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ABSTRACT 

Morphological, breeding and cytogenetic parameters were used to assess species 

distinctiveness among accessions of T. qllartillialllllu, T. stel/dueri and a distinct morphotype 

of T. steudueri (Accession 9452). The morphological characterizations showed that there was 

a considerable level of inter- and intraspecific variation among the accessions. The distinct 

1l10rphotype exhibited a unique pattern of morphological characters. Hierarchical cluster 

analysis generated nine clusters and showed that the distinct morphotype was relatively closer 

to accessions ofT. quartillialJulll than it was to T. steudlJeri. In fact, it stood even off the 

cluster it is grouped in. Principal component analysis was also performed and generated seven 

components to which the characters showed respective correlation. 

Some level of interspecies compatibility was observed among some accessions of the 

involved taxa on the basis of interspecific hybridization. The results of the preliminary 

experiments showed that there were allowing conditions for the interspecific hybridization. 

Successful pollen tube growth, and compatibility between the time the pollen was shed and 

the stigma was receptive were some of the pre-fertilization barriers broken by some of the 

species combinations. Successful hybridization was, hence, attained in some of the intra- and 

interspecific crosses. 

Each of the species and the distinct morphotype was observed to have a diploid chromosome 

number of 16. There was no difference in the chromosome number among these taxa. 

Chromosome number, hence, could not be used to identifY and differentiate among the taxa. 

Key Words: Ti-ifoliul/l quartinianulll, Trifolium steudneri, distinct morphotype (Accession 

number 9452), Accessions, morphology, hybridization, cytogenetics. 
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1. INTRODUCTION 

1.1. General Characteristics of the Genus Trifolium L. 

The genus TrifoliulII consists of annual or perennial herbs with 3-foliolate leaves. 

The leaves are usually characterized by toothed leaflets and stipules that are adnatc to 

the petiole. The leaves are pinnately or palmately arranged with veins ending in 

teeth. The flowers occur in heads or ShOl1 spikes and are variously coloured. In rare 

cascs, solitary flowers are observed (Thonner, 1962; Zohary and Heller, 1984). The 

flowers bear fivc equal or unequal calyx lobes and persistent corolla. The upper 

filamcnt is free while the other nine are unitcd. Thc pod is surrounded by the corolla 

and calyx and bears from one to ten seeds (Thulin, 1982). The genus consists of240 

species (Zohary and Heller, 1984; Evans, 1962), out of which TrifoliulII s!eudneri 

and TrifoliulII qual'tinial1ulII arc the focus of this study. The genus has high forage 

potentials and nitrogen fixing ability (Akundabweni e! al., 1991). 

1.2. The Taxonomic Position of the Genus Trifolium in the Plant 

Kingdom 

Various classification schemcs were used for the pea family. Melchoir (1964) 

included the genera Paroche!us, Ihgone/la, Fac!orovskya, Medicago, Melilotus and 

Trifolium in the tribe Trifolieae. This tribe seems to be a natural group. The six 

genera under it do not constitute a phyletic group even though some morphological 

links are found within some of the genera (e.g. between Medicago and Trigone/la). 

The following markers are used to classifY the genera (Melchoir, 1964): 

\ 



a) Parochellls Buch.-Ham. ex Don - is a monotypic genus, which ('CCllrs 

in the mountains of tropical Aft'ica and tropical Asia. It is a perennial, creeping 

herb rooting at nodes. The flowers are blue-purple, axillary, solitary or 2-3 

borne on common peduncle. The bracts are similar to the stipules at base of 

pedicels. The pods are many-seeded, linear and dehiscent. This genus is 

distinguished from the other five genera of this tribe by its caducous petals and 

digitate leaves. 

b) Trigonella L. - This genus comprises some 135 species, which arc 

distributed mainly in the Mediterranean and lrano-Turanian regions. A few 

also occur in the Saharo- Arabian and S, African regions. It consists of annual 

or perennial herbs. The flowers are variously colored, solitary or capitate. The 

bracts are inconspicuous. The Pods bear many secds, and are linear, dehiscent 

or indehiscent. 

c) Faclorovskya Eig - One annual species E. Mediterranean. Stems are 

creeping and flowers are yellow, cleistogamous, geocarpus, penetrating into the 

ground by means of elongating peduncles and gynophores. The fruit is 

subterranean, ovate to globular, densely haily, 1-2 seeded, indehiscent. 

d) Medicago L. - About 100 species are included in this genus. They are 

mostly Mediterranean and lrano-Turranian with few Euro-Siberian and North 

African representatives. It encompasses both annual and perennial herbs. The 

flowers are small, yellow or violet, solitary or in few-flowered racemes or 
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heads. The bracts are either minute or absent. The pods are mostly coiled, 

many seeded, and indehiscent. 

e) Melilo/us Mill. - About 25 species are included in this genus. They 

are mostly Mediterranean and Irano-Turanian; a few Buro-Siberian. They 

include both annual and perennial plants. The flowers are small, yellow or 

white arranged in spike-like racemes. The bracts are inconspicuous or absent. 

The pods are globular or ovoid, as long as or somewhat longer than the calyx 

but not enclosed within it. They are indehiscent. The seeds in the pods are 

solitary or few. 

f) Trifolium.L. - This genus comprises about 240 species, which are 

mainly Mediterranean. Irano-Turranian, Afro-Alpine, Neotropic-Alpille, N.W. 

American and some Euro-Siberian representatives arc also found. They can be 

either annuals or perennials. The leaves can be 3-, or rarely 5-9- foliolate. The 

flowers are variously colored and small to medium-sized. They arc mostly 

arranged in heads or spike-like racemes, umbels or very rarely solita!)'. The 

bracts, when present, can be conspicuous or minute. Sometimes the 

inflorescence is involucrate by entire, dentate, or lobed stipules of upper leaves 

or by connate lower bracts. The pod is oblong or obvoid, usually enclosed 

within calyx but sometimes longer than the calyx. It is I -2-, or rarely many­

seeded. It is mostly indehiscent (Thonner, 1962; Lewis and John, 1965; 

Manning, 1965; Hutchinson, 1969; Rendel, 1979). 
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1.3. Ecology, Origin and Distribution of the Genus 

There are two views about the center of origin of the genus TrifoliulII. The first view 

states that the Mediterranean region is the center of origin of the genus and the 

ancestors of the present day African species migrated southwards to east Afi·ica. The 

other view, according to Norris (1956b) cited in Pritchard (1962), states that the east 

African region is the center of origin of the genus and northwards migration from the 

highlands gave rise to the species in the Mediterranean region. According to Zohary 

(1972), the origin of the genus is traced back to the ancestral section Lotodeae, which 

is assumed to have existed from Neogene times. 

The genus is well represented in the Mediterranean region and in tropical Africa with 

a center of distribution in Ethiopia (Thulin, 1982). Zohary (1972) cited in 

Kahurananga (1987) identified Ethiopia as a secondary ccnter of origin for the genus . 

. Eeghen (1984; cited Harlan, 1969) also agreed that Ethiopia is a secondary eenter of 

diversity for the genus. The Ethiopian highlands are endowed with a rich diversity of 

locally adapted TrifoliulII species. It is reported that there are 32 species of TrifoliulII 

in Ethiopia, nine of which are endemic (Thulin and Hunde, 1989; Mugwira and 

Haque, 1991). 

According to Kahurananga (1987), the genus occurs within the altitudinal range of 

1450·3350 m above sea level. In general, the proportion of legumes in natural 

pasture increases with increasing altitude. There is a wide range of annual and 

perennial TrifoliulII species in these ranges of altitudes, particularly above 2200 m. 

Both T. qllartinianulII and T. steudneri grow in upland grasslands and bush lands, 

especially, in damp places. (Alemayehu Mengistu, 1987). 
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1.3.1. Altitudinal Ranges for the Growth of T. quartinianum and T. 

steudneri. 

T. qllartil1ial1l1l11 grows from 1500-2600 m above sea level, while T. stelldl1eri grows 

from 1100-2800 m above sea level (Thulin, 1989). Eeghen (1984) reported that T. 

stcudl1cri grows even at altitudes as high as 3500 m above sea level. According to 

Kahurananga (1987), both species are found in the same altitudinal ranges, often 

growing together. The altitudinal range for the grO\\1h ofthese species is repOlted by 

other workers to be 1450-3500 m above sea level (Brown and Cochme, 1973; 

Gemechu, 1977). According to Alcmayehll Mengistll (1975), the Ethiopian highland 

clover content is high, reaching up to 17% cover in some of the high altitude areas. 

1.4. Trifolium steudlleri Schweinf. 

This species is an annual, glabrous herb up to 60 Clll tall. The leaflets are narrowly 

elliptic and 40 by 8 mm in size. The petioles can reach up to 5 cm in length. The 

stipules have narrowly triangular tips. The inflorescences are globose, 10-20 

flowered and 13- 20 mm across. Inflorescences arc borne on long peduncles with 

several-nerved bracts forming an involucre. The outer bracts are abruptly and sharply 

pointed. They can reach up to 7 mm in length. The inner bracts are oblong and 3 mm 

long. The calyx is approximately 40 nerved, glabrous or occasionally pilose. The 

lobes are triangular, 2-3 mm long. The corolla is purplish and 7-8 mm long and 

sometimes with filiform tips, which characterize the species. The pods bear up to 2-

4 seeds (Thulin, 1982). 
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1.5. TrifoliulIl quartilliallu11I A. Rich. 

This spccles IS an annual sub-glabrous herb up to 60 cm tall. The leaflets are 

narrowly oblong and up to 52 by 16 mm in size. The leaflets bear petioles that can be 

4 cm long and stipules with or without triangular tips. The inflorescences are 

globose, long. and pedunculate with several nerved bracts that form an involcre. The 

outer bracts are ovate, lobed or toothed and up to 7 mm long. The calyx is 

approximately 40- nerved; lobes 4-7 mm long, ovate and overlapping at the base, 

drawn out into subulate points. The corolla are purplish red, rarely white and 11-12 

mm long. The pod usually bears 4-5 seeds (Thulin, 1982). 

1.6. Key Chm'acteristics of the Genus and the two Species 

The key characteristics of the genus Trifoiilllil include the persistent corolla and the 

pod, which is less than twice as long as the calyx and I to 9 seeded. Thc petals, after 

flowcring, are persistcnt and the claws of the wings and keel are attached to tite 

staminal tube. The pods are straight, short, and enclosed in the persistent corolla. The 

differentiating characteristics between T sleudlleri and T qUGrliniGllulJ1 include the 

length of the calyx lobes and the corolla. In T qUGrlinial1l1lJ1, the calyx lobes are 4-7 

mm long while they are 2-3 mm long for T sleudneri. The length of the corolla, on 

the other hand, is I 1-12 mm long in T qllGrlinianlllJ1 and 7-8 mm in T slelldneri 

(Thulin, 1982). 
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1.7. Cytology 

Karpechenko (1925; cited in El-kholy. 1990) repOlted the chromosome numbers of 

Trifolium for the first time. Wexelsem (1928; cited in EI-kholy, 1990) studied 

chromosome variations in 7l'ifoliulJI and stated that chromosome morphology cannot 

be used for classification, because there are high levels of similarity in chromosome 

morphology among unrelated species. 

Among notable contributions to the c)10logy of Trifolium species are: Britten (1963), 

who surveyed the chromosome numbers of 71 species; Pritchard (1962, 1967 and 

1969), who reported the chromosome numbers for 31 species, 18 of them for the first 

time; Putiiesky and Katznelson (1970). who investigated the chromosome numbers 

and generic systems of 12 species: and Chen and Gibson (1975) who reported the 

chromosome numbers and karyotypes of 15 species. 

Zohar), and Heller (1984) restated the basic chromosome numbers in 80% of the 

examined species to bc x = 8. Other basic numbers were also described. These 

include: x = 7 (in 15%), x =6 (in 2%) and x = 5 (in 3%). While x = 8 has been 

recorded for 46 % of the annuals, x = 7 plants are mostly annuals and counts of x = 6 

and x =5 were noted only for Mediterranean annuals (Zohary and Heller, 1984). 

Pritchard (1962) observed a large variation in chromosome size between th, 

chromosomes of each species he examined. There was also variation in the absolut, 

sizes of the chromosomes. Out of the 14 species examined, only few wet 

polyploids. These include T afi'icatll11l1 (2n = 32), T bu/'chelliaf111111 va 

bUl'chelliat11l111 (2n = 48) and T bl//'c/telliaI1l1111 var. joJmstonii (2n = 96). All ther, 
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have a diploid chromosome number of 16. In most of thespecies, a gradual decrease 

in size of the chromosomes was observed. Accordingly, Senn (1938; cited III 

Pritchard, 1962) stated that chromosome size could play a major role III 

chromosomal evolution in the Leglllllinosoe. Stebbins (1950; cited in Pritchard, 

1962) agreed to this saying that differences in chromosome size may suggest a 

general trend of increase in specialization. This, however, does not preclude an 

opposite trend in any pmi of the family in which a phylogenetic trend towards 

smaller chromosome size is observed. 

EI-kholy (1990) repOlied that 7: stelldneri has a pair of large tclocentric SA T­

chromosomes (which is the largest) and small sub-metacentric chromosomes, 

whereas. 7: qllortil1iol1l1l11 has two pairs of telocentric, four pairs of sub-Oletacentric, 

one pair of large metacentric and another pair of telocentric chromosomes with 

satellite almost as large as the larger ann. According to him, both species have a 

diploid chromosomc number of 16. Pritchard (1962) stated that the karyotype of T 

stelldncri is associated with a high degree of specialization. The chromosomes of this 

species have almost sub-terminal centromeres with largc gradients in size. He 

suggested that this species might be an offshoot from the main body of African 

clovers. 
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1.8. Breeding Systems and Interspecific Hybridization 

Trifolililll has a typical papilionaceous flower suitable for insect pollination. The 

insect vectors visiting the flowers include the honeybee, bumble bee and some 

Lepidoplera. Thesc insects have long proboscises and visit the flowers to collcct 

nectar and pollen. The insects apply pressure on the standard of the flowers. This 

makes the stigma and the anther to protrude from the keel. The stigma and the anther 

revert to their fonner position when the pressure is relieved. Thus, the anthers and 

stigma are pressed against the underside of the insect's head and pollination occurs. 

The pistil is usually longer than the stamens and slightly curved. The anthers are 

dehiscent even in bud. The nectar is secreted under the base of the stamens and 

collects at the base of the corolla tube (Zohary and Hcller, 1984). 

Most species of the genus arc allogamous and the best seed-set results from cross-

pollination with another plant of the same species. Cel1ain species are autogamous 

and although the flowers do open normally, pollination occurS spontaneously prior to 

this even!. However, some autogamous species need to be tripped before setting 

seed. The flowers of some species, such as T baccarinii and T lanceoiallilll, do not 

open during blossoming. No bees or other pollen-bearing insects were observed on 

such cleistogamous flowers. The pollen of their dehiscing anthers reaches the stigma. 

In some cases, the pollen may germinate while still in the anther, the pollen tubes 

piercing through the wall ofthe anther on their way to the stigma (Zohary and Heller, 

1984). 
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Both T quartillianulJI and 7: steudlleri arc annuals and self-pollinating 

(Kahurananga, 1987). It is reported that T: qUl1l'tillimlll1ll needs 80-120 days to 

flower, after planting. T. steudlleri, on the other hand. needs 67-93 days to flower 

(Kahurananga aud Asres Tsehay, 1983). 

Studies on the breeding system of some clovers showed that the annual T. stelldnel'i 

is autogamous (Pritchard and Mannetje, 1967). Some percnnial species are known to 

be partially self-stcrile. for example, T. Ji'agifel'lll1l. in its region of origin, the 

Mediterranean, is a self-incompatible species, but with occasional self-compatible 

plants (Davis er al., 1966). 

