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Plant science 

Sesame (sesamum indicum L.) is a tropical oilseed found qrowinq 

in the mid-altitude « 1700 m.a.s.l.) reqions of Ethiopia. Recently, 

there has been an attempt by settler farmers from the Ethiopian 

plateau to expand sesame cultivation in the low altitude areas « 800 

m.a.s.l.). A genotype-environment interaction study on sesame lines 

developed through proqeny selection oriqinacinq from a bulk of 

landraces was carried out at six environments in Ethiopia. The 

environments solected were believed to provide a wide variation in 

temperature (altitude), moisture and soil. The objective of the study 

was, therefore, to select a line or lines widely adaptable over these 

en'rironments for variables seed yield, oil and protein content as weIl 

as fatty acid composition. Twc statistical methods, namely, the 

reqression model and the procedural approach of superiority measure 

were used to estimate line adaptability. Several lines were identified 

which were adapted over the six environments while others were 

specifically adapted to 10- or high-yielding environments. Lines 

showinq wide adaptation for one variable were not always widely 

adapted for others. In addition, the two parametric statistics used to 

analyze the data did not always agree for each variable. 
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CDZ LB sasAMI: (Sesamum indicum L.) 

Le sésame (Sesamum indicum L.) est une plante oléagineuse croissant 

dans les régions à élévation moyenne «1700 m.d. n .m.) en Éthiopie. 

Récemment, la culture du sésame à basse altitude «800 m.d.n.m.) fut 

entreprise par des paysans relocalisés. Afin de répondre aux be50~ns 

des paysans rel.:>calisés, une étude de l'interaction génotype-

environnement a été entreprise dans six environnements différents afin 

d'évaluer le rendement d'un certain nombr"! de lignes développées à 

partir de variétés locales. Les environnements ont été selectionés afin 

de couvl:-ir une vaste gamme de températures (altitudes), d' hum~dité et de 

types de sol. L'objectif était d'évaluer selon des critères de 

rendement, de teneur en huile, en protéines et acide gras, et de 

sélectionner les lignées capables de s'adapter aux divers 

envl.ronnements. La méthode de régression linéaire et la méthode 

d'approche procédurale de ~upér iori té furent employées a f in de 

déterminer la supériorité des lignées. Plusieurs lignées ont bien 

répondu aux six environnements alors que certaines se sont mieux 

adaptées à des environnements favorables, et d'autres à des conditions 

non favorables aux rendements. Les lignées qui ont démontré une grande 

adaptation pour une variable, n'ont pas toujours bien répondu aux 

variations des autres paramètres. Malgré le fait que les méthodes 

utilisées aient été toutes deux paramétriques, les résultats obtenus 

n'étaient pas en parfaite concordance en ce qui a trait aux variables 

étudiées. 
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1. IN'!RODUCTIQN 

Sesame (Se8amum indicurn L.) i8 found growing in many regions and 

environments in Ethiopia. The main sesame producing areas are located in 

the north and northwest of the country adjacent to the republic of the 

Sudan. A very small amount of this oil seed is alse produced in the east 

and southeast of the country. 

Previou8 sesame improvement work has focused on the identification and 

development of genotypes adapted to the conditions p~evailing in the mid­

altitude areas of the country which are generally characterized by low 

and erratie rainfall distribution. Ho~ever, sinee the modest inct~ase in 

the eropped area was brought about by extending sesame cultivation to the 

lowland region of the country (rainfed and irrigated), the unsatisfactory 

performance of the earlier released varieties could be attributed to their 

inability to adapt to the new environment (Allard and Bradshaw, 1964) . 

The envirenmental factors that are expected to be of greater 

importance in the production of sesame seed oil are temperature as related 

to altitude difference in the case of Ethiop1a (Smilde, 1960), rainfall 

(Osman and Nour, 1985), soil fertility (Mit~hel ~~, 1974),and 

irrigation management (Rheenen van, 1973, Khandiah and Woldemariam, 1982). 

Earlier work in the Sudan (Moneim and Mahomud, 1983) also suggested that 

moisture and edaphic factors play a major role in the genotypic performance 

of sesame. In addition Henry and Dualy (1987) reported substantjal 

environmental effects on sesame seed yield. 

