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ABSTRACT 

Thirty four sorghum (S.bieolor (l).Moench) landraces cons isting of 1020 individual plants 

(30 plants of each land race) collected from five agroecosites in North Shewa and South 

Wela regions of Ethiopia (Bati 8, Fontenina 5, Hayike 2. Layignaw alaye 17, and Merewa 

Adere 2) were lIsed in this study. The materials were classified on the basis of 

administrational zones (4 class ifying variables; Woredas, ecosite of origin and altitudes, 

Morphological variation for the fourteen quali tative characters that showed two or more 

phenotypic classes were estimated using the Shanon·Weaver diversity index (H '). 

Phenotypic variation was found between and within each classifying variable. The val ue of 

H ' for ailiandraces varied from 0.32 to 0.98 with an overall mean of 0.77 ± 0.04. One way 

analysi s of variance (ANOVA) showed significant differences between characters within 

all classifying variab les and this contributed to the largest portion of the total variance. 

Cluster analysis based on ordinal variables grouped the landraces in 5 clusters. A higher 

proportion of landraces sharing similar altitude groups and similar agroecological sites 

were grouped together. Panicle compactness and shape as well as sta lk juiciness were the 

predominant characters in grouping the land races into thei r respective cl uster. Panicle 

compactness and shape also contributed relatively more to altitudinal and ecological 

di ffe rentiation. This differential distribution of different panic le types with respect to 

compactness and shape revealed the adap tive significance o f panicle compactness and 

shape that re nected the patterns of di stribution of different races in north Shewa and south 

Welo regions. "I: test was carried out to detect the deviation of the observed rrequencyof 

all the characters from the expected ones. Significant dirferences were not observed for 

most or the characters between the observed and expected rrequenc ies. 



Isozyme analysis was perfomled usmg two-enzyme systems esterase (EST) and acid 

phosphatase (ACP) to see the allelic variation among the 34 sorghum landraces. However, 

phenotypic polymorphism was not observed for any of the enzymes used in the analysis. 

For the analysis of frequenc y of existence (diversity) of sorghum landraces under the 

environmental variability (altitudes and field size), transect method over 100 plots (fields) 

was used . As altitude levels increased or decreased beyond the range of 1500- 1650 m.a.s.l , 

the diversity of tile sorghum land races also decreased. A relatively lower field size located 

nearer to the home range was found to contain higher diversity. The use values of the 34 

sorghum landraces were also analyzed by interviewing 30 informants in nonh Shewa and 

south Welo regions. Thirty informants were contacted and the uses of the identified 

so rghum landraces were recorded on 30 plots. Of atl the landraces zen gada and ahiyo 

comprised the maximum number of uses (15 and 13, respectively). However, almost alt-30 

landraces were known to have been selec ted for thei r nutritional value as injera making 

and for their sui tability for beverage. Ethnobotanical survey was conducted and the 

important data on fann er perceptions about the agromorphologica! traits distinguishing 

land races. cu ltural val ucs and prefcrred traits of sorghum landraces were co ll ected. 

The knowledge of farmers , which is documented in this study. is an important input to the 

bu ild ing up of the scient ific bas is of ill-sil/l conservation of agrobiodiversi ty in sorghum 

crops. The information retained from the famlers' knowledge can also be applied in future 

breeding activities and de~,igning i ll-sit ll conservation progr.:ull .. 

xi 



I. INTRODUCTI ON 

1. STATE OF GENETIC DIVERSITY 

I. I. Centers of origin and di ve rsity 

The center of origin is usually defined as the primary center of ill-si/u diversity for a given 

crop and continued gene now between crops and their wild relatives in these areas (FAO, 

1996). Cenlers of origin are important sources of new vari abi lily Harlan (1969; Harlan, 

1976) considered Ethiopia as a center of origin of many crops such as tef (Eragrosris lej), 

1I00g (Gui::olia abyssinica), gesho (Rhamlllls pril/o/des), kosso (Hagel/fa abyssilliell). 

ensel (EI/sete \'elllricoslIlIl). chat (Catha edlllis). and buna (coffee) (CofJea arabiell). 

Sorghum could be an Ethiopian origin (Harlan. 1969). Doggett (1970). however, considers 

that people of Caucasoid origin who migrated into Ethiopia through southern Asia 

domesticated sorghum from wild sorghum some 5,000 years ago in the Northeast quadrat 

of Africa. 

I. 2. Threa ts of genetic Eros ion 

Because the whole process of genet ic loss is referred to as genetic erosion (Hammer and 

Perinno, 1995), it is difficult to provide a specific estimation on an area level whereas in 

general the process can be demonstrated quite well by the loss of varieties and the 

increasing unifonnity of modern agricu~ture. Of major concern is the irreversible loss of 

gene. the basic func tional unit of inheriwnce and the primary source of variation in the 

appearance, characteristics. and behavior among plants (F AO. 1996). As fa r as sorghum is 

concerned. genetic erosion is progressive on account of extensive selection based on 



breeding native populations (Tessema, 1986; Worede, 1991). The most important causes 

of genetic erosion are therefore , displacement of indigeno us land races by new, geneticall y 

unifonn crop variet ies; changes and development in agriculture or land use; destruction of 

habi tat; drought and breeding appraoch (Worede and Hailu 1993; FAD, 1996). 

t. 3. Genetic uniformity and genetic ,'ulnerabilit)' 

Genetic d iversity is usuall y thought of as the amount of genetic variab il ity among 

individllals of a variety. population or spec ies. It is commonly believed that the genet ic 

vulnerabi lity results from the reduction of genet ic variab ility. The loss of genetic diversity 

in agriculture reduces the genetic material avai lable fo r use by present and future 

generations (Brown, 1983; Plucknett et al. 1983). Genetic vulnerability is the condition 

that results when a widely planted crop is unifonnl y suscep tible to a pest, pathogen or 

environmental hazard as a result of its genetic constitu tion. thereby creati ng a potential for 

widespread crop losses (Nationa l Academy of Science, 1972). 

2.Genetic Conservation strategies 

2. 1. II1-sitll Conservation 

Ill -silll conservation means, as de fined in the Convention o n Biologica l Diversi ty, the 

conservat ion of ecosystems and natural habitats and the maintenance and the recovery of 

viable populations of species in their nalllral surroundings, and in the case of domesticated 

or cultivated species. in the surroundings (on fann) where they have developed their , 

di sti ncti ve propenies (Oosterhout, 1994. Frankel er al. 1995; FAO. 1996). Whi le 

recognition is given to the va luable role played by gene banks in the ex-situ conservation 
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of crop genetic resources. the need for attention to ill-situ conse rvation is extremely urgen t . 

o· 

2.2 . ex-silll conse rvation 

It is understood that ex-situ (off-site) conservation has been a focus to conserve and 

maintain genetic diversity particularly in gene banks. However, ex-sitll conservation has 

arrested the most complex interaction of genetically diverse traditional cultivated varieties 

( landraces) with their assoc iated pests, predators, pathogens, wi ld and weedy relatives. The 

material preserved in gene banks (fo r future use) is separated from the ongoing evolution 

in the area, which resulted in so much new and useful variation (Hammer and Perinno, 

1995). It also fails to retain traditional fanners knowledge associated with landraces, 

knowledge which can be instrumental in utilization and development ornew crop varieties 

from famlers originallandraces (Kebebew, 1997 a, b; Demissie el al., 1997 ). 

2. 3. coupling fun ction of dynamiC and static conserva tions 

The model of evo lutionary conservation should be coupled with a stat ic conservation 

process allowing the distribution of the materia! maintained in the village (and in others) 

and then giv ing access to this material for the other potential users. The static conservation 

step could playa buffering role and could be a back up against some unpredictable 

evolution (Berthaud, 1997) and could also involve in the availability and use of gennplasm 

for improvemelll of a variety of crops, though it does not provide a panacea for natural 

source of crop genetic resources (Hardon and Boef. 1994). In fact , ir this system presents 

severa l advantages, it is not protected against rapid and local evolution of the rural 

societies involved. (Bechere e( al. . 1997; Bechere and Tessema. 1997 
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Studies using ethnobotanical , agromorpho logical and biochemical methods need to be 

conducted to asses the role o f famlers in maintaining the genetic variability of landraces. 

Teshome el l/I , (1997) used agromorphological characters to estimate the variation among 

the sorghum land races in north Shewa and south Welo. Ethiopia. However, the genetic 

studies based on morphological data need to be assessed in relation to the biochemical and 

molecular aspec ts , Hence, thi s research project aimed to study sorghum landraces (5 

bie%r (L.) Moench) in North She\\·a and South Welo, Eth iopia from the biological po int 

of view lI sing 1110rphlogical and biochemical characters as they re late to famlers' 

knowledge generati ng infonnation re levan t for ill ~silll conservation (on~faml) in a dynamic 

system. 

The present study was, hence, undertaken wi th the following objectives 

Gel/eml objective 

· To study the magnitude of morphological and biochemical variation of sorghu m in view 

of their 

relationship with fanners' varieties, use va lues and frequency o f occurrence. 

Specific objective 

· To study the relation between morphological and biochemical characters of the sorghum 

landraces 

· To stud y the relation between morphological characters and the fanners' naming system 

for 

landraces wi th their use values and frequency of occurrence 

· To generate infonnation that could be applied in future ill-sitlf conservation activities: 

· To sur\'ey and document indigenous knowledge that exists in the oral tradition 
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II. LITERAT URE REVIEW 

I. HISTORY, O Rl GE, AND TAXONO~IY OF SORGH U~ I 

II was in the 60 to 70 AD that the first written description of sorghum was given and after 

that there was hardly any mention until the 16 th century (Doggett. 1970). The word 

sorghum and sorgo were used, in the early 16005. In 1729 sorghum was used as a generic 

name, and the word dora was also used which led to the term durra. The generic name 

Ho1c us was then used in 17lh century; when several species were described. For example, 

H dora, H. dOc/ilia (see House, \995). It was also known with the genus name so rghum 

and brought 10 be under the name S. bicolor by Koenicke in 1985 and Alerold in 1986, 

which was also known by Moench in 1794 to consist the cultivated sorghum (House, 

1995). The 111051 detailed classification of sorghum was made by Snowden ( 1936), of 

which many different taxa were identified, 28 cultivated fonns were listed in subspecies 

bicolor, 7 weedy taxa in subspecies durumondi, and 13 wi ld taxa in subspecies 

anmdinaceul11 (De Wet, 1978). 

Sorghum bico{or (L) Moench is immensely variable, and was subdivided by Garber 

(1950) into sections (Appendix I): I) Chaetosorghum, 2) Heterosorghum, 3) Parasorghum, 

4) Sorgastmm (Eu·sorghum), and 5) Stiposorghum. Though the affinities among these 

sec tions are poorly understood, Clarier (1959) proposed that by excluding sorgastmm, a 

more similar genus sorghum is constituted. According to this proposal Sorgstmm l'\ash 

differs from the true sorghums in that the pedicillate spike lets are strongly reduced, often 

the pedicle, 
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1.1. Origin of th e So rghum Crop : Sorghum History in Relation to Ethiopi a 

De Wet er a/. (1976) have presented a theory that sorghum developed in the southern 

Sudan-Chad region. However, it is not clear how this happened (Doggett, 1991). The 

cuilivated sorghum (sub sp. bie%r) of today arose frolll the wi ld Sorghlllll bie%r sub sp. 

anllldil/tlCell lll. The fact that the wild Sorghum bic%r is confined to Africa until recent 

hi storical times is certain that the crop was domesticated on the Arrican continent (Figs. 

& 2). 

Phillips (1995) has suggested that the spec ies of sorghum in Ethiopia fall into two disti nct 

sections: parasorghllm-comprises only wild plants and subsec tion arundinaceae of section 

sorghum. compris ing the very great variety of free ly interrertil e diploid (2;.: = 20) fonllS of 

cu ltivated so rghum. Wild sorghum occurs in Ethiopia up to about 2300m above sea level. 

It is rai rl y common at 1500 - 1700m (Dogget, 1988) and shatter canes are most serious 

weed around 1700m in the central plateau where they are known as ' keelo' (the foo l). 

1.2. Sorghum domes tication and distribution 

Vavilov ( 195 1) considered Ethiopia as a center of origin. but Harlan (1972) suggests that 

sorghum arose across a large area, where it was largely domesticated a number of times 

over a period of years. 

or atl the other species divided by Snowden (1955). Dc Wet er (II. ( 1976) demonstrated 

that hybridization among the rour basic taxa or ssp. al"lllldillOCeillll/: S. aethopicllm. S 
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1I1"/mdil/ace/lll/, S. \'er/icilJijlllorllm, S. virgallflll can give rise to all the variability desc ribed 

by Snowden. These taxa were included in S. bicolor by De Wet and Huckaby (1967) fo r 

two reasons: fi rst , they hybridize freely in nature whenever they are sympatric, and 

secondly, they cross readi ly with cultivated sorghums. 

Cul tivated sorghums were deri\'ed from sub sp. anlndinaceum th rough domestication that 

init iall y took place in Africa. The wi ld races cross readi ly with all races of cultivated 

sorghum, and anyone or all of tile races could have been domes ticated at different places, 

and even different time (Dogget, 1991). Snowden (1936) proposed nnd HOllse ( 1995) 

revised thai race arundinaceum gave rise to guinea sorghums. vertici ll ifluorum to kafir, 

and race acthiopicum to both du rra and bico lor sorghums. 

All cultivated sorghum races: guinea. caudatum, and durra sorghum have certainly been 

derived from bico lor- like race (Figs. I & 2). Race kafir, being more or less isolated from 

the other races re latively recently, may have been domest icated independently from race 

vert icillifluorurn some from south of the equator. 
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"'1'" , 'C~I'. 

co"· 

Figure I. Suggf'sted early mo\"e rnenlS of sorghum. Initial domestication in shaded area (see I-Iarl::m. 1992) 
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Figure 2. Suggestcd I:ner mo'·cmcnls of sorghum (Kcy Icgend: DB'" Dura bicolor. C- Caudaloum, K"" 
Kafir. G'" Guinea, GK- Guinea kafi r: scc Harlan, 1992) 
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1.3.Th c races of sorghum in Africa 

Man and his agricultllral ac tivities ha\'e contributed a lot for racial differentiation in 

sorghum. For example, as De Wet el 0/. (1976) have investigated. race kafir is grown by 

the Bantu South of the equator. caUdallll t1 is confined to central Africa, race guinea is 

basica ll y a west African sorghum, and durra is associated with islam. 

A simplified class ification of SOlgh/l1l/ hieolor (Harlan and De Wet , 1972; Table I), 

adopted involves fivc basic races: bicolor, caudatul11, durra, guinea, and kafir; and ten 

intellllcdiate races consists of all combinations of fi ve basic races taken two at a time. The 

identification of these 15 races was carried out by using matu re sp ikelet characteristics 

alone (Harlan and De Wet, 1972). 

Tabte I . The races orsorghum 3ccording to Harlan and De WeI (1972) 

RACE TYPE 

Bas ic races 

Intellt1cdiate races: 

(all combinations 

of basic races) 

RACE NO. 

Race bicolor 

Race 2 guinea 

Race 3 Caudatum 

Race 4 Kafir 

Race 5 Durra 

Race 6 guinea-bicolor 

Race 7 Caudatum-bicolor 

Race 8 Kafir-bicolor 

Race 9 Durra-b icolor 

Race 10 Guinea-caudalum 

Race II Guinea-Kafir 

Race 12 Guinea-durra 

Race 13 Kafir-caudatulll 

Race 14 Durra-caudatum 

R:lce 15 Kafir-durra 
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B 

G 

C 

K 

D 

GB 

CB 

KB 

DB 

GC 

GK 

GD 
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The ten intennediate vari eties that are most commonl y grown have combinations of 

characteristics derived from the main varie ties such as intennediale races are frequentl y 

grown where two races are sympalric (Dc Wet, 1979; Phillips , 1995). 

In Ihe proposal of Harlan and De Wet (1972), the biological species, gene pool·\ (GP· I) 

would firs t be classified into two, one includes the cultivated and the other the spontaneous 

wild relative fonn (Table 2) . According to Harlan (1992), a classificati on o f cu itivaled 

plants doesn' t req uire more than thi s. 

Table 2. Primary and secondary gene pool of sorghum (Harlan. 1992) 

I' gene pool (GP·I) 20 gene pool 

Ploidy leve l Culti vated spec ies Spontaneous species (G P·2) 

Crop 

Wild races Weedy 

races 

Sorghum 2:< Sorgh/lll/ hie% r S. hieolor S. hic%r S. Iw/epel/se 

2. The economic importance of so rghum (Sorghum product ion and importan ce) 

The world 's cereal product ion accord ing to Chanlcreau and NiCOli, (l99~) was accounted to be 

1800 million tones , of which so rghum shares only 3.6 %. This account falls well shol1 of 

the production figures for the world 's four major cereals: wheat. rice. maize. and barley 

(T:lble 3). However. Sorghum in Africa stands second next to maize as the ll1:ljor cereal 

crop (TJb le 4). 
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FAO stat isti cs for 1992 (FAO, 1962 - 1993) estimated that over 700 million hec tares of 

the world's surface is laid down to cereal cultivati on from which only about 6.4 % is 

covered by so rghum. Sorghum is indigenous [0 Africa (grown in semiarid zones) which 

include the large belt sp reading from Atlantic to Ethiopia and Somalia, bordering the 

Sahara desert in the north and the Equatorial fo rest in the SOllth and extending South wards 

through the drier regions of eastern and SOLLthern Africa. The crop is, therefore, second in 

importance after maize in Africa South of the Sahara, and of di sproportionate importance 

as a subsistance rather th an a commercial crop (Dendy, 1995). Being fourth in importance 

among the world 's cereals, coming after wheat, rice and maize (Doggett, 1970). sorghum 

is gro\\'n in the tropics and sub tropics under a variety of names . 

Table 3. Globa l cereill production according 10 Chamereau and Nicou (199-') 

Cereal Production in millions of tones Percen tage 

production 

Wheat 509952 29.5 

Rice 483466 28.0 

Maize 405460 23.4 

Barley 168423 9.7 

Sorghum 61787 3.6 

Oats 38848 2.3 

Millet 37536 1.8 

Rye 29617 1.7 
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Table 4. Re lat ive production (importance of cereals in Africa) (from Chantereau and 

Nicou, 1994) 

Cereals Production in millions of tones % production 

Maize 30313 35 

Sorghlllll 15280 17 

Wheat 13630 16 

Mi llet 13330 15 

Rice 9470 II 

Barley 5570 6 

Oats 190 0 

Rye 5 0 

2. I.Uses of Sorghum in terms of its nut r itiona l va lue 

Sorghum is a staple food for about 300 million people who live in dry trop ics (De Wei, 

1979). Sorghum in addition to providing grains for human consumption, the leaves and 

stems are also used as fodd er, building materials and as fuel for cooking. Considerable 

level of production of sorghum in each country, without reaching commercial market, is 

destined for local consumption. in the industrial country it is generally lIsed as an animal 

feed (Chanlereau and NiCOli, 1994). Sorghum grain is an energy-providing food for its 

high starch content (Hulse el a/., 1980). in some varieties. however. the presence of 

organic compounds. such as tannin, can decrease the nutritional value due to the fonnation 

of tannin-protein complex, which cannot readily be assimilated by Ih~ digesti\'c system. 

Hence, sorghum nutritional quality. in genera l, is poor (Pant. 1975) and Ihis is related to ils 

low lysine COlltenl (Hulse. 1980). Brhane and Yilma (1979) reported thai the nutritional 

high lys ine and high prolein sorghums arc restricted to Ethiopian durras which is highly 
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diversified in North Shewn and South Welo regions of Ethiopia (Tesholllc er al .. 1997). 

Ini tia ll y, high lysine was found in two sorghum <lccessions from Ethiopia, IS 11167 and 

IS 11 758, in which lysi ne content as percentage o f sample was nearl y twice that o f nOnllal 

(Ax tell el al., 1974; Ej eta and Ax tell , 1990). 