The first fertile interspecific hybrid was obtained by Brewbaker and Keim (1953). 

This cross involved T. rep ens and T nigrescells. Some interspecific hybridizations 

are also rep0l1ed in the genus. Ascherson and Graebner (1906-1910; cited in Evans. 

1962). for example. showed the presence of somc natural hybrids. Intensive 

investigations by Guravich and Trimble (1949; eited in Evans, 1962) resulted in a 

few shriveled seeds in some species combinations. Other successful hybrids were 

also repol1ed by Pandey (1957) between T repens and T. lIigrescens and Taylor 

(1959) between T. pratens and T. desl1liss1i111. Wexelsen (1928; cited in Evans, 1962), 

however, attempted to cross nine Trifolium species in 18 combinations, but did not 

obtain a single hybrid plant. Evans (1962) also performed experiments on 

interspecific hybridizations and found that the genus shows a high degree of cross­

incompatibility. 
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1.9. Pollen viability 

Interspecitic hybridizations arc greatly hampered by reduced pollen viability and inhibition of 

the pollen tube growth in the style. These are important pre-fertilization barriers that prevent 

interspecific hybridizations in the genus TrifoliulII (Evans, 1962). Sorensen and Nagahara 

(1989) stated that the maintenance and testing of pollen grain viability is an imp0i1ant aspect 

of plant breeding. Pollen grains need to be of high quality (pollen with high rates of 

germination and fertilizing ability) to be able to germinate on the stigma. The quality of 

pollen grains is affected both by the physiological status ofthe parent plant and the weather 

conditions. Different species have different life spans for their pollen. The life span of pollen 

grains under natural conditions varies from a few hours to more than a year (Frankel and 

Galun, 1977). 

Various methods were devised to determine whether a pollen grain can produce a pollen tube 

and fertilize the ovules or not. The most direct way is to see whether the pollen effectively 

induces the ovary to gro\\' and a fruit to develop when placed on a stigma. Another is to sec 

whether the pollen germinates when placed on a stigma. A third is to see whetl{er the pollen 

grows ill vitro (Pacini et al., 1997). There are also indirect methods of determining pollen 

viability. These methods arc based on cytological parameters. One is the fluorochromatic 

reaction (FeR) test, which determines the state of the pollen plasma membrane (Heslop­

Harrison and Heslop-Harrison, 1970; Shivanna and Johri, 1985; Shivanna et al., 1991). It is 

used to monitor pollen viability. The FeR test reflects the competence of the pollen grain to 

perform its normal function in the pistil. Viability of the pollen grains shows correlations with 

potential pollen germ inability (Dafni, 1992; Diggle e/ al., 2002). Shivanna and Johri (1983) 

stated that the FeR test could be used to assess the intact condition ofthe plasma lemma and 
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the activity of esterase. The enzyme (Esterase) cleaves the fiuorescin ester, fiuorcscin 

diacetate. 

The FCR test can be used both for binucleate and trinucleate pollen grains. But since the three 

celled pollen grains are difficult to germinate ill vitro, it is difficult to determine their viability 

in this way (Shivanna e/ al., 1991). For some species, the FCR test does not seem to be an 

appropriate method to test pollen viability. In LClicaella, for example, both the dead and live 

pollen grains fluoresce equally making it difficult to determine pollen viability based on the 

FCR (Sorensson and Nagahara, 1989). 

The effect of temperature on pollen germination and growth is variable. In some species high 

temperatures (30"C) adversely affected pollen germination and low temperature (20"C) in 

others. A high humidity (93-98% RH) was essential for good pollen germination and gro\\1h. 

Good pollen tube growth usually accompanied good germination; however, pollen from 7: 

rueppellial1l1l11 var. lallceola/lIl11 grew best at temperatures below 25°C although germination 

was possible over the whole range of temperatures used. Relative humidity (RH) and extreme 

temperatures affect pollen vigor and pollen viability. RH is a very important factor in this 

respect. It is repor1ed that a high RH of93-98% is essential for good pollen germination and 

growth in TrifoliulII species (Pritchard and Mannetje, 1967). 

A pollen viability test can be generally used to evaluate the fertility of a parent plant, to 

monitor the state of the pollen to be used for storage, to evaluate the chance of pollen 

germination in studies of pollen-stigma interaction and to study incompatibility and fertility 

between species (Dafni, 1992). 
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1.10. Stigma Receptivity 

Effective fertilization of ovules dependcns on the receptivity of the stigma and the capability 

of the stigma to allow hydration ofpollcn. This, in turn, allows the penetration of the styles by 

the pollen tubes. The receptivity of the stigma declines if it encounters water loss or infection 

by pathogens. The stigma is often protected or exposed briefly. 

In Papilionoideae, the stigma is enclosed in the keel petals. Generally. the receptivity ofthe 

stigma is highly dependent on the physiological condition of the parent plant and the intra­

floral microclimate (CorbeJ1, 1990). These include the age orthe flower, the time of the day 

and the presence or absence of stigmatic exudates. Stigma receptivity greatly influences the 

rate of self-pollination. The duration of stigma receptivity varies from a fcll' hours to ten days 

(Dafni, 1992). 

1. 11. Pollen Tube Growth 

Pollen development can be considered as an ideal system not only for the analysis of 

important proccsses in plant reproduction, but also for studying different aspects of plant 

biology such as cell fate determination, cellular differentiation, intercellular and intracellular 

signaling and polar growth (Procissi et al., 2001). 

Pollination, in flowering plants, starts when pollen lands on the stigma. The process continues 

as the pollen germinates and grows through intracellular spaces in the pistil, and it culminates 

when the pollen tube reaches the ovary and fertilization occurs. This complex process 

involves many interactions, including cell-cell recognition and intracellular and intercellular 

signaling, as well as many other factors that remain to be identified. Events occurring during 

pollination are assllmed to be under tight genetic and cellular control because pollen tube 
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growth needs to be regulated both spatially and temporally. Pollen tubes are a highly 

specialized ccll type, comprising a generative cell, which contains the two sperm cells and a 

vegetative nucleus. Thus, a pollen tube in fact contains a cell within a cell, which is itself 

haploid. Pollen tubes reaching the bat1am of the pistil and the ovaries must utilize a complex 

guidance system as they twist and turn to gain entrance to the ovules through the micropyles. 

It is currently believed that chemotropic signals playa major role in guiding pollen tubes 

toward the ovules at this stage (Tong. 1999). 

The success of interspecific hybridizations is dependent on the growth of the pollen tube 

down the style. Failure of the pollen tube to grow down the style is one pre-fertilization 

incompatibility barrier to interspcciflc hybridizations. The growth of the pollen tube dO\\\1 

the style. thus. can be used as an indicator to rule out this pre-fertilization barrier of 

interspecific hybridizations (Tong. 1999). 

This study will be directed towards pinpointing morphological characters that can be lIsed to 

differentiate among the two species and the distinct morphotype. The taxonomic identit\ of 

the distinct morphotype will be assessed using morphological and hybridization-based 

parameters. 
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2. OBJECTIVES 

2.1. GCllc\'al Objcctives 

.:. To find morphological diflerences between T. quartillialll/III and 7: 

stel/dlleri, 

.:. To determine whether the distinct morphotype is 7: quorlillialllllll or 

T. sleudneri, 

.:. To study the breeding system ofthc three taxa. 

2.2. Specific Objectives 

.:. To study morphological characters used to differentiate among the 

three taxa . 

• ;. To assess pollen viability. flower development and pollination 

behavior • 

• :. To asses whether the t\\'o species are able to hybridize or not . 

• :. To screen the isolating mechanisms for the out-breeders. 

15 



.\ 

3. MATERIALS AND METHODS 

Seeds collected from various places in Ethiopia wcre uscd for the experiment. The 

following accessions were selected for T. s/cIIl/deri: 9058, 10125, 9720, 8485, 9956, 

7658, 9991, 8461, 7659 and 9966. The accessions selected for T. qllat/inial/llm were: 

9455,8535, 11056,7693, 13808, 13716, 10059,8452,6297 and 6301 (ILRI gene 

bank accession numbers). Accession number 9452 represents the distinct 

morphot)'pe. The accessions that were lIsed, the place of collection and the ILRI gene 

bank accession numbers are summarized in table I. 

Table 1. Accessions Used and Place ofCollcctioll 

Accession no. Species StatE Region Elevation 

6297 T nIolium quariinianum Gojam Amara 2380 

7693 T niolium quarlinianum Goja!n Amara 2360 

6301 Trifolium quartinianum GOj2nl Amarc 2450 

8452 T rifo/fum quartinianum Kef2 Oromi2 1740 

8535 Trifofium quar1ini8()Um Gojam Amara 2100 

9455 T rifo/ium quartinianum Gojam Amara 1950 

10059 Trifolium quarlinianum Welega Oromia 1720 

13716 Trifolium quartinianum Shtwa Amara 2010 

7658 Trifolium steudnen" Gojam Amara 2450 

7659 T rifofium steudneri Gojam Amara 2510 

8461 Trifolium s(eudneri Kefa Oromia 1950 

8485 T rifolfum steudneri Shewa SNNP 2120 

9058 Trifolium steudneri Gojam Amara 2420 

9720 Trifolium steudneri Shewa Oromia 2880 

9956 Trifolium s[eudneri Shewa SNNP 2120 

9966 Trifolium steudneri Shewa SNNP 2000 

9991 Trifolium steudneri Kefa Oromia 1750 

10125 Trifolium steudneri SheYia Amara 2320 

9452 Trifolium steudn.ri (OM) Gojam Amara 1850 
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Ten accessIOns of each of the two speclcs and an accession of the distinct 

morphotype were scarified on sand paper to break the hard seed coat. They were 

placed on wet filter paper in Petri dishes. This ,'!lows the seeds to absorb water and 

germinate. They were then placed in the col,i roOIl1 at SoC for five days. They started 

to germinate on the fifth day and the germinating seeds were transferred to soil in 4-

inch pots. 

The accessions were selected to represent accessions frolll several ecological ranges 

in Ethiopia. This \Vas done so as to represent tbe overall distribution of the species in 

Ethiopia The seedlings were kept ill the screen house until they became stronger. 

They \\TTC watered t,,"icc a dav using spiinklcrs. \Vhcn tbey became strongcr. tbey 

we're taLer: to a green hOllse at ILFl. 'j hn "ere given pi'll1t food. once a \wck. 

~tarlin[~ lhE' fourth week after planting. 

3.1. Morphology 

A great deal of morphological similarity exists among thc involved taxa. The study 

focused on pinpointing key morphological characteristics, which could be used to 

differentiate among the taxa. For the moqlhological studies, seeds were sown and 

seedlings transferred to pots. Five plants of an accession were planted and used for as 

replicates according to CRD (completely randomized design) for measuring the 

morphological characters. Each of these plants was grown on a separate pot. The 

characters under consideration were measured for all the accessions at peak 

flowering. The results from the two species were compared with the results of the 
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I. Length of the corolla (LOC) - the length of the corolla (cm) from its b;Jse to 

its tip. 

2. Length of the calyx-Iobc (LCL) - the length of thc calyx-lobe (cm) from its 

base to its tip. 

3. Presencc 01' absence of leaf marl" (lfmark) - the presence (I) or absence (0) 

of lea f marks on the leaves. 

4. Plant Height (PHT) - the height of the plant from the ground to the tip of the 

plant is measured in em. 

5. Hundred seed weight (BSW) - the weight of hundred seeds measured in gm. 

6. Nature of the stipuir (NS) - the nature of the margin of the stipuic i, 

described as smooth (0) or serrated (I). 

7. Length of the terminal ifaflct (LTL) - the length or tile' terminallcaflcb fl(!i;, 

the base to the tip measured in el11, 

8. Length of the side leaflets (LSL) - the length of the two side leaflets ",'" 

measured fi'om their bases to their tips in cm. 

9, Width of the terminal leaflet (WTL) - the width of the tcrminal leaflet was 

measured at the widest point in em. 

10. Width of the side leaflets (WSL) - the width of the two side leaflets was 

measured at their widest points in em. 

-II. Number of pods per inflorescence (NPI) - the number of pods per 

inflorescence. 

12. Number of seeds per pod (NSP) - the number of seeds per pod. 
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13. Leaflet length to \yidth ratio of the terminaiieaflet (LWRT) -the ratio of the 

length and the width of the terminal leaflet was computed. 

14. Leal1et length to \yidth ratio of the two side leaflets (LWRS) - the ratio of the 

length and the width of the two side leaflets was computed. 

I S. Direction of the leaf serration (DLS) - the direction of the seITation of the 

leaf margin was described as forward (I) and perpendicular to the leaf margin 

(0). 

3.2. Emasculation and Bagging 

five flowcrs \\Tn' used for cross-pollination and emasculated by removing the 

anthers before the\' dehiseed. The fmascui;Jtion was done using forceps. This helps 

in carefully picking undehisced anthers. The emasculated flowers were, then. used as 

female parents and wcre cross-pollinatcd using pollen grains takcn from anthcrs of 

other plants (in case of intraspecific hybridization), or the same plant, but different 

flowers in case of selfing. 

The pollination was done using pollinating brushes to bring enough pollen from the 

dehiscing anthers (Williams, 1954; Hutton, 1954; cited in Pritchard and Mannetie, 

1967). To avoid the risk of contamination by Jlollen from unwanted sources, the 

flowers were covered by plastic bags that prevent Jlollen entrance. 

Five flowcrs were baggcd (i.e. covered with pollination bags) and allowed to self­

feliilize to see the effect of bagging on the outcome. Some plants were lcft untouched 

to servc as controls. The number of pods per flower and the number of seeds per pod 
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were counted and compared both between and within accessions [or the plants sclfcd 

with- and with out- bagging. 

3.3. Pollen Viability 

The pollen \'iability test was performed by using the Fluorescin Diacctatc (FDA) solution. 

The FDA \\'as prepared by tbe following procedure: 

1. 0.01 gm of FDA was 11rst dissolved in 10 ml of acetone, 

2. 0.51\'! sucrose was prepared by dissolving 17.1 gIll of sucrose in 100 ml of\\,ater, 

3. 0.1 1111 of FDA in acetone was mi::ed with the sucrose solution 

4. The tlnal sohnion (l0'" 11'1 FDA) was used as a working solution (Kasten, 19f~). 

Pollen gr<1in \-jabijity \Y(lS a~sE'~~ed under natunll condition w.:ing the feR le:::L For th)~ 

experiment. flower buds that \wrc in the vC'rgc of opening were selected and tagged. Fino 

buds from each of the plants from each of the accessions were used at different tin',es. 

Microscopic slides, fine forceps and the FDA working solution were taken to the green hOLise 

where tbe plants were kept. 

Two drops oftbe solution were placed on each slide. Fcw pollen grains were carefully picked 

at a time from individual buds using forceps and mixed with the solution on each slide. These 

were taken to the. laboratory and pollen grains were checked for viability using a fluorescence 

microscope. The viability of pollen grains from each flower was tested four times (at 8: 30 

am, 12 am, 2 pm, and 4 pm) during a day to know how long thc pollen grains on each flower 

remain viable after dehiscence. 

20 



3.4. Stigma Receptivity Test 

The size of the flowers at which the stigma was receptive was measured. When the 

stigma is receptive, it becomes shiny. This feature was used to determine the sizes of 

the flowers associated \\"iih the stigma receptivity. rive flower buds of varying size 

were collected and observed to describe the size that corresponds to when the stigma 

is receptive. The corresponding sizes of the buds were measured in cm using ruler to 

obtain some idea about incompatibility before making interspecific hybridizations. 