However, in the Ethiopian context, reliable information on the 

performance of genotypes can only be obtained by evaluating the materials 

under different environmental conditions of the country. 
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Moreover, since only limited information is available on genotype­

environment interaction on sesame in Ethiopia and elsewhere to date, it i9 

necessary to C0nduct this study to indicate whe~her sesame grown under 

dive~se climatic and edaphic conditions will give relatively sustainable 

economical seed and oil yield. Therefore, it is hypothesized that sesame 

genotypes grown under different environrnental conditions are not relatively 

affected in their performance with respect to seed yield, oil content, 

protein percent and fatty acid composition. 

Generally, genotypes with relative stability and general adaptability 

across locations can be more useful to sesame growers in Ethiopia than 

separate genotypes specifically developed for high and low productivity 

environments. The reason for this is that peasant agriculture lends to 

gravitate toward the concept of production stability rather than 

rnaximization. In other words, peasants prefer widely adaptable genotypes 

than those high yielding ones but with restricted adaptability. Obviously, 

widely adapted genotypes are seen by the farmer as a risk aver3ion 

mechanism to climatic and other adverse production conditions such as pest 

and diseases. 

The objectives of the study are to identify the performance of sesame 

experimental lines at th=ee sites in Ethiopiai to select lines with 

characteristics of general adaptability over a range of production 

environmentSi to study environmental effects on the biochemical 

constituents of the ail, namely, the fatty acid composition, prote in and 

ail content. 
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2. LI~ZRATORE RZVIZW 

2.1 S"'me (Sesamum indicurn b.) 

2.1.1 ~ Origin Qi Sesame 

Vavilov (1950), put the Ethiopian region to be the center of origin 'f 

sesame with bas~c centers of diversity in the Indian sub-continent and 

China. Hilterbrandt (1932), also confirmed that the primary center of 

origin was not Asia but Africa. He based his assertion on morphological, 

biochemical and physiological differences present in the species. Although, 

16 out of the 37 species of the genus Sesamum are found scattered 

throuqhout Africa, 80 far there is no historical evidence to suggest that 

sesame was cultivated south of Ethiopia to any great extent until the 19th 

century. At this time demand by metropolitan Europe created a market for 

the crop (Seeqeler, 1983). However, Joshi (1961) and Bedigian and Harlan 

(1986) arqued in favor of Indo-Pakistan as the center of origin and 

domestication. Sesamum indicum is the only specie~ cultivated on any 

scale but occasionally S.alatum, S,angustifolium, S.prostratum and 

S.anqolense ~re cultivated for food, medicinal or ornamental purposes. 

2.1.2 ~ 

Sesame seed i3 used whole in the confectionery industry or processed 

for high grade vegetable ail. The seed i3 a source of many nutritionally 

important essential amino acids such as methionine. The cake or meal 

obtaioed after the oil is extracted constitutes an excellent source of 

animal feed. In sorne countries, the cake io processed to produce protein 

rich flour that cao be mixed with soybean flour,corn flour and rhickpea to 

provide very nutritious human foods. 
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Sesame oil is also used for rnany industrial purposes. In the 

pharrnaceutical industries the oil is used as a vehicle for various 

substances to be injected in the body or as an ingredient in cosmetic 

products. The seed aiso contains a special enzyme called sesamir, not 

available in rnany commercial oil crops, that is believed to act as 

synergist with pyrethrurn insecticide to enhance its efficacy (Ashri a. 

1989) . 

The most out standing characteristics of the oil is its stability 

(extended sllelf life) which is due to the anti-oxidant properties of small 

proportions of sesamoi liberated from the glycoside sesamolin which occurs 

in the unsaponifiable fraction of the Oil. The amount of the anti oxidant 

present in sesame oil seeds range between 0.5 to 1% (Nayar and Mehra, 

1970) . 

2.1.3 Botany 

The botanical classification of sesame has been revised by Rheenen van 

(1973). The genus Sesamuro is of Magnoliapsida class and Scrophulariales 

order . It belongs to a small family Pedaliaceae which contains 60 species 

organized into 16 genera. 

The leaf morphology of the Pedaliaceae family is opposite or 

altern('.t€'. Flowers are zygomorphic, calyx 5-cleft; corolla 5 lobed, 2 

lipped; stamens 4, anthers connivent in pairs, 2 celled; ovary usually 

superior, 1-celled with 2 intrusive parietal placentas. Seeds are with a 

thin fleshy endosperrn and the ernbryo is straight with flattened cotyledons. 