2. 2, Traditiona l uses of sorghum fo r human co nsumption 

Three mai n cat egories of food uses o f sorghum (Table 5) are commonl y taken into 

account, though they di ffe r from country to country (Chantereau and Nicou, 1994). The 

traditiona l foods and drinks mentioned below which arc of commercia l versions arc mainly 

destined fo r urban markets (Dendy, 1995). 

Table 5 . Categories of traditional uses of sorghum in different countries (Chantereau and Nicou, 1994). 

Categories Specific type Method o r Locall y COlllllries o r 

preparation avai lable type production 

1. Boiled or Boiling or China 

Ground grains grinding India 

2. Porridge or • Thick gruel Decortication 

Thick gru el or mill ing 

• Non • Uga li East Afri ca 

femlented • To West Africa 

flour • Sankati India 

• Clear gruel • Femlente • Ugi East Africa 

d • Ogi Nigeria and 

Ghana 

• Bogobe Botswana 

• Pancakes • Non- • ROli India 

and fl at femlented • Waina Nigeria 

bread dough 
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• Fenncnte • Injera Ethiopia 

d dough • Kisra India 

• COllSCOLIS • Couscous West Africa 

• Doughnut • Tubani or i'\igceria 

ganda 

• Non- • i\on- • Fura Nigeria 

3. Drinks alcoholic fennentcd Burkinafaso 

drinks 

• Bussa Uganda 

• Abrey Sudan 

Alcoholic Local • Dolo West Africa 

drinks (local femlenlcd • Opaque Bnnw 

fennented) (beer) beer 

• Kafir South Africa 

type China 

of beer 

• Wine 

2.2. I. Trad itional producls 

Mill ing, decortication and separation of the husk and the geml are necessary based on 

traditional uses. With tannin-rich sorghum, prior decorticat ion is preferable to direct 

milling. ensuring the complete removal ofthc brown outer coal with a fannalion of a more 

digestib le material (Chantereou and NicoLI , 1994). 

Sorghum nOllrs are fennented and llsed to make a wide range o f pancakes, in India and 

Africo. . Femlented brcad of so rghum are c.'(tremely popular in Ethiopia (Chantereou and 

Nicoll. 19(4). The most common ~lIld simplest food prepared from sorghulll is porridge. 
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Thick porridges are consumed in all coun tries where sorghum is culti vated for food (Murty 

and Kumar, 1995). 

2. 2. 2. Bee rs fro m so rghum 

Barley being primaril y grown in temperate regions of the world without thri\'ing well in 

trop ical and sub tropical climatic conditions, is the trad itional ma terial for producing lager 

beer. Sorghum, in contrast to barley, is ind igenolls to and grows we ll in semi.arid.tropics. 

Sorghum is also used in the lager brewing process as malt or as adjlmct (Hallgren, 1995). 

In addit ion, so rghum is known to have been involved in malt ing purpose for use of African 

opaque beer. The major asset of a good sorghum malt fo r this kind of beer is a high 

diastalic power, s ince the mash consists mainly of adjunct which has to be converted (Nout 

and Davies. 1982: Daiber, 1988). 

3. AGRONO~II C PRI :'I'C IPLES 

J. 1. Germplasm resou rees 

Sorghum and millets gennplasm co llections, which provided a geneti c base for breeders to 

di vers ify their breeding stocks, have been the responsibili ty of the International Crop 

Research Inst itute for the Semi·Arid-Trop ics (ICRISAT). I.PGRI ( 1993) report shows that 

the number of access ion of sorghum and millets genetic resources conserved in the CG IAR 

system in ICRISAT was 32890 and 2900 1. respective ly. These co llections have been 

widely used in sorghum improvement programs in both the temperate and tropical zo nes 

and also made it possible to breed for resistance to biotic and abiotic stresses (Holl se elo/ .. 

1995). 
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4. GENTICS OF SORG fl UM GRA IN C HARACT ERIST IC 

4. 1. Tfilluins 

Tannins. the presence of which is detennined by a pair of complementary genes BI and 82 

(House el (I/. , 1995). High tannin is the primary nutrient limiting component in sorghum grain . 

Tannin was though t to be bound with endospenn proteins, reducing their biologicnl value 

(House el (I/. , 1995). More recent observation indicates that the primary anti nutritional effec t is 

the inhibition of metabolism of di gested and absorbed nutri en ts, especially proteins (Ejeta er 

al., 1989). High tannin so rghums have been cultivated in the world where birds are of serious 

problems. 

5. CONSTRAINTS OF SORGHUM 

5. I. Insect pest and Sorghum Diseases in Ethiopia 

In Eth iopia Sorghum is cultivated under a wider range o f environment , wh ich incorporates 

low lands, middle highlands, and highlands each of which constitutes one or two 

agroecosystems in whic h one or more insects hold key positions as pests of economic 

importance. According to Megenasa (1982). stalk borers, sorghum shoot Oys, African 

bullwonns, sorghum head legus, aphids, and sorghum midges are the more generally 

recogni zed fonns of insec t pests o f sorghum in Ethiop ia. For further infonnation, see also 

Teodros ( 1981); Doggott (1970). 

A wide r<Jn gc o f pathogens affects sorghum. part ly because of the broad diversi ty of 

env ironments in which it is cultivated. (vlajor and mino r di seases assessments of so rghum 
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have been undertaken mainly at Ethiop ian Sorghum Imp rovement Project Stati ons (ES IPS) 

in Eth iopia (Hulluka, 1982). The reports from these assessments have re\'Caled that grain 

diseases, leave diseases, and charcoa l rot as the only stalk di sease were commonly 

observed in different parts of the country. For detai l in fomlation the reader may need to 

referlo HlIllllka (1982); ICRISA T (1978); HlIllllka (1973). 

The sorghulll di seases of economic importance are listed in tenns of global climat ic zones. 

Sooty stripe; anthracnose; charcoa l rot; loose smut ; covered smut; grain mildew are the 

major diseases in West Africa: (Chantereuu and NiCOll, 1994). 

5.2. vVitchweed (Slriga spp.) 

Teferedegn and Fessehaie (1982) have stud ied the effect of the world most important 

species of the gen us Striga on Ethiopian Sorghum. As a result, th ree species of genus 

Striga: S. herlllollthica (Del.) Benth, S. asimica (L) Kuntze, and S. latereea Vatke have 

been iden ti (jed to ex ist in Ethiopia. The same study has al so shown that S. hermollthica is 

the Ill OSt wide spread and so rghum damaging species, occurring, espec ially in th e Northern 

regions of Ethiopia including the current study area. 

6. Morp hology of sorghum 

De Wet (1979) insisted that the morphology o f sorghum is complex. Five basic cultivated 

races: bico lor. caudatul11. durra. kafir, and guinea are recognized that are included in S. 

hieolor. Wild and weedy ta.xa are grouped morphological1y into one 10 such extent (De 
, 

Wet, 1979) that they are combined into subsp. at/lII(/illaCaelfl1l Des\,. (Stemler et /1/ .• 

1977). 
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The sorghum grain is a caryopsis composed of threc main parts: the pericarp (ollter layer), 

endospenll (food reserve tissue). and the embryo (genn). The thickness of the outer layer 

is variab le in different varieties and is an important fac tor for decort ication and milling. 

Between the pericarp and the endospenn is nonnally located the testa, a highly pigmented 

brown layer ri ch in tannin compound (Chanlereoll and Nicou. 1994). 

7. Genetic diversity study 

The use of morphologica l, biochemical , and molecldar markers (Bekele, 1983; Dcmissie 

and Bojolllstad. 1996; Ayana and Bekele. 1998) and ethnobotanical studies (A lt ieri and 

Merrie, 1986; Asfaw, 1990; Teshome el al., 1997, 1999 a, b) has been greatly 

implemented to study the geneti c di .... ersi ty and the st ructure of species ofinteresl. 

7. I . I\ l orphologica l markers 

Among the earli est genetic markers used in scient ific invest igations and are sti ll in use in 

gennplasm management were the qualitati ve morphological trait s such as leaf color, glume 

color, glumc hairiness, grain co lor, grain covering, grain fonn, panicle compactness and 

shape, endospeml texture. presence and absence of awns (BrcHing and Widerlechner, 

1995). The detennination of centers of diversi ty by Vavilov fo r va ri ous spec ies were 

based on an extensive field studies and observation of pheno typic traits. 

It has been possible to analyze and describe the variation in Sorghlllll hie% r (L.) Moench, 
, 

to asses the relationship of all its subspecies and some species in section sorghum through 

the applicat ion of multivariate methods. Recent study undertaken in Ethi opia on the crop 

using multivariate ana lysis of the qua lit ative charactors revealed that SorghulII flie%r 

shows great morphological variation. especially in the panicle characte rs, while the grain 
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fo mls arc much less variable (Ayana and Beke le, 1998). Such wide spec tnull of variat ion 

is purely attributed to geographical separation and human selec tion. The differenti al 

distri bution of different pan icle types indicated the adaptive significance of panic le 

compactness and shape (Stemler el al., 1975; Parasada and Mengesha. 198 1; and Ayana 

and Bekele, 1998) and at the same time reflected the distribution pattern of diffe rent races 

ofsorghu l11 in Ethiopia (Harl an and De Wet, 1972; Acheampong el al. , 1984). 

The study o f geneti c di versity using morpho logical traits that is o f interest for breeders are 

ex tremely important to speed up the breeding programs. These mo rp ho logica l trai ts are 

easy to score, qu ick and simple to evaluate, frequent ly without requ iri ng high levels o f 

technical ski ll unlike biochemical or molecu lar markers (Teshome ef al., 1997). 

Morpho logica l trai ts, howeve r, have got thei r own shortcomings thm many of the traits are 

polygenic and are influenced by environment, the phenotypes o f which can on ly be 

detennined at the who le plant level ; allele frequencies at morphological markers are much 

lower; all eles at morphological loci in a dominan t recess ive manner that li mits the 

iden tification of heterozygous genotypes, and require growi ng of plants to suitab le stages 

before certain characters can be scored (Powell , 1992 ; Sei fu , 1997). 

7.3. Biochemical Marker 

Protein electrophoresis is one of the earliest mo lecu lar techniques ever uti lized effectively 

in the study of popu lati on geneti cs . molecular systematic, and evolution (Wendel and 

Weeden. 1990: Harris. 1 99~). And the niost commonly lIsed biochemical markers are 

isozymes (Wendel and Weeden, 1990). The tenn isozyme and alloz)nle arc often used 

synonymously in enzyme studies. However. they do have subtly dirferent meanings. An 

isozyme is any of morc than one form of the same enzyme (having identic<ll or similar 
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function s, but differing with electrophoretic mobility) encoded by different gene loci, 

whi le an allozyme is any of more than one variant of an enzyme encoded by different 

alleles of the same gene locus (~ ... larkert and Moller, 1959; Harris. 1 99-l). Isozymes are 

revealed when tissue extrac ts are subjected to electrophoresis in different types of gels and 

subsquently immersed in solutions containing enzyme specific hi stochemical stains. The 

majori ty of plant based studies with electrophoretic separation o f complex mix tures of 

proteins have used two types of gel matrix including polyacrylamide gel elec trophoresis 

(PAGE) and starch gel electrophoresis (SGE) (Harris, 1 994). Isoclectric focllssing (IEF) is 

a further protein electrophoretic technique with a high reso lution (Radola, 1980). 

Polyacrylamide and starch, are inert, withstand high voltage assays necessary for the 

resolution of enzyme bands and can be used at variable concentrations to vary the sie\'ing 

efTect (Harris, 1994). SGE. however, has been most widely used, whilst PAGE and rEF 

tend to give clearer band resolution with wider range of pore size than SGE. it is 

speci (ically associated with the toxic ity of the reagents used (that SGE doesn't involve the 

use o f tox ic material), the high cost and the low number of sample sizes that can be 

analyzed at one time (Wendel and Weeden, 1990; Powe ll , 1992; and Harris, 1994). 

Further more, SGE system can be easi ly rep licated to allow the simultaneous evaluation of 

a range of enzyme system (Hayward el al., 1995). Its low cost, effective applicability to a 

wide range of organisms and well developed methods of data interpretation and analysis 

are some of the important ad vantages of protein electrophoretic system (Wendel and 

\Veeden. 1990; Harris. 1994; Hayward el al., 1995). 

Alloz~TIlic polymorphism. allelic variation at isozyme loci. has been used in plants 10 

eval uaJc genetic processes at each stage of the life cycle and to assure genet ic diversity in 

all major crops and many other species (Wendel and Weeden. 1990). Isozymes provide a 
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distinct and simple method for charac terization of genetic variat ion and are applicable to 

many differing fomls of genetic studies that ranges from the description of comparative 

levels of variability that occur in natural populations through to deta iled measurement of 

linkage relat ionships in the plant genomes (Hayward el al .. \ 995). The significance of 

isozyme as genetic markers for the characterization of the variability in genllplasm 

collections is widely recognized (Brown, 1978; Hayward el af., 1995; Rottenberg el al.. 

1995) and they have been appl ied for this purpose in severa l survey of variation in the 

genus Sorghum (Morden et af., 1989; Morden el al., 1990; Aldrich el a/., 1992; Oje et ai. , 

1998; and Oje et a/., 1999). Isozymes as qual itative markers are detenllined by single 

genes and have been assayed frequently for their relative high number rapidi ty, and 

general capac ity to be unaffected by growing conditions (Seifu, 1997). 

7. 2. Ethnobotanica l stud ies 

Many workers have defined ethnobotany as an interd isc ipilinary and multidisciplinary 

science for documentation, analysis and making effec tive use of the knowledge that 

tradit iona l people have accumulated during their ex tensive interaction with plants (eg. 

Asfaw,1990). 

In Ethiopia, as in many other developing countries. farmers playa central role in 

conservation of gennplasm as they hold the bulk of the existing genetic resources. Peasant 

fanners almost always retain some seed stock for security. As Woretle ( 1991 ) indicated, 

Ethiopian ranners have also played a key role in the creation. maintenance. and promotion 

or crop genetic diversity through practice. developed through centuries. to sllstain crop 

productivity. Teshome el af. (1997, 1999a. b) and Ramp huth el a/.. 1999) strongly 
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underl ined the critical role of traditional faml ers in the maintenance o f sorghulll landrace 

di versity in North Shewa and South Welo regions of Ethiopia. Blake (1994) also pointed 

o ut that the knowledge that exists among fann ers, especially those th at can not read or 

write, is housed in the ir heads. It is used repeatedly and transmitted to the young clan 

members and I or others closely related to the immediate community. Famlers are also 

aware of di fferences among land races in di fferent trails. The folk c1assi ficatiol1s in spec ies 

and landraces e.'\perienced by famlers have also been pointed o ut. For example Asfaw 

( 1990) has stud ied the intraspec ific classification of land races and the oral traditio n that 

exis ts (on barley) in Ethiop ia. The role of faml ers in domestication, maintenance, and the 

use of traditional crops in Akamba, has been thoroughly evaluated by Nzou (1994). These 

fanners have seen the values of indigenous plants and have collected their seeds for 

planting. However, Nzo ll (1994) has forwarded a conclusive remark that these famlers 

shou ld be prov ided with morc mechanical knowledge how to grow indigenous plants. 

Hence to get al th is infonllation. it needs first estab lishing an infomlalion system, which 

wou ld be taken out o f the community, analyzed and interpreted so that it would be safe to 

documen t indigenous knowledge and bring famlers tradit ional practice to the realm of 

SC Ience. 

Therefore, studies llsing ethnobotanic method in particular need to be conducted to asses 

the role of fanners in maintain ing the genetic variability of landraces and to estimate the 

level of these genetic variabil ity. 
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III. MATERIALS AND METHODS 

1. MORPHOLOGICAL STUDY 

I. I. Description of study area 

The study area is located in the North Shewa and South Welo regions of the central 

highlands of the West of the great East Africa Rift valley. North Shewa and South \Velo 

are two of the sc\'en administrative zones of Amhara National Regional State (ANRS) 

located north cast of Addis Ababa within abOlJt gOSS'N to 12030'N and 37034'E 10 44048'E 

(Fig. 3). These are part of the semi-arid regions of Ethiopia charac terized by the conditions 

of con!inOU5 or inlemlittent drollght that results from low and uncertain rainfa ll with 

characterist ics high temperature. Altitudinal variati on ranges from 1,200 to 2,400 meters 

(Teshome el al.. 1997) and the amount of organic content, pH level or the soil and so il 

texture vary across ecological gradient. These diversified ecological conditions ravou r the 

evolutionary poten tial or a wide range or landraces with a broad-based genetic resource. 

The local famlers playa major ro le in creating, maintaining and se lecting these landraces 

that satisry their changing needs . Because the regions are prov ided with insufficient 

amount or annual rain rail , most or the crops grown are drought resistant. Many crops are 

also known to resist other stresses such as disease, pest, and birds. or all these, sorghum 

landraces account a major share. For example, Teshome (1997) has identified about 60 

land races of sorghum in the regions that may be showen as resistant under various stress 

factors. Hence, the area is one orthe important sorghum growing regions or Ethiopia. The 

fanners hab it to cultivate crops in the area, is to grow seeds by brodcasling over the 

prepared fields and plough into the so il to racili tate genlli nation and seedling emergence. 

Sorghum is grown by small ranners to meet their needs ror rood, income. bre\\ ing. and 

construction purposes. 
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I. 2. Plant materials 

A li sting of the landraces was made and th is was ru rther used as a frame for sampling 

land races, which were then used to study the morphological characters and bichemical 

markes . A total of 3-t sorghum (Sorgh ulIl bicolor (L.) moench) iandraces, cons isting of 

1020 individual plants, 30 in each land race were used in th is stud y. The landraces were 

obtained from the stand ing crop population of the material conserved ill-situ (on-ranll) 

rrom fanners ' fields. The land races were collec ted from the five study s ites (Table 6): 

La yignaw Ataye (17 land races), Merewa Aderc (2 iandraces). Fonten ina (5 land races), 

Bati (8 landraces), and Hayike (2 landraces) in the Nort h Shewa and SOll th Weto regions 

of Ethiopia. Th is indicates that the samples were not evenly di stributed among all study 

sites and the sampling process was basically dependent on the cropp ing condi tions 

prevailed in the regio ns. 

Table 6. Sorghum landraces as named by the local farmers in relation to their al titude classes, agroecologlcal site s. 

Worcdas and administrational zones in which they were found 

No. 