3.5. Pollcn Shedding Test 

Five 00\\ ('r5. were uSt.'d per accession 10 ~ludy the sizes of the flowers a~sociat('d with 

pollen shedning. The anthers dehiscc a( certain periods of the day. The time at \\hieh 

the polkn is sher; and the stii'llla i' receptive should be synehroniLed. This 

synchron~'. in addition to other mechanisms. supports successful interspecific 

hybridization. The lime of the day at whieh the pollen is shed "as ree(lrded by 

looking at different flowers at different stages of development. The size of the 

flowcrs when the pollen was shed was recorded by looking at the dehiscing anthers 

using hand lenses (Pacini el al., 1997). 
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3.6. Reciprocal Crossing 

Seeds were germinated on wet lilter paper and sown for the reciprocal crossing. The seeds 

werc sown in two phases. This is because T qilarlillialllllll needs 80 to 102 days to !lower 

after sowing. T s/(,lIIlnai, on the other hand. needs 67-93 days to !lower (Kahurananga and 

Asres Tsehay, 1983). The distinct lllorphotype "as reported to flower three weeks latel' than 

the rest of the accessions. The lirst phase of planting was for those accessions of T 

(filar/inianlllll and T sielldneri excluding the distinct 1ll0lvllOtype (9452). The second phase. 

Oil the othcr hand, was for all accessions including the distinct mOlllhotype (9452). Thi, phase 

of sowing was done three weeks after the lirst phase. 

Three \wcb after the flowering of rhe accessions or T qllar/inianllm and I. 

sicuilllui. the distinct 1ll011,hOl:1K Jlowered, In the interim, reciprocal crossin)' \";,, 

done among the early Dowering accessions of T ljllar/illialllllll and T s/elldneri. 

Later on., reciprocal crossing, \\'hich involved all the accessions, was done. For each 

orthe accessions, live plants \\'ere used. 

3.7. Pollen Tu be Grow/h Assessment 

Pollinated styles wcre fixed in a I :8: I (by volume) solution of formalin: alcohol: acetic acid 

for about 24 hours. After rinsing in tap water, they were treated in a nearly saturated aqueous 

solution of sodium hydroxide (8N) for 24 hours. This clears and softens the tissue, and 

permits adequate penetration of the dye. The softened styles were transferred to a small 

beaker of tap water for one hour or more to remove most ofthe sodium hydroxide. Staining is 

accomplished next in a O. I % solution of water-soluble aniline blue dye in O. I N K3PO. for 4 

hours. The styles were, then, mounted in a few drops of the staining medium on clean glass 
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slides and arc covered with cover slips. This makes the callose in the pollen grains and tubes 

to be stained and to fluoresce brightly under short-wave light. 

The preparation was observed under fluorescence microscopes for the pollen tube growth 

(Martin, 1959; Kalinganire ('[ al., 2000; Buide and Guilian, 2002,). The growth of the pollen 

tube down the styles is traced by the callose that lines these tissues down the style. 

3,8, Cytology 

3.8,1, Preparation of Mitotic Chromosomes from Plant Root Tips 

The tissues that lwvc high ra1es of division. and th", t"ed for the experiment, "ere the root 

tips ()f1hc plan1s. The rool tip~ were obtaincd by germinming seed~ on weI filter papers. The 

r~;dicJes W('rE imll1fr~ed in (j (JJJS% aqueous ccdchicinc ~oltl1ion for 3--.' h t!1 room temperature. 

01 cold treated by storing them in watel at I ''c fOI 2~ hours. They "CIC then fixed in a 3: I 

alcohol: acetic acid fixative for about I honr. Maceration was performcd in an aqueons 

solution of 4% cellulase and 4% pectinase (pH 4-4.5). at 36-37"C for I h. The enzyme solution 

was decanted and the roots were rinsed with distilled water. The remaining root tips were, 

then, stained by aceto-orcein and squashed under a Cover slip by gently tapping the cover slip 

using pencil erasers (Pritchard, 1962; Jones and Richards, 1991; K ifle Dagne and Heneen, 

1992; Hills el al., 1996). The preparations were then observed under microscopes to find 

spread metaphase chromosomes; C- metaphase. 
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3.9, Statistical analysis 

The data was analyzed using ANOVA, paired samples T- tcst, non-parametric tcst (13inomi,1I 

test), Pearson's correlation, scatter plots, Principal Component Analysis and cluster analvsis. 

SPSS (Vcrsion 10,0, 1999) was used to help in the analysis. 

Tcst of homogeneity of variances was calculated before undertaking ANOVA. ANOV A \\a, 

computed following and according to the results orthe tcst ofhol11ogencity. When there \\"a, 

hOll1ogeneitv among the variances, ANOVA \vas computed using SchefTe (which assumc, 

equal \'arianccs among groups). Whcn, on the other lwnd, the group variances \\"ere not Cqll;;). 

Binomial test was also performcd at a test proportion value of 0.5. This value was used 

assuming that the characters were distributed randomly with equal probability of occurrence. 

For one sample T- tcst, the mean values of the distinct mOJvhotype were taken as references 

and were compared with the mean values of accessions of T qllarlilliollllill and T stcllc/llcri, 
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4. RESULTS 

4.1. Morphology 

4.1.1. Plant height 

T. (jllarlilliall//lll accessions 

Acccssion 9455 was the tallest (44.0 cm) accession, while 8452 was the shOJi est (22.0 cm). 

The average plant height was 34.5 '" 11.2 cm for this species. The least observed variabili,,· 

was 0.58 (13808), whik the largest \,'as 16.9 (lor 6301). The average (mean ± SlJ) plant i:c-i"iil 

for all the accessions is listed in Appendix I and Figure I. Test ofhomol'cneitv at ]1< (I.u:~ 

witnessed that the grouj1 V;Ui<'lKtS \\flC not homcgfllolls (P= OJJOO). One \\<1)' ANOVA 

accessions of T. qll{{uillillllllili and the distinct 1ll00Vhotypc. The T-tcst showed that there "'"S 

significant difference (1'= 0.0(0) both at P< 0.05. 

T sfelldneri Accessions 

The distinct morphotype (accession 9452) was the tallest (45.0 cm) within this species. 

Accession 8461,011 the other hand, was the shortest (30.5 cm). The average plant height was 

36.2 ± 5.29 cm. The average height scored by members of the distinct morphotype was 45.0 ± 

1.00 cm. Accession 8485 showed the highest variability (6.0). The distinct mOlllhotype, on 

the other hand, exhibited the least (J .00) (Appendix 1 and Figure 1). The group variances 

were not homogenous as was showed by test of homogeneity of variances (P= 0.001) at P< 

0.05. ANOV A was computed and showed that there was significant (P= 0.000) difference 

among the means at P< 0.05. A significant difference was obtained when one samp1c T- test 

was performed on the T sleudJleri accessions and the distinct mOlvhotype at P< 0.05. 
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Accessions of the two species were compared with each other so as to sce whether thcsc 

species were distinct from each other or not. Test of homogeneity perfol1ncd on these groups 

showed (p= 0.000) that the variances were not equal. ANOY A calculated on the two groups 

showed (P= 0.014) that the two species had significant difference at P< 0.05 (Appendix 2) . 

o 2 3 4 5 6 

Number of Accession!': 

. ... -- T. quat1in;i3num 

T. sfeudneri 

--A - 01,' (~452) 
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4.'1.2. Hundred Seed Weight 

T gilorlinianlllll accessions 

10 

The average hundred seed weight for T <fllar/inianllll1 accessions was 0.15 ± 0.02. The 

accession with the largest hundred seed weight was 13808 (0.191). The lowest hundred seed 

weight was recorded for accessions 8452 and 8535 (0.14). The highest variability (0.016) was 

observed in accessions 8452, 8535 and 9455; whereas the smallest (0.00005), in 6301 

(Appendix 1 and figure 3). One way ANOYA was calculated and showed that there was 

significant difference (1'= 0.000) among the accessions at P<0.05. A significant difference (1'= 

0.000) was observed between the distinct mOlvhotype and accessions of T. qllartiniallllll1 

when onc sample T -tcst was calculated at 1'< 0.05. 
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T. steudlleri accessions 

The average hundred seed weight of the accessions of this 5pecies was 0.17 ± 0.017. 

Accession 7658 had the largest hundred sced \\cight (0.153), while the distinct lllorphot\l'c 

(9452) had the lowest (0.0988). The distinct Illorphotypc exhibited the smallest \ariahilit\ 

(0.00005) while accession 9966 showed the largest variability (0.013) of the group. Appc]hli\ 

I and Jigure 4 summarize the result. One sampled T- test was performed to see if there (xi>],,, 

signif]eant differencc between \hc distinct 1ll011'hotype and accessions of T slelldllcri. \\"),,'11 

0];( w")" ANOVA was cOll1pUicd. significant diffcr(]](c (p~ 0.000) \\as obsentd ':ml\n~ I:" 

All the accessions were pooled together and tesl ofhO]]1ogeneity of variances was performed 

on them and the distinct 111011'];01\1)('. The lEst, at P < 0.05 and 1'< 0.01, showcd that thelE was 

no homogeneity (I' = 0.00/) among the means Oflhc accessions. ANOVA sho\\td thai thE!t" 

was a significant (1'= 0.000) difference among the means at P< 0.05. The two species \\"Crt" 

compared to each other using A'';OVA at P< 0.05. Test of homogeneity of variances at 1'< 

(l.05 showed that the variances \\crc homogcnolls (P= 0.099) at ]'< 0.05. The two spccies 

were found to had significant difference (]'= 0.000) with each other (Appendix 2). 
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The length of the terminal leanet \\ ," measureci for all the taxa. Accession 13808 had the 

longest (5.46 cm) length of the terminal Jeanet. The shortest was accession 8535 (3.94 cm). 

The largest dcviation was 1.08 and was recorded in accession 8452. The lowest deviation 

recorded, on the other hand, was 0.09 and was for accession 10059. The average length of the 

terminal Jeanet was 4.66 ± 0.72 em for the species (Appendix I and figure 5). One way 

ANOVA and test of homogeneity were performed which showed that there was a significant 

difference (p= 0.000) among the means and the variances were not equal (P= 0.000) at P< 

0.05. One sample T- test witnessed significant differcnce (P= 0.000) among the means of the 

accessions of this species and the distinct morvhot)1JC at P< 0.05. 
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T. steudlleri accessions 

Accession 7658 had the highest score (5.4 em) of the terminal leaflet length, while 8485 

scored the least (3.7 cm). The average length for all the accessions was 4.47 j, 0.64 em. The 

distinct mOlllhotype scored an average length of 4.1 S ± 0.43 CIll. The highest deviat ion 

observed II'as 0.61 and was for 9956. TII'o accessions, 9991 and 9720, had the 100\'est 

deviation. 0.27. Appendix 1 and Figurc 6 summarize the aYerage values for this species. OnL" 

wa\' A1'O\l A showed that there was significant (P= 0.(00) dijlerence alllong the nwans II hile 

tcst ofhomogcncity witnessed t!Jat the group variances wcre homogcnous (p= 0.70~) iiI P< 

O.O~, One sample T· tcst was also perfOllllcd II hid; showed that there "'as a signiflc;'lll 

differencc (pc (lOG1) 8lJlOq' the means at j'< uJI5, 

Tcs! of homogeneity of I'ariances was perfOJ11lcd a\ P< 0.05 and showed (P= 0.3(6) that there 

was homogeneity. The two species were found not 10 have signiflcanl difference (P~ O.2()3) 

from eacb other (Appendix2). 

, 
Number of accessions 
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Figure 3. Ayerage (Mean ± SD) length of the terminalleaOets of all accessions 
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4.1.4. Average width of the terminal leaflet 

T quartinianulII accessions 

The width of the terminal leaflet was measured at halfway from the leaf base. The largest 

mean (l.48 cm) was recorded for 6301, whereas the smallest mean (0.74 cm) was that of 

J 0059. The highest and the lowest deviations were 0.45 (for 9455) and 0.04 (for 7693) 

respectively. The average value for this species was J. J 7 ± 0.32 cm (Appendix 1 and Figure 

7). A significant difference (P= 0.03 J) was observed between the accessions of T 

quorlilliOllll1l1 and the distinct morphot)l1e whcn one sample T- test was performed at P< 0.05. 

The group variances weren't homogenous as is witnessed by test ofholllogeneity (p= 0.006) 

at P< O.OS. ANOVA showed significant (P= 0.000) differencc alllong the means of the 

accesslOns. 

T slelldneri Accessions 

The average leaflet width for the accessions of T sleudneri was 1.02 ± 0.18 cm. The distinct 

1l10rphotype had the largest measurement (l.40 cm), while 9720 scored the least (0.78 cm). 

Thc highest deviation was 0.24 and was recorded for 8485. The lowest deviation was 0.04 

(Accessions 9058 and 9720) (Appendix I and Figure 8). One sample T- test showed that there 

was significant difference (1'= 0.000) between the T sleudneri accessions and the distinct 

mO'llhotype at 1'< 0.05. One way ANOVA and test of homogeneity were perfOImed on T 

steudlleri accessions and indicated that there was significant difference (1'= 0.000) and 

inequality (1'= 0.02) in the group averages and variances at 1'< 0.05, respectively. 

Test of homogeneity was calculated on the combination of the three taxa and showed that the 

variances were not equal (1'= 0.000) at 1'< 0.05. ANOVA was also calculated and showed that 

there was significant difference (1'= 0.000) among the means at 1'< 0.05. Test ofhomogeneity 
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of variances was calculated for the two species at P< 0.05 and showed that the group 

variances were not (P= 0.000) homogenous. ANOV A, at P< 0.05, showed that the two species 

showed significance difference (P= 0.000) li0111 each other (Appendix 2). 
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4.1.5. Average length of the two side leaflets 

T quartillianulIl accessions 

10 

The largest average length (5.18 cm) of the side leaflets was recorded for 10059, while the 

lowest (3.56 cm) was that of8452. Accession 13716 had the largest variability (0.96). The 

smallest variability (0.23) was recorded for 8535. The average leaflet length for this species 

was 4.34 ± 0.71 cm (Appendix 1 and figure 9). A significant difference (P= 0.014) was 

observed between the means of T. qllartinialllllll accessions and the distinct morphotype when 

one sample T- test was performed on the accessions at P< 0.05. One way ANOVA and test of 

homogeneity were calculated for these accessions. ANOV A (at P< 0.05) showed that there 

was significant difference (P= 0.000) among the means. The variances of this group of 

accessions were found to be unequal (P= 0.016) by test ofhoJl1ogeneity at P< 0.05. 
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I. 

T. steudlleri Accessions 

Accession 7658 had the largest average length (5.09 cm) for the side leaflets, while the 

distinct Illorphotype had the lowest (3.79 cm). The mean leaflet length for this species was 

4.40 ± 0.58 cm. The largest variability (0.65) was observed for 10125, whereas the smallest 

(0.25) was observed for 9452 (the distinct ll10l11hotype). Appendix 1 and Figure 10 

sllmmarize the result. One sample T- test showed that there was significant (P= 0.000) 

dilTerencc between the means of T sleudllcri accessions and the distinct mOlvhotype at P< 

0.05. ANOVA showed significant difference (P= 0.000) among the accessions at P< O.OS. The 

group \\'as proved homogenous (P= 0.270) by test ofhomogencity of variances at P< O.OS. 