Kobayashi (1982), classified sesame into twenty four types varying 

from the wild type to various differentiated types based on the divergence 
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of their morphological and phenotypic characteristics. The classification 

is based on number of carpels per capsule, type of leaves, phyl lot axis 

(arrangement of leaves) and the presence or absence of nectaries. 

Sesame is an annual herbaceous plant reaching a maximum height of 200 

cm (2 met.ers) if conditions are favorable and less than 50 cm whenever 

environmental factors are not conducive for normal growth. Sorne genotypes 

indigenous to China are naturally dwarf. With fewexceptions, tropical 

genotypes have broad and serrated leaves. The width and density of leaves 

change from broad to narrow and bec orne sparse as they progress toward the 

apex suggesting why most of the densely foliated Ethiopian cultivars bear 

their pods in the upper 1/3 of the plant due to poor light interception 

below ( Mazzani, 1964 and Moursi and Abdel Gawad, 1965). 

There are three types of phyllotaxis arrangements in sesame. According 

to Kobayashi (1982) genotypes with the opposite leaf arrangement produce a 

greater number of pods per plant than those with the alternate leaf type. 

He based his assertion in the efficient light interception facilitated by 

this kind of leaf arrangement. AIl leaves have an upper and lower palisade 

layer. 

The stem is erect, normally square, with longitudinal groves. Sorne 

circular type stems are present. The stem diameter ranges from 1 to 2 cm 

and sometimes 3 depending on variety and environmental conditions under 

which the crop grows. 

The plant under optimum conditions produces an extensive much branched 

fibrous root system. While there is a well developed tap root it is not 

conspicuously elongated as in other crops. The relative root growth is 

governed to a great extent by the soil type and amount of soil moisture 
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available. Roots deve10p more profusely in sandy than in clay soils. 

Furthermore, drier climate tends to restrict the growth of tap and fibrous 

roots simultaneously (Weiss, 1971). 

The flowers are axillary and normally occur singly. In sorne cases 3 or 

more f10wers per leafaxil are possible. The pod bearing flower is flanked 

on both sides by two cup shaped extra floral nectaries that may 0r may not 

deve10p into functional flowers. Sesame is a self- pollinated monocieous 

type plant. 

2.1.4 Genetics 

Detailed studies on the genetics of sesame have been carried out by a 

number of workers in India, Venezuela and the U.S.A. The chromosome number 

in the somatic cell first established as 2n=26 has been confirmed by 

Yermanos (1980). The chromosome number of 10 out of the 37 speci€s listed 

in the Index Kewensis has been reported as S.alatum, S.capense, 

S.malabaricum, S.schenkii 2n 2 26; S.angustifolium 2n ~ 32; S.radiatum, 

S.anglon9~e, S.laciniatum, S.prostratum, 2n =64. The chromosome length of 

Sesamum indicurn ranges from 1.6u to 3.0u with most of the chromosome being 

close to 3.0u (Mukerjee, 1958). 

Attempts to recombine different species within the Sesamum genera into 

an economically desirable cultivated species have not always been 

successful. The main reason being that different species carry different 

chromosome numbers. But species with similar chromosomes numbers did not 

produce viable seeds either (S.indicum ~ S.alatuml. When crosses between 

species having unequal numbers of chromosomes were attempted no seed was 

set at all Or the seeds were not viable (Nayar and Mehar, 1970). The 

crosses of S,indicum x S.laciniatum and S.indicum x S,prostratum produced a 

6 



few viable seeds, but the Fl plants were almost without exception sterile 

(Ramanujam, 1942). Weiss (1971) reports that no viable seed was produced in 

Venezuela from mutual crosses between S.radiatum and S,indicum .. 

Two species cac hybridize and produce viable hybrid progeny only, if 

barrier capacity (bc) of one species is fully matching with penetration 

capacity (pc) of the other. Incomplete matching may act as an isolating 

mechanism and is brought about by evolutionary divergence of populations. 