2 

3 

4 

5 

6 

7 

8 

9 

Landraces 

Abduke 

Aeh iyo rejimu 

Aehiyo jamiyo 

Afeso 

Ajaibe 

Borshe 

Chereki t (nech 

kcteto) 

De!gome 

A[titude (m) 

1700 

1900 

1900 

15 50 

[450 

[550 

1500 

[475 

[500 

Agroecosi te Woreda Zone 

Fontenina Kalu South Welo 

Hayike Hayike South Welo 

Hayike Hayike South Welo 

Layignaw atayc Ataye North Shewa 

Mercwa adere Ataye North Shewa 

Bati Kaltl South Welo 

La yignawataye Ataye North Shewa 

Layignaw ataye Ataye North Shewa 

Layign:lw atayc Ataye North Shewa 
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10 Dimcte 1500 Layignawataye Alaye North Shcwa 
II Dobe 1700 Fonlenina Knitl South Welo 
12 Esmaeli 1450 Merewa adere Alare North Shewa 
13 Gan·seber 1450 Fonlenina Kalu South Welo 

14 Garad 1475 Layignaw mayc Ala)'e North Shewa 
15 Garact tink ish 1700 Layignawata),,, Ala)'c Korth Shewa 
16 Goronjo 1500 Bali Kalu South Welo 

17 lama Uamuye) 1475 Layignaw atay" Ala)'e North Shewn 

18 lemaw 1500 Layignawataye Alaye North Shewa 

19 Jirru 1400 Bati Kalll SOllth Wela 

20 Key ihil (serina) 1500 Layignawalaye Alaye North Shewa 

21 Key ketelo 1500 Layignaw utaye Alaye North Shewa 

22 Merabete 1700 Fonlcnina Kalu South Wel0 
)' _ 0 Mognayawikish 1400 Bati Kalll South Welo 

24 Mokake 1400 Bali Kalll South Welo 

25 Nech tinkish 1400 Bati Kalll Sou th Welo 

26 Rayo 1400 Bati Kalu Soulh Welo 

27 TengeJey 1450 Fontenina Knill South Wela 

28 Tuba 1500 Layignaw ataye Alaye North Shewa 

29 Watigela 1500 Layignawatayc Ataye North Shewa 

30 Wefayibelash 1500 Layignawataye Ataye ! orth Shewa 

31 Wegere 1700 Layignawataye Ataye North Shcwa 

32 Wincho 1500 Layignaw atay Ataye North Shewa 

33 Yikimlindaye 1550 Bali Kalu SOllth Welo 

34 Yikirsolate 1500 Layignaw ataye Awye North Shcwu 

Zengada 

I. 3. Agro morph o l og ic~1 1 trai ts 

A cotlcc ti otl of landraccs of so rghum were evaluated i ll -silll fo r their agrol11orphological 

characters in fanners fields at indi vidual famler and group of famlcrs level (Table 7). The 

characteri zation of the Iandraces for ccnain trai ts on faml was based on the farm ers' 
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indigenous knowledge. However, for the entire characterization ac tivities, sorghum 

descriptor (lPGRI , 1993), color chan and visual examination using a lOx magnifying lens 

were used. Depending on the sorghum cropping conditions prevailed in the environment, 

the sample size collected from different ecosites (study sites) was different (Table 6). From 

all ecosites. altogether, 34landraces of sorghum were collected. Codes and descriptions for 

all classifying are given in Appendix 10. For each land race. 30 samples (panicles) from 

randomly selected fi elds were collected and measured for their agromorphological trait s. 

A total of 14 qualitative characters for each entry were used for tit is analysis. They all 

inc lude morphological characters (Table 7). All of the morphological data were obtained 

on the sample collected from the living plants found in the famlers' field . Each entry was 

scored for these morphological characters either in the field or by taking a random sample 

of 30 panicle per entry. Characters like presence and absence of awns stem juiciness, juice 

flavor (taste), midrib color, and shape of panicle were scored in the field. AU the panicles 

(influoresece) characters were scored from panicle sample taken from the field. 

Table 7. The Qualitative characters or Sorghum (S bicolol' (L.) Moench) landraces scored in North Shewa and 

South Welo regions of Ethiopia (IPGRl. 1993). 

Characters 

I. Awn 

2. Endospenn texlUre 

Code 

2 

3 

5 

7 

9 

28 

Descrip tion (character states) 

Present 

Absent 

Completely comeous 

Mostly comeous 

Intennediale 

Mostly sta rchy 

Completely starchy 



3. Glurne color 

4. Glurne hairness 

5. Grain color 

6. Grain covering 

7. Grain foml 

8. Grain plumpness 

2 

3 

4 

5 

6 

7 

2 

3 

2 

3 

4 

5 

6 

3 

5 

7 

9 

2 

3 

White 

Senna (yellow group) 

Mahogany (greyed-orange) 

Red 

Purple 

Black 

Grey 

Haimess 

Middle 

Hairless 

White 

Yellow 

Red 

Brown 

Buff (greyed-orange) 

White orange 

25% grain covered 

50% grain covered 

75% grain covered 

Grain fu ll y covered 

Single 

Twin 

Dimple 

7 Plump 

9. lnnorescence compactness and shape J Very loose dropping primary 

branches 

6 Semi-loose creect primary branches 

8 Semi-compact cltiptic 
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9 Compact ell iptic 

10 Compact oval 

II Hal fbroom com 

10. Juice flavor Sweet 

2 Insipid 

3 Nil 

11 . Leaf midrib color Wh ite 

2 Dull green 
, 

Yellow J 

4 Brown 

5 Purple 

12. Panicle slw,pe Erect 

2 Recurved 

13. Stalk juiciness Non-juicy 

2 Juicy 

14. Threshabi lity Thresbable 

2 Non trushablc 
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2. ISOZYME STUDY 

Isozyme analysis was carried out on the thirty-four landraces of Sorgh um (s. bicolor (L.) 

Moench) landraces randomly selec ted from the fi ve representative agroecosites in the 

North Shewa and South Wela regions of Ethiopia. Seeds were geml inated from all 

land races and Morden el al. (1987; 1989) electrophoretic procedure was followed. After 

survey of the four and seven da ys old leaf for better resolut ion, 7 days old leaves were 

used for continuos extractions. Crude extracts for elec trophoresis were prepared by 

homogenizing the etiolated leaves in 2 to 4 drops of ex tract ion buffer (Morden e l aI., 

1987): 2- mercaptoethanol (O.OI-lM), Na,HPo, -(42.3 111M), EDTA-disulfidc ( I. 55 m~I), 

adj usted to pH 7.5 with NaOH and double disti ll ed H ~O to IOOml). Homogenized 

ext ractions were kept on crushed ice and absorbed onto paper wicks (2 mm x II mm, 

What man 3 MM chromatography paper). Samples were immed iately loaded to run the 

horizontal electrophoresis that was carried out in 12 % starch (Connaollght slarch) ge ls 

(Wende l and Weeden, 1990). 

Electrode buffer: Electrophoresis of enzymes was carri ed Ollt using O. 135 mTris (Morden 

er al., 1987, 1989) adjusted with citric acid to pH 7.0. 

Cel buffer systems: 1 part of electrode buffer : 14 part of water (distilled) was used as the 

ge l buffer. 

Preparing and Running gel: Gel was prepared by using 64 gill ofdr~ starch with a lotal 

of 500m! gel buffer (Morden eI al., 1987). Three-fourth of Ihe ge l buffers (375ml) was 

poured into an Erlenmeyer nask and healed in a micro\V~l\ e oven (600 10 ;00 watts) lIn1il 

the buffer boils (4.5 to 5.5 minutes). The remaining bufrer (125ml) \\ as mixed wi th the 
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starch (64 gm) and swi rled unt il the starch was completely sllspended. The starch 

sll spension and bo iling buffer were the combined, vigorously swi rl ed unti l thoro ughl y 

mixed. retumed to the microwave oven, and heated for about a minute (until boi ling). The 

heated starc h sllspension was degassed wi lh a water asp irator and poured into the gel tray. 

The gel was allowed to coo l to room temperature (aboll t 1 hr). 

Before loading the samples, the ge l was coo led in a refrigerator (+ ..j. 0(') for 15 minutes to 

inc rease repeatab ility electrophoresis and to prevent heat denaturation of the enzymes. 

Samples were placed in racks and kept chilled on ice while loading the gel. The loaded gel 

was run at a constant electrical voltage (300V and 100A fo r 3: 30hr) (Morde eta/. , 1987). 

All electrophoresis were carri ed out in a co ld chamber at 4°C. 

Sta ining gel: Fo llowing electrophoresis, the gels were trimmed and the slab anoda l to the 

origin was s liced and stained for enzymatic acti vity by appl ying standered histochemical 

methods. Two enzyme systems EST and AC P were used. for stai ni ng. fo llowing Morden et 

III. (1987) procedure. 

Sta ining recipes: Esterase: 0.2gm fast blue RR salt was dissolved in 98ml of di stilled 

water and the substrates (1.5 ml 1% oc -naphtyl acetate and 0.5ml 1% p-napht hyl ac tate) 

were added j ust before sta ining gels. After it was stained fo r about an hour al room 

temperature, it was rinsed wi th distilled water and Ii .xed in 10% acetic acid . 

Acid Phosphatase: O. lgm fast blue garne t GBe sail was di ssolvcd in 92.5ml of di stilled 

water and 0.51111 10% MgC Ll 51111 1M sodium acetate buffer (Iy! glacial acetic acid. pH 

was adj usted with NaOH) and the substrates (2ml 1% x -naplll yl acid phosphate) \\ ere 
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added just prior to staining. Then it was rinsed and fixed arter staining (at room 

temperature). Arter staining, the band observed was only anodal. 

3. Ethnobota nica l study 

J. I . Farmers perceptions 

The method for gathering important infomlation related (0 diversity in sorghum (Sorghum 

bicolor (l.) moench) in No rth Shewa and South Welo regions and fanners knowledge 

toward agromorp hological trait s was based on c.'\ercises during s ite selection, ou tcomes of 

the existing diversity and baseline survey. The procedure therefore, consists of combincd 

sleps of having frequent fie ld visi ts, infonnal and fonnal interviews wi th fanners, group 

disc ll ssions, and meeti ngs among famlers , among IBCR tel.lJn , among IPGRI 

representatives . and research ad viso rs. 

Basic data on fanners ' perceptions about the agromorphological trailS distinguishing 

sorghulll landraces, cultura l valucs, and preferred traits of the landraces were collected 

(Table 6, 7 & Appendix 3 & 4). Based on these charac teri stics, check list (Appendix 7 & 9) 

was prepared and va lidated in the fi eld with key infonnants (fanners). Similarly, a li st of 

loca l varieties of sorghull1 landraces called by different names as perceived by the fam1ers' 

folk nomenclature was prepared before evaluating the varieties on faml (Table 6). 

3. 2. FI' l'q ueney (diversity) of Sorghum (5. bicolor (L.) Moench) landraecs 

3. 2. t. :\Ieasuring sorghum landraees dinrsity in ter ms or environmenta l var iahili ty. 

Data was collected fro m I DO randomly se lected fanner's fields in Nonh Shew,l and South 

Welo regIOns of Ethiopia. The .. ltitude and size of each of fann (plot) were used as 
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classifying variables. At fi ve meters interval along transect lines that was spaced ten 

meters apart over the whole size of each fann, sorghulll landraces were recorded (tallied) 

as identi lied and named by the famler (the owner of the fann). The fanne r's selection 

criteria were also recorded in each fann by ask ing why he/she decided to grow each 

land race identified. The same method was also used by Teshome el al .. ( 1999a, b) for the 

same crop 10 measure environmenta l variables and fanners' se lection criteria in these 

regIons. 

3. 3. Use va lues of the Sorghum (S. bieolor (L.) Moench) l:lIIdraccs in No rth Shewa a nd 

Sout h Welo 

Ethnobotanical data co llection on the use va lues of the thirly~fo ur sorghum lalldrJccs 

(lalldmces) was undertaken in the five agroecosite in North Shewa and South Welo. The 

plots were randomly selected at each agroecosite and Ihe infomlants (the owner of the 

plots) were asked what they know abou t the uses of each identified sorghum land race. 

However, the di stribution of the plots selec ted in each agroecositc was based on the 

famling conditions available then . We use such method because many other workers have 

already adopted it. Fore example, Adu- Tutu el al. (1979) and Jons and Kimanani (1990) 

used an infomlant with a single event about the same plant and Phill ips and Gentry (1993 

a. b) dealt with an infonnant interviewed more than one time about the same plant. The 

data was collec ted by interviewi ng a total of thirty infomtants who were randomly selected 

rrom the local people. Totally, data in 138 indepcndent ;'events" were recorded. An event. 

as delined by Phillips and Gentry (1993a. b), is thc process of asking one infonnant on one 

day about the lIses they know for one land race (in om case). An infonnant \Vas asked only 

once about one landrace in a plol. Similarly. Adu~Tutu el (If. (1979) and 1011115 and 
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Kimanani ( 1990) have conducted their study without re- interviewing the same infonnants 

about the same plant The responses given separately by each infonnan t from all over lhe 

plots in all agroecosites were simply combined and di vided by the to tal number of 

infonnants. Infomlants were interv iewed individually, to minimize the possibi lity that one 

infomlant 's responses directly infl uence another's. The data- gathering process was 

infomla ll y undertaken when the infonnants had free time and by compensating for their 

time and for their infonnation with the reasonable monetary value as an incen tives. The 

process o f data- ga thering was al so trying to wo rk with representative samples o f the local 

people (fanners) o f all producti ve ages and o f both sexes. 

4. DATA ANALYSIS 

A set o f binary or dummy (011) variab le was created for the ordi nal variable and entered 

into the SPSS V. 7.5 Microso ft package. Twen ty-six s ignificant func ti ons out of 33 were 

selec ted and transferred inlO MrNlTAB Computer program (M IN IT AS 98 ' ) for clustering 

of the sorghum landraces. Hierarchical agglomerati ve clustering was perfonned based on 

the functions obtained from Oiscriminat Ana lysis using Squared Equ il id ian Distance, 

Avarage li nkage cri tera. 

4.1, Ca nonica l Discr iminant Analys is. 

Canonical variables corresponding to the final clustering were used for graphical 

representatio n. The first three sign ificant canonical functions were used in the analysis. 

Stepwise discri minate anal ysis (SDA) on the bas is of agroetoiogical sites (Appendix 2) 

was per fonlled to detem,ine whether these variablcs influence the assort ment of sorghum 

variab il it y in a multivariate sense. Such analysis was alrcady carried Ollt for lentil to test 
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the effect of origin 0 11 the assortment of erop variabili ty (Ersk ine e/ a/., 1989: Teshome e( 

al., 1997). The SDA was undertaken using the program (S PSS V. 7.5 Microsoft Package). 

Charac ters for inclusion were se lected among the 34 morphological characters used as 

group criteria in clustering of the 34 land races in accordance wi th the order of importance 

to minimize Wilk's lambda between groups. The ranking of the characters \\ as made 

possible lIsing an approximate F-ratio which provided a test of significance of 

Maha!anobis di stance between group centeroid. The magnitude o f the F-value from 

canonical Disc riminant Analysi s were instrumental in ranking the phenotypic characters 

IllOS t important in naming so rghum land races by fanners (Teshome e( al., (997) . 

4.2. Estimates of diversi ty study 

The phenotypic frequency data o f the fourteen charac ters were analyzed by the Shannon -

Weaver diversi ty index, H', given as: 

k 

H' = L Pi logr Pi 

i = 1 

where k is the number of phenotypic classes for a charac ter and Pi is the proportion of the 

tOial nu mber of entri es (N) in the i1h class. H' was esti mated for each character, altitude 

classes. zone, woreda, and agroecosites which were used as classifying variables. The 

region was d ivided into twO admini st rational zones for further analysis based on the 

administrative delimitation of the Amahra National Regional State. Within these zones the 

three \\'oredas: (Ataye, Hayike and Kal u.) were lIsed as the second classi fying variable on 

a si milar basis as zones. The altitude range was arbitraril y claSSI fied into four altItude 

classes. viz .. < 1500. 1500 _ 1650.1651 - 1800. and > 1800 msl (Table. 6) based on the 

7 1999 a. b). Tile five agrocco logical siles: Merewa aderc work of Teshome ef al. (199 . 
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(near Senbete: 263 km frolll A. A.), Layign3w awye (ncar Alayc or Efcson: 269 kill from 

A. A.). Fomenina (ncar KomboJcha; 360 kill from A. A.), Bal i area (near Bali ; 395 km 

from A. A.), and Hayi ke area (ncar Hayike; 433 km frolll A. A.) were used fo r Ihe 

diversi ty anal ys is and the selection of the sites was also basd on Ihe work of Teshome 

( 1997). Each value of H' was divided by its maximum value, 10!kk. in order to keep the 

value in the range of 0-1. Shannon diversity index was previously used to detenlline the 

range of variation in sorghum (Ayana and Beke le, 1998), in several other crop species 

includ ing wheat (Negassa, 1986; Bekele, 1996) and barley (Tolbert et al., 1979; Bekele, 

1983; Negassa, 1985; and Demissie and Bojorinstad, 1996). A one way analysis of 

variance of non-transfonned H' was perfomled for character using zones, woredas, 

agroeco logical sites, and altitude groups as classifyi ng variab les (Table 13). These 

variables were treated as fixed effects, and landraces as rand Oil (Demi ss ie and Bojorinstad, 

1996). The hierarchica l analys is of variance of diversity pooled over characters was done 

on the abso lute val ues of H' (Table 14). 

The Xl anlysis was carried out to test deviation from the ovcrallmcan o f all the characters 

using procedures in M-stat software packages for geographical zones. \Voredris, altitude 

classes. and agroecological sites. 
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3. 3. Es timates of the use \'al ues 

The estimate of the lise value of each landraces for each infom13m i is. UVis (Phillips and 
, 

Gentry. 1993<1), is defined as: 

UVis = L. Uis 

nis 

Uis equal s the number of uses mentiolled in each event by infomwilt i. and nis eq ual s the 

number of events for landraces with infonnant i. 

The estimate of the overall lise va lues for each landrace s, UVis, is then: 

UVs = ~) Uis 

ns 
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IV. RE SULT 

1. J\l orphoJog icaJ study 

I. 1. Altitudin a l distribution of charac ters 

The frequency distribution for the fourteen qualitative characters by aitillldc, CCOSi ICS, 

woredas , and zones respeclively are presellled in Tables 8~ II. Z2 val ues were also 

presented to see the extent of deviation of the observed frequency di stribution of all 

characters from expected values. Seventy five percent of the thirty fOllr landraees were 

detected to have awns in the regions and the rest were known to have no awns. The 

presence of awn in all alti tude groups was fairl y equally di stributed wilh the exception for 

the altitude between 165 1· 1800m.a.s.1. that 99 % of the landraees were with awns. The 

distribution ofphenol),pic classes for endospemllcxture was observed 10 be maximum for 

complelely slarchy (descriptor stale) cndospeml texture (43%) and observed to be 

negligible for moslly comeous (3%) with total absence of completely comeous cndospeml 

texture. 

The maximum phenotypic classes (seven) were observed for glume colo r. While glume 

colo r look the lead ing pal1 (40 %) and sienna (ye llOW group). Mahogany (greyied orange 

to have ')0 , and 
._ ttr. 

!r 
3%, group) and red (orange group) glume colors were known 

respectively in all altitude groups. 
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The distri bution o f glume hairiness seem to be fairly equal for the three phenotyp ic cbsses 

in altitude < 1500111 .a.s .1. and 1550 - 165 1 lll .a. s. l. and > 1800 lll .a.s.1. that 80°'<. was hairl ess 

and 10% was hairy ",itholll medium glume hairiness and an almost tOlal medium glume 

hairiness respectively. 

The most abundant grain co lor for most alt itude groups and most ccosites was yellow. The 

present results agree very much wi th the resu lt s already obtai ned by Teshome el (t!, (1997) 

and Aya na and Bekele (1998). However, it is necessary to men tion that red co lor was more 

frequen t at altitude > 1800 m.a.s. 1. and in one ecosite- ' Ha yike' . In Merewa adere also 

white and brown grain colors were more frequent. 

The extelll of phenotypic classes for grai n covenng was varying from 25% · 100% 

(descriptor states). For the enti re landraces the number o f plants in which the grain were 

covered wit h glumes decreased in the order of 50%,15%, 75% and 100%. For all altilUde 

groups similar trends were followed. 

An interesti ng work was our observation of the rare phenotype (i.c. gram fonn or twin 

seeds). For the entire data 6% of the twin seeds was recorded . The altilUde range of 1500 -

1650111.3.5.1. was the only source of sorghum land races having twin sceds with 12 %. 

For grain plumpness the distribution of plump grain was much more frequent ( 3 %) than 

di mple grain (17 %) for the entire landraces and similar trend was observed fo r all altitude 

ranges. 
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The result obwined \\'ith regard to the di stribution of diffe rent panicle compactness and 

shape was the Illost remarkable in Nonh Shewa and South Welo region of Ethiopia. Out of 

six phenotypic classes. the compact oval panicle was 33 °0 for the enti re landraces and this 

phenotypic class was also most dominant for all altitude groups. This resuh agreed highly , 
with what Teshome et al. ( 1997) and Ayana and Bekele (199 ) have recorded for this 

region. The dist ri bution of all the other phenotypic classes of panicle compactness was 

found to be in the order of decreasing from semi ·compact elliptic. compaci ell ipt ic. semi-

loose primary branches, very loose-droopping primary branches, and half broomcolll In 

almost all alt itude groups. 