Test of homogeneity was pcrfol111ed for the combined accessions and showed that the group 

was no homogeneity (P=0.002) among the variances at P< O.OS. One way ANOVA was 

showed that thcre was significant difference (P=O.OOO) among thc mcans at P< 0.05. ANOVA 

showed that the two species were significantly different frolll each other (P= O.OJ) (Appcndix 

2). 
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4.1.6. Average width of the two side leaflets 

T. quartillianulIl accessions 

The width of the side leat1cts was measured at their widest points. The average leaf width for 

the species was found to be 1.02 ± 0.23 Clll. The highest and the lowest averages were 1.27 

cm (that of 6301) and 0.71 cm (that of 8452) respectively. The largest recorded variation was 

0.26 (for 11056), while the smallest was 0.06 and was for 8452. Significant difference was 

found in the group (P~ 0.000) when one-way AN OVA was computcd at P< 0.05. Test of 

homogeneity (at P< 0.05) was also computed and showed that the group variances were not 

homogenous (P= 0.006). One sample T- test showed significant (P= 0.000) difference 

between the leaflet width of the distinct 1l100vhotype and that of T. stelldlleri accessions. 

T. stelldl1eri Accessions 

Accession 9452 scored the highest (1.24 ± 0.08 CIll) average width of the leaflets of the T. 

stelldlleri accessions. The smallest width (0.79 ±0.09 CIll) was recorded to 9058. The average 

width of the leat1cts of this species was 0.93 ± 0.15 cm. The largest variation (0.13) was 

observed in accession 10125, whcreas the smallest (0.04) was observed in accession 7658 

(Appendix 1 and figure 12). One sample T -test showed a significant (P= 0.000) difference 

between the means of the accessions of T. stelldneri and the distinct mOlllhotype at P< 0.05. 

ANOVA and test of homogeneity were computed for all the accessions and witnessed the 

presence of significant difference (P= 0.000) and unequal variances (P= 0.003) in this group 

at P< 0.05. 

Test ofhoJ11ogeneity of variances, calculated for the combined accessions, showed that the 

vmiances were not homogenous (P= 0.000). A significant (P= 0.000) difference was shown 

among the accessions of the three taxa by ANOVA at P< 0.05. Test ofho1l10geneity of 
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variances witnessed that the variances were not homogenolls (P~ 0.00 I) at p--: 0.05. ANO\' ,\ 

at P< 0.05 showed that there was significant difference (P~ 0.000) between the two species 

(Appendix 2). 

• 1.4 

" '" • 1.2 ' 
oS 
'0 
" ;;~ ,- e 
!~ 0.8 
~ !1 
~ ~ 06 '. . c • . -
~ 0.4 

• 
'" • t • .: 

0.2, 

o 

_- T. quartinianum 

L T. steudneri 

- - J. -- Drd (9452) 

~ ~t9452L+ 7693 

• 6297 ~ .--.~ /.-4~08 
/ 

• 9455 / '37 .... 
• ,," • ". 59 ~ ~. 9991 '10.125 \ J', . ,,' 9)158 • ~., 11056 84d, 

.630" 84 10." 9720·9956 I 
• 8452 

2 3 4 5 6 7 8 9 10 

Number of accessions 

Figure 6. Average (Mean ± SD) width of the side leaflets 

4.1.7. Leaflet length to width ratio of the terminal leaflet 

T quartinial1l1l11 accessions 

In this group of accessions, the highest leaflet length to width ratio (6.59 cm) was obtained for 

10059, while the lowest (2.74 cm) was recorded for 8535. The average ratio for the species 

was 4.39 ± 1.99 cm. Accession 9455 showed the largest variability (4.83), where as accession 

7693 showed the smallest variability (0.24). Appendix I and figure 13 summarize the results. 

One sample T - test performed showed that there was a significant difference (P~ 0.006) 

among the accessions of T. qllartillialllllll and the distinct morphotype at P< 0.05. 

Results of test of homogeneity (P~ 0.000) and ANOYA (P~ 0.006) showed that the group 

variances were not equal and there was significant difference among the means, respectively. 
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T. steudlleri Accessions 

The average leaflet length to width ratio of the species was 4.52 ± 0.94 cm. Acccssion 9720 

had the largest (6.29 cm) mean of the species, whereas accession 9452 (the distinct 

morphotype) had the smallest (2.98 cm). Accession 10125 showed the smallest variability 

(0.18) while the largest variability (1.01) was observed in accession 8485 (Appendix 1 and 

Figure 14). One sample T- test witnessed the presence of significant difference (P= 0.000) 

between accessions of T. steudlleri and the distinct morphotype at P< 0.05. There was 

homogeneity (P= 0.364) and significant difference (P= 0.000) among the group variances and 

averages respectively when test of homogeneity and ANOVA were performed at P< 0.05. 

All accessions ofthe tlu'ee taxa were combined and test of homogeneity of variances was 

calculated (P= 0.000) which showed that the variances were not homogenous both at P< 0.05. 

ANOV A was also computed on this combination and witnessed that there was significant 

difference (P= 0.000) among the means at P< 0.05. When test of homogeneity of variances 

was performed on the two species, it was found that there was homogeneity (P= 0.228) at P< 

0.05. ANOV A witnessed that the two species had significant (P= 0.00) difference fi'om each 

other (Appendix 2). 
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4.1.8. Length to width ratio of the side leaflets 

T. quartilliallulII accessions 

The average leaflet length to width ratio of the species was 4.45 ± 1.17 cm. The highest mean 

leaflet length was 6.17 ± 0.73 cm and was recorded for 8452. The lowest average (3.08 ± 0.24 

cm), on the other hand, was obtained for 8535. High variability (1.11) was observed in 

accession 13716, and low variability (0.24), by 8535 (Appendix 1 and Figure 15). A 

significant difference (P= 0.002) was observed among the accessions of T. quartillialllllll and 

the distinct morphotype, when one sample T- test was done at P< 0.05. ANOYA and test of 

homogeneity were also performed on the accessions ofthis species. ANOYA (P= 0.000) 

witnessed that there were significant differences among the average values at P< 0.05. Test of 

homogeneity (P= 0.007) indicated that the group variances were not homogenous at P< 0.05. 

T. steudneri Accessions 

Accession 9720 scored the highest (5.70 ± 1.12 cm) leaflet length to width ratio, whereas the 

distinct morphotype scored the least (3.06 ± 0.10 cm). The average leaflet length to width 

ratio ofthe species was 4.83 ± 0.86 cm. The largest variability (1.12) was observed in 

accession 9720; the smallest (0.10), in the distinct morphotype (Appendix 1 and figure 16). 

One sample T- test showed a significant (P= 0.000) difference among the accessions of T. 

stelldlleri and the distinct morphotype at P< 0.05. A significant difference (P= 0.024) was 

observed among the means as was shown by ANOYA. Test of homogeneity of variances 

showed that the group variances were not homogenous (P= 0.000) at P< 0.05 . 

. Test of homogeneity of variances and ANOYA were calculated for the three taxa. The 

variances were found out to be non-homogenous (P= 0.000) by the test at P< 0 .. 05. One way 
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ANOVA showed that there waS:1 significant (P= 0.000) differcnce among the accessions of 

the three taxa at P< 0.05. Test of homogeneity of variances and ANOV A perfonned on the 

two species showed that the group variances were not homogenous (P= 0.029) and that there 

was no significant difference (P= 0.687) between them (Appendix 2). 
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Figure 8. Average (Mean ± SD) length to width ratio of the side leanets 

4.1.9. Number of pods per inflorescence 

T. qllartillialllllll accessions 

The average number of pods per inflorescence of the species was fonnd to be 13.1 ± 8.4. The 

largest (26.6) and lowest (5.71) averages were observed in accessions 11056 and 13716, 

respectively. Accession 11056 showed the largest variability (6.44), while accessions 6301 

and 8535 showed the smallest (0.000) variability (Appendix 1 and Figure 17). A significant 

difference (P= 0.000) was observed among the accessions when one-way ANOVA was 

computed at P < 0.05 and P< 0.01. Test of homogeneity also showed that the group was not 

homogenous (P= 0.000) at P < 0.05 and P< 0.01. Results of one sample T - test indicated (P= 

0.051) that there was no significant difference between the mean values of the distinct 

morphotype and T. quartilliallu/Il accessions both at P< 0.05. 
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T. sfclI!lllcri Accessions 

Accession 9058 scored the highest (14.3) average mean number of pods per inflorescence, 

while 7659 scored the smallest (7.1). Thc average for the species was 10.8 ± 3.84. The highest 

(3.98) and the smallest (0.21) variability was observed for accessions 8485 and 7659 

respectively (Appendix I and figure 18). ANOVA and test of homogeneity were calculated at 

P< 0.05. ANOV A showed (P= 0.000) that there was a significant difference among the group 

means considered. Test of homogeneity was also computed at P < 0.05 and P< 0.01 and 

showed that the group variances were homogenous (P = 0.173). A significant difference (P= 

0.000) was observed when one sample T- test was calculated between the mean value of the 

distinct mOlphotype and accessions of this species at P< 0.05. 

Test of homogeneity of variances, pm'fonned on the total accessions, showed that the 

variances were not homogenous (P = 0.00) at P< 0.05. One-way ANOVA was also computed 

and showed that there was a significant difference (P = 0.000) among the means at P < 0.05 

and P< 0.0 I. The two species were compared using ANOV A at P< 0.05 and were shown not 

to differ significantly (P= 0.115) (Appendix 2). 
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4.1.10. Number of seeds per pod 

T. qilartillialllllll accessions 

The average number of seeds per pod for the species was 2.63 ± 1.2S. The largest and 

smallest averages were 4.4 (for accession 9455) and 1.86 (for accession 7693), respectively. 

The largest variability (1.39) was observed for accession 1 00S9, while the smallest (0.00) was 

observed for accessions 6301 and 8S35 (Appendix I and figure 19). Statistical analysis was 

carried out by one way ANOY A at P< 0.05 and showed that there was no significant (P= O. 

079) difference among the means of the T. qllarlillialllllll accessions. Test of homogeneity of 

variances was also used at P< 0.05 and showed that the variances were homogenous (P = 

0.302). When one sample T- test was conducted between the mean values of the accessions of 

this species and that of the distinct morphotype, no significant difference (P= 0.06) was 

observed both at P< O.OS. 

T. steudneri Accessions 

Accession 7658 showed the lowest (2.07) average number of seeds per pod, while 8461 

showed the highest (2.64). The average number of seeds for the species was 2.26 ± 0.192. 

The largest variability (1.09) was observed for 9956. Accession 7659 exhibited the smallest 

variability (0.069) (Appendix I and figure 20). Statistical analysis was performed using 

ANOYA and test of homogeneity of variances. One way ANOYA showed that there was 

significant difference (P= 0.055) among the means of T. steudneri accessions at P<O.OS and 

P< 0.05. Test of homogeneity revealed that the group variances were equal (P= 0.07) 

(Appendix). A significant difference (P= 0.000) was observed between T. steudlleri 

accessions and the distinct morphotype by one sampled T- test at P< 0.05. 
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Test of homogeneity ofyariances and ANOVA wcre computed at j>< 0.05. Test of 

homogeneity showed that the variances were not homogenous (1'= 0.000). ANOV A showed 

the presence of significant (1'= 0.00) difference among the means of all accessions. A 

significant difference (1'= 0.416) was not observed between the two species when ANOV A 

was computed at 1'< 0.05 (Appendix 2). 
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Figure 10. Average (Mean ± SD) number of seeds per pod 

4.1.11. Length ofthe corolla 

T. quartinianul1l accessions 

The average length of the corolla was found to be 1.51 ± 0.10 em for the species. Accession 

7693 scored the highest mean value (1.66 em), while 11056 scored the smallest (1.44 em). 

The highest variability (0.20) was observed in accession 8452. Accession 13808 showed the 

lowest variability (0.04) of the group (Appendix 2 and figure 21). One way ANOVA 

performed and indicated that there was a significant (P= 0.000) difference among the mean 

values of the accessions of T. qllartillialllllll. The group was proved to be homogenous (P= 

0.590) by test of homogeneity of variances at P< 0.05. One sample T- test was calculated to 

see if there exists a significant difference between the accessions of T. quarliniallulII and the 
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distinct Illorphotype. The test showed that there was a significant (P= 0.000) difference at P< 

0.05. 

T. steudlleri Accessions 

The average length of the corolla for this species was found to be 0.84 ± 0.076 cm. The least 

variability (0.000) was observed for accession 8485, while the largest (0.07) was observed in 

accessions 8461, 9058,9720,10125 and 9966. Accession 9991 had the largest average (0.92 

cm) length, whereas 7658 had the smallest (0.76 cm) (Appendix 1 and Figure 22). The results 

of one way ANOY A indicated that there was significant difference (P= 0.016) among the 

means of the T. steudlleri accessions at P< 0.05. Test of homogeneity, on the other hand, 

showed that the group variances were not homogenous (P =0.039) at P< 0.05. One sample T­

test witnessed that there was significant (P= 0.000) difference between tIle average values of 

accessions of this species and the distinct morphotype at P< 0.05. 

Test of homogeneity of variances performed on the combined accessions showed that there 

was no homogeneity (P= 0.000) among the variances both at P< 0.05. ANOYA was 

calculated for this combination and showed that there was a significant (P= 0.000) difference 

among the means at P< 0.05 (Figure 23 and Appendices 1). When ANOY A was computed 

between the two species, a significant difference (P= 0.000) was obtained. 
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Figure 11. Average (Mean ± SD) length of the corolla of all accessions. 

4.1.12. Length of the calyx-lobe 

T quartinianu/Il accessions 

Accessions 8452 scored the highest (0.92 cm) average calyx -lobe length. The smallest 

average length (0.80 cm) was scored by 13716. The average length of the calyx-lobe for the 

species was found to be 0.86 ± 0.05 cm. The highest v~riability (0.07) was observed in 

accession 13716, whereas the lowest variability (0.000), in accession 11056 (Appendix 1 and 

Figure 24). One way ANOV A indicated that there was significant (0.005) difference at P< 

0.05. Test of homogeneity of variances showed that the group variances were unequal (P= 

0.015) at P< 0.05. One sample T- test was performed for accessions of T. qllartiJlialllllll and 

the distinct morpho type and showed that there was no significant (P= 0.051) difference 

between the accessions of this species and the distinct morphotype at P< 0.05. 
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T stem/lleri Accessions 

The average length of the calyx-lobe of this species was 0.43 ± 0.12 cm. High variability 

(0.11) in the length of the calyx-lobe was observed in accession 8461. Accession 9058 

showed the lowest (0.043) variability for this character. The largest average length (0.52 cm) 

was recorded for accession 9991. Accession 9058, on the contrary, showed the smallest (0.12 

cm) calyx-length (Appendix 1 and figure 25). The group was shown to be non- homogenous 

(p= 0.000) by test of homogeneity of variances at P < 0.05 and P< 0.01. One way ANOV A 

was computed and showed that there was no significant difference (P= 0.07) among the mean 

values of T. steudlleri accessions at P< 0.05. The distinct morphotype was proved to be 

significantly different (P= 0.000) from the T. steudlleri accessions by one sample T- test at P< 

0.05. ANOVA was computed between the two species that showed that there was significant 

(P= 0.000) difference at P< 0.05. 

Test of homogeneity of variances and ANOVA were calculated for the total accessions. Test 

of homogeneity showed that there was not homogeneity (P= 0.000) at P< 0.05. ANOVA (at 

P< 0.05) showed that there existed a significant (P= 0.000) difference among the means of the 

combined accessions (Figure 26 and Appendix 2). 
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Figure 12. Average (Mean ± SD) length of the calyx-lobe of all accessions. 
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4.1.13. Leaf marks 

The presence and absence of leaf marks was recorded as 0 (Presence) and I (Absence). The 

result was described in table 2. Among the accessions considered, 61.9 % had leaf marks 

while the rest had no leaf marks. 