However, inspite of the similarity in shape and number of two species, as 

in the case of S,indicum and S,alatum, there are important but small 

molecular structural differences, that deprive gametes of sorne genic 

materials necessary for viability. Stebbins (1950) term~d this situation as 

cryptic structural hybrid3ty. 

As in many other crops, the magnitude of heterosis in sesame was 

related to the degree of genetic divergence of the parents. Riccel)i and 

Mazzani (1964) noticed that heterosis in sesame was more conspicuous in 

hybrids of cultivars from distant localities. Similarly, Murty (1975), in 

Iodia reported that heterosis in Indian x exotic crosses was higher than in 

Indian x Indian and exotic x exotic crosses. Uzo and Ojiake (1981) also 

reported heterosis in crosses between temperate x tropical, shattering x 

non-shattering and branched x non-bLanched cultivars of diverse origin. lt 

is pointed out, however, that geographic criterion need not to be the 

genetic base of diversity as sorne genotypes with the saine geographical 

origin can have a different genetic background with widely divergent 

features (Trehan ~~, 1974). 

Varying degrees of heterosis in yield and its cOI~ponents have been 

observed by previous workers. Pal (1945), working with inter-varietial 
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hybrids, indicated that a few of his hybrids expressed a conspicuous hybrid 

vigor for plant height, number of branches per plant, days to maturity, 

number of capsules per plant and seed yield per plant. Later, considerable 

heterosis for various characters in sesame was reported by several workers, 

Dixit (1976), and Dora and Kamala (1986). Furthermore, hybrid vi10r was 

found to be less marked for oil content than for any other characters 

observed (Tyagi and 5ingh, 1981 and Chaudhari ~~, 1984). 

Genetic male sterility has been reported by two workers in the U.S.A. 

Brar (1982a), reported 3 genetically diverse single plants exhibiting male 

sterility and poor female fertility in the field, but good male and female 

fertility in the greenhouse. However, a stable male sterile trait under 

both greenhouse and field condition was reported by Osman and Yermanos 

(1982) . 

Yermanos ~ ~ (1967) studying the genes controlling the fatty acid 

composition of safflower ( Carthamus tinctorius L.) arLived at the 

conclusion that maternaI effects were not involved in the inheritance of 

oil composition and that oil content is controlled by several genes without 

any apparent dominant gene action. Earlier findings by Knowles and Hill 

(1964) suggest3 that the chemical composition of safflower seed is 

determined by its genotype and not by the genotype of the maternaI plant. 

In sesame cytoplasmic inheritance of oleic and linoleic contents of 

oil does not appear to be important in reciprocal crosses and reciprocal 

backcrosses. Similarly, no maternal effect was discernible with regard to 

oleic and linoleic inheritance (Mosjidis and Yermanos, 1984). Heritability 

estimates, on 14 single plant selections, 1 from each of the 14 diverse 

( 
introductions of sesame were 81% for oleic, 83% for linoleic, 81% for 

.. 
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palmitic and 94% for iodine value (Brar, 1982b). 

Culp (1959) studied the variation of oil and protein content in a 

cross of two varieties of sesame and concluded that there was no evidence 

of dominance in these two characters and that most of the variation was due 

to additive and environmental effects. The heritability estimates based on 

these varieties were 50 and 60% for ail and protein respectively. On the 

other hand Murty and Hashim (1973) found that bath oil and protein content 

are governed by additive as weIl as dominant gene action. Ileritabilities 

estimated as the portion of the additive and additive x additive components 

of variance were 23 and 30%. 

Asthna and Pandey (1977) working with Indian mustard (Brassica junceal 

on the genetics and inh~ritance of oil content reported that 011 content 

was controlled by non additive gene action. However, Singh and Sirha (1967) 

and Swamy (1970) working with Brassica campestris reported both additive 

• non additive gene action controlJing ail content. Their findings on the 

genetics of mustard oil content appear ta be closer to those of sesame. 

2.2 GtnotJP8-Environment Interaction. 

In the past, information based on Genotype-Environment interaction 

study has been sornewhat helpful to breeders and agronomists in developing 

new improved cultivars for use by farmers. However, it has not been easy 

for scientists ta understand fully the phenotypic expression of genotypes 

in relation ta environment. The underlying reason for this is simply, no 

climatic variable is believed to exactly repeat itself every year. Under 

these circumstancps, as one expects, selection of cultivars is less than 

efficient due ta failures of genotypes ta have the same relative 

9 



performance in different environments (Knight, 1970). 