The distribut ion of juicy stalk for alilandraces was observed to be 33%. The most frequ ent 

sorghum land race wi th juicy stalk was grown in the altitude range 1500 - 1651 m.a.s. 1. and 

no suc h sorghum land races were detected in the altitude > 1880 m.a.s. l. 

Yellow (45%) and White (45 %); alit of the fi ve phenotypic classes of the leaf midrib 

color, were the most dominant character for all landraces and all altitude groups. All the 

other phenotypic classes except dull green color (8%) were almost neg ligible. 

Most of the landraces had erect peduncle (59 %) and similar trend was attained fo r 

land races from all ahitude groups. The di stribution of sorghum land races with treshable 

grai n characler in other way was most dominant in the study area for all landraces. This 

was also \nle fo r all altirude groups. In ahitude > 1800 lll .a.s.1. threshability characters 

were 100 %. 



Tab!.: 8. Pcrccl1Iage frequcncy distribution of eli lTerCIlI phenotypic d3SSC:S For fOllrleen qualll3lLvc characters In sorghum by four allitude 

AI (;lmle Awn IEndosperm tex ture 101111llc co lor 

1 2 l' 3 5 7 9 l ' 1 2 3 4 5 6 7 y' 
1 74 26 0.81 3 29 23 45 5.42 26 6 0 2 33 17 15 No valid 
2 68 32 5.50 4 39 30 2735.23" 47 0 0 5 12 17 18 X2 

value 
3 99 126.10'· 0 17 13 71 9.12 30 0 0 0 27 3 40 
4 70 30 3.47 0 .00 8.30 10 6227.67' · 92 0 0 0 8 0 0 

Total 75 26 3 30 24 43 40 2 0 3 22 14 19 
Glullle hairiness Grain color Grain coverill ' 

1 2 3 X' 1 2 3 4 5 6 y' 1 3 5 7 9 Y~ 
55 30 1520.62 ' · 9 62 3 13 0 12 56.21" 24 46 30 0 0 14.61 
58 30 1227.84" 19 32 25 11 11 3 19.23 43 31 26 0 0 12 . 6~ 

20 0 60151 .10" 17 28 5 19 5 2537.99·' 32 31 19 15 343.76" 
2 98 0 143.26" 0 0 48 42 10 0111 .64 · · 38 62 0 0 032.61" 

TOlal 48 30 22 14 40 16 15 6 9 35 38 25 2 0 
Grain fonn Grain plumpness Influorescnce compactness and shape Juice flavor 
1 2 y' 3 7 y' 3 6 8 9 10 11 y' 1 2 3 l ' 

99 1 1.6 1 25 758.36" 0 9 25 36 30 0 17.82 17 0 83 15.45" 
88 1224.35'" 13 87 0.24 0 14 35 9 42 0 18.00 7 47 47118.32 '· 

100 0 3.36 21 79 3.11 18 36 23 15 5 2 100.SO· · 20 0 8019.24" 
100 0 3.36 0 100 17.30" 0 0 30 25 45 027.34 · 0 0 100 29.35'· 

Tota l 94 6 18 83 3 15 29 20 33 0 12 21 68 
M idrib color Peduncle sha )c Stcm juiciness Thrcsl1ability 

1 2 3 4 5 Z' 1 2 Z' 1 
2 " 

1 
2 " 36 13 49 0 2 4.93 58 42 0.66 83 17 1.88 71 29 3.33 

53 6 39 1 1 6.54 53 47 3.85 46 54 55.57'· 94 0 14.23" 
41 3 55 0 1 5.29 81 19 14.60 80 20 0.43 49 5151.56 "" 
43 12 45 0 0 2.78 58 42 0.86 100 029.45" 100 027.39" 

Tot:11 45 8 45 1 2 59 41 68 33 80 20 
P< O. 05. "" P < O. 01 
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T:lblc 9. Percentage rrequency distribution or dirrcrent phenotypic classes For fourleen quali tative characters in sorghum by five eCosltes 

Awn Endospenn tex ture Glumc color 
Ecosile 1 2 x' 3 5 7 9 X' 1 2 3 4 5 6 7 X' 

1 92 8 3.33 8 49 31 1262.68" 42 0 0 0 28 12 17 No valid 
2 99 1 14.23" 1 18 19 62 8.49 40 0 0 22 0 38 l value 
3 71 30 51.56" 0 8 12 80 39.21 90 0 0 0 8 0 2 
4 68 32 27.39" 1 26 26 47 4.34 36 4 0 5 16 19 19 
5 0 100 2 47 5 47 20.21 7 0 0 8 53 32 0 

Total 75 26 3 30 24 43 40 2 0 3 22 14 19 

G lume hairiness Grain color Grain covering 
1 2 3 

" 
1 2 3 4 5 6 

" 
1 3 5 7 9 X-=-50 27 23 5.15 11 69 3 0 0 1891 .37" 46 38 16 0 0 17.5 1 

54 5 4024 .62" 15 48 2 9 5 21 49.55" 21 43 19 15 359.61 " 
3 97 0149.52" 0 0 48 41 12 0147.81" 38 62 0 0 032.21" 

50 28 22 4.12 12 34 24 16 10 4 14.01 37 31 32 0 0 17.94 
50 50 063.29" 55 0 0 45 0 0157.40" 0 63 37 0 049.85" 

Total 48 30 22 14 40 16 15 6 9 35 38 25 2 0 

Grain form G rain plUillPIlCSS InOorescence compactness and shape J 1I ice navor 
1 2 X· 3 7 

" 
3 6 8 9 10 11 X' 1 2 3 X' 

100 0 2.46 21 79 3.53 0 25 20 14 41 o 35.53' 13 0 88 10.19 
100 0 2.46 37 63 41.44' · 0 16 24 30 30 0 14.54 20 0 8021 .80·· 
100 0 2.46 0 100 16 .82" 0 0 31 25 44 0 22.37 0 0 10020.72·· 
88 1239.34" 14 86 0.01 5 13 29 21 32 1 19.14 12 41 47148.11" 

1'00 0 2.46 0 10016.82" 0 0 88 10 0 2113.76" 0 0 10020.72·· 
Total 94 6 18 83 3 15 29 20 33 0 12 21 68 

M idrib color Peduncle shape Stem juiciness Thrcshability 

1 2 3 4 5 -/ 1 2 / 1 2 -/ 1 2 ] ' 
34 8 57 0 1 7.56 58 43 3.36 88 13 1.31 77 23 0.02 
28 4 66 0 2 10.58 59 41 2.23 80 20 0.56 62 38 14.00" 
44 12 44 0 0 3.98 59 41 2.23 100 020.72" 100 028.87" 
56 7 35 1 1 20.08 55 45 5.46 47 5390.31 "" 86 14 4.06 
32 30 33 0 5 23.77 100 051 .36 "" 100 020.72"" 63 37 12.26' 

T ota l 45 8 45 1 2 59 41 68 33 80 20 
--- -- _ .. -

* = P< O. 05, ** = P < O. 0 I 
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T;Jblc 10. PCft:Cllt;Jgc frC<I UCIlCY dlstnbuiJon of dlflcrem phenotypic classes For fourteen qualitati ve characters III sorghum by three \\OTcdas 

AWl! Endosperm tex ture G lulne color 
Wcrcda 1 2 l' 3 5 7 9 

" 
1 2 3 4 5 6 7 / 

1 61 39 11 .06"" 1 28 24 47 2.47 33 4 0 6 20 20 17 No valid 
2 70 30 1.53 0 8 10 8233.62"" 92 0 0 0 8 0 0 X

2 
value 

3 95 520.81 " 5 37 27 31 22 .63" 41 0 0 0 26 7 25 
Total 75 26 3 30 24 43 40 2 0 3 22 14 19 

Glull1c hairiness Grain color Grain covering 
1 2 3 1 2 3 4 5 6 1 3 5 7 9 

50 30 2014.86" 17 30 22 19 9 4 8.33 33 34 33 0 021 .37" 
2 98 096.77"" 0 0 48 42 10 0 92.34 38 62 0 0 025.28"' 

52 19 3016.78" 12 61 2 4 2 1986.75" 36 40 _17 6 1 9.97 
T ota l 48 30 22 14 40 16 15 6 9 35 38 25 2 0 

Grain rOml Grain plumpness innuoresence compactn ess and shape Juice navor 
1 2 X' 3 7 X' 3 6 8 9 10 11 X' 1 2 3 

90 10 13.79 13 87 0.01 5 11 35 20 29 1 11 .18 11 37 5358.31" 
100 0 3.45 0 100 15.38 0 0 30 25 45 0 15.35 0 0 10026.47" 
100 0 3.45 27 73 16.16" 0 22 21 20 37 0 13.22 15 0 8517.42" 

Tota l 94 6 18 83 3 15 29 20 33 0 12 21 68 

M idrib color Peduncle shape Stem juiciness Trcshabilily 
1 2 3 4 5 

" 
1 2 l' 1 2 y' 1 2 ,-' _ 

53 9 35 1 2 7.82 60 40 0.07 53 4843.164" 84 16 0.08 
43 12 45 0 0 1.39 58 42 0.02 100 026.47" 100 017.65" 
32 7 60 0 1 6.73 58 42 0.02 85 15 2.13 71 29 15.37" 

Total 45 8 45 1 2 59 41 68 33 80 20 --1'< 0 05, ". 1' < 0. 01 
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Tab k I I. l'ercctll:lgc fn.'qu l!ncy distribution of eli rrercnt phenotypic classes For fourtee n qtraliwtivc cha mClcrs in sorghum hy I\\'O I.OI H'S 

Awn E l1 dos~enn tex ture Glutllc co lor 

,Zone 1 2 '/ 3 5 7 9 X
2 1 2 3 4 5 6 7 l 

1 61 3911 .76" 1 28 24 47 2.12 33 4 0 6 20 20 17 No valid 
2 92 9 11 .64" 5 34 25 38 2.08 48 0 0 0 23 7 22 "l va lue 

Total 75 26 3 30 24 43 40 2 0 3 22 14 19 

G lumc hairiness Grain color Grain covering 
1 2 3 y' 1 2 3 4 5 6 y' 1 3 5 7 9 

" 50 30 20 0.53 17 30 22 19 9 414.41' 33 35 33 0 0 6.9C 
45 29 26 0.53 11 53 8 9 3 17 14.41' 37 43 15 5 1 6.9C 

T otal 48 30 22 14 40 16 15 6 9 35 38 25 2 0 
0.26 002 0.78 1.06 1.29 6.37 6.53 3.57 3.00 8.0528.81 " 0.23 0.82 6.75 5.00 1.0013.80" 

Grain fonn Grain plumpness Influoresence compactness and shape Juice flavor 
1 2 3 

7 " 
3 6 8 9 10 11 

" 
1 2 3 

" 90 1089.30" 13 87 1.37 5 11 35 19 29 1 6.20 11 37 53 22.60" 
100 08.93" 23 77 1.37 0 19 22 21 38 0 6.20 13 0 87 22.82 

94 6 18 83 3 15 29 20 33 0 12 21 68 
Midrib co lor Peduncle shape Stem juiciness Trcshabilit y 

1 2 3 4 5 X' 1 2 X' 1 2 y' 1 2 X' 
53 9 35 1 2 5.71 59 40 0.00 53 48 13.30" 84 16 0.98 
34 7 58 0 1 5.7t 58 42 0.00 87 13 13.30" 75 25 0.98 

T otal 45 8 45 2 59 41 68 33 80 20 
• = P< O. 05 .•• = P < O. 0 I 
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1. 1. 2. Eco logica l distributiOIl of characters 

From the frequency distri bution o f the founeen qualitali\ e charac ters (Tables 8·11) It IS 

evident that sevent y fi ve percent of the total land races detected in thi s study \\ere awned 

types w hil e the rest awr.less. The presence of awn in all ecosites. \\'oredas. and zones was 

fairly equally di stributed. An except ion for this was 'Mercwa adrcrc' "here no landrace 

co llected was found to have awn s. 

The distributi on of phenotypic classes for endospeml tex ture was observed to be maximum 

for complete ly starchy (descriptor state) endospeml tex ture (43%) and was negli g ib le for 

1110stly comeaus (3%) with total absence of completcly comeous endospeml textu re. This 

high proponion of completely starchy endospenn texture may be related to the hi gh 

milling quality of the sorghum grains. The greatest frequency o f starChy endaspeml was 

lotally coincid ing with previous studi es (Kebede, 1991: Ayana and Bckele, 1998). 

The distribution of white glume color was sharing the greatest proponion (40 %) and 

yellow, greyied orange and red glume co lors were known to have 2%. 0%. and 3%. 

respectively fa r all ecosites. 

L'ne\'cn distribution of glume hairiness was seen for some ecosi tes like Fon lenina. Hayi ke 

and t>.lere\\'a adere equally both with 50 % hairy and hairless. 97 0 0 medium hairiness and 

50, 50 % share for hairy and medium hairiness. respectively. Yellow was the most 

abundant orain co lor for most ecosites. In Mcrewa adere white Jnd brown grain colors 
o 

\\ ere morc frequent. 
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The ex tent of phenotypic classes for grain covenng \\as varying from 15°0 -10000 

(desc rip tor states). The cmire landraccs in which the grains '\ere co\crcd \\lth glumes 

dec reased in the order of 50%. 25%, 75% and 100%. For most eCOSlles, simtiar trends 

"ere fo llowed. 'Layignaw atayc' , was the on ly source ecosite that produced th is rare , 
ch<lrac ter wi th 12 % freq uency. The distribut ion of plump grain was much more frequent 

(83 %) than dimple grain (17 %) for the emire land races and similar trend was observed 

for all ecosites. 

OUI of the s ix phenotypic classes. the compact oval panicle took a share of 33 % for the 

entire landraces and this phenotypic class was also most dominant at all ecosites. The 

decreas ing order from semi-compact elliptic. compact ell iptic, semi-loose primary 

branches, very loose-drooping primary branches, and half broom com "'erc recorded for 

all the other phenotypic classes in almost all ccosites. 

Of all ecosites, ' Layignaw ata),e' con tained the most frequem sorghum wit h juicy sta lk . 

The di stribution ofjuiee flavor also followed the same trend wi th frequency of 12 % of all 

land races. 

For all landraces and all ecosi tes yellow (45%) and white (45%) were the most dominant 

characters. Dull green color was about 8%. All the oth er phenot),pic classes werc almost 

negligible. 

All ecosilcs with an exception for Merewa adere (l aO % peduncle erect) have allaincd Ihe 

frequency o f most of the landraces (59 % wilh erect peduncle ). Sorghum land races wilh 

thresh able grain character was the most dominant in the present study area. At all ecosilcs 

sorgh ulll " 'ith thresh able grain was also dominant. 
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I . J . Es timate of di versi ty 

Table 12 indicate the estimate of Shannon-Weaver diversit y index (H') by altitude groups, 

ecosites . 

worcdas. and administrational zones for the fou rteen qualiwtive characters. For all 

landraces the minimum value of H' was 0.32 for grain form and the maximum value was 

0.98 for peduncle shape wi th an overall mean of 0.77. Apparently hi gh di versit y of 

sorghll m landraces was estimated for the region . Diversit y indices (H' ) for each of 

fourteen trait s are presented in four altit ude groups 

(Fig. 4) and in five agroeco logicai sites (Fig. 5). H' , poo led over characters wi lhin 

altitudina l variations and ecosites groups ranged from 0.33 to 0.75 for > 18oom.a.s.1. 

and 1500-1650m.a.s.1. and from 0.33 to 0.79 for Merewa adere and Efeson, respecti ve ly. 

Estimates of Shannon - Weaver diversity index of the fourteen qualitative characters by 

land races is presented in Appendix 8 for comparison. 
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Tahle 12. Estimates of Shannon Weaver diversity index or the ruurteen qualitative charac ters of so l" Sorghulll l.\OI)! 

hie% r (L.) M oench) by altitudc. (key to legend: sec Fig. 4) 

Awn EST GLC GLH GRCGRCV GRF GRr ICSH JF MRC I'SI'I STJ TRS H 
AlL itudc H' II ' H' 1·1' H' II ' H' 1-1 ' II' 1·1' H' 1·1' 1·1' II' Mean ± SE 

0.83 0.84 0.8 1 0.89 0.65 o.()() 0.09 0.8 1 0.73 0.4 1 0.66 0.98 0.65 0.8(, 0.71 I <UJ6 
2 0.9 1 0.87 0.72 0.85 0.90 0.67 0.54 0.55 0.68 0.8 1 0.61 1.00 1.00 0.32 0.75 ± 0.(15 
3 0. 10 0.58 0.61 0.46 0.91 0.89 0.00 0.74 0.86 0.46 0.52 0.70 0.72 1.00 0.61 ± O.OS 
4 0.88 0.43 0. 15 0.08 0.53 0.4 1 0.00 0.00 0.60 0.00 0.60 0.98 0.00 0.00 0.33 ± 0.09 

Eeosite 
I OAO 0.84 0.67 0.94 0.50 0.63 0.00 0.74 0.73 0.34 0.58 0.98 0.54 0.78 0.62 ± 0.Q7 
2 0.06 0.69 0.55 0.78 0.78 0.86 0.00 0.95 0.76 OA6 0.52 0.98 0.72 0.96 0.65 ± 0.08 
3 0.88 0.45 0.19 0. 13 0.54 0.4 1 0.00 0.00 0.60 0.00 0.60 0.98 0.00 0.00 0.34 :!.. 0.09 
4 0.90 0.80 0.82 0.94 0.90 0.68 0.52 0.59 0.84 0.88 0.61 0.99 1.00 0.58 0.79 :!. 0.04 
5 0.00 0.67 0.56 0.63 0.38 OA I 0.00 0.00 0.23 0.00 0.77 0.00 0.00 0.95 o.:n ~ U.U9 

Wcrcda 
I 0.96 0.80 0.83 0.94 0.92 0.68 0.48 0.55 0.82 0.86 0.64 0.97 1.00 0.64 0.79 ~ 0.04 
2 0.88 0.43 0.15 0.08 0.53 0.41 0.00 0.00 0.60 0.00 0.60 0.98 0.00 0.00 0.33 i.. 0.01} 
3 0.29 0.89 0.65 0.91 0 .65 0.77 0.00 0.84 0.76 0.39 0.56 0.98 0.62 0.86 0.66 ± 0.07 

Zone 
I 0.96 0.80 0.83 0.94 0.92 0.68 0,48 0.55 0.82 0.86 0.64 0.97 1.00 0.64 0.79 2: 0.04 
2 0.42 0.88 0.62 0.97 0.78 0.75 0.00 0.78 0.75 0.36 0.57 0.98 0.57 0.8 1 0.66 :!. 0.Q7 

NSSW' 0.82 0.84 0.77 0.95 0.90 0.74 0.32 0.67 0.8 1 0.77 0.63 0.98 0.91 0.72 0.77.!. 0.04 
* - North Shew~l ami South WcJo 

49 



1.2 

~ 
0.8 

"0 

" 
?;> 

0.6 . ~ 

~ 

~ 
> 
is 

0.4 

0.2 

0 

-

.. - ~~----~ .-:'~';--, I-,--"-.: - \ K --: 
' " ~ ~ 

~Z '>,7~~'- ~~ ~ 
-/---'-< \ --

< 1500 1500· 1650 16 5 1· 1800 > 1800 

Altitud es (mas l) 

Awn 

• EST 

GLC 
GUI 

---liC- ORC 

_GRev 
--+- GRF 

- OR!' 