Table 2. Presence (I) or Absence (0) of Leaf Marks 

T. qUflr(illlalJuIIJ Leaf marl{s T. slelldueri Leaf marks 

Accessions (0,1) accessions (0,1) 

6297 1 7658 0 

7693 1 7659 1 

6301 1 8461 0 

8452 0 8485 1 

8535 1 9058 1 

9455 1 9720 0 

10059 0 9956 1 

13716 0 9966 1 

11056 1 9991 1 

13808 0 10125 1 

9452 0 

In T. stelldneri accessions, 36 % of the accessions had !eafmarks (64 % had no lear marks, 

non- significant difference to the hypothesized test value (0.5); P= 0.549) while in T. 

qllartinianll/ll accessions, 60 % ofthe accessions had leaf marks (non- significant; P= 0.754). 

Non-parametric test (Binomial test with test proportion = 0.5; 0.5 because the characters were 

assumed to have equal probability of occurrence in the population) was done and showed that 

62 % ofthe total accessions had leaf marks while the remaining 38 % had no leafmarks.lt is 

also observed that the observed leaf mark trend is consistent (P= 0.383) with the expected 0.5 

(1: I) test proportion. 
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4.1.14. Direction of leaf serration 

The direction of the leaf margin serration was also recorded. It fell into either of the following 

classes: forward (F) and perpendicular to the leaf margin (P). Leaf serrations directed forward 

were registered as (I), and those directed perpendicular to the margin, as (0) (Table 3). All 

accessions except T. slelldneri (9966) had leaf serrations directed forward (4.8 %).In T. 

sleudneri (9966), however, the serrations were perpendicular to the leaf margin. The distinct 

morphotype showed no difference to most of the accessions on the basis of this character. Its 

leaves had serrations directed to the forward direction. 

Table 3. Direction of Serration of the Leaf Margins. 

T. quarli"iallllJ1l Leaf T. steudueri Leaf 
accessions Serration accessions Serration 

Direction Direction 

6297 1 7658 I 

7693 1 7659 I 

6301 1 8461 I 

8452 1 8485 1 

8535 I 9058 1 

9455 1 9720 I 

10059 1 9956 1 

13716 1 9966 0 

11056 1 9991 1 

13808 1 10125 I 

9452 1 

All (100 %) accessions of T. qllartinianum had leaf serrations directed forward, while 91 % of 

T. slelldneri had this feature. The binomial test showed that there was a significant (P= 0.002, 

and P= 0.012) difference in the direction ofleaf selTation of T. qllartinianllm and T. slelldneri 

accessions, respectively. 
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Non-paramctric test (Binomial test with test proportion = 0.5) showed that 95 % of the total 

accessions had Icaf serrations directed forward. Only 5% had serrations directed 

perpendicular to the leaf margin. Binomial test done for all the accessions showed a highly 

significant (P =0.000) difference 1i'0I11 the hypothesized test proportion (0.5). 

4.1.15. Nature of the stipule 

The nature of the stipule was observed and recorded as (0) for entire margins and (1) for 

serrated margins. All accessions (95.2 %) of T. quarlinianul/I and T. sleudneri had stipules 

with smooth margin. The margins of the stipules were different only for the distinct 

morphotype (4.8 %). The stipulc margins of the distinct morphotype were serrated and 

distinct when compared to the rest of the accessions (Table 4). 

Table 4. Nature of the stipule margin 

T. qllarlilliaJlllm Stipule T. steudlleri Stipulc 
accessions Nature accessions Nature 

6297 0 7658 0 

7693 0 7659 0 

6301 0 8461 0 

8452 0 8485 0 

8535 0 9058 0 

9455 0 9720 0 

10059 0 9956 0 

13716 0 9956 0 

11056 0 9991 0 

13808 0 10125 0 

9452 1 

Binomial test with a test proportion of 0.5 was performed and showed that there was a 

significant difference (P=0.002, 0.012 and 0.000 for T. quartinianul/I, T. sleudneri and total 

accessions respectively) from the hypothesized value for both species. 
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4.2. Cluster Analysis 

Cluster Analysis was made following the hierarchical cluster analysis procedure (SPSS, 

Version 10.0, 1999). The mOlvhological characters were used to undergo the cluster analysis. 

Dendrograms were constructed for the combination of all the accessions of T. qllGrlilliGIIIIIIl, 

T. slelldlleri and the distinct mOlvhotype. This was done so as to see the relative relation of 

the distinct morphotype to the accessions of both species (Figure 13). 

* * * * * * HIE R ARC HIe ALe L U S T ERA N A L Y SIS * * * * * * 

Dendrogram using Average Linkage (Between Groups) 

Rescaled Distance Cluster combine 

C A S E o 5 10 15 20 25 
Label Num +---------+---------+---------+---------+---------+ 

TQ6297 1 

TS7659 12 J I--
TQll056 8 

TS7658 11 -

TS9720 15 

TS8485 13 - I-

TQ6301 2 

TS9058 14 J I- -
TQ7693 3 -

TS9991 18 

TS10125 19 

TQ13808 9 

TQ13716 10 -

TS9956 16 

TS9966 17 

TQ8452 4 

TQ9455 6 ~ 
TQ8535 5 

TQ10059 7 

TS8461 20 I 
TS9452 2~ 

Figure 13. Dcndrogram constructed (on a rescaled scale) based on the combination of all the 

characteristics of all the accessions. 
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Euclidean distance was calculated for all the twenty one accessions and the distance 

(dissimilarity eoefticient) was used to construct the dendrogram. The dendrogram hence 

generated resulted in grouping of all the accessions into nine clusters. The clusters generated 

(on a rescaled scale) and the accessions in them are summarized in Table 5. 

Table 5. The clusters generated and the accessions included in the clusters by hierarchical cluster 
analysis procedure. 

Clusters Accession Numbers 
I 6297,7659,11056 
II 7658,9720,8485 
IIJ 6301,9058,7693 
IV 9991, 10125 
V 13808, 13716 
VI 9956 
VII 9966 
VIII 8452,9455,8535 
IX 10059,8461 
X 9452 

The distinct morphotype was found clustered close to accessions T. quartinianuIII (10059) and 

T. steudneri (8461). The Euclidean distance between the distinct morphotype and accession 

10059 was 3.86. The distance (dissimilarity index) was 5.85 between the distinct morphotype 

and accession 8461 (Appendix ). The distinct morphotype, hence, was relatively closer to 

accessions of T. quartinialllllll (10059) than all other accessions. Accessions 10059 and 8461 

were found in the same subgroup where 9452 belonged. Accession 9452 was an outlier from 

this subgroup. The hierarchical cluster analysis generated some other outliers which stood 

alone by themselves. These include T. steudneri accessions 9956 (Cluster VI) and 9966 

(Cluster VII). 

When the three accessions (in cluster IX and X) were compared with each other on the basis 

of the place of collection, it was found that accessions 10059 and the distinct morphotype 

were collected from Welega and Metekel, respectively \vhile accession 8461 was collected 
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Ii'om Kefa (.lima). The relatively higher closeness of accessions 9452 and 10059 may be 

explained by the closeness of the sites where they are collected. 

Discdminant Analysis 

Discriminant analysis was performed to see which of the characters were discriminated the 

three taxa. The Eigen values showed that two functions were generated and the first function 

extracted 97.6 % of the variance while the second extracted 2.4% of the total variance. The 

three taxa were discriminated on the basis of the discriminating characters. The prior 

probabilities were calculated for each of the groups and showed that the group membership 

probability was 0.50 for T. qllartinianllll1; 0.44 for T. stelldneri and 0.06 for the distinct 

morphotype. The percentage of the groups that were in the initial group and fitting into the 

final member ships was calculated and showed that there was a 97.14 % agreement (Appendix 

6). The distinct morphotype was closer to T. stelldneri accessions that to T. qllartinialllll 

accessions (Figure 14). 
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Figure 14. The three groups generated by discriminant analysis. 
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4.3. Principal Component Analysis 

Principal component analysis (PCA) was computed and generated seven components. KMO 

and Bartlett's test were performed prior to calculating PCA. The results (Table 6) of the KMO 

and Bartlett's tests testified that it was advisable to perform the PCA test. Those components 

that had Eiegen values greater that I were retained in this analysis. 

Table 6. Results of the KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy. 

Bartlett's Test of 
Sphericity 

Approx. Chi-Square 

df 

Sig. 

.384 

349.459 
105 

.000 

Eigen values were calculated (Table 7) and showed that component 1 extracted 17.8 % 

(cumulative of 17.8 %) of the total variance. Components 2 and 3 extracted 13.3 % 

(cumulative of31.0 %) and 11.1 % (cumulative of 42.2 %) of the total variance, respectively. 

The seven components, as a whole, extracted 75.1 % of the total variance. Out of the fifteen 

morphological characters used (Le. fifteen dimensions), seven components were generated. 

The correlation of the individual characters to the components generated was shown by the 

rotated space component matrix. 

Table 7. Eigen values before and after extraction of the Components. 
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t. 

In;Ual EiQenva!ues Extraction Sums of Sauared loadlnQs 
Component Total % ofVariaoce Cumulative % Total % ofVariancc Cumulativo % 
1 2.666 17.775 17.775 2.666 17.775 17.775 
2 1.989 13.260 31.035 1.989 13.260 31.035 
3 1.678 11.186 42.221 1.678 11.186 42.221 
4 1.433 9.553 51.774 1.433 9.553 51.774 
5 1.402 9.347 61.121 1.402 9.347 61.121 
6 1.074 7.159 68.280 1.074 7.159 68.280 
7 1.027 6.846 75.126 1.027 6.846 75.126 

8 .877 5.847 80.973 
9 .775 5.170 86.143 
10 .733 4.886 91.029 
11 .597 3.981 95.010 
12 .540 3.599 98.609 
13 .104 .694 99.303 
14 8.224E-02 .548 99.851 
15 2.234E-02 .149 100.000 

Extraction Method: Principal Component AnafySis. 

Varimax rotation was adopted and showed that component I was loaded high with the total 

length of the corolla and the calyx-lobe. Leaflet length to width ratio of the side leaflets and 

width of the side leaflets are the characters that showed high correlations with component 2. 

Component 3, on the other hand, showed high correlations with leaflet length to width ratio of 

the terminal leaflet and width of the terminal leaflet. Size of the flowers for the pollen to shed 

and for the stigma to be receptive showed higher correlations with component 4. Component 

5 showed high component loadings with number of pods per inflorescence and total length of 

the side and terminal leaflets. Plant height was observed to correlate with component 6, while 

number of seeds per pod with and without bagging showed high correlations with component 

7 (Table 8). 

Table 8 Rotated Component Matrix for the Characters used 

1 2 
lCLTOT .954 ·2.48E·02 
LOCTOT .907 1.6ZIE-OZ 
HSW .433 .228 
RATTOT -9.24E-02 .957 
WSLTOT -.121 -.869 
RATTOTI ·2.21E-03 3.0SOE-02 
WFLTOT .205 -7.73E-02 
SSR ·7.13E·02 ·6.91E-02 
SPS 5.Z31E'{)Z 4.271E-02 
NPITOT -.191 .156 
LSLrOT ·.372 .355 
PHT ·5.41E·02 8.835E·02 
LFlTOT -3.59E-02 6.091E-02 
NSPTOT -9.53E·02 3.990E-02 
NSPBTOT -B.D4e-02 6.39SE-03 

Extraction Method: PnnclpaJ Component Analysis. 
Rotation Method: Varimax with Kaiser NoonarQatlofl. 

3 
·B.84E·02 

·.130 
.104 

4.188E·02 
-6.49E-02 

.956 

·.664 
·6.03E·02 
-2.0SE-OZ 

.141 
-8.22E-OZ 

.103 

.156 
·Z.98E·03 
1.963E·02 

Com 0' 
4 5 6 

-4.01E-04 7.648E-OZ 3.BlsE·02 
.5.56E·02 -s.95E-03 -7.28E-03 

.334 .300 .352 
·7.6ZE-02 .167 -2.55E-02 
-7.85E...Q2 .225 9.703E-OJ 
-5.77E-OZ 5.584E-02 .163 
2.991E...QZ .219 .260 

.803 9.Z8ZE-OZ -8.81E·02 

.78Z -3.60E-OZ 3.987E-OZ 

·.147 -.701 5.481E-OZ 
-.ZZI .517 ·S.55E-02 

3.914E-OZ .142 -.836 
·3.Z6&02 .527 .597 
4.611E-02 -.157 .128 
-3.21E-02 .17Z -.149 
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-5.1BE-02 
·9.50E·02 

-.123 
9.265E-02 
4.739E·02 
·2.31E·OZ 
-5.08e·02 
-1.99E-OZ 
3.724E-OZ 
2.140E-03 

.225 
·4.10E-02 

-.116 
.778 
.748 



The varimax rotation was applied to come up with the rotated component plot that is shown in 

Figure 15. The characters in each of the components generatcd showed high correlations with 

each other and with the component. This is in agreemcnt to the general expectations. 
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Figure 15. Component plot of the characters on a rotated space 

The relationships among the accessions of the two species were observed using certain pairs 

of morphological characters. The accessions of each ofthe two species were separated on the 

basis of these characters. These characters are length of the calyx-lobe and the corolla and the 

sizes of the flower for pollen shedding and stigma receptivity. These can, hence, be used as 

key morphological characters to distinguish among the species (Figure 16). 

Three groups were generated by using the first pairs of characters. These were the average 

length ofthe calyx-lobe and the corolla. The scatter plot for the combination of these 

characters showed that accessions of T. quartinianum were found at higher average values for 

length of the calyx and the corolla. The distinct morphotype, on the other hand, was found 
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together with T. slelldllcri accessions. This group was observed at lower average values than 

those accessions of the T. qllarlillial1l1l1l. Accession 9720 (a T. slclldl1eri accession) was found 

out of the ranges of the two groups. 
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781j~ . 
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13~ftfig7 S • 1 
11 5 ~01 

O.O+--__ ~--__ --~--_---~--_l 
.6 .8 1.0 1.2 1.4 1.6 1.8 

LOC 

Figure 16. Scatter plot showing the relationships among accessions of the two species constructed 

based on the length of the calyx-lobe and the corolla. 

On the basis of the other pairs of characters (Le. sizes of the flowers for pollen shedding and 

stigma receptivity) three groups were generated. The first group included accessions of the 

distinct morphotype and seven accessions of T. quarlinial1um. The second group was rather 

heterogeneous with regard to the accessions in that it included all accessions of T. steudneri 

and two accessions (13716 and 7693) ofT. quartinianum. The third group was relatively far 

from these groups and was represented by an accession of T. qllarlinianum (10059). These 

pairs of characters, again, can be used to cautiously classify the two species (Figure 17). 
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Figure 17. Scatter plot showing the relationships among accessions oCthe two species constructed based on 
the length of the sizes of the flowers for the pollen to shed and the stigma to be receptive. 
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4.4. Hybridization 

4.4.1. Pollen shedding 

T qllartillial1/1l11 Accessions 

The average size of the flower buds that was associated with pollen shedding was 4.66 ± 1.79 

cm for this species. Accession 10059 shed the pollen at the largest mean flower size of the 

group (9.00 ±2.83 cm), while 9455 at the smallest (3.63 ± 0.78 cm) size. The largest 

variability (2.83) in the flower sizes associated with pollen shedding was observed in 

accession 10059, whereas the smallest (0.76) was observed in 6297 and 630 I (Appendix I and 

Figure 18). There was no significant difference (P= 0.016) among the mean values of the 

distinct morphotype and the T. quartinianllll/ accessions when one sample T- test was 

computed at P< 0.05. The results of ANOYA showed that there was not a significant 

difference (p= 0.225) among the mean values at P< 0.05. Test of homogeneity of variances 

was also performed and witnessed that the group variances were not homogenous (P= 0.005) 

at P< 0.05. 