Crop performance variation is mainly due to predictable and 

unpredictable factors or changeable and unchangeable production factor~. 

The unpredictable or unchangeable environmental factors include the 

integrated influence of aIl non genetic variables affecting phenotypic 

expression of various genotypes. These types of environmental variables can 

be represented by important weather factors such as temperature and 

precipitation as weIl as edaphic conditions. Other predictable 

environmental factors that may have similar influence on crop performance 

but can be modified by human interference are management factors such as 

planting date, fertilizer rate and plant spacing (Allard and Bradshaw, 

1964) . 

Oil and protein are the two most important constituents of sesame 

seed, and their synthesi3 and deposition in the seed occurs over a long 

period during seed filling. According to Khidir and Khattab (1972), Saha 

and Bhargava (1984) and Sol~r ~ al. (1988), protein deposition is a 

steady but graduaI process from the time of fertilization to 30 days after. 

In the case of oil deposition v~ry little « 2%) is accumulated in the 

first one-third of seed development. The maximum accumulation (40 - 60%) 

occurs from 20 to 30 days after flower fertilization. At this crucial 

stage of seed development, environmental factors such as day length and 

temperature play a major role in the accumulation of lipids and protein 

(Canvin, 1965 Kluijver and Smilde, 1960). The levels of fatty acids ar~ 

also closely but inversely related with temperature (Howell ~ al., 1957). 
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2.2.1 IDYiroPmlnta1 Factor. Aff,cting S.,·,. P.rformanc. 

There are numerous environmental factors that affect the growth and 

performance of sesame. There is also considerable evidence to show that 

environment affects ail quantity and quality (McNair, 1945). Among them 

temperature , photoperiod, sail fertility and sail moisture are 

particularly important. 

2.2.2 t'MPftrlturi Zff.et. 

2.2.2.1 ~ ~ 

Sesame is warm climate crop adapted to a tropical environment. A 

constant temperature of 24 0 C to 27 0 C is optimal for growth and development, 

howevel, continuous high day temperature of 33 0 C and low night temperature 

of l~~C retard growth (Smilde, 1960). The optimum photoperiod required for 

flower induction is 10 hours. Low temperature at flowering can result in 

sterile pollen, or premature flower fall. C~mversely, periods of high 

temperature near 40 0 C at flowering will seriously affect fertilization and 

reduce the number of capsules produced (Weiss, 1983). 

F'or successful crop performance and profitable seed yield, sesame 

requires a total of 2700 0 C heat accumulation unit during growth 

(Kostriasky, 1955). According to Ding (1983) the heat accumulation unit 

required for sesame production need not be above 2JOOoC. The heat unit is 

calculated by adding, during the days of the growing season, the daily mean 

temperature degrees above a certain established base temperature. The base 

temperature to be used is the temp~rature below which the specifie crop 

does not make any appreciable growth. The base temperacure for sesame is 

around 150 C. 

11 



" 

, 
i' 

In the southern U.S.A., sesame planted after July 15 usually perfor.ms 

poorly because of cool tempe rature coinciding with the reproductive stage 

of the plant (Langham, 1985). Seege~er (1983) observed differences in 

cultivar performance due to temperature differences in that increasing 

altitude (lower temperature) always lowered seed and oil yield. 

Yield per se is the function of the yield components or traits inherent 

in the crop species and the environment under which it grows (Eriskine ~ 

~, 1977). In sesame, seed yield is a complex character contributed by a 

number of morphological trai.ts and yield components such as seed per 

capsu~e, plant height, number of branches, pods per plant, root depth and 

seed weight (Weiss, 1983). 

Research in India, showed different response of sorne yield characters 

grown under different environmental conditions, namely rainfed, irrigated, 

cool and war.m climate. Kandaswamy (1985) studying the response of yield 

components to the environment found that plant height, number of seeds per 

capsule and lellgth of capsule were negatively affected by very low moisture 

and cool temperature conditions. On the other hand, he reported little 

effect of environment on number of branches and pods per plant. A similar 

study by Godwat and Gupta (1986) showed a non significant effect of 

environment on branches per plant, nurnber of capsule per plant, capsule 

length and number of seeds per capsu~e. 