ICS H 

JF 

MRC 
I'S II 

STJ 
TRS I-I 

--Mean 

FI!;ure 4. D iversity indices (1\') for cueh of fourtcl."n trai ls in four ;I 1t. lude groups. (Key to IcJcnd: AWN. E~'T=Endospo:rm lexure, GLC"-GhullC color. GLl I~ g[ull1~' 

hairmess, GRC- gram color. GRev- grain covering. GRF- grain form. GR P= grain plumpness. leSII- mflorcscncc compac tness and shape. JF " j Uice flavor. MRe .. 
Illldnb color, 1"$11 '"' l>Cllullc1c 5h:1I)1.', SJ F - 511':111 j uic lllcss T RS II - Thr~'sh:lbihly 

50 



• 0 

"E 
0 
0 
~ 

= • 

" , 
e 
.l! , 

" , , • s 
'-

~ 
" .. 
" ~ 

0 " - ~ 
, 
u 

~ " c " ] ~ ~ 0 ~ 

~ • , 
~ • " 0 

, 
'" c. ~ ~ ~ 

" ~ 

0 • 0 0 0 • "' .E 
u~al-: 

~ 
HS'M.L -" • ~ 

0 

' "S '" .; 

" HSd •• 
-;; 
u 

OM" 'Ell 
0 
'0 
" ;r e -::.o J: .. . ~ 

HSJI ~ • v. ~ 

" ~ .- .: .:t 
dMO v. ~ -0 .- c 

u o e ~ 

UJ --5 " "0 • " " "~ ..§ " 
AJ~Q -" o ~ 

.:: :: 
OMO U " 

" " u 
• c 

H10 
~~ 
;-"'iOJ 
~ 

~ " -~ 
010 ~ '>" 

" Z 
1! ,; 

1$3 >, . ~ 

.~ ~ 

u.,," .~& 
0 . .: 
.,; ;; 

'" - '" "' '<t '" 0 ~: 
c • 

~ 0 
"," 

0 0 0 u: ;; -
XapU! ~l! SJJ\ ! O 

0 



Table 13 Mean square for variation between altitude groups. ecosites. woredas. and zones and percentage of total variance 

ANOVA of I-\' for individlm l characters 

Between Between land races wIthi n 

A ltitude Ecositc Woreda Zone A lti tude Ecosile Worcda Zone 
<iF3) (dl'=l) (df~2) (df~ l) df~30) (dF29) (df~3 1) (df~32) 

Awn 0.07 0.Q7 0.09 0.05 0.05 0.05 0.05 0.05 
Endospcnn tex turc 0.40* 0.27 0.12 0.04 0.12 0. 13 0.15 0.15 
G lunlc co lor 0.40* 0.30 0.48* 0.46 0. 13 0.13 O. \J 0. 14 
G lume hairincss 0.02 0.01 0.00 0.00 0.04 0.04 0.04 0.04 
G rain color 0 .24 0.3 1 0.44 0.20 0.16 0.15 0. 15 0.17 
G rain Cover 0.09 0.Q7 0.02 0.01 0.09 0.09 0.09 0.09 
Grain fonn 0.03 0.03 0.05 0. 10 0.03 0.03 0.03 0.03 
Grain plumpness 0.04 0.Q7 0.03 0.00 0.06 0.06 0.06 0.06 

InOorcccncc ":01111> I 0.08 0.0 1 0.02 0.02 10.10 0. 11 0.10 0.10 
act ness ;l1ld shape 
Juice navor 0.00 O.lX} U.OO 0.00 0.00 0.00 0.00 0.00 
Midrib color 0. 15' 0.16** 0.08 0.08 0.04 0.04 0.05 0.05 
Pedunclc sh;lpc 0.04 0.04 0.02 0.04 0.Q7 0.07 0.Q7 0.07 
Stcm j uiciness 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Thrcshabilit 0. 11)* 0.05 0.06 0.09 0.05 0.Q7 0.Q7 0.06 
• • p < O.O!i. ·· - p < O.OI 
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Table 14. Hier;:J["chical analysis of variance of diversity (H ') across characters 

Source or variations DF SS MS F 

Between 
Zone 1 0.1669 0. 1669 0.997n' 
Landracc wi thin zones 32 5.3529 0. 1673 2.23 1·" 

Worcda 2 0.1749 0.0874 0 .506n5 
Landracc wi thin Worcda 31 5.345 0. 1724 2.299 .. .. 

ccos itc 4 0 .467(, 0. 1169 0.67 1ns 
Landrace within Ecosite 29 5.0523 0. 1742 2.323** 

Alli tudc 3 0.09 14 0.Q305 0 .169ns 
Landrace within 30 5.4285 0. 1809 2.4 12"-
Altitude 

Character wi thin 442 33.1479 0.075 
Landracc 

'" 11011 sIgnifica nt , .. - I> < 0.0 1 
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I. 4. C luster Ana lysis 

The thil1y·four landraces were grouped in fi ve clusters (Tablcs 17 & 18: Figure 6). The 

number of landraces per cluster ranged from I in clusters III. IV. and V to 15 in clustcr I. 

Cl uster I contained the maximum number of landraces (25): 1. 2. 3. 4. 5. 6. 7. 8. 9, 10.12. 

13.16,17,18,10,21, 23,24.26. 27,28, 29,30,33 . Most of these landraces were from 

medium alti tude (1500 - 1800 m.a.s.\. = 14 landraces), from low al titude «1500m.a.s.1. = 

9 landracc5) and from high altitude (> 1800m.a.5.1. - 2 landaces). 

Clu ste r II conta ined 6 landrace5: 11 , 15, 19, 25. 32, and 34. These landraces were grown 

at elevat ion < 1500m.a.s. 1. (Bat i) and at medium elevation frolll Fontenina and Ataye. 

Cluster-s III , IV, and V contained one landrace each: cluster III contain lalldrace 14 from 

Fontenina and clusters TV and V contained landrace 22 and 31. respecti vel y, both from 

Layignaw ataye. All these three landraces were sharing the same altitude (1651 -

1800111.a.s.1.). The detailed description of the distribut ion of the 34 sorghumlandraces over 

5 clusters with respect to each agroecosite is presented in Table 17. see also Table 18. 

For all the clusters the within cluster sum of square, average di stance and the maximum 

distance frolll the centroid is presented in Table 15 and the distance between cluster 

cCllIroid is also presented in Table 16. Hence, all of the clusters were different from one 

another. 
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Table 15 . A n:rOlge Olnd maXL:11Um dlstOlllce wllhin the 5 clusters of sorghum landr3ces 

Number of Within cluster A verage distance Ma~imllm distance 
Landraces sum of sguares from centroid from centroid 

Cluster! ,-
- ) 1286.61 1 7.003 ' 10.546 

Cluster2 6 223.528 5.993 7.953 
C1uster3 0.000 0.000 0.000 
Cluster4 0.000 0.000 0.000 
ClusterS 0.000 0.000 0.000 

TOlble 16. DistOlnces between cluster centroids of sorghum lOlndrOlccs 

Clusterl Cluster2 ClusterJ Cluster4 Cluster5 
Cluster! 0.0000 11.4611 12.1271 20.3 191 39.5650 
Cluster2 11.461 1 0.0000 14.8745 17.2603 38.0865 
Cluster3 12.127 1 14.8745 0.0000 20.5183 40.7922 
Cluster4 20.319 1 17.2603 20.5 183 0.0000 42 .5793 
ClusterS 39.5650 38.0865 40.7922 42.5793 0.0000 
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Table J 7. Distribution of the 34 sorghulll landraces over 5 clusters w ith respect to each agroecosite in North Shewa and SOllth Welo, Ethiopia 

[JUS! !:e11 S11 LANDRACES 
,"rs " , 2 ) 4 5 6 7 8 • '0 " 12 1.1 14 15 16 17 18 ,. '0 " " 2l " 

,. -, " " " 2') )0 31 " )) 34 Total 
~cos '" " '" , + + + + + + 6 

2 + + + 3 

I 3 + + 2 2 
4 + + + + + + + + + + + + 12 5 
5 + + 2 
I + + 2 
2 + I 

II 3 0 6 
4 + + + 3 
5 0 
I 0 
2 0 

III 3 0 I 
4 + I 
5 0 
I 0 
2 + I 

IV 3 0 I . 
4 0 
5 0 
I 0 - -
2 0 

V J 0 I 
4 + I 
5 0 

Alti tude 3 4 4 2 I 2 2 I 2 2 3 I I 3 3 2 I 2 I 2 2 3 I I I I I 2 2 2 3 2 2 2 34 4 
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Table IS. Dlstriburion of 3-1 sorghum landraces Ovcr 5 cluslcrs b) a !; roeco loglc~ 1 Slits alld alt itude groups 

Ecosites Altit 
ude 

I II 
Bati I , 

2 J 

2 , 
J 

3 
4 

Fonteni na I 2 
2 
3 I I 
4 

Hahike J 
2 
3 
4 2 

Layignawataye J 2 
2 10 2 
3 I 
4 

Mercwa adere I 2 
2 
3 
4 

Total 25 6 

, .0 , 
•• 

F 
U 0 .0 
N , 

-.S 

- 1 .0 • 
I 3 

2 • 0 
F U N- 2 

Clusters Total 
For 

III IV V Ahitudes 
5 
, , J 

0 
0 
2 
0 

I 3 
0 
0 
0 
0 
2 
2 

12 
I I 3 

0 
2 
0 
0 
0 

I I I 34 

3 

2 

~2 
' .0 •• 0 .0 U N -3 F 

.0 

f° ta' for Eco 
lies 

8 

5 

2 

17 

2 
34 

Ecosites 

• 
• 
3 

2 

Figure 7. Scallt'r diagram of the first t 
. (CAX') based on mean \'alues of obser\'allons hrt'e canonica l \'3r1ables I 

in sorghum landrlces. 
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Sorghum landraces from the five ecosites appeared unequall y di stribUlcd along the Y.axis 

(Fun· I ) of the analysis (Fig. 7). The first three canonical variables accolll1led for 91 0 0 of 

Ihe lotal morphological variation. of which 49% of the propotion of Ihe \ ari:lIlce \\ as 

explained by Fun·1 (Table 19). Sorghum 1adraces from Layign3w at3)e and B:lIi \\ ere 

posit ively correlated to F 1·1 This axis is correlated with grain fonn and midribcolor. 

Fun·2 maximaz the differentiation to which Merewa ade!"e was highl y correlated. A\\Il , 

grain plumpness and peduncle shape were detected to show high correlation. Fun·) 

appears to be more posit ively correlation with Bati and endospcr texture showed greatest 

contribution. Damania et a!. (1996); Pecetti and Damania, (1996) have al so lI sed the same 

method. The dissimi lari ty matrix of all the 34 sorghum land races is presented in Table 20 

to indicate the degree of dissimilarity (di stance) between any two landraees. 

Table 19. Eigen \·"Iues. proportion and cumulative: variance: of Ihe thre:e canomc3l varr3bles (CAN) bch\ce:n thu-e: 

CAl'\s and the original variables for 5 ecosites. and between the C." Ns 

CAN-I CAN·2 CAN-
3 

Eigenvalue .91 1 .52 1 .255 

Prop0l1ion of total variance .49 2 .13 

Cumulative variance .49 .77 .9 1 

Correlation coefficient with: 
0.242" 0.001 -0.178 

Grain fonn 
-0.22" -0.08 0.112 

Midrib color 
0.14 0.803" -0.119 

Awn 
0.128 0.294" -0.018 

Gra in plumpness 
0.106 -0.255" -0.026 

PedllllcJe shape 
0.24 0.026 0.652" 

Endosper textur 
0.091 -0.073 0.292" 

Grain color 
-0.008 -0.047 0.212" 

Innoresence compactness and shape 
0.011 -0.1 0.178 

Glume hairiness 
-0.054 0.066 0.128 

Grain covering 
-0.08 0.055 -0.339 

Glume color 
0.446 -0.142 -0.379 

Stem juiciness 
-0.268 0.183 0.262 

Juice navor 
-0.23 -0.014 -0.013 

Tbreshability 
• "" P < 0.05 59 



T<lbfc 20 . D lsslIIlibrlly 111;111'1;>; or lhc Ilml y rour sorghum lalldmccs 11l N Orlh Shew .. ,H1(1 Soulh 

Wclo reglolls or Elhiopm based on Euchdcal1 Distance measuremcnt 

Landr 2 3 4 5 (, 7 8 9 10 I I 12 13 14 15 1(, 17 
aces 

1.49 1.2 1 1.27 1.33 1.53 1.27 1. 10 1.58 1.57 1.08 1.31 1.67 0.77 1.1 1 1.3 1 1.60 
2 1.38 1.43 1.49 1.30 1.44 1.1 2 1.32 1. 8 1 1.60 1.74 1.29 1.73 1.60 0.8 1 1.1 3 
3 0.78 0.72 1.28 1.1 9 1.1 8 1.92 2.20 1.1 9 1.23 1.42 1.1 0 1.20 1.33 1.83 
4 0.5 1 0.89 1.1 2 1.43 1.96 2.25 1.07 1.25 1.29 1.27 1.11 1.1 7 1.88 
5 0.93 1.05 1.30 1.87 2.18 1.1 3 1.0 I 1.22 1.1 3 1.1 0 1.28 1.84 
6 1.0 I 1.39 1.58 2.09 1.28 1.3 1 0.65 1.49 1.20 1.3 1 1.46 
7 I. I I 1.62 2.04 1.1 6 1.25 1.1 5 1.40 1. 1 I 1.21 1.58 
8 1.341.6 1 1.5 1 1.40 1.47 1. 11 1.39 1.1 7 1.2 1 
9 0.98 1.85 1.84 1.39 1.76 1.8 1 1.60 0.59 

10 1.95 1.89 2.02 1.72 1.89 1.84 1.08 
II 0.78 1.45 1.2 1 0.40 1.24 1.85 
12 1.48 0.99 0.56 1.46 1.84 
13 1.70 1.44 1.52 1.29 
14 1.06 1.60 1.76 
15 1.25 1.77 
16 1.47 
17 

L:.IIH.lr I ~ II) 2() 2 1 22 23 24 25 26 27 28 29 30 3 1 32 33 34 
aces 

1.42 1.04 1.38 1.28 0.96 1.6S 1.34 1.3 1 1.01 1.38 1.59 1.25 1.23 1. 13 1.22 1.25 1.34 
2 1.38 1.50 0.88 1.28 IA6 1.1 9 1.40 1.44 1.68 1.50 0.47 1.27 1.13 1.56 1.92 1. 11 1.53 
3 1.14 1.00 1.19 0.94 0.89 1.53 1.07 0.83 1.38 1.36 1.5 1 0.94 1.02 1.1 0 1.80 0.93 0.6 1 
4 0.82 0.93 1.04 0.76 1.20 1.38 0.85 0.75 1.03 1.47 1.41 0.83 0.76 1.33 1.78 0.99 0.64 
5 0.83 0.83 1.07 0.66 1. 10 1.35 0.74 0.6 1 1. 12 1.36 1.45 0.87 0.97 1.23 1.69 0.9.) 0.39 
6 0.86 1.12 0.67 0.68 1.34 0.65 0.93 0.95 1.15 1.15 1.10 0.90 1.0.) 1.53 1.78 0.81 1.03 
7 0.89 0.92 0.87 0.54 1.27 1.1 0 0.63 0.80 1.08 1.38 1.38 0.67 l.iJ 1.46 1.62 0.74 1.07 
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~ 1.32 1.37 I. I S 1.20 0.83 1.40 1.32 1.30 1.25 1.20 1.24 1.10 1.29 1.30 1.59 1.09 1.25 
9 I. 78 I. 7 I 1.3 I 1.58 1.58 1.32 1.71 1.79 1.75 1.35 1.22 I. 73 1.8 I 1.86 1.45 1.50 1.92 

10 2.02 1.91 1.93 2.05 1.86 2.04 2.09 2.09 1.93 1.79 1.81 2.07 2.07 1. 84 1.07 1.97 2.24 
I I I. I 7 0.5 I 1.22 1.05 1.44 1.54 1.06 I. I 5 1.4 I 1.67 1.56 1.04 1.27 0.85 1.50 1.24 I. I 8 
12 1.22 0.67 1.4 I I. I I 1.40 1. 58 I. I 2 I. I 5 1. 52 1.62 1.68 I. I 4 1.4 I 0.69 1.42 1.26 1.08 
J3 I. I 2 1.25 0.64 0. 84 1.40 0.53 1.05 1.09 1.48 0.94 1.0 I I. I 7 1.38 I. 7 I 1.88 0.89 1.32 
14 1045 1.07 1. 56 1.3 1 0.86 1.74 104 3 1.27 1. 16 1.33 1.82 1.32 1.370.89 1.23 1. 29 1.08 
15 I. I 2 0.57 1.25 1.04 I A I 1.47 1.09 I. I 3 1.39 1.63 1.57 0.96 1.22 0.66 1.39 I. I 5 I. I 2 
16 1.05 1.20 1.00 I. I 4 1.56 1.43 I. I 5 1.24 1.43 1.76 0.90 1.06 0.99 1.36 1.70 1.2 I 1.35 
17 1.57 1.75 1.22 1.55 1.54 1.24 1. 70 1.67 1.70 1.20 1.06 1.6 1 1.67 1.8 1 1.49 1.38 1.87 
18 1.000.96 0.72 1.43 1.230.730.56 1.09 1.38 1.280.77 0.92 1.44 1.560.890.98 
19 1.050.72 1.29 1.350.750.8 1 1.28 1.48 1.460.92 1.140.90 1.380.970.9 1 
20 0.62 1.27 0 .54 0.87 0.94 1.30 I. I 2 0.69 0.92 1.09 1.50 1.77 0.74 I. I I 
2 1 I. I 7 0.90 004 1 0.52 1.08 1. 2 I I. I 8 0 .64 0.94 1.35 1.63 0.56 0.76 
22 1.50 1.32 1.23 1.09 0.9 I 1.52 1. I 9 1.33 1.33 1.69 1. 13 1.05 
23 1.20 1.2 1 1.50 1.09 0.96 1.22 1.4 1 1.73 1.89 0 .91 1.35 
24 0.65 1. 12 1.45 1.29 0.66 0.95 1.44 1. 70 0.78 0.97 
25 1. I 4 1.24 1.4 I 0.82 0.99 1.35 1.53 0.72 0.68 
26 1.29 1.63 1. I 2 1. I 6 1.67 1.53 1.24 1.22 
27 1.39 1045 1.59 1.70 1.67 1. I 4 1.34 
28 1.27 1.25 1.67 1.95 1. I 4 1.54 
29 0.70 1.23 1.72 0.65 0.96 
30 1.34 1. 72 0.79 1. 12 

A '''! 3 1 1.45 1.30 1. 19 
32 1.6 1 1.72 
33 0.98 
34 
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, Isoz\'me ana lvsis _.. . 

Thirty-four sorghum (S hic%r (L.) Moench) land races were used in the iSO/)111C analysis. 

Figure 8 a, b sho\\' the band patterns of the thiny-four sample materials for two (EST and 

, ACP) enzyme systems. Probably. for the reasons mentioned in the discussion pan the 

allelic polymorphism has not been detected in this study. 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 0ngm 

- -------------- band 

-- ------ band 

anodal ,~------------------~ 
I Q I q '" " " " , 

? - 1f\ 1 7 ?R ?C} 1n" .. .,.... 1.1 gm 

0 ______ _ -------- bands 

-- - -- - -- - !hinds 

bL _______________________ -=~==~.3nodal 
, I !:Illdrlll:es. Thl." ongtn 1$ 311he" lap. and T ( b) for the" ,,4 sorg 111m Figure Sa. Profile of banding p311ems 31 ES a, 

the anode is at Ihe bOllom. 
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-------------- band 

--------------- band 

, L--________ ~ . anodal 

18 19 20 21 22 23 2 4 25 26 27 28 29 30 31 3_' 33 ' 4 r _______ .::.....:.:-.:.::....-.::.:....:::_::......::...:::....::.:...:..:-.:~..:::.._::J :..--, ...... onsll1 

--------- band 

_______________ band 

d anodal 

Figure Sb. Pro!ile of banding pattems al ACP (c. d) for the 34 sorghum l:mdr3ces. The ongm is at the lOp. 

and the anode is at the bottom. 
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3. Ethn obotanical study 

3. I. Farmers perceptions 

Sorghum land race divers ity as defined by Teshemo" "~I (1999a) ' II b fd 
~ ... . ]5 Ie nLim er 0 ]Stillct 

sorghum plant popUlations grown on a fi eld, as named by the famlers folk nomenclature. , 
Fanners' identification and nami ng of sorghulll landraces was synonymous consistent with 

what is groupings shown Ihrough. Teshome el al.( 1997) also conducted research with 

sorghum landraces as identifi ed and named by fanners in North Shewa and South Welo 

regions. 