T stelldneri Accessions 

The distinct morphotype shed its pollen at the smallest average bud size (3.80 ± O. I 2 cm) of 

the species. It also exhibited the least variability (0.12) of the group. The highest average 

mean size (6.50 ± 1.80 cm) and variability (2.55) were observed for accessions 8485 and 

8461, respectively. The average size for the species was found to be 5.13 ± 1.60 cm 

(Appendix I and Figure 18). One sample T-test showed the presence of significant (P= 0.000) 

difference among the means at P< 0.05. ANOYA (P= 0.05) witnessed that there was not 

significant difference among the average values at P< 0.05. Test of homogeneity (P= 0.000) 

showed that the group variances were no! homogenous at P< 0.05. 
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Test of homogeneity of variances and ANOY A were calculated for all accessions. Test of 

homogeneity of variances showed the absence of homogeneity (P= 0.005) at P< 0.05. 

ANOY A witnessed that there was not significant difference (P= 0.670) among the means at 

P< 0.05. Test of homogeneity of variances and ANOYA were computed between the two 

species at P< 0.05. Test of homogeneity witnessed that the variances were homogenous (P= 

0.907), while ANOYA showed (P= 0.074) that there was no significant difference between 

them. 
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Figure 18. Average sizes of the flowers of all accessions at which the pollen was shed. 

4.4.2. Stigma Receptivity 

T. qual'tinianum accessions 

The size of the flower at which the stigma was receptive was measured. The average size for 

the species was 5.29 ± 2.06 cm. The maximum (9.00 ± 2.00 cm) and minimum (3.83± 0.29 

cm) average sizes were scored by accessions 10059 and 8452, respectively. High variability 

(2.00) was recorded for accession 10059, while low variability (0.000) was observed in 

accession 7693 (Appendix I and Figure 19). One sample T- test showed that there was a 

significant difference (P= 0.002) among the mean size of the distinct morphotype and the 
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means of 1'. qUOl'lil/iol/ulI/ accessions at P< 0.05. A significant (P= 0.000) difference was 

observed among the mean values when one way ANOVA was performed at P< 0.05. Test of 

homogeneity was also calculated and showed that there was no homogeneity (P= 0.000) at P< 

0.05. 

T. steudnel'i Accessions 

Accessions 8485 and 9058 scored the highest average mean size for stigma receptivity (7.0 ± 

1.41 cm) while the distinct morphotype scored the least (4.00 ± 0.71 cm). The average for the 

species was 6.02 ± 1.30 cm. High variability (1.76) was observed in accession 9720. The 

lowest variability (0.00), on the other hand, was recorded for accessions 9956, 9966, and 9991 

(Appendix I and Figure 19). Significant (P= 0.000) difference was observed among the 

means when one sample T- test was performed at P< 0.05. The group variances were found to 

be non- homogenous (P= 0.001) by test of homogeneity at P< 0.05. ANOYA witnessed that 

there was a significant (P= 0.01) difference among the means. 

One way ANOV A showed that there was not significant difference (P= 0.000) among the 

means at P< 0.05. Test of homogeneity of variances indicated the variances were not 

homogenous (P = 0.000) at P< 0.05. 
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Figure 19. Average sizes of the flowers of all accessions at which the stigma was receptive. 
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Comparison of the sizes of the flowers at which the pollen was shed and the stigma was 

receptive was done to see if there exists any incompatibility. The average size of the flowers 

of T. qllarlinialllllll accessions at which the pollen was shed was 4.82 ± 1.55 cm while it was 

5.24 ± \.90 cm for the stigma to be receptive. The pollen grains of flowers of T. slelldlleri 

accessions were shed at 5.\8 ± 0.8\ cm while the stigma was receptive at average flower size 

of 6.29 ± 0.88 cm (Figure 20). ANOYA was computed at P< 0.05 and showed that there was 

a significant difference (P= 0.003) between the two species. 
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Figure 20 Comparison of the size of the flowers at which the pollen was shed and the stigma was receptive. 

Pearson's correlation analysis was performed at P< 0.0 1 and showed that pollen shedding and 

stigma receptivity are strongly positively correlated (P= 0.740) and the correlation was 

significant (P= 0.0000) (Table 9). 
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Tablc 9 Correlation coefficients fol' the sizes of the flowers at which the pollen was shed and the stigma 
was rcccptive. 

SPS SSR 

SPS Pearson Correlation 1.000 .740' 
Sig. (2-tailed) .000 

N 21 21 

SSR Pearson Correlation .740' 1.000 
Sig. (2-tailed) .000 

N 21 21 

**. Correlation is significant at the 0.01 level 

4.4.3. Pollen viability 

Viability of the pollen grains was studied from the approximately first time the pollen was 

shed. There was a general decrease in pollen grain viability with time. The maximum and 

minimum numbers of viable grains were 28 and 15 (for T. stelldneri; 9452), 35 andl2 (for T. 

stelldneri; 7659), 26 and 6 (for T. stelldneri; 9720), 32 and 7 (for T. stelldneri; 7658), 38 and 

25 (for T. stelldneri; 9991), 23 and 5 (for T. qllartinianllm; 6301), 33 and 12 (for T. 

qllartinianllm; 8535) and 26 and 16 (for T. qllartinianllm; 7693). The percent decrease of 

pollen viability was 46.4 % (for T. steudneri; 9452), 65.7 % (for T. steudneri; 7659), 76.9 % 

(for T. stelldneri; 9720), 34.2 % (for T. steudneri; 9991), 78.3 % (for T. qllartinial111111; 6301), 

63.6 % (for T. quartinial111111; 8535), and 38.5 % (for T. quartinial1l1m; 7693). T. steudneri 

(9991) showed an unpredictable trend in pollen viability in that a sudden increase was 

observed in the late hours of the observation. The times at which the poIIen grains were taken 

for the study were: 0 hour (8: 30 am); I hour (12:00 am); 2 hours (2: 00 pm) and 3 hours (4: 

.00 pm) (Figure 21). 
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Figure 21. Number of viable pollen grains with time. 

4.4.4. Pollen tube growth 

Pollen tube growth was assessed in several species combinations involving a number of 

accessions. A number of intra- and interspecific crosses were examined in relation to pollen 

tube growth. The pattern of growth of the pollen tubes was recorded as 0 and I; I representing 

"Pollen tube growth" and 0 "no pollen tube growth" (Table 10). 

Table 10. Pollen tube growth in intra- and interspecific crosses. 

Crosses Made Nature of Pollen-tube 

Crossing Growth 

Male Parcnt Female Parent 

T. s(eudnerl (7659) T. sfelldlleri (7659) Self 

T. steudneri (7659) T. sfeudller; (9452) Cross o 

T. sfeudller; (9452) T. sleudneri (7659) Cross C r (, 'I',.",J) o 

T. quarliniallum (8535) T. quartinianum (8535) Self 

T. quar/illianum (8535) T. sfelldlleri (7659) Cross o 

T. steudlleri (7659) T. qllartilliamllll (8535) Cross ( (-r ( , ! 
, 

. t '"'' • -. 

T. sfeudller; (9452) T. sfeudl/er; (9452) Self 

T. qllartilliallllm (8535) T. sfelldlleri (9452) Cross 
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In those crosses that had pollen tube growth, the callose in the pollen tubes fluoresced bright 

yellow with the background tissue fluorescing pale gray, The extent of the pollen tube growth 

varied among the accessions. Intraspecific crosses had better pollen tube growth than 

interspecific crosses. In most interspecific crosses, there was no growth of the pollen tubes in 

the style and no fluorescing callose tissue was observed. Appreciable levels of pollen tube 

growth were observed, however, in sOllie interspecific crosses. Descriptive statistics showed 

that 33.3 % of the total crosses didn't show pollen tube growth while 66.7% showed pollen 

tube growth. 

4.4.5. The Bagging Experiment 

T. quartinianulII accessions 

The average number of seeds per pod obtained for the selfing, done with bagging, was 2.42 ± 

1.96. The largest average (4.92) was recorded for 9455, while the lowest (0.00) was observed 

for accessions 7693, 6301, 8452 and 8535, in which case no seeds were produced. High 

variability (I .45) was observed in accession 10059. Accessions 7693, 630 I, 8452 and 8535 

exhibited the lowest variability (0.00) of the group (Appendix I and Figure 22). One way 

ANOYA was performed among the means of the accessions. The result of the ANOYA test 

showed that there was significant difference (P = 0.00) among the accessions at P< 0.05. Test 

of homogeneity was also calculated and showed that the group variances were not equal (P= 

0.00) at P< 0.05. 
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T. slelldllel'i Accessions 

Accession 9058 had the maximum average (2.77) number of seeds of the group. The 

minimum average (2.00) was scored by the distinct morphotype accession 9452. The group 

, 
average was 2.31 ± 0,98. Accession 8461 showed the highest variabil ity (1.14), while the 

distinct morphotype showed the smallest (0.00) variability (Appendix I and Figure 22). 

Results of one way ANOVA indicated that there was significant difference (P= 0.000) among 

the accessions at P< 0.05. The groups were observed to have unequal variances (P= 0.00), as 

shown by test of homogeneity of variances at P< 0.05. 

Test of homogeneity of variances indicated that there was no homogeneity (P= 0.000) among 

the variances both at P< 0.05. One way ANOV A was also calculated which showed that there 

was a significant difference (P= 0.000) among the means of the combined accessions at P< 

0.05. Test of homogeneity of variances and ANOVA were also computed on the two species 

and showed that the variances were not homogenous (P= 0.000) and that the two species were 

significantly different (P= 0.000) from each other at P< 0.05. 

-+------ T. quarlfnlanum 
.-__ -- T.steudMn 

6 .,-_______________ ----.-OM(9452) 

13716 

8461 

Accessions 

Figure 22. Average (Mean ± SD) number of seeds per pod for selCing with bagging 
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Paired samples T- test was performed to see if there existed differences in the numhl'l' "I' 

seeds formed by selfing with- and without bagging. Paired samples T- test witnessed that 

there was not a significant (P= 0.417) difference among the means of the two experimental 

groups at P< 0.05 (Table II). 

Table 11 Paired T -tcst for the Number of Seeds Iler Pod obtained by Selfing with- and without 

Bagging. 

Paired Differences 

Std. Error 
Mean Std. Deviation Mean t df SiQ. (2-tailedL 

Pair 1 NSP - NSPB .4476 1.4965 .3266 1.371 20 .186 

4.4.6. Interspecific hybridization and Seed formation 

Intra- and interspecific hybridizations were performed among certain accessions of the two 

species and the distinct morphotype. Seeds were formed in some of the crosses, but not in 

others. Seed formation was recorded as 0 and I; "1" for cases of seed formation and "0" for 

no seed formation. The result is summarized in Table 12. 

Table 12 Interspecific Hybridization and Seed formation in the crosses 

Male jlFemaie Number of 

Parent Parent 

T. qllartinialllllll r---r. -steud~e;i . Male I Female 

Accessions i Accessions Flowers i Flowers 

I Used used 

11056 ]19058 I 5 Ii 5 ~=~c='1 I 
, 8535 II 7658 I 5 lis ~=~"I I I 

[8535- . 'II iOl25 Fi Wi r ] 
r 6301 H 9966 _ I 5 Ii 5 '1 I 
[10059 1[7659 I 3 ] 3 H I 
li3716 II 7658 I 5 Ii 5 I' I 
[1'380S- ' ][9058 1 3 

, .. , If 3 ,-

r 6301···· 'I[ 10125 I 5 lis 
Ii 0 I 

'======'~===='TOI 
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Results of the crossing experiment showed that among the crosses made, 75% formed seeds 

while 25 % didn't form viable seeds. This showed that a significant level of compatibility 

exists among the accessions (Table 13). 

Tnble 13 Percentage of the crosses that resulted in seed formation (1) or- not (0). 

Cumulative 
Frequency Percent Valid Percent Percent 

Valid no seed formation 2 22.2 25.0 25.0 
seed formation 6 66.7 75.0 100.0 
Total 8 88.9 100.0 

Missing System 1 11.1 
Total 9 100.0 
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4.5. Chromosome Numbers 

The chromosome numbers of somc accessions of the two species and the distinct morphotypc 

were studied. The diploid chromosome number of both T. qllartillialllllll and T. stelldlleri was 

found to be 2n = 16. This number was also observed for the distinct morphotype. Figures 23 

and 24 show the chromosomes of typical accessions observed. 

Figure 23. Chromosomes (211 ~16) of a typical T. quartilliallulII accession. 

Figure 24. Chromosomes (2n ~ 16) of the distinct morphotype (T. stelldueri, 9452). 
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5. DISCUSSIONS 

5.1. Morphology 

ANOV A was computed among the accessions and showed that there were significant 

difference among the species for all the characters except for the length of the terminal leaflet. 

There was also significant difference among accessions for all the characters. When ANOV A 

was computed, on the other hand, for the replications, there was no significant difference 

among them for most characters. Width of the side leaflets, width of the temlinalleaflets and 

size of the flowers at which the pollen was shed were the characters that showed significant 

difference among the accessions. This analysis witnessed that the two species were distinct 

from each other on the basis of most of the characters. The distinct morphotype was compared 

to the two species based on some morphological characters and the level at which it showed 

significant difference, when it showed, was computed. Generally, it exhibited a unique array 

of morphological characters relative to accessions ofthe two species. The various statistical 

analyses revealed the level of difference with respect to each character and accession. These 

differences can be viewed from the point of view of the two species. The distinct morphotype 

showed highly significant difference with the accessions of both species on most characters. 

In most cases, the distinct morphotype stood out of the ranges defined by the two species. 

Homogenous subsets were generated for each of the characters and the species were grouped 

into these subsets based on their proximities. In some ofthe subsets, T. qllartilliall1l11l and T. 

stelldlleri were in the same subset with the distinct morphotype being grouped in a different 

subset. In other cases, each ofthese species was found grouped with the distinct morphotype, 

with the distinct morphotype serving as an intermediate species (Appendix 5). The results of 

the discriminant analysis showed that on the basis ofthe factors generated, the three taxa were 
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clearly separated from each other and that certain characters were able to discriminate the 

three taxa. 

Direction ofleaf serration and nature of the stipllie also showed highly significant differences 

among accessions. The distinct morphotype was characterized by serrated stipules while all 

the rest had smooth ones. Binomial test revealed that there was a significant difference among 

the accessions in relation to this trait. This character can, hence, be used as a key 

morphological characteristic of the distinct morphotype because it is found only in the distinct 

morphotype. Direction of leaf selTation also showed significant difference among the 

accessions. Only a T. steudneri accession (9966), had leaves with serrations perpendicular to 

the leaf margin. All the rest had leaf serrations directed fOlward and binomial test showed 

significant difference with this regard. The presence or absence of leaf mark showed no 

significant difference both among accessions of the same and different species. Akundabweni 

et ai., (1991) used similar morphological characters to quantify the level of variation in T. 

tembellse. 

Using the morphological characters cluster analysis was computed. The cluster analysis (and 

the dendrogram constructed from the hierarchical cluster analysis) showed the relative 

relation of the distinct morphotype to accessions of T. quartinial/ulIl and T. steudneri and the 

relatedness of each of these accessions to each other. The distinct morphotype was observed 

to be relatively closer to accessions of T. qllartinianuIII than T. steudneri. In fact, it was found 

in the same branch with the T. quar/inianuIII accession, 10059. Some accessions (e.g. T. 

steudneri 9956 and 9966) were also observed to diverge away from the main body by this 

clustering process. When the two species were assessed in terms of the dendrogram 

constmcted, they were found mixed to each other. The dendrogram showed that the two 
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species can not be distinguished from each other on the basis ofthe overall morphological 

characters used. Hence it was necessary to look for key characters which can be used to 

classify the taxa. Average length of the corolla and calyx-lobe and the sizes of the tlowers at 

which the pollen was shed and the stigma was receptive were used in thi's line because they 

were to roughly classify the species. These characters nearly resulted in classifying the 

accessions into each of the species. Some accessions, however, were observed not to fit into 

the groups. 