Thus, information based on the extent of genetic variation for yield 

attributes expressed under different environment is of considerable 

importance when selecting for high yielding and stable genotypes. 

12 
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2.2.2.2 Q1l Quantitv 

The effects of environment on the quantity of oil produced by sesame 

was reported by Tribe (1967). He observed a continuaI decrease of the oil 

content of sesame seeds the further the crop was grown eastward from the 

Mediterranean and middle east re~ion to Japan. Similar observation was made 

by workers in Korea (Lee ~~. 1980). 

Earlier in this century, Ivanov (1926) working with 12 flaxseed 

qenotypes at 20 sites in the U.S.S.R, however, suggested that the influence 

of geoqraphical factors on oil content is not large. In another study, 

Yermanos et.al. (1972) were unable to establish any geographical pattern in 

the distribution of seed oil content and composition of sorne 721 sesame 

introductions examined in California, U.S.A. 

Sesame produced under cooler environment in Ethiopia may yield lower 

oil content than those raised in warmer climate (Seeqeler 1983). Similarly, 

soybean qrown under co Id climate tend to yield less oil content per seed 

(Howell and Cartter, 1953 and Whigham and Minor , 1978). 

In contrast, low temperatures influenced the synthesis of high oil 

content and also high unsaturated fatty acids in flaxseed ( Sosulski and 

Gore, 1964: Dybing and Zimmerman, 1965). Lik~wi3e, safflower grown in 

cooler regions of California, produced seed with about 2% higher oil 

content and 5 units higher iodine value than that produced under warmer and 

drier conditions (Yermanos ~~, 1967). 

2.2.2.3 Qil Qualitv 

Evidence of temperature effect on the chemical constituents of soybean 

(Glycine mAX), peanut (Arachids hypogea) and safflower were reported by 

numerous workers ( Howell and Collins, 1957, Worthinqton ~~, 1972 , 
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Dhwan ~~, 1981). Generally speaking, oil plant species capable of 

thriving at different agro climatic zones of the world, produce more 

unsaturated fatty acids in their seeds when grown in colder climate ( 

Hilditch and Williams, 1964 and Hazel and Prossor, 1974). 

Several theories have been advanced to explain this phenomenon. Harris 

and James (1969) proposed that increased desaturase activity is the result 

of increased solubility of oxygen at low temperature. Low temperature may 

cause the induction of desaturase enzymes and this mechanism has been 

demonstrated in sorne microorganisms (Fuji and Fulco, 1977). It was also 

suggested that differential tempe rature may bring about changes in the 

fluidity of the membranes, which results in altering the activity of the 

desaturase enzymes responsible for the conversion of fatty acids from one 

stage to the other ( Kates ~~, 1984). Others (Browse ~ ~,1983) found 

evidence which suggests that the apparent increased lipid desaturation at 

lower temperature in developing safflower cotyledons is actually the 

consequence of greater increases in fatty acid synthesis than oleate 

desaturation at higher temperatures which therefore decreases the ratio of 

polyunsaturated to monosaturated fatty acids at higher temperatures. 

There is a conflicting report on the rate at which temperature 

fluctuation brings about the shift of balance within the fatty acid 

composition. William ~ ~ (1988) working with Brassica ~ leaves 

concluded that plants are preconditioned by the temperature of growth and 

do not respond to sudden changes in environrnental temperatures. However, 

Harwood (1989) argued that one type of lipid pattern (saturated vs 

unsaturated) can be altered by sudden exposure of plants to temperature 

outside their normal range. 
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It has been demonstrated by many research workers that the majority 

of oil crops behave similarly to temperature regimes in so far as fatty 

acid synthesis is concerned. Thompson ~ ~ (1973) reported a sharp 

increase of unsaturation of corn seed oil with decreased temperature during 

seed maturation. However, different genotypes showed different response to 

the same temperature regime. Likewise, elevated temperatures caused marked 

reduction in the percentage of unsaturated fatty acid and in particular the 

percent age of linoleic acid (Harris ~~, 1978). Similar trends were 

observed with safflower (Knowles, 1972). 

In line with the previous findings on the majority of ail crops 

studied, sesame seeds produced in the cooler north central region of Korea 

gave higher content of linoleic acid