A lolal of thirty four types of landraces of sorghum (5. bicolor (L ) Moench \\ ere recorded 

wi th the vernacular name to stud y the indigenous knowledge of the local people in North 

Shewa and South Welo regions of Ethiopia. The naming of the landraces was derived 

from the shape of the panicle (eg. tengeley: afe di st, afe tume), from its resistance 10 

envirolmlcnta l and biological stress (eg. aehi yo, wof ayibelash), from the local name (eg. 

merabete), etc. Appendix 3 shows the list of landraces with vernacu lar Ilame as perceived 

by the fa rnler' s folk nomenclature and their translations and Appendix 4 shows examples 

of vernacular names of some sorgh um landraces and the related popular sayings with thei r 

trans lation. Some agroecosites consist of the majority of land races under study. For 

example, from Layignaw ataye 17 landraces were recorded-whereas in some other 

agroecosites onl y a few number of landraces (eg. Hayi ke contains onl y two landraces) 

were included in our samples (Table 6). 

3. 2. Frequ ency (din rsiryr) of Jandraces under environmental va riables 

3. 2. I. Altitude 

Sorghum land race diversity in th is study area was highest in the alt itude range of 1500 -

1650 m.a.s. l. Sorghum landraces are well adapted at this alt itude range 10 the 

. '1 lion seasonal conditions than lowards 
envi ronmental conditions like temperature, prec]p] a , 

. 0 It greatlY agreed with the study 
both higher and lower altitude groups (F]g. 9). lIr rest! . 
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F Jgure. 9. R;lationship between field alt itude and sorghum land race divcrsily based on llllC3T rcg~sslon 
analysIs (R- =0.04: P < 0.05; Sqn (Diversi ty): 5.72982 -+- 0.6079 16 All). All tenns are sl£mfic:lnl 31 ct; .. 

0.05, based on lype III sum of squares. 

perfonned by Teshome el al. (1999b) on the maintenance of sorghum (5. bicolor (L.) 

Moench) land race diversity by farmers' selection in Ethiopia. Since it is Sorghu lll 

land race. diversity undoubtedly decreased towards high altitudes (> 1800m.a.s.I.). 

4. 2. 2. Field (plot) size 

Figure 10 revealed the diversity of sorghum land races along the plot size. The distribution 

of sorghum landraces by frequency composition (diversity) and total plant counts over 

100 plots (fields) in temlS of zones, woredas, ecos iles, ahiludes, and plot sizes is also 

presented 111 Appendix 6 and the frequency (%) and (olal counls of the 78 sorghum 

land races 111 Appendix 7. The diversity of sorghum landraces was remarkably and 

unexpectedly very high in the fie ld size between 0.25 - 0.75 ha or 1- 3'timad' . Such an 

inc rease of sorghum land race diversity may be related to the location of the specific field. 
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• 0 1~ o SO·O IS 

prot size (hactares) 
o H I , , 

FigJO. Relationship between field size and sorohum [andrac. d'"", ', b d " I . , e' l yase on mear l·egresslOn 
ana ySIS ( ~. = 0.076; P < 0.005; Sqn (Diversity) .. 5.08 + 1.05 Size). Alilerms are slgmficant at 
oc = 0.00). based on Type III sum of squares. 

3. 3. Use va lues of the so rghum (5. bicolor(L ) J\"foench) landraces in North 

S hewa a nd South Welo regions of Ethiopia 

AbOLIt twenty-five uses were defined by the infonnants (Table 21). Most of the uses were 

common to the most landraces (eg. nutri tional qua lity as 'injera', suitability for beverage, 

yield), and few were landrace-spec ific (eg.medicinal value. malting quality). Proponion of 

uses and use value indices for each selected sorghum landraces as identified by infonllanr 

fanners is presented in Appendix 5. Table 21 shows the vernacular name of sorghum and 

their identified uses in the area. The greatest number of uses was recorded fo r zengada (15 

uses) and both aehi yo rejimu and ahiyo jamyo had 13 and 12 uses respectively and the 

least number o f lI ses was observed fo r both 'ganseber' (pot-breaker := 3 llses). commonl y 

known for loca l beer and 'ajibe' (4 uses) . The use values of most of rhe other sorghum 

land races were more or less equally ranging from 5 \0 12 uses and most ofthelll "ere \\ ell 

adapted to the medium elevation where maximum diversity was recorded (Figure 11 -13 ). 
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Tablc 2 I Vcrnacular flalll C or sorghulll land races (S. bicolor (L.) Mocnch) and th cir identi fled li se valucs 

Landra USE S Tolal 

ccs · ----2---3--4---5--6---7---8---9--'-0---" --'-2--'-3--'-4--' 5--'-6--'7--'-8--'9--2-0--2-' -2-2--23---2-4--2-5-+-/'---'~ L 
3 I / I 3 3 10 I 2 I 5 

2 3////3//13 / 3 /1~1~141~ 
' 3 3 2 3 3 2 / / / 3 3 3 / 4 2 6 ' 2 

4 2// / /2 / 15 12 10 17 
5 / / / / 4 10 10 14 
6 I / / / / / 2 / 2 / 2 19 13 10 112 
7 / 2 3 2 3 / 3 / - 3 / I 4 I 2 I 4 I, 0 
8 //1/ / / 2/ 17 1 , 10 18 
9 I /1/ I 15 10 10 15 
'0 I I / I I I 16 10 10 1(' 

I " 3 2 / / / / 23 2 1~1~121 ') 
12 I I I J 0 0 ~ 
' 3 3 / / ) / 3 3 I 3 3 / I 6 I 0 I 5 II I 

,4 / I / I / / / I 7 I 0 I 0 I 7 

15 / / I I J -' / / 3 16 10 13 19 
1(, / 22 / 3 2 / 14 13 1 1 18 
' 7 / / / 2 / 2 3 / 3 3 2 / 16 13 13 112 

1 ' 8 3 / I / I I 3 3 J 3 I 6 0 5 I I 
19 I / I I I I J 3 I J I 6 0 3 ') 
20 2 I 2 2 I 2 2 4 0 6 

121 2 3 2 2 2 3 3 2 2 I I 12 16 13 III 
22 I I 311 ~ ()15 

23 1 2 222 J 3 113 2 13 15 13 11 1 
24 I I I 3 I I I 5 I 0 I I I 6 
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25 2 I I J I 3 I 4 1 2 7 

26 3 - I I 2 I 3 2 I I I - 6 2 2 10 

27 - I 2 2 2 I 2 .I 0 5 
28 I I I I I I 3 2 3 I 7 1 2 10 

29 J I J I J I 2 I 7 1 0 8 

30 J 2 3 2 1 2 1 4 
31 3 I J J J J I I I 3 I 9 0 2 11 
32 I J 3 2 I 3 1 .I 7 

33 - 3 J J J .I 0 1 4 
34 3 J I I I I I J 3 J 3 I 3 J J 11 0 4 15 
T 1 11 1 14 18 14 16 3 3 14 7 4 11 3 5 2 6 13 4 3 3 2 9 4 1 4 
0 

T 2 4 0 3 4 4 4 2 0 3 0 0 6 0 0 0 0 7 4 1 0 0 3 0 0 0 
A 3 8 0 1 2 0 2 1 0 4 8 o 13 0 0 2 o 10 2 4 0 0 4 0 0 0 
L 

1: 23 1 18 24 18 22 6 3 2 1 15 4 30 3 5 4 6 10 8 3 2 16 4 1 4 

J less Involved. 2 1l1c(hum Involved. 3 hIghl y IIwolvcd 

* = Tabk9& 11 

Uses: I . Grain yield, 2. Total plant biomass, 3. Insect pest resistance 4 . Str;ga resistance. 5. Disease resistance. 6 . Drought resistance. 7. i3ird rcsisl<lncc. 

8. Loaging resistance. 9. Markel value, 10. Ealen fresh green. 11 . Eaten roasted, 12. E:llcn as ' injcra' , 13. Eaten 35 bread. 14. Pondgc making. IS. Juicy 51:!.]k. 

16. Ealen boi ld (" nifro·). 17. ~llilabihly for beverage. 18 . Milling quality. 19. Early llIaluflllg. 20. Latc maturing, 21. Thrcshcbility. 22 . Storability. 23. Malting qlwllty. 

24. Medicinal value, and 25. NOli-selective 10 soil type . 
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Vo DI SCUSSION 

1. Distribution of characters 

Seventy five percent of the total landraces in this study was detected to h,1\ e aWlls in l\'onh 

Shewa and South Welo regions. However, in the previous study, the freq uency distribu tion 

of awned sorghum landraces fo r all populations was detected 10 be fa irl y equal in Welo 

region (Ayana and Bekele, 1998). The presence of awn ill alt cnlcries of each classifyi ng 

variable (altitude groups, ecosites, woredas, and zones) was fai rl y equally di stributed 

except for two extreme cases - at altitudes between 165 1- 1800m.a.s.l. , 99 0'0 of the 

land races were awned and in ' Merewa adrere' no landracc collected was found 10 have 

aWI1 . The dist ribution of phenotypic classes for endospenn texture was observed to be 

maximum for completely starchy (43%) and observed to be negligeble for mostly corneous 

(3%) with total absence of completely corneous endosperm texture. This high proportion 

of compeletly starchy endosperm texture may be related to the high milling qua lity of the 

sorghum grains. The greatest frequency of starchy endospenn was totally coinciding with 

previous studies (Kebede, 1991 ; Ayana and BekeJe, 1998). 

White and purple glume color were highly distributed for aJl landraces in the regions while 

yellow. greyied orange and red glume colors were known to ha\ e negligible distribution in 

all class ifying variables. 

Fa" I I dO °b ° fie hairiness was seen for all the three phenotypic classes in 
Ir y equa Istn utlon 0 g urn 

altitude < 1500111.a.s. 1. and 1550 - 1650 l11.a.s.l. 20% hai ry :lJld almost Iota I medium glume 

hairiness were di stributed in altitude 1651- 1800111 .3.5.1. and :> 1800 111 .3.5.1, respectively. 
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Such uneven di stribution of glume hairiness wi" . as a so seen lor CCDSlteS like Fonlcmna. 

Hayike and Merewa adere The most ab d t . I . . un an gram co or fo r most altllude groups and 

mOSt ecosiles was yellow. OUf result agree verI' much wi th th I I db ' cd b e rCSll IS a rea y 0 131n y 

Teshme el al. (1997) and Ayana and Bekele (1998). However. il is necessary to ment ion 

that red color was more frequent al altitude >1800 lll.a.s .1. and in one ecosile· ' Hayike' , In 

Merc\\'a adere al so white and brown grain colors were more frequent. For the eilli re 

land races the number of plants in which the grain were covered wilh glumes dec reased in 

Ill e order of 50%, 25%, 75% and 100%. For all altitude groups cHld most {'cOS tl eS, similar 

trends were followed. 

Twin seededness, which is a world wide rare phenotype was observed (data given in Table 

8-11). 6% of the grain fonns of the entire landraces was twin seeds. The alti tude range of 

1500 _ 1650 O1 .a.s.1. (in ' Layignaw ataye' ) was the only source of sorgh um landraces 

having twin seeds. For this altitude twin seededness was about 12 %. Plump grain was 

much more frequent (83 %) than dimple grain (17 %) for the entire land races along all 

alt itude ranges and all ecosites. This result some what di sagrced with the prcvious one 

(Teshome er al. , 1997), where about 69% of the grain plumpness was recorded to be 

dimple. 

Out of six phenotypic classes, the compact oval panicle was 33 01, for the entire land races 

and this phenotypic class was also most dominant for all alt itude groups and at all ecosi tes. 

This resu lt agreed highly with what Teshome et al. (1 997) and Arana and Bekcle (1998) 

have recorded for this region. 
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The distriblltion of diversified innorescence compactness and shape Indicates the 

distribution of different races of sorghum (Harlan and De WeI. 1972: Stemler ct o/.. 1977; 

Doggell. 1988). Race durra (charateristics of compact oval pamcle) is gro\\n In Afnca 

along the northeaster coastal region and was restricted in Ethiopia to the :-':onheastcm pan , 
(De \\'et er 0/., 1979; Doggell, 1988). The local fanners in North Shewa and South Welo 

regions choose this race for its ~igh grain yielding quality and for th is reaSon race duml is 

the Illost economically important race of sorghum in Ethiopia (Stemler er (II .. 1975). The 

presence of compact , semico111pact, very loose, and open panicle type in our study 

confinlled the occurrence of race durra, caudatum, guinea, and bicolor types (Stem ler et 

al., 1977 and Harlan, 1992). Teshome et al. (1997), further suggested the occurrence of 

one of the 15 intemlediate races proposed by Harlan and De Wet (1971); Stcmler et al. 

(1977) and Doggen (1988)" 

The distribUlion of juicy stalk for alilandraces \\'as represented by 33%. The most frequent 

sorghum land race with juicy stalk was grown in the altitude range 1500 - 1651 m.a.s.1. and 

1 1 1 d d tected ",n tIle altitude > 1880 m.a.s. 1. Of all ecosiles, no SllC 1 soro wm an races were e o 

'L " ," d th ost frequent sorghum with juicy stalk. The di stribution aYlgnaw ataye contame em 

of juice flavor also followed the same trend with frequency of 12 % of all landraces. 

F "1 " "I d"f'erentiate the variation between and within both juicy and amlers III t l C regIOns easl y I I' 

. h . im ortant Jield character. The work done by 
non.juicy sorghum landraces by uSing anot er p 

, 1 " " h suit In Nonh Shewa and Soulh \\ C 0 regions 
Teshome et til. (J 997) agrees WIt our re . . 

. e e ually most dominant characters fo r all 
where yellow (45%) and white (45 %) color, \\er q 

. fanners used IC:Jf midrib co lor as an 
land races and all altitude and all ecosltes groupS, 

'fi t e of sorghum l:Jndrace (e.g. Ihe juicy :md 
important characters to ident ify the specI IC yp 
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non~juicy). Famlers further lIsed midrib colo I 'd ' f I ' r 0 1 cnll y 11C gram fonning from the JUIcy 

sorghums (T eshome el al., 1997). 

2. Estim ates and analysis of diversity 

H' is used widely in ecological studies of species diversity of community or of g~nnp l:lsm 

collection, and in analysis of ecological successions (Tolben et lIl., 1979). The distribution 

of thi s index of diversity is asymptotically nonnal for large samples (Brown el (II ., 1973). 

Estimates o f Shallllon· Weaver diversity indices in this study indicalcd that sorgh um 

landraces in North Shewa and South Welo regions wcre vcry high due 10 the ecological 

heterogeneity and climatic variations. Altitudinal gradielll and agroecological differences 

bave thei r own influences as a fac tor fo r diversity variation for the sorghum landrces in the 

study area. The overall mean diversity index (0.77 ± 0.04) was comparable with the result 

ob tained (0.75 ± 0.07 for Welo) in the study of tbe geograph ical pattents of morphological 

variation in sorghum landraces for qualitative characters (Ayana and Bckcle. ! 998). 

The val ue of H' for all landraces ranged from 032 for grain fonn to 0.98 for peduncle 

shape with an overalll11ean of 0.77. Except for grain fonn, apparently high diversity was 

estimated for all the other characters. The mean of Shannon di\'ersity index. pooled 0\ er 

I .. .. I " " s ",oreda and zones varied from 0.33 for c laracters wnh1ll altltudma vanatlons, ecosl e , ' . 

ai, ', d h 1800 s I to 075 for altitude between 1500 and 1650 III a. s. I.. I U e greater t an 111 a. .. . 

from 0.33 for ' Merewa adere ' to 0.79 for ' Layignaw ataye '. from 0.33 for ' H a)~ke' to 0.79 

S I \" 10 '0 094 for North Shewa. respecti vely. The 
for 'Ataye ' , and 0.60 fo r out l;ye . 

differences in 
, ' f h I ndraces between higher and medium ahilllde 

the dIverSIty 0 sorg urn a 

re sensitive to the conditions of the higher 
clearly indicates that sorghum landraces are mo 

altitudes. 
, I 'f " " variable (altiwde. ccosile. \Voreda. and 

In different entnes of each c assl ) 111;:, 
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zone). different le\'els of H' was displayed by individual charaelc 'I " h d" d r . I Ig cr 1\ 'Crsll)' In ex 

W3S generally obtained for characters with fewer (\wo to three) phCnOl~l)ic classes (i .c .. 

descriptor states) than those characters having more than three phenOI)l)ic classes . A)3J13 

and Bekele ( 1998) have scored simi lar results in thei r study of geographical patterns of , 
morphological variation in sorghum. Glume color showed relatively 10\\ diversity Index in 

almost all el1lries of each classifying variable. This may be attributed 10 unequa l 

di stribu tion of the landraces of each entry over the seven characters. However, grain Conn, 

with two phenotypic c lasses (twi n and single. i.e. descriptor states) and appreciabl y 

di scovered in four landraces with high H' each, whereas the overall diversity index for tbe 

same character was least (0.32). This result further confi rnled what has been recol11mended 

by Negassa (1985) and suggested by Ayana and Bekele (1998) 1ha1 it might be misleading 

to compare the values of H' from characters having different classes. 

Pooled over characters within each classifying variable, the range of mean of H' as 

indicated above showed an apparent diversity fo r all characters. The distribution of 

variabi lity (Table 12) as it appears, lacks unifomlity in all entri es of Ihe classif)~ng 

variables. 

A I
" f V" (ANOVA) (Table 13) showed significant differences between 

na YS IS 0 artance 

" ed d ones Midrib color is the only character 
characters within ecosites, altItudes, wor · a, an z .. 

" b h 'between ecosiles' and 'between altitudes '. 
that revea led significant differences ot 

Endospel111 texture, glume h h b"I"lly characters 31so re\ ealed siglllficam 
color. t res a I ' 

differences between 
I .' showed signi ficant dI fference 

altitude groupS. Glume lam ness 

b h S
howed significant difference bel\\een zones and 

et\\'een woredas and ]10 c aracter 
I (1996) alld Belay (1 997) for ElhiopIa" 

within any classifying variable. Becherc el {/ . 
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wheat and Demi ss ie and Bojomistad (1996) for ba I b d " r cy 0 sene significant differences 

onl y bCl\vcen the class ifying \'ariables and not within. 

Table J-l depicted the hierarchical analysis of ANOVA ofW ac ross trail S (characters). 10 

variance group between zones, woredas, ecosites, and altitudes have shown signi ficant 

differences. However, significam differences ha\'c been revealed between landraccs \\ lthm 

all of the classi fyi ng variab les. The fact thai the study area and the sample size collected 

were relatively small the diversity seems statistically (though nOI biologically) 

nonsignificant at the regional (classifying variables) level. However. the real diversity was 

obserycd at the landraces level, as there was also statist ically significances between 

landraces within the classifying variables. Bekele (1984); Negassa (1986) ; Bechere el al. 

(1996) have observed the same result for Ethiopian wheal. 

3. Cluster Ana lys is 

The 34 sorghum landraces were grouped into 5 clusters on the basis of their morphological 

characters from all the five.agroecological sites. Cluster analysis, based on the binary data 

or dummy (OI l) variables (that was derived from the original raw data). was used to obtain 

a dendrogram of the 34 sorghum (5. hicolor (L) Moench) land races (Fig. 6). The 

dendrogram clearly indicated the close rel ationship between sorghum landraces from 

almost all ecos ites and the clustering was basically dependent on the panicle compactness 

" II " d open) the stem ':lI1d the grain type 
and shapes (compact oval , senucompact e lpl1C an ' 

d Hence from the dendrogram. it was 
(whether or not eaten fresh green) of the Ian races . , 

. . ,. 
pan

"lele (of dura t)'Pe) was remarkably used III groupmg _:I 
clear lhat compaci oval 

sorghum land races 
" h" h ethan 75% of the landr3ces from each 

into cluster I III W 1C mor 

Similarly, sorghuEll land races grouped in cluster II 
ecosile were grollped (Table 17). 