5.2. Hybridization 

Two preconditions need to be fulfilled for successful hybridization of species. These are: the 

pollen should be able to successfully germinate on the stigma and the pollen tube should be 

able to grow down the style. Failure in anyone of these can result in failure of intra- or 

interspecific hybridization (Reiseberg and Carney, 1998). The relative sizes ofthe pollen 

grain and the papillae of the stigma intluence the successful germination of pollen grains. The 

presence of an interference zone in the style (which prevents the further growth of the 

"foreign" pollen) and the length of the style affect successful growth of the pollen tube down 

the style. In addition to these mechanical balTiers, physiological and genetic incompatibility 

mechanisms play roles in successful hybridization. The post-zygotic balTiers do also act in 

preventing successful interspecific hybridization. In this study pollen tube growth assessment 

was performed for both intra-and interspecific crosses. The results showed that cross­

pollinating different plants of the same species always resulted in successful pollen tube 

growth. Intraspecific crosses were the next groups on the basis of pollen tube growth. Only 

few interspecific crosses resulted in successful pollen tube growth. This is in agreement with 

Evans (1962) who conducted both interspecific and intraspecific crosses in various species of 

Trifolium and found relatively higher rate of pollen tube growth in the intraspecific crosses. 

68 



~ --
~-

Evans (1962) reported that there was generally no failure of the pollen tube growth in all the 

crosses even though good pollen tnbe growth was observed only in four of the interspecific 

crosses: T. repells x T. IIl/if/orlllll; T. repells x T. Iligrescells; T. /zybridlllll x T. alllbiglllllll and 

T. pmtells x T. lIledil/lIl. Pandey (1955; cited in Evans, 1962), on the other hand, showed that 

inhibition of the pollen tube in the style is one important batTier in preventing species 

hybridization in the genus TrifoliulIl. Absence of pollen- tube growth in some of the crosses of 

this study showed that some incompatibility mechanisms may work in preventing successful 

hybridization. In addition to the intrinsic incompatibility mechanisms, extemal factors like pH 

and temperature could affect pollen tube growth. Tuinstra and Wedel (2000), for example, 

observed the effect of incubation temperature on pollen gelIDinationof Sorghum and found 

out that pollen germination was not affected by changes in temperature between 20 and 40°C, 

but germination was significantly reduced at 10°e. 

A high degree of variation was observed in flowering time among the accessions. The 

variation was observed both between species and among accessions of the same species. This 

was also repolted by Kahurananga and Asres Tsehay (1991). Hence, optimization of the exact 

flowering times of the accessions (accessions to be hybridized) is velY impOltant before 

conducting hybridization experiments. 

Before conducting the interspecific hybridization, the effect of bagging on seed formation was 

analyzed. The number of seeds produced by plants whose flowers were bagged (when 

hybridized) was compared with control plants that were left to set seed under nOlIDal 

conditions. Statistical analyses showed that there was no statistically significant difference 

among the controls and the bagged counterparts. This showed that the inter- and intraspecific 

hybridizations were not significantly affected by bagging. 
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Synchronization ofthc time of pollen shedding and stigma receptivity is another important 

parameter in relation to hybridization. Results of this study showed that there was a good 

level of intra- and inter-species compatibility (as was shown by the positive correlation) in the 

sizes of the flowers at which the pollen was shed and the stigma was receptive. This is true 

usually for self- pollinating species and shows that both T qllartillialllllll and T stelldlleri are 

largely self-pollinating (Kahurananga, 1987). This is also in agreement with earlier works 

done in ILRl (fonnerly ILCA) (ILCA, 1991). 

The results of studies on pollen viability showed that pollen viability decreases with time. The 

pollen starts to shed usually in the morning. The number of pollen grains that fluoresce to the 

FDA decrease with time. Fluorescence is caused when the FDA solution enters the cell's 

cytoplasm resulting in the release of fluorescin as a result of enzymatic cleavage (Shivnanna 

and Johri, 1985). The plasma lemma of dead cells can not hold the FDA solution. Moreover, 

the enzymes in these cells have reduced activity. Hence, dead cells are not endowed with the 

fluorescence observed in live cells. The presence of intact plasma lemma is a prerequisite for 

fluorescence (Heslop-Harisson and Heslop-Harisson, 1970). Immature and old buds do not 

have intact plasma lenmm resulting in no or reduced fluorescence. The decrease in the number 

of fluorescing pollen grains shows that the number of viable pollen grains decreases with 

time, possibly because some of the pollen grains die. Hence it was necessary to look for the 

time of the day when the maximum amounts oflive pollen grains could be obtained before 

conducting hybridization. The results of this study showed that early mornings (9.00- 11.00 

am) were the ideal times to obtain the maximum amount oflive pollen grains. 

Some of the crossing experiments (that involved both similar and different species 

combinations) resulted seed formation. This showed that there is some level of compatibility 
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among the involved species. The seeds formed, however, were shriveled and of relatively 

smaller size. This was also observed by Guravich and Trimble (1949; cited in Evans, 1962) 

and Pritchard and Mannetje (1967) who performed some interspecific crosses and found seeds 

of these natures. In most of the crosses, however, no seeds were formed. This is in agreement 

with the results ofWexelsen (1928; cited in Evans, 1962) and Evans (1962) that showed the 

presence of high degree of incompatibility among species of TrifoliulIl. A low rate of out­

crossing is also reported (Kittelson and Maron, 2000). However, some success in interspecific 

hybridization in some species of Trifolium is repot1ed by some other workers. Pritchard and 

Mannetje (1967), for example, reported that T. semiplosl/III, T. lIIasaiellsee, T. rueppeliallulII 

var. rueppeliallulII and T. pseudoslrialulII are cross-compatible. Seeds were produced by 

interspecific hybridization ofthese species, even though the seeds produced were shriveled. In 

another setting, fourteen species pairs and their reciprocals were inter-pollinated; the species 

being paired according to their taxonomic affinities. In all, twelve interspecific crosses were 

made within the tribes. Of the 28 hybridizations made, seeds were obtained in 3 species 

combinations and 2 of their reciprocals; they were shriveled and showed velY poor 

germination capacity. No mature hybrids were obtained (Evans, 1962). In the present study, 

six of the interspecific hybridization trials resulted in seed formation while two did not 

produce seeds. 
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5.3. Cytogenetics 

There was no difference in the chromosome number of the three taxa. Chromosome number, 

hence, could not be used to identify and characterize the distinct morphotype. This agrees to 

the work ofWexelsem (I 928; cited in El-kholy, 1990) who stated that chromosome variation 

(either in terms of size or number) cannot be used for classification of the genus. The 

chromosomes of these species were velY small and were not easily observable. Hence, more 

sensitive techniques need to be used to get the whole picture of the chromosome profiles of 

both these species and the whole genus. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

In general, the two species (T qllGrtil1iGnlllll and T. stelldnerij showed overlaps on some of 

the morphological characteristics. This may be because these characters are characters 

defining the whole genus than individual species. On certain characteristics, these species 

showed significant levels of differences. These and other key characters can be looked for to 

serve as identif'ying markers for these species. 

The distinct morphotype, on the other hand, exhibited certain levels of similarities and 

differences to the species which, on average, makes it different from both. This is revealed in 

the dendrogram constructed based on these characters. This variation and distinct nature can 

be indicative of the fact that the distinct morphotype can be a member ofa different taxon; 

misclassified with T. stelldneri. 

Most of the agriculturally important species of Trifolium are highly self- incompatible and 

extremely heterozygous. Agriculturally important characters, like winter hardiness, the 

perennial habit and resistance to some of the most serious clover diseases are found in some 

species, but not in others. Hence there is a great need to incorporate these agriculturally 

important features into the agriculturally important varieties (Evans, 1962). Interspecific 

hybridization helps a great deal in introducing such characters into the agriculturally 

important varieties and obtaining improved varieties of desired features. The SUCCess in 

interspecific hybridization is indicative of the potentials in this line. The hybrids can be 

studied for the pattern of growth and chromosome behavior (e.g. chromosome pairing) during 

times of meiosis. 
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The distinct morphotype produced seeds with some accessions of both specics. The seeds 

were, however, smaller in size and shriveled. Large-scale breeding experiments need to be 

done to come up with a generalized picture of the breeding system of the parent species and 

the hybrids formed. The positive inter-species correlations in the sizes of the flowers for 

pollen shedding and stigma receptivity also indicate that these taxa may hybridize under 

natural conditions. The geographic distribution of the three taxa can be assessed to see ifthere 

exists an overlap in their geographic ranges and ifthere are natural hybrids of these species 

(Ellstrad el al., 1996). The hybrid seeds and the plants obtained thereafter can be tested for 

their germination ability, morphology and chromosome pairing. 

Ethiopia is believed to be one of the main centers of origin of the genus TrifoliulII. The overall 

economy of the country is dependent on agriCUlture. The country is also known to have a 

great deal of potential in line with livestock production. Trifolium, as one of the forage genus, 

helps a great deal in maintaining and improving agricultural productivity. For example, 

intercropping of many species of Trifolium with many cereals resulted in increased 

productivity (Haque el al., 2000; Mpairwe el al., 2002). In order to utilize the potentials in 

these forage species one needs to have enough knowledge about the level of diversity in the 

forage species. It seems, hence, very demanding to have studies with this regard. 

Further molecular characterizations (e.g. RAPD, RFLP or mini- or microsatelite typing) and 

detailed cytogenetic analyses, can better reveal the real picture of the kind and level of 

variation that exists among the taxa (Williams el al., 200 I). This kind of analyses can also be 

done on the accessions that were found deviating from the rest of the accessions. 
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In conclusion, a species, according to MayI' (1970), is a reproductively isolated aggregate of 

interbreeding population. This concept indicates that a species consists of groups of actually 

or potentially interbreeding populations genetically isolated from other groups by one or more 

reproductive isolating mechanisms. The two species should, basically, be distinct to each 

other on most of the characters. The fact that these species are closer on the morphological 

characters may be indicative of the fact that they may be members of a larger species complex 

with relatively wider ranges of adaptable characters and locally interbreeding popUlations. 

The hybridization experiments showed that certain accessions of these species interbreed on 

at least the artificial hybridization trials. The observed hybridization potential of these species 

points out that the interspecific reproductive barriers are either surpassed or do not exist. 

Therefore one needs to question whether these taxa belong to different groups or are members 

of a larger taxonomic unit. 
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8. APPENDIX 

Appendix I. Average (Mean ± SO) values of all Accessions. 

Accessions PHT HSW WSL LSL LWRS LTL WTL LWRT NPI NSP NSPB LCL LOC SPS SSR 

10059 mean 30.20 0.12 1.00 5.20 5.3'- 4.8S 0.74 6.59 8.20 1.BO 1.80 0.88 1.58 8.00 8.80 

SO 4.49 0.01 0.16 0.43 1.02 0.09 0.05 0.44 0.,45 1.10 0.45 0.04 0.06 1.87 1,48 

11056 mean 31.80 0.17 0,86 3.02 3.52 5.44 1.38 3.97 5.60 3.40 2.20 0.82 1.50 5.20 6.40 

SO 1.30 0.01 0.13 0.45 0.17 0.48 0.11 0.54 1.95 0.89 0,84 0.08 0.10 1.68 1.14 

13716 mean 23,00 0.19 1.02 4.94 4.89 5.46 1.16 4.72 8.80 1.80 4.40 0.88 1,48 4.00 3.92 

SO 2.55 0.D1 0.13 0.25 0.49 0.51 0.11 0.30 1.79 0,45 1.82 0.04 0.04 0.71 0,48 

1380B mean 26,60 0.16 1.32 4.36 3.35 4.48 1.38 3.38 25.80 1.BO 1.00 0.90 1.44 4.70 4.42 

SO 1.14 0.01 0.27 0.55 0.25 0.64 0.30 0.65 3.27 0.45 0.00 0.01 0.05 0.84 1.28 

6297 mean 43.20 0.14 1.12 4.42 3,96 4.82 1.36 3.57 15.76 2.32 2.90 0.66 1.50 3,90 4.34 

SO 1.92 0.01 0.11 0.56 0,46 OA8 0.09 0.58 0.22 0.30 0.07 0.04 0.07 0.89 0.65 

6301 mean 41.40 0.12 0.86 3.96 4.61 3.96 0.88 4.51 12.70 1.40 0.00 0.79 1.72 '4.20 8.00 

SO 15.39 O.Ql 0.05 0.26 0.13 0.11 0.04 0.24 5.43 0.55 0.00 0.05 0.09 2.17 0.00 

7693 mean 37.40 0.13 1.28 4.36 3.51 4.68 1.48 3.22 5.60 4.20 0.00 0.82 1.64 4.40 4.80 

SO 1.52 0.02 0.24 0.23 0.69 0.36 0.26 0.51 0.89 0.45 0.00 0.04 0.11 0.65 1.10 

8452 mean 24.20 0.14 0.74 4.50 6.13 4.18 0.78 5.34 10.00 3.00 0.00 0.92 1.64 3.90 4.30 

SO 4.09 0.01 0.05 0.30 0.82 1.08 0.04 1.23 3:08 0.71 0.00 0.02 0.13 0.89 0.67 

8535 mean 37.80 0.14 1.10 3.60 3.27 3.94 1.44 2.74 22.80 4.00 0.00 0.82 1.52 4.62 4.52 

SO 9.91 0.01 0.00 0.14 0.13 0.15 0.09 0.24 0.45 0.00 0.00 0.04 0.08 0.91 0.57 

9455 mean 44.80 0.16 1.16 4.98 4.42 4.64 1.18 5.72 8.40 4.40 5.60 0.62 1.54 4.78 4.18 

SO 9.83 0.D1 0.28 0.46 0.66 0.75 0.50 5.40 0.89 0.55 0.55 0.02 0.05 1.70 0.56 

10125 mean 40.80 0.15 0.98 4.58 4.70 5.22 1.10 4.75 8.20 2.20 2.80 0.52 0.92 4.80 6.10 

SO 3.83 0.01 0.08 0.24 0.41 0.27 0.07 0.26 2.05 0.84 0.84 0.04 0.04 1.30 0.22 

7658 mean 41.80 0.16 0.94 5.32 5.67 5.40 1.00 5.43 13.00 1.40 3.00 0.44 0.76 5.80 6.50 

SO 1.64 0.D1 0.05 0.60 0.70 0.55 0.10 0.64 2.24 0.55 0.71 0.11 0.05 1.60 0.87 

7659 mean 33.40 0.15 1.04 4.90 4.81 4.56 1.06 4.32 7.08 2.08 2.32 0.46 0.76 5.40 6.80 

SO 3.13 0.01 0.13 0.34 0.96 0.46 0.05 0.56 0.23 0.08 0.08 0.05 0.05 0.96 0.84 

8461 mean 29.20 0.14 0.94 4.32 4.61 4.56 1.12 4.08 13.80 1.60 2.80 0.50 0.90 5.20 6.66 

SO 1.64 0.D1 0.05 0.22 0.32 0.27 0.08 0.18 1.10 0.55 0.84 0.07 0.07 1.04 0.42 

8485 mean 33.60 0.15 0.82 3.76 4.59 3.70 0.84 4.41 8.40 3.40 2,40 0.40 0.80 4.58 7.26 

SO 5.37 0.01 0.08 0.65 0.64 0.44 0.05 0,48 1.82 0.89 1.67 0.16 0.07 1,49 0.70 

9058 mean 36.60 0.15 0.00 4.62 4.81 4.46 0.98 4.74 12.20 3.00 2.20 0,48 0.80 6.90 7.40 

SO 1.82 0.02 0.05 0.40 0.28 0,40 0.24 1.01 5.22 0.00 0,45 0.08 0.00 1,43 0.89 

9452 mean 44.60 0.10 1.20 3.74 3.12 4.18 1.40 2.98 12,40 2.60 2.00 0.50 0.8S 3.84 4.40 

SO 0.89 0.00 0.10 0.31 0.07 0,43 0.07 0.18 0.55 0.89 0.00 0.00 0.04 0.15 0.89 

9720 mean 35.20 0.14 0.88 4.80 5,46 3.84 0.88 4.38 15.80 2,40 2.20 0.12 0.90 6.90 6.40 

SO 1.64 0.01 0.04 0.07 0.31 0,42 0.04 0.54 2.17 0.55 1.30 0.04 0.07 1.43 1.14 

9956 mean 32,40 0.14 0.74 4.30 6.06 4.88 0.78 6.29 8.80 2.00 2,40 0.44 0.80 4.50 7.80 

SO 2.51 0.01 0.11 0,47 1,40 0.27 0.04 0.64 2.68 0.00 0.89 0.05 0.07 1.17 1.35 

9966 mean 32.60 0.13 0.96 4.56 4.77 4.28 1.04 4.14 6.60 3.00 2.00 0,46 0.68 6.80 7.20 

SO 3,44 0.01 0.05 0.27 0.45 O.~O 0.11 0.63 1.95 1.22 0.00 0.04 0.04 1.64 0,45. 

