to draw a strong conclusion on the evolutionary history of the species 

(Olmstead and Palmer, 1994) and their species rank definitions. 
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7 Conclusion 

The studies undertaken regarding the distribution, demography, reproductive biology, genetic 

diversity and the relation of the KllipllOjia species are necessary and important to indicate 

their overall status and to understand the responses of the populations to both their outer 

environment and their own inner state. The responses are complex and include change in 

birth, growth, reproduction rate, size of population, genetic and evolutionalY changes. 

Therefore, the results may assist to determine whether the individual species is endangered 

and threatened by extinction or is widespread with high genetic diversity. 

The endemic species show variation in distribution K. joliosa, K. isoetijo/ia and K. schilllperi 

are widespread in the Ethiopian highlands compared to K. illsignis and K. Izildebrandtii. All 

are clonal plants that reproduce asexually by underground stems short rhizomes, and give rise 

to ramets that have potential to be physiologically independent. The genets and the ramets 

have clumped growth. K. Joliosa has higher number of ramets per genet and a more robust 

growth habit than the other species. K Izildebrandtii has the lowest number of genets per m2
• 

All the species are outcrossing and the flowers are protandrous and long lasting. All species 

are bird pollinated. The number of flowers produced is much higher than the number of fmits 

that reach maturity. 

The KlliplzoJia species have 2n = 12 and their kmyotype formula is 1m + 3sm + 2st. They 

have more genetic diversity than what is usually described to endemic plant species. The 

similarity among them is more than congeneric species. But the enzymes could have 

differences in the type of aminoacids in the polypeptides or in the nucleotide sequences of the 

gene coding the alleles. Therefore, nothing is known about how many mutations have 

occurred. Thus, the enzymes might display comparable electrophoretic characters, such as 
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size and charge, which determined the band location on the gel. Furthermore, The rare alleles 

identified in the different species compared to common ones have little effect on genetic 

similarity. However, the dendograms drown based on the sizes of the chromosomes and the 

similarity matrix of the allelic frequencies indicates that K. foliosa and K. plllllila are more 

related than they are related to the rest of the species. K. illsigllis appeared divergent in most 

characters. Despite, the low variation found in isoenzyme and the phenetic analysis, 

morphologically these species are consider distinct. The usual characters used in the 

classification of the KllipllOfia species are predominately the flower morphology and opening 

sequences. 

7.1 IMPLICATION FOR CONSERVATION 

The KllipllOfia species occur in mountainous areas often in places that are degraded and with 

rocky outcrops and some are located in close association with human settlement areas. Those 

KllipllOfia sites found close to human settlements are threatened by the effect of herbivory and 

expansion of farmlands. The effect of herbivory on the vegetative part and the reproductive 

stillcture can affect the long-term survival and reclllitment of the species. hl K. foliosa the 

total number of inflorescences of plants counted broken either by cattle from the surrounding 

community or by herd boys to suck the nectar was 44 % of the plants flowered in the same 

growing season. The effect of this is probably most severe on the geographically restricted 

species K. hildebrmultii, that is ecologically restricted and located in regularly undated 

grassland used as grazing land for cattle. The time of herbivory is also clllcial for the 

fecundity of the plants because at the time most of the Klliphofia species flower most fallow 

land is not used for cattle grazing, and alternative grazing areas are found in KllipllOjia species 

sites. For example, K. insignis, which is only known from few areas on central highland, is 

threatened because its habitat is waterlogged grassland that is used by the surrounding 
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farming community as grazing land. It seems most probable that the surrounding farming 

communities will convert many of those areas to farmlands. Unlike other species of 

KniphoJia, it does not have refuge places where it may escape the effect of cultivation and 

grazing. 

The vegetative reproduction has a more significant contribution to the growth of the 

population size in the KlliplzoJia species than the sexual reproduction. The low number of 

sexually reproducing plants in all species may affects the number of genet recruitment from 

seeds. This may have a consequence on the long-term survival of the populations. All 

KniphoJia species are obligate outcrossing, and the decline in new recruitment of genets could 

result in the decline in the production of seed because of gametophytic self-incompatibility. 

This might lead to a situation where all genets in an area would have the same genetic 

constitution because of proliferation of ramets by vegetative growth and later fragmentation to 

new clones. This might cause loss of genetic diversity. However, the present genetic diversity 

index exhibited by the different populations in the individual KniphoJia species is above what 

is determined for endemic plant species. 