.' . Ie (of caudatum t)1>e) and the type of gTJin 
typically share the semicompact elhpl1c paJllc 
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eaten fresh green in common. On the ot her halld gJ I d ' 
I sor J HUll an races frolll Ball and 

Lavi2naw ataye grouped together and it can also be e\'I'dellt that tl I d ' I d - - 1e an races IrOm a !llu c 

bet\\ cen 1500 ~ J 650 m.a.s.l. ill these two ecosilcs appeared in the same cluster. Similarly. 

Jandraces from Fon ~el1ina and Merew3 adere al so appeared in the same cluster. Howe\'er. 

there existed landraces from the same eCOIype di stributed over m OSI clusters. Indicat ing 

variat ion among landraces within a given ecasile. The overlapping of the clustering 

pattems of the sorghum landraces was a hint fo r the lack of strong sorghulll lanclraec 

dltTcrentialion, whIch could mean the presence of gene now among landraccs. 

All of the clusters were different from one another. The minimum inter-cluster distance 

(1 1.46 units) was between cluster I and U both of which contained relat ively high number 

of land races mainly from Layingaw ataye at altilUde 1500 - 1800111 .:1.5.1. and the 

maximum inler cluster distance (42.58 units) was between cluster IV and V. Both clusters 

contained only one landrace each with distinct morphological features. This indicates Ihal 

the sorghum land races under the study were morphologically \'ariable with some extent of 

non unifonllity. 

4 . Isozyme analysis 

Several sur .. eys of variations in the genus sorghum have been previously studied by 

. / 1988' M den el at 1989' Mord en et al. 1990' dIfferent workers (eg. Morden et a ., ' . or ." ., 

Aid ' I / 199" D' / 1998' and Die el (11. , 1999) to validate the extent of genetic nClel a ., _, ~eeta . , ' J 

. ' I 'ze studied In this study we used a 
variat ion that miollt occur "'Ithm the large samp e Sl . , 

I the local people were using the same 
relati\'ely small sample size from nalTOW area \\' lere 

. d 'h close relationship between the landraces 
market (high matenal exchange) an \\ ere a 

\\'ere highly expected. 
, r result shows no variations (no allelic 

For tlus reason, ou 

PolYlllOIl)hism) in the sorghum iandraces. 
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5. Elhnoboln nical SlUd~' 

The local falllling communily has played a key role in maimaining Ihc di\crse crop 

resources in Ihe fonn of Jall9races (local cullivars). In addit ion to bcing affecled by 

population stnlctllre and natural select ion from the surrounding enviroOlnelll. crop 

diversity in agricultural systems is also affected by famler seleclion of agromorphologieal 

traits and management (Jarvis el al., 1998). Howcvcr, a fanner's selection criteria 10 

maintain a particular landrace at any given time depends on Ihe elwironrncnl and 

biological as well as the cultural and socio-economic factors. Landraces arc nonnally 

di stinguished by famlers' in tenllS of their agro-morphological characters (Louelte ct al.. 

1997; Teshome et ai., 1997). Farmers' indigenous knowledge about the locnl cuhivars 

could also be expressed in tenns of popular sayings, songs and poems (Appendix 4). 

The diversity of sorghum landraces apparently decreased toward the lo\\er altitude « 

1500m.a.s. I.). A good reason for the remarkab le decrease of sorghum di\ersity in lo\\ er 

altitude may be IllOst related to the vulnerability of the low lands to the water stress 

conditions and drought (see Teshome et at., I 999b). For this reason local fanners 31\\a)'s 

. I I d ces at lower altitudes. On the other hand. choose to grow drought resIstant sorg lum an ra 

, b en/ed unexpectedly frolll n relatively the greatest diversity of sorghum land races \\ as 0 s . 

I 3 'timad') Such an increase of sorghum 
smaller field size (between 0.25 - 0.75 ha or - . 

. n of the specific field. The funhcr the field 
landrace diversi lY may be related to the locallo 

" sit of the hmdraces no matter whal lhe size 
away from the home range IJle lesser the dl\ er Y 

I (J999b) also obsen 'ed such an unexpected 
of tbe field is (Marthin, 1995). Teshome et (t . 

« 
0.75 ha) fields and the reason suggeslcd by the 

high diversity from the very slllall 

. . to scll ielllcnt areas enabled the fanners 10 give 
allihor was that the famler's proXImity 
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more ancl1Iion 10 them in Icnns of more inputs of 1,'nlo a d 'd n orgamc resl ties Ih:m liclds far 

away from the home. 

From data give in Table 21, it can be realized that the highesl number of IIses was recorded 

fo r zen gada (15 uses) and both for aehiyo rejimu and ahcyo jamiyo (13 and 12 uses), 

respectively. These landraces are well adapted at the hi gher altitude (> I OOm.a.s. l.) where 

sorghum diversity is less. The local people were fo rced to maintain and 10 make use of the 

available diversi ty in lenns of al1 the uses they need. ZCllgada accomplished 60 % of Ihe 

tota l uses in the regions (Table 21). And from th is study, il has been clear that zcngada 

uniquely involve in medicinal value. Gelahun (1989), in his study 0 11 lhe Ethiopian 

Traditiona l Medicine, also identi fied zengada as medicinally important landraee. Benor 

and Sissay (1999) have also listed the use values of some sorghum landraces in Welo 

region based on fanners' indigenous knowledge. 

The least number of uses recorded for 'ganseber' and ' ajibe' may be relaled 10 the faelthat 

it is not too lono after these landraces have been introduced from the neighboring regions 
~ 

(Appendix 3). Most of the other sorghum landraces which are well adapted 10 the med ium 

I · .., ded were known to h:.I\'e use va lues III the e evatloll where maximum diversity was recor 

range of 5 to 12. 
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VI. CONC L USION A\,D RECOMMEl\DATIONS 

I. CO:"CLCS IO'l 

The o\erall mean diversity index (H') (0.77 j: 0.04) obtained in the present stud y \\as high 

and similar 10 Iha1 of Ayana and Bekele (1998) (overal l H' for Welo " 0.75 :, 0.07). This 

study suppons the longstanding belief and hypothesis made by Vavilov (Doggcn. 1991) 

abollt the high diversity of sorghum (Doggett and Parasado, t 995). The major rcason for 

Ihis hi gh diversity of sorghum landraces in the study area is due 10 Ihe (;IC[ 1hal these 

landraces are found in the relatively complex ecological heterogeneity and non-unifom1 

pattern of climatic conditions (temperature, humidity and rainfall). The role of fanner 

management adds another dimension to the cause of diversity. 

The adaptive significance and pattern of distribution of specific traits through a certain 

ecological conditions help to choose the site of il/-silu conservation. which would be 

integrated with ex-sitll conservation. This study therefore showed that the pattern of 

distribution of different traits was influenced by both biotic and abiotic factors. 

. 'r. t d'fference between zones. The trend of Analysis of variance fo r H' revealed no slglllJlcan I 

significance of ANOVA for H' seem to decrease from higher to lower hierarchy 

. " cosites > between woredas > betwccn 
(Significant difference between alt itude> bet,\een e 

. . e of 'reater envirollmental heterogeneity 
zones) indicating that altitudes and ecosltes \\er g 

. fthe lola I variance. and contributed to the largest proportIon 0 
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Very many studies have been devoted to assessillo the pattents or . . 
o g neue vanatlon In 

landraces. However. most studies were based on plant materials from gcncbank 

collections. rather than samples taken directly from the fields. OUf study of isozyme 

analysis therefore, attempted at assessing the genetic variations based on the III -SIIIt 

I 

conserved sorghum landraces. EST and ACP were used in this sHld y. Ho\\ c\cr, allelic 

polymorphism was n 01 detected for all sorghum landraces studied here a1 :l111oci in both 

enzyme systems. The fact that the resolution power of isozyme is relatively less, the 

genetic differentiation of these closely related sorghum landraccs needs the application of 

other molecular marker system with higher resolution power (eg. RAPD, RFLP). 

The sorghum landraces of North Shewa and South Welo regions of Ethiopia can be 

grouped into five clusters with 12 characters supporting the grouping. Innoresccnce 

compactness and shape and stalk juiciness played major roles in grouping sorghum 

landraces into these clusters. 

. .' ) r h lalldraces in the slUd )' area seem to The frequency of eXistence (dn'erslty 0 sorg urn 

decrease both towards the lower and higher altitudes. Since these ex treme allilUde groups 

I I ds that can have genotypes 10 resist 
had their own limitation, only those sorg mOl an race 

.' . nds of di stribution. On the OIher hand. 
and adapt to the environment thnve III the extreme e 

I dees in relation to the location of a 
the field size detennined the diversity ofsorghulll an ra 

. , t This was al so suggested by Teshome el 
speCIfic fie ld away from the farmers settlemen. 

enabled the famlers 10 ghe more 
al. (1999b) that the fi eld's proximity 10 settlement areas 

. . d organic residues Ihan fields far 3\\ ay 
attention to them in tenns of more mpulS of tIme an 

from the living si tes. 
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Traditional agro·ecosystems represent centuries of accumulated experience of 111IeraCIIOn 

by the famlers wi thout access to scientific infomlation, extemal input. capil:l.1. credIt. and 

development market (Wilken, 1977), Farmers almost always select landraccs that ha\e 

better quality to overcome the environmental hazards like drought. di seases. pests and 

others. This study therefore. has confirmed the key role thatlhe traditional fanners play 111 

the creation, maintenance and selection of land races. 
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2. RECOMMENDATION 

• Resul t of the present study help to Suoocst and '0 d" h 
0=':' cline t c need for slr:ueglcs for 

further collection of gennplasm. Sample co tlee',·on '0' ,I, ,·s I I study was nOI as 
. . . 

representative as It needed 10 be due to the th en prevailing environmental conditions in 

the region studied. 

• The isozyme analysis in the present study revealed no variation (no allelic 

polymorphism) fo r both EST and Aep. So other enzyme systems and higher molecular 

techniques with higher resolution (marker system) shou ld be employed to screen the 

imp0l1ant genes. 

• Above 75 locally named sorghum landraces have been observed in this study. This 

diverse genetic base that contain different genotypes wilh differen t usc value suggests 

the need for further detailed study to characterize sorghum landraces and to identify 

genotypes that can be of breed ing importance. 

• From cluster analysis. distinct landraces (e.g. Wincho) have been identified with 

genotypes of agronomic and economic quality ( e.g. loadging resistance and grain 

yield). These combinMiol1s of traits make them recommendable 10 be included in 

breeding programmes. 

• so'gl,un, land,aces have been maintained and selected for 
Most of the observed 

d 
. I I I famlers in the face of their changing needs. It is 

ecades and cenrunes by Ile oca 

. h 'ndi aenouS knowledge folk taxonomy of the lorth 
therefore Important to document I e 1 :;, 
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She\\"a and South Welo regions of Ethiopia aiming 311he methods to safeguard the rarc 

landraces from loss (genetic erosion)" 

• Lastl y. complementary in-silu conservation strategies fo r sorghum landraccs gcncllc , 
resources should be highly recommended where by conservation effects are linked 10 

rural de\"c!opment projects that emphasize the preservation of traditiona l f:mlling 

system by relying on and giving attention to the maintenance ofbiologicnl and genetic 

di\"ersi ty in these systems. 
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APPESO/ CES 

Appendix I. Taxonomy of 

sou rC'f'S) 
fhe Genus sorghum ( 

summarized from "arious Iir cr:uu rc 

Tribe -> Andropogoneae 

~ 

Sublnbe -+ Sorgastrum 

J. 
Genus a -+ HoJcus 

J. 
Genus b -> Sorghum 

J. 
Seclionc -+ ,--------------------~ J. 

Chaelosorghum Helerosorghum Parasorghum S(iposorghum Sorgaslrum 

Species d -+ 

J. J, 

S. bie% r (L.) Moench (cultivated + wild relalive) S bie% r (L.) PeTS (wild spp.) 

(GP- I) (GP-2) 

Subspecies-+ J. J, ---- '---- - ----

bie% r (cultivated) d arundinaceum (wild relalive) e S. COlllrOl 'erSUIII S. mdiaceum 

_ ____ J. _____________ __ 

J. S.aethopiclfl11 S.anmdil1aceulII S. l'enicilliflorum S. \'irgarlll11 S. propil1qlllllf1 

Race r -+ J., ___________________________________ __ 

J, 

Bicolor Caudatum DUlTa Guinea Kafir 

' ,<b (Ce/arier, /959) ' (Garber, /950); '(House, /995); '(Snowden, /955); and 
f 
( Harlan and De WeI, 1972), 
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Appendix 2: Step wise analys is of the characters contributed for Iht' max imu m 

"ariation based on agroecologica l sites 

MinD. Between 

SteES Characters Sguare ecosites Exact F dn dr2 I Si~ 

I EST 0.07 4.00 and 5.00 3.745 1015 5.JJE·02 

2 AWN 0.409 3.00 and 4.00 11.141 2 101 4 1.6. E·OS 

3 STJ 1.085 2.00 and 3.00 15.622 3 101 3 6.04E· IO 

4 GRCV 1.833 1.00 and 2.00 41.993 4 1012 0 

5 ICS H 1.965 1.00 and 2.00 35.977 5 1011 0 

6 GLC 2.034 1.00 and 2.00 31.014 6 1010 0 

7 GRC 2.089 1.00 and 2.00 27.274 7 1009 0 

8 GLH 2.157 1.00 and 2.00 24.618 8 1008 0 

9 GRF 2.186 1.00 and 2.00 22.154 9 1007 0 

10 GRP 2.252 1.00 and 2.00 20.521 10 1006 0 

II JF 2.285 1.00 and 2.00 18.905 II 1005 0 

12 PSH 2.292 1.00 and 2.00 17.369 12 1004 0 

Jl YlRC 2.298 1.00 and 2.00 16.057 13 1003 0 

14 TRSH 2.299 1.00 and 2.00 14.903 14 1002 0 

•• r 

if 
• 

\0{) 

• 



Appendi x 3. " ern ac ular name of the thirty·rour landraces and their translation 

\'0, \ 'emacular Translation 

name 

abduke 

2 aehiyo rejimu 

3 aehiyo jamiyo 

4 Afeso 

5 

6 

7 

Ajaibe 

borshe 

cherekit (nech 

keteto) 

8 delgol11e 

9 dimete 

10 dobe 

11 esmaeli 

After the name of a person who introduce it into the local ity 

"Donkish"; Never select the type of soil and never be 

affected by any environmental and biological stresses; 

has tall height 

"Donkish" ; Never select the type of soi l and never 

affected by any environmental and biological stresses; 

has short height 

"Highly productive"; the variety is known with high grain 

yielding capacity 

"Miraculous"; a newly introduced from the other region 

with an appreciably fast maturing quality 

Unknown 

"As white as moon" ; PrefelTcd for porridge making 

Unknown 

" My eat" ; large and shinny grains like "cats eye" 

h 
. 1 I,ape'" known with large grains like chick 

"Large sp eoca s , 

pea ' h 
"After the name who has introduced thi s genotype Into t e 

. h lace'" early mat uri ng and drought 
region from anot er P , 

rcsistant type 

tOI 



12 gan-seber 

13 gorad 

Has strong fennenting quality to make good beer, So, it 

deserves a name "POI breaker" 

"from the type of the panicle ends": Afetumc-sinllle , .. 
afedisttriple (or quadruple) panicular ends; The ideal 

landrace with a general purposed nature; a genotype that 

can substitute tef (Eragroslis lefJ for its "injera" making 

quality 

14 gorad tinkish A juicy stalk variety of this ideallandrace (gorad) 

15 goronjo A landrace highly preferable to its fresh green 

16 jamo (Jamuye) After the "person" who first introduced it • 

17 .lemaw "of public value"-the sweetest and most liked 

18 JI ITU "after the local name 'Jirru ' from which the landrace 

has been introduced; eaten fresh green; but also used 

19 key ihil (serina) 

20 Key keteto 

21 merabete 

22 mognayawikish 

commonly as injera 

"red crop"; a newly introduced high yielding landrace 

having very red grain color 

"red-grained" • 

r. h oion \\ ith local name 
lntroduced into this area Lrom t e re;o 

"ll1erabete"; 

. .f ", it is difficult to identify this 
"Fool can not IdentJ Y you , 
landrace for its misleading morvitological appearance; ealel1 

juicy stalk 
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" _ J mokake 

24 nech tinkish 

, --, fayo 

16 tellgeley 

17 tuba 

28 w31igeJa 

29 wefayibelash 

'0 -' wegere 

31 willeha 

32 yikir mindaye 

'3 "k -' )II -iT solate 

34 zengada 

';soft fresh green"; eaten fresh green 

"White juicy 11k" hI ' sa, t e andrace 15 known for its JUICY st31k 

Introduced from the place known with the Jocal1131llc 

"raya" in Nonh Welo (neighboring adminiSlr<lIi\'c zone), 

From its yield *- high yielder 

Unknown 

"Calfbody"; the name deri ved from 'Oromiffa '; as the name 

indicates this genotype has been mainlained and introduced 

by the Oroma people dwelling in the surrounding; calen 

fresh green 

"Bird-resistant"; the bitter and large grains that almost 

totally covered with glume enables it to deserve such quality 

unknown 

"open panicle"; Known for ils tolerance to water lodgi ng 

"Leave alone my wage"; He I she never worries for hisl her 

wage for the intolerable test a landrace has; it is enten fresh 

green. 