9991 mean 40.00 0.12 1.00 4.54 4.54 4.14 0.98 4.22 9.20 3.00 2.00 0.50 0.80 4.98 5.80 

SO 1.87 0,01 0.10 0.56 0.20 0.50 0.06 0.36 3.42 0.71 0.00 0.07 0.07 1.20 0,45 
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Appendix 2. One way ANOVA lor all characters lIsed lor all accessions. 

Tcsts ofBclwccn-SubjcCls Etl\.>cts 
Source Dependent Variable T~l'l.' I SS de Mean Square F Sig. 
SPECIES PHT 515.l)9 2 257.55 9.J4 0.00 

IISW 0.01 2 0.00 40.01 0.00 
WSJ.1'OT 0.58 2 0.29 18.82 0.00 
I.SI.TOT 3.90 2 1.95 12.33 0.00 
RATTOT 23.61 2 11.80 J2A2 0.00 
1.1'I.TOT 1.25 2 0.62 2.72 0.07 
WTLTOT 1048 2 0.74 32.24 0.00 
RATTOT_I 13.57 2 6.78 4.11 0.02 
NPITOT 111.26 2 55.63 9.00 0.00 
NSPTOT 4.08 2 2.04 4.57 0.01 
NSPBTOT 9.72 2 4.86 8.61 0.00 
I.CI.TOT 4047 2 2.24 547.36 0.00 
LOCTOT 13.56 2 6.78 1255.34 0.00 
SPS 25.17 2 12.59 10.36 0.00 
SSR 64.1l 2 32.07 46.31 0.00 

ACC_NUM PHT 3640.64 20 202.26 7.33 0.00 
HSW 0.03 20 0.00 12.57 0.00 
WSI.TOT 1.94 20 0.11 7.03 0.00 
I.SI.TOT 27.33 20 1.52 9.61 0.00 
RATTOT 53.39 20 2.97 8.15 0.00 
I.TI.TOT 26.60 20 1.48 6A4 0.00 
WTI.TOT 4.10 20 0.23 9.95 0.00 
RATTOT_I 89.46 20 4.97 3.01 0.00 
NPITOT 2664.33 20 148.Q2 23.96 0.00 
NSPTOT 77.85 20 4.33 9.68 0.00 
NSPBTOT 186.27 20 10.35 18.34 0.00 
I.CLTOT 0.68 20 0.04 9.29 0.00 
LOCTOT 0.51 20 0.D3 5.20 0.00 
SPS 107.73 20 5.99 4.93 0.00 
SSR 154.54 20 8.59 12.40 0.00 

REPLICA PHT 77.87 4 19A7 0.71 0.59 
HSW 0.00 4 0.00 lAO 0.24 
WSLTOT 0.23 4 0.06 3.69 0.01 
LSLTOT 0.92 4 0.23 IA6 0.22 
RATTOT 1.62 4 OAO 1.11 0.36 
I.TLTOT 2.03 4 0.51 2.21 0.08 
WTLTOT OA2 4 0.11 4.62 0.00 
RATTOT_I 10.62 4 2.65 1.61 0.18 
NP1TOT 15.13 4 3.78 0.61 0.66 
NSPTOT 0.25 4 0.06 0.14 0.97 
NSPBTOT 2.51 4 0.63 1.11 0.36 
LCLTOT 0.02 4 0.01 1.39 0.24 
LOCTOT 0.02 4 0.00 0.86 0.49 
SPS 47.35 4 11.84 9.75 0.00 
SSR 6.07 4 1.52 2.19 0.08 

Brror PHT 2206.93 80 27.59 
HSW 0.01 80 0.00 
WSLTOT 1.23 80 0.02 
LSLTOT 12.64 80 0.16 
RATTOT 29.13 80 0.36 
LTI.TOT 18.35 80 0.23 
WTLTOT 1.83 80 0.02 
RATTOT_l 132.Dl 80 1.65 
NP1TOT. 494.27 80 6.18 
NSPTOT 35.74 80 OA5 
NSPBTOT 45.14 80 0.56 
I.CLTOT 0.33 80 0.00 
LOCTOT OA3 80 0.01 
SPS 97.17 80 1.21 
SSR 55.39 80 0.69 

Total PHT 6440.53 104 
HSW 0.05 104 
WSI.TOT 3.98 104 
I.SLTOT 44.79 104 
RATTOT 107.74 104 
LTLTOT 48.22 104 
WTLTOT 7.83 104 
RATTOT_I 245.65 104 
NP1TOT 3284.99 104 
NSPTOT 117.93 10M 



Appendix 3. Homogenous subsets generated for the accessions at each trait. 

HSW 

Subset for aloha::: ,05 
SPECIES N 1 2 

TukeyHSO OM (9452) 5 .1000 
T. steudneri 48 .1425 

T. quartinianum 50 .1466 

Slg. 1.000 .861 

Means for groups in homogeneous subsets are displayed. 

WSLTOT 

Subset for alpha::: .05 
SPECIES N 1 2 

Tukey HSO T. steudneri 50 .9260 
T. quartinianum 50 1.0460 1.0460 
OM (9452) 5 1.2000 

8ig. .232 .093 

Means for groups in homogeneous subsets are displayed. 

LSLTOT 

Subset for aloha = .05 

SPECIES N 1 2 
Tukey HSO OM (9452) 5 3.7400 

T. quartinianum 50 4.3340 4.3340 

T. steuctneri 50 4.5760 

S19· .054 .607 

Means forgroups in homogeneous subsets are displayed. 

PHT 

Subset for alpha::: .05 
SPECIES N 1 2 

TukeyHSD T. quartinianum 50 34.0400 
T.sleudneri 50 35.5600 
OM (9452) 5 44.6000 
Sig. .872 1.000 

Means for groups In homogeneous subsets are displayed. 
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RATTOT 

Subset for alpha = .05 

SPECIES N 1 2 
TlIkey HSD DM (9452) 5 3.1180 

T. quartinianum 50 4.2954 

T. steudneri 50 I 5.0012 

Si9· 1.000 .132 

Means for groups in homogeneous subsets are displayed. 

LTLTOT 

Subset 
for alpha 

=.05 
SPECIES N 1 

Tukey HSD DM (9452) 5 4.1800 
T. steudneri 50 4.5040 
T. quartinianum 50 4.6460 
81g. _.204 

Means for. groups In homogeneous subsets are displayed. 

WTLTOT 

Subset for alpha - .05 

SPECIES N 1 2 
TukeyHSD T. steudneri 50 .9780 

T. quartinianum 50 1.1760 1.1760 
DM (9452) 5 1.4000 

S19· .122 .069 

Means for groups in homogeneous subsets are displayed. 

Subset for aloha = .05 

SPECIES N 1 2 
Tukey HSD DM (9452) 5 2.9620 

T. quartinianum 50 4.3770 4.3770 

T. steudneri 50 4.6748 

Si9· .059 .875 

Means for groups in homogeneous subsets are displayed. 

NPITOT 

Subset 
for alpha 

=.05 

SPECIES N 1 
Tukey HSD T. steudneri 50 10.3060 

DM (9452) 5 12.4000 
T. Quartinianum 46 12.6152 

S19· .546 

Means for groups In homogeneous subsets are displayed. 
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NSPTOT 

Subset 
for alpha 

=.05 

SPECIES N 1 
Tukey HSD T. steudneri 50 2.4080 

OM (9452) 5 2.6000 
T. quartinianunl 46 2.6870 
Sig. .779 

Means for groups in homogeneous subsets are displayed. 

NSPBTOT 

Subset 
for alpha 

= .05 
SPECIES N 1 

TUkey HSD T. quartinianum 46 1.9457 
. OM (9452) 5 2.0000 

T. steudneri 50 2.4120 
Sig. .719 

Means for groups In homogeneous subsets are dIsplayed. 

LCLTOT 

Subset for aloha = .05 

SPECIES N 1 2 
TukeyHSO T. steudneri 50 .4342 

OM (9452) 5 .5000 

T. quartinianum 49 .8555 

Sig. .232 1.000 

Means for groups in homogeneous subsets are displayed. 

LOCTOT 

Subset for aloha - .05 

SPECIES N 1 2 
TukeyHSO T. steudneri 50 .8320 

OM (9452) 5 .8800 

T. quartinianum 49 1.5506 

Sig. .413 1.000 

Means for groups in homogeneous subsets are displayed. 

SPS 

Subset 
for alpha 

=.05 

SPECIES N 1 
Tukey HSO OM (9452) 5 3.8400 

T. quartinianum 46 4.6413 

T. steudneri 37 5.2378 

Sig. .071 

Means for groups in homogeneous subsets are displayed. 

87 



\' 

SSR 

Subset for alpha ,05 

SPECIES N 1 2 
Tukey HSD OM (9452) 5 4.4000 

T. quartinianum 46 5.4217 5.4217 
T. steudneri 37 6,8946 
Sig. ,238 ,054 

Means for groups in homogeneous subsets are displayed. 

Appendix 6. Wilk's Lambda and Eigen values for all the accessions. 

Wilks' Lambda 

Number of 
Step Variables Lambda dfl df2 df3 
1 1 .814 1 2 
2 2 ,051 2 2 
3 3 ,1)29 3 2 
4 4 .023 4 2 

Eigenvalues 

Function Eigenvalue % of Variance Cumulative % 
1 25,762' 97,6 97,6 
2 .624a 2.4 100.0 

8. First 2 canonical discriminant functions were used in the 
analysis. 

88 

81 

81 

81 

81 

Statistic 
9,262 

137.695 

127.547 

109,065 

Canonical 
Correlation 

,981 
.620 

Exact F 

dfl df2 Sig. 
2 81,000 2,386E-04 

4 160.000 ,000 

6 158.000 .000 

8 156.000 .000 



Appendix 7. Paired Euclidean Distance among all the Accessions Calculated Based on the Morphological Characters. 

Proximity Matrix 

Euel'dean ['istance 
Case TQ629 TQ630 TQ769 TQ845 TQ853 TQ945 TQ100,5 TQ1105 TQ1380 TQ1371E TS7658 TS7659 TS8485 TS9058 TS9720 TS9956 TS9966 TS9991 TS1012 5 TS8461 TS94 

TQ6297 1.2 2.1 4.6 4.7 4.6 6.66 1.5 2.9 3.5 1.8 .65- 2.1 1.4 1.5 4.M 3.3 1.6' 2.31 7.46 6 

TQ6301 1.2 1.16 4.0 3.9 4.19 5.61 1.6 1.9 2.3' 1.4 1.28 1.3 .73 1.1 3.38 3.2 1.61 1.5 6.2 7 

TQ7693 2.1 1.1 3.6' 3.2 3.91 4.66 2.71 2.3, 2.06 1.2 2.24 1.2 ' .. 27 1.4 3.67 4.0 1.9. 2.0 5.71 6 

TQ84S2 4.6 4.0 3.65 1.6 .91 5.0 5.0 3.5 2.9 4.7 4,59 4.7 3.7C 4.9 :4.96 5.0 4.03 4.4< 4.5 6 

TQ8535 4.7 3.9 3.29 1.6E 1.5 4.3 5.31 3.SS 2.40 4.4 4.80 4.4 3.60 4.71 5.0 5.6 4.3 4.61 4.4 7 

TQ9455 4.8 4.1 3.91 .91 1.5< 5.1 5.2 3.37 2.65 5.0 4.79 4.99 3.9 5.16 5.0 5.34 4.41 4.69 4.71 a 
TQ10059 6.8 5.61 4',8 5.0~ 4.3 5.1 6.7 4.64 3.64 5.7 6.7 5.2<: 5.61 5.92 4.4 7.03 5.9 5.3€ 2.2 3 

TQ11056 1.SE 1.6 2.71 5.0E 5.31 5.2 6.7 2.68 3.6 2.5 1.1 2.31 1.71 1.96 3.4 2.17 1.9 1.54 7.1 6 

TQ13808 2.95 1.9E 2.3 3.5 3.SS 3.3 4.6 2." 1.3 3.1 2.6 2.70 2.1 2.97 2.51 3.41 2.96 2.2 5.17 7 

TQ13716 3.52 2.39 2.0 2.9 2.40 2.8 3.6 3.60 1.3 3.19 3.5 2.62 2.4 3.22 3.00 4.4 3.2 2.8 4.36 6 

TS7658 1.8 1.4 1.2 4.7 4.44 5.0 5.7' 2.56 3.1 3.1 2.0 .91 1.71 .71 4.1 4.2 2.09 2.2 6.7, 7 

TS7659 .65 1.2 2.2 4.5 4.6 4.7 6.7S 1.1 2.6 3.5 2.0 2.1 1.2; 1.6 4.10 2.7 1.53 1.9 7.2 6 

TS8485 2.1 1.3 1.24 4.7 4.4 4.99 5.20· 2.31 2.7 2.6 .91 2.1 1.60 .80 3.3 3.8 1.96 1.5' 6.1 6 

TS9058 1.4 .73 1.27 3.7 3.8 3.94 5.61 1.71 2.1 2.49 1.71 1.20 1.6 1.4 3.4 2.9 1.0 1.36 6.0 7 

TS9720 1.5 1.1 1.46 4.9 4.71 5.1 5.9 1.9 2.9 3.2' .71 1.6 .80 1.4 3;8 3.n 1.8 1.79 6.8 7 

TS9956 4.44 3.3 3.6 4.96 5.0 5.0 4.4 3.4 2.51 3.00 4.1 4.1 3.3 3.4 3.86 3.31 3.8 2.49 4.6' 6 

TS9966 3.31 3.2 4.0 5.06 5.8 5.3 7.0 2.1 3.48 4.42 4.2 2.7 3.8< 2.9 3.70 3.31 2.8 2.45 6.8< 9 

TS9991 1.80 1.61 1.9 4.03 4.3 4.41 5.9 1.90 2.96 3.2 2.0 1.5 1.96 1.0 1.80 3.8 2.80 1.4 6.3 8 

TS10125 2.33 1.53 2.0 4.4 4,61 4.6 5.3 1.54 2.2 2.6 2.25 1.96 1.59 1.3 1.79 2.4 2.4 1.46 5.85 7 

TS8461 7,46 6.25 5.71 4.5 4,46 4.71 2.2; 7.15 5.1 4.3 6.72 7.2 6.19 6.0 6.83 4.6 6.8 6.39 5.8 5 

TS9452 8.81 7.67 6.9 8.3 7.20 8.3 3.8 8.78 7.2 6.31 7.31 6.6 6,88 7.9 7.55 6.7 9.6 6.36 7.5< 5.84 

This is a dissimilarity matrix 