The criteria for selecting plants for conservation are usually based on identity of the 

individual plants and their genetic diversity. The population from the different localities are 

found to have very high genetic similarity. This phenomenon indicates that any of the study 

sites could be used for ill-situ conservation of the individual species when the need arises. At 

present, the species that need most attention are K. insignis and K. hildebrandtii. Eventhough 

K. insigllis has higher genetic diversity, it may be threatened by land use changes because of 

its habitat proximity to farmlands and human settlement areas. K. hildebrandtii is 

geographically restricted and locally scarce. Furthermore, it has lower genetic diversity 
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compared to the rest of the species, and its habitat is often used for intensive cattle grazing. 

Hence, the allocation of anyone of the experimental sites (not experimental plots), as in-situ 

conservation area for each may be sufficient. This may answer one of the aims of any 

conservation program, which is the preservation of genetic diversity. Because the population 

considered in the study have relatively higher or equal genetic diversity to widespread, 

sexually reproducing plants, and may not be a threat for the growth, reproduction and survival 

of the species. 

7.2 RECOMMENDATION 

The results obtained from this study give an overall status of the endemic KllipllOfia species in 

Ethiopia. They are pertinent to the conservation program of these species, and may be used as 

a stepping-stone by organizations that wish to promote the conservation of these species. 

Useful additional studies, on top of what is done already, may include long-term demographic 

studies. That would reveal the temporal and spatial variation of the life histories of the species 

and help to identify the determinant age 01' life stage for reproduction and survival of the 

species. Such studies can assist in the future conservation endeavours. 

Furthermore, it would be advantageous to study the genetic sttUcture of the species including 

more populations from other parts of the country. It may confirm or improve the picture of the 

genetic structure of local populations and can assist in decision making to conserve the 

threatened species. In addition to this, analysis of the species phylogenetic relationship based 

on DNA markers may clear the doubt that they have genetic similarity that is equal to 

conspecific populations. The isoenzyme, chloroplast DNA sequences and quantitative 

morphological analysis results indicate low divergence among the Kniphofia species in 

Ethiopia. The interspecific crossed made in the green house also may not be reflecting the 
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reality in the wild. Therefore, the divergence among the species may be shown by using other 

molecular markers that are applicable at the species level and below, and the morphological 

characters used in taxonomic analysis. In addition, the interspecific crosscs experiments in the 

wild may be used to prove no gene flow among the species. 

Regarding the study, it can also be used by the academic sector as working document for 

conservation and evolutionary biology. It may indicate the evolutionary relationship of the 

species and can be used as an example to elucidate adaptive radiation and selection on the 

phenotypic characters that could lead to speciation, which is not synchronized with 

evolutionmy changes at the biochemical and DNA level. 
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Appendixes 

Appendix I Composite soil data of 16 ogre holes from each experimental site 

GheddoSidamo Gesse GoroWenchi Torban Ashie Bullo Workie Dinsho Park Egdiu Bekojjii Entoto 

PH H20 4.98 4.89 4.79 5.80 5.85 5.78 5.28 5.82 5.11 5.45 

EC 0.167 0.265 0.314 0.134 0.045 0.054 0.184 0.243 0.301 0.073 

Sand 32 32 30 40 40 24 44 32 30 20 

Silt 42 42 44 46 34 42 34 46 60 50 

Clay 26 26 26 14 26 34 22 22 10 30 
Class L L L L L CL L L SiL SiCL 
Na 4.72 4.45 4.90 4.81 4.81 5.16 5.25 2.40 2.67 2.23 
K 0.79 0.32 0.79 1.42 0.45 0.63 U8 0.87 0.50 0.84 
Ca 17.51 9.03 10.88 13.22 27.00 18.46 15.Q2 22.11 19.71 9.68 
Mg 7.75 2.75 3.33 2.58 1l.41 7.08 4.33 8.91 7.33 2.92 
Sum 30.77 16.55 19.90 22.03 43.67 31.33 25.78 34.29 30.21 15.67 
CEC 45.8 31.8 32.0 44.8 47.2 37.6 35.4 41.8 48.2 24.2 
Bas.Sa 67 52 62 49 93 83 73 82 63 65 
T.N 0.350 0.595 0.434 0.805 0.385 0.378 0.609 0.322 0.770 0.238 
O.C 3.890 7.341 4.628 8.778 3.211 3.192 6.423 5.027 8.299 3.810 
CN II 12 II II 8 8 II 16 11 16 
Av.P 3.66 4.72 10.42 3.18 23.56 2.72 3.40 5.52 7.64 1.56 
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Appendix 2. Hierarchical Cluster Analysis Dendrogram using Average Linkage (Between 

Groups) 

Experimental 
Sites 
Sidarno 

Gesse 

Entoto 

Gheddo 

Egdiu 

Bullo Workie 

Dinsho Park 

GoroWenchi 

Bekojjii 

Torban Ashie 

o 5 10 15 20 25 

+---------+---------+---------+---------+---------+ 
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I 

118 