I prayer'" He I she never worries for hi her 
"Leave a one my , 

, h . fu l test of this particular landr3ce Ihal is 
prayer lor t e JOY 

eaten fresh green 

" h "toO long a heigh! that it moslly fall 10 be 
"not stralg I up . 

straight 

IOJ 



up in posilion 

"' '" Contro\ crsI31 meamng. unknown '" translation has "0 b 11 k " een we 'nown 

r Ulll an( races a ll th e .-\ ppcndix -t Examples of ve rnac ular names of some so gh I I d 

rclnll'd popu lar sayings wilh their translation 

Vemacular name Popular sayings Translation 

Goronjo 'Shegan lechewala goronjon leshel Goronjo is chosen as 

Jiru 

Watigela 

leng<lda 

mogn inajeleren yechegere leI' fresh green whereas jelerc 

is not as such required 

ror nutrit ion 

'Minew baderegeng yabatish arashi to mean Ihatjinl is the 

zer aleke biye ken indlerashi' 

' leT aleke bileh ken yemi t leragn 

Jiru eshet ayidelehu afseh atkimegn' 

' Eshet ebelalehu yawim watigela 

most popular landracc catcn 

fresh green 

Walige!a is the besl 

Yekeresh endehon wa gela \Va gela' variety eaten rresh green 

. lengadan begulbel 

Mashilan bekumet' 

'Sifokr adere meskeremin gedlo 

Aswesidogn neber 

zengada kewlalo ' 

'Yezengada tela welmileh welmiteh 

Yet tihedaleh wegcbihin Icmileh ' 

10' 

The landraees is 

more productive and has 

hiuh biological yields 

The landraee is known to 

be late maturing 

This landrace is known 

to make slrong local beer 
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Appendix 5. Propo,'Oon o f uses and usc v.du c illdices ror each sc lec ted 

sorghum landraccs as identified by info rm,lIIl rarmers 

Lalld 1 2 ) 4 5 6 7 X 'J 10 " 12 13 14 " II, 17 
races 
Infor Uvis U\' is U\'is U\' ls U\' LS lIv is U,'is U\'LS U,'is U"LS UVIS U"15 U\' IS U"IS U"15 U"is U"is 
1l1<1Il1S 

1 0 0 0 0 0 0 6 0 0 0 0 1 11 0 0 3 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 

• 0 0 0 0 • 0 0 0 0 0 0 2 0 0 0 0 3 
5 0 2 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 
6 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 

10 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 9 0 0 0 0 0 5 0 8 0 0 
12 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 10 

" 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 
15 • 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 
16 3 0 0 0 0 0 0 0 0 0 • 0 2 0 • 3 0 
17 0 • 5 0 0 0 3 0 0 0 5 0 • 0 3 0 0 
18 0 0 9 0 0 0 3 0 0 0 • 0 0 0 0 0 0 
19 0 • 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
20 0 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 1 0 7 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
22 0 5 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 ' 0 G 0 G 0 0 0 0 0 0 0 0 0 0 0 0 0 
25 0 0 0 0 0 0 0 0 0 0 0 0 • 0 7 0 0 
26 0 0 0 0 0 5 0 7 5 6 0 0 0 0 0 0 6 
27 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 0 3 
28 0 0 0 0 0 7 8 0 0 0 0 0 6 0 2 2 3 
29 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 5 0 
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30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 
Total 7 43 38 6 4 15 32 9 5 6 2 1 3 35 8 28 17 28 
Uvisl 0.23 1.43 1.27 0.20 0.1 3 0.501.070.30 0.17 0.20 0.700.10 1.17 0 .27 0 .93 0 .57 0 .93 
n; 
% 1 7 6 1 1 2 5 1 1 1 3 0 5 1 4 3 4 
use 
landr 18 19 20 2 1 22 23 24 25 26 27 28 29 30 3 1 32 33 34 
aces 
Inror Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis Uvis TOlal 
maillS 

I 7 0 0 3 0 6 0 0 6 8 0 3 3 0 0 0 • 21 
2 3 0 0 • 1 0 1 0 0 0 0 3 0 0 2 1 0 • 
3 0 0 0 0 0 3 0 0 0 0 3 0 0 0 0 3 2 3 

• 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 0 9 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 
6 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 0 0 3 
7 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 • 3 0 0 0 3 

10 1 0 0 0 0 0 0 0 0 5 1 0 0 0 0 0 7 • 
11 0 0 0 0 0 0 0 0 0 0 8 3 0 8 0 0 0 22 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 
13 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 17 
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 
15 0 0 0 0 5 0 0 0 0 0 0 0 0 2 0 0 • 9 
16 0 0 0 0 0 2 2 0 0 0 0 • 0 0 0 0 0 16 
17 0 0 0 0 0 3 • 0 0 0 0 • 0 0 2 0 5 2' 
18 0 0 0 0 0 0 • 0 0 0 0 2 0 0 0 0 0 16 
19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 13 
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 10 
2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 
22 • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 8 
23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 6 

2' 0 0 0 0 0 5 0 0 5 0 0 0 0 0 0 0 0 12 

25 5 • 5 10 0 0 0 0 5 0 0 0 0 0 • 0 0 11 

26 0 0 3 7 0 • 0 5 4 0 6 7 0 5 0 0 0 29 
27 3 0 3 3 0 6 0 4 3 0 1 0 0 0 0 0 0 4 

28 0 3 0 0 0 6 1 2 4 0 0 0 0 0 0 0 28 
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29 0 6 0 0 0 2 0 3 2 0 0 0 0 0 0 0 0 8 
30 3 4 0 0 0 6 2 3 4 0 0 3 0 0 0 0 4 

Total 31 17 11 28 6 43 14 17 36 16 20 29 7 18 8 6 37 305 
Uvis/ 1.03 0.57 0.37 0.93 0.20 1.430.470.57 1.200.53 0.670.97 0.23 0 .600.270.201.23 10.17 
ni 

% 5 3 2 4 1 7 2 3 6 2 3 4 1 3 1 1 6 100 
use 
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Allpcndex 6. Thc di stribution ofsol-ghuml:lIHlraccs by frcqucncy compos ilioll (d ivcrs it y) :lIId 101all)lalil CO li Ill s OVC I- IOU 1l10lS 

in tenns of wnes, worcdOls, ccos ites, ~lltilud cs, ~1I1d 1)lot s izcs 

Zone War Site All Plot Plot Plant Landraces Zone War Site All Plot PIal Plant 
No. size count fre uenc No. size 

2 2 3 4 1 2 40 5 2 3 2 3 51 3 
2 2 3 4 2 2 41 3 2 3 2 3 52 4 
2 2 3 4 3 2 41 9 1 1 4 2 53 2 
2 2 3 4 4 1 23 6 1 1 4 1 54 3 111 
2 2 3 4 5 1 26 4 1 1 4 1 55 1 39 
2 2 3 4 6 1 15 3 1 1 4 3 56 2 101 
2 3 1 2 7 2 45 5 1 1 4 2 57 2 108 
2 3 1 2 8 3 58 6 1 1 4 1 58 2 63 
2 3 1 2 9 2 40 4 1 1 4 2 59 2 102 
2 3 1 2 10 2 39 4 1 1 4 1 60 2 97 
2 3 1 2 11 2 69 10 1 1 4 2 61 2 43 
2 3 1 2 12 3 53 11 1 1 4 3 62 3 7 1 
2 3 1 2 13 2 32 16 1 1 4 2 63 3 81 
2 3 1 2 14 1 15 8 1 1 4 2 64 1 38 
2 3 1 2 15 2 53 6 1 1 4 2 65 2 73 
2 3 1 2 16 2 77 4 1 1 4 2 66 2 76 
2 3 1 2 17 3 138 6 1 1 4 2 67 2 63 
2 3 1 2 18 3 167 4 1 1 4 3 68 1 45 
2 3 2 19 3 130 8 1 1 4 3 69 2 97 
2 3 2 20 1 28 7 4 3 70 2 49 
2 3 1 2 2 1 3 61 8 1 4 3 7 1 2 80 
2 3 2 22 3 61 5 1 4 3 72 2 62 
2 3 1 2 23 3 36 6 1 4 1 73 2 43 4 

2 3 1 2 24 4 56 7 4 2 74 2 52 6 
2 3 2 3 25 3 60 13 4 2 75 2 34 2 

2 3 2 3 26 3 30 15 1 4 76 24 5 
2 3 2 3 27 2 145 7 4 4 77 1 2 1 4 

2 3 2 3 28 2 49 3 4 2 78 2 26 4 

2 3 2 3 29 2 46 8 4 2 79 1 18 6 

2 3 2 4 30 2 44 14 5 2 80 2 53 7 

2 3 2 3 31 2 51 12 5 2 81 2 76 11 
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2 3 2 4 32 2 91 7 1 1 5 2 82 2 35 6 2 3 2 4 33 2 34 11 1 1 5 2 83 34 7 2 3 2 3 34 2 33 12 1 1 5 2 84 5 176 9 2 3 2 3 35 2 77 10 1 5 2 85 2 89 9 2 3 2 3 36 2 73 10 1 5 3 86 1 36 6 2 3 2 3 37 4 148 10 1 1 5 2 87 2 44 5 2 3 2 4 38 3 151 15 1 1 5 2 88 1 37 8 2 3 2 4 39 3 150 13 1 5 1 89 1 51 7 2 3 2 4 40 2 95 8 1 1 5 1 90 2 39 6 2 3 2 4 41 1 58 7 1 1 5 1 91 1 47 7 2 3 2 3 42 2 82 4 1 1 5 1 92 1 41 2 2 3 2 3 43 4 194 8 1 1 5 1 93 2 55 7 2 3 2 4 44 3 145 7 1 5 1 94 2 50 5 2 3 2 4 45 2 71 8 1 5 2 95 1 43 8 2 3 2 4 46 2 92 6 1 1 5 1 96 2 48 5 2 3 2 4 47 2 93 8 1 1 5 4 97 2 52 8 2 3 2 4 48 2 76 6 1 1 5 2 98 2 47 10 2 3 2 3 49 2 99 7 1 5 4 99 2 71 11 2 3 2 3 50 2 73 11 1 1 5 4 100 2 78 4 
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Appendix 7. The frC(IUenc), CYt.) :lIId (ot Ol I coun ts of (hc 78 sO I'ghum landraccs idcntificd ovcr th c 100 plots (fields) by 

agroccologicOlI sit es in North Shew .. and South \vc lo regions of £ (hiopi:l. 

Ecosites Ahiyojam ahiyorejim Ayinaboz Lefozeng besuke maruteze Chible 

.'1.0 en adda n9 zen 
1 0 0 0 0 0 0 0 
2 0 3 11 0 0 17 0 
3 89 50 7 3 13 1 1 
4 0 0 0 0 0 50 0 
5 0 1 0 0 0 6 0 

Total 89 54 18 3 13 74 1 
Ave. % 3 2 0 0 0 1 0 

Ecosites nechihil keyzenga enatzeng gorad wanese Jiru mokake 
da a 

1 0 0 9 2 9 160 214 
2 0 , 0 46 0 10 2' 
3 9 , 3 0 2 6 0 
4 0 0 0 7 0 446 6 
5 0 0 0 2 0 16 83 

Total 9 2 12 57 11 638 324 
Ave. % 0 0 0 1 0 '0 4 

Ecosites Wofayibet keytinkish keyihil tcngcley yikrsolate raye nechtinkis 
ash , 46 49 '62 247 45 96 40 

2 '86 32 0 26 " 0 82 
3 0 0 0 0 0 0 0 
4 35 0 0 9 0 0 0 
5 '41 , 0 " 5 0 '4 

Total 408 82 '62 293 6' 96 '36 
Ave % 6 2 4 , 2 

Ecosltcs boI':~hc ncchJ8mo i~me ~o Jlgrte Kenafe Oawe Kilo Senna , 
" 3' '3 2 3 7 , 2 3 
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2 0 3 
3 0 0 
4 0 0 
5 0 0 

Total 11 34 
Ave. % 0 1 

Ecosites nechtibke Dikuse 

1 1 1 
2 1 1 
3 0 0 
4 0 0 
5 6 0 

Total 8 2 
Ave. ok 0 0 

Ecosi\es Mognaya .......... ' .... ',,'" 
kish ish 
100 
2 56 1 
300 
400 
510 

Total 57 1 
Ave . % 1 0 

Ecosites gubetc barchuke 

14 41 0 0 3 0 0 
0 0 0 0 0 0 0 
5 236 0 0 0 3 22 
2 6 2 0 0 5 45 

34 285 5 7 4 10 70 
0 4 0 0 0 0 

senkele keygedido subihan esmaeli abduke amelselin waligera 
kish 

2 2 0 0 0 0 0 
0 0 31 1402 235 33 8 
0 1 0 0 0 0 0 
0 0 0 0 0 0 12 
0 0 0 180 " 1 2 
2 3 31 1582 246 34 22 
0 0 0 18 3 1 0 

sererge werebabo gorad luba minchiro ajaibe cherekil 
tinkish 

0 0 0 0 0 0 0 
1 1 1 3 41 7 11 8 
0 0 0 0 0 0 0 
0 0 0 0 0 0 438 
0 0 0 0 1 1 332 
1 1 1 3 42 8 888 
0 0 0 0 0 0 14 

gegebsa jofellnklsh ~Irminda ganseber mashilatin zengadati yejlbmurt 
ya klsh nkish 

0 o a 0 0 0 a 0 0 

Total 
Ave % 

20 
0 

'" 0_ 

~ 

2 2 1 4 5 3 22 1 
o 0 0 0 0 0 0 0 
o 0 0 12 6 0 0 0 
3 0 1 2 4 6 0 0 
5 2 2 18 15 9 22 1 
o 0 0 0 0 0 0 0 

Ecoslles WlOCho motcllf'lkl$ wegere jibotl1lklsh mcrabele keyketeto chemego letere dclgom 
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h 
1 0 0 0 0 0 0 0 0 0 
2 2 42 2 3 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 122 0 60 0 226 56 14 1 3 
5 41 4 0 0 205 8 0 1 1 

Total 165 46 62 3 431 64 14 2 4 
Ave. % 3 0 1 0 6 1 0 0 0 

Ecosites dobe dimete Jemaw siyumare wegeretin yifatetinki mogafere gedatit yegenfohil 
kish sh 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 
4 3 1 1 1 27 2 2 1 0 
5 2 0 5 0 8 13 3 0 6 

Total 5 1 6 1 35 15 5 1 6 
Ave . % 0 0 0 0 0 0 0 0 0 

Ecosiles Tengelyti afeso Total 
nkish 

1 0 0 1158 
2 0 0 2556 
3 0 0 186 
4 0 0 1826 
5 12 2 1202 

Total 12 2 6928 
Avo . % 0 0 100 
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Appendix 8. Eslimalcs o f S h:IIIII OIl - We.n 'c .... di vc.-s il y index of t he funrl el' lI 'llJ:llit;lti\'C characte rs ur SUfl!h II 111 

(
" I b ' I ( I ) MUl' lu.' h) hl' landr:lccs. (key to IC1!,c ll d : src Fig. 4) 
~Q"g /tllJl I CO 0" ~ . • 

Character Awn EST OLe GLiI C Re GRe V GRF ORr ICSII JF MRC !'SII STJ TRSII 
Landrace H' H' H' H' H' H' 1-\' I-I' H' H' H' H' H' 1-1' Mean .:!. SE 

1 0.21 0 .51 0 .03 0 .00 0.40 0 .36 0.00 0 .84 0.33 0 .00 0.20 0 .00 0 .00 0 .650.25 ± 0.07 
2 0 .97 0 .66 0 .15 0.00 0 .58 0.43 0 .00 0 .00 0 .22 0 .00 0.24 0 .65 0 .00 0.00 0 .28 .t; 0 .09 
3 0.00 0 .00 0.00 0 .13 0.39 0.38 0 .000.00 0.380.00 0.29 0 .000.00 0 .000.11 ± 0 .04 
4 0 .00 0 .39 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .00 0 .35 0 .00 0 .00 0 .000.05 ± 0 .04 
5 0.00 0 .21 0.23 0 .00 0.00 0 .09 0 .00 0 .00 0 .25 0 .00 0.67 0 .00 0 .00 0.000.10 ± 0 .05 
6 0 .00 0.66 0.55 0 .00 0.00 0.00 0 .000.00 0.00 0 .00 0 .40 0 .650.00 0.00 0 .16 ± 0 .07 
7 0 .00 0 .83 0 .73 0 .00 0 .08 0 .56 0 .000.21 0 .380.00 0 .24 0 .000.00 0 .000.22 ± 0 .08 
8 0.57 0 .23 0.66 0 .00 0 .61 0 .57 0.000.65 0 .300.00 0 .33 0.21 0 .00 0 .000.30 ± 0 .07 
9 0.72 0 .77 0.58 0 .00 0 .36 0 .55 0 .78 0 .65 0 .490.00 0 .51 0 .99 0.00 0 .35 0 .48 ± 0 .08 

10 0 .08 0 .65 0 .53 0 .36 0 .55 OA5 0 .97 1.00 0 .260.00 0 .68 0.570.00 0 .920.56 ± 0 .09 
11 0 .00 OA9 0 .230.00 0 .00 0.55 0 .000.00 0.000.00 0.29 0.000.00 0.880.17 ± 0.08 
12 0 .00 0 .18 0 .650.00 0 .18 0 .38 0 .000.00 0 .160.00 0.79 0 .000.00 0.840.23 ± 0 .08 
13 0 .00 0.73 OA9 0.22 0 .00 DAD 0.000.00 0 .250.00 0 .56 1.00 0.00 0.000.26 ± 0 .09 
14 0 .00 0 .00 0 .35 0 .00 0.47 0.09 0 .00 0.72 0 .390.00 0 .50 0 .000.00 0 .65 0 .23 ± 0 .07 
15 0 .00 0.420.530.00 0.18 0 .38 0 .000.00 0 .000.00 0 .33 0.000.00 0 .880.19 ± 0 .07 
16 0 .97 0 .73 0 .25 0 .00 0 .22 0 .38 0.000.00 0 .000.00 0 .24 0.00 0 .00 0 .2 1 0 .2 1 ± 0 .08 
17 0 .78 0 .73 0.64 OAl 0 .50 OA8 0 .570.57 0 .250.00 0.37 0 .990.00 0.210.46 ± 0.08 
18 0 .21 0.70 0 .50 0.49 0 .00 0 .15 0 .000.00 0.000.00 0 .50 0.00 0.00 0.000.18 ± 0 .07 
19 0 .00 0 .53 0 .29 0 .00 0 .00 0.43 0 .00 0.00 0 .370.00 0 .51 0 .00 0 .00 0 .650.20 ± 0.07 
20 0.35 0 .73 0.38 0 .00 0 .00 0.43 0 .00 0.00 0 .280.00 0 .24 0 .650.00 0 .00 0.22 ± 0.07 
2 1 0 .00 0.67 0.44 0 .00 0 .00 0.34 0 .000.00 0.380.00 0.44 0.21 0 .00 0.000.18 ± 0.06 
22 000 0 .00 0 .17 0 .00 0.45 047 0.00 0 .78 0320.00 0.38 0 .350.00 0.00 0 .21 ± 0 .07 
23 0 2 1 0 .77 071 0.00 0 .00 0240.000.00 0 .37000 024 1.000.00 0000.25 1. 009 
24 0.00 0 .62 0 .360.00 0 .00 0.49 0 .00 0.00 0 .250.00 0.68 0 .00 0 .00 0000 19 ± 0 .06 
25000 0 .520.350410.00 0200.00000 0.450.00 0 47 0.00000 000017 ± 0 .06 
26 000 0 .70033000 0.00 0 .00 0.000.92 0 .000.00 0.36 0 .000.00 0 .000.17 ± 0.08 
27 000 0 .260 41 0 46 018 0.31 0 .000.72 0 450.00 OA4 0 .950.00 0000.30 t 0.08 
28 088 076 026000 0.26 0 48 000 0.00 008 0 00 0 42 0 .84 0 00 000 028 i 0 .09 
29 000 0660 46000 0 40 042000000 000000 0.33 0.00021 0OO018 ± 006 
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30 0.21 0.79 0.07 0.00 0.61 0.00 0.00 0.00 0.00 0.00 0 .37 0.00 0.00 0 .00 0.15 ! 0.07 
31 0.21 0.00 0.39 0.00 0.58 0.37 0.000.00 0.180.00 0.39 0.000.00 0.950.22 , 0 .08 
32 0.35 0.64 0.56 0.49 0.28 0.00 0.72 0.72 0.540.00 0.51 0.00 0 .00 0.99 0.41 I 0.09 
33 0.00 0.72 0.44 0.13 0.50 0.28 0.00 0.00 0.45 0.00 0.33 0.35 0.00 0 .00 0.23 ! 0.06 
34 0.00 0.00 0.33 0.00 0.00 0.09 0.00 0.00 0.38 0.00 0.39 0.00 0.00 0.000.09 -' 0 .04 

Entire 0 .82 0.84 0.77 0.95 0.90 0.74 0.320.67 0.81 0.77 0 .63 0.980.91 0.72 0.77 ± 0.04 
data 
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FORM I 

Appendix 9. 

a. Data Sheet for recording the frequency (diversity) of sorghum landraces wl1h the \'an3lJOn of altilUde and 

field size 

Seri Farmer's Name Named Frequency of Plot Study Alt. Olstnne R,nu 
al Landrace Occurrence size site (m. from A.A. 'k No. a.s.l 

.) 

FORM 2 
b D h ~ II ata s eet or co eCllng mlervlew ba d · ~ . d· .. m ormallons on In Ilgenous 1m 1 d f h I I Ii owe ~eo Ie cea armers 
Ser. Vemaculr Faclors influencing the Selection Saymgs, poems Remark 
No. name oflhe distribution of l:mdraces crileria! use relaled to Ihe 

landrace (environmental & Biol.) value landraces 

FORM 3 

c. Data sheet for characterization and scori"'!.t e qua l1auve m~OIO!.lICa c aractcrs 0 sorgl urn " , h r . hI ' I h f h la d aces 
Ser. fLanrace's Qual itative morphological characters (for the characler discripliolion 

No. am, sec Table 7) 

1 2 3 4 5 6 7 8 9 10 II 12 13 " 
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Appendix 10. Codes and description given for different class ifyin g variables 

used throughout the text 

Codes ( Descriotion 
AQroecosite Altitude (m .• . s. L) Worcda Zone 

1 Bati >1; 00 Ataye North Shcw3 
2 Fontenina 1500 - 1650 Hayike South Welo 
, 

H.yike 165 1- 1800 Kalu , 
4 Layignaw ataye >1800 
5 Merewa adere 
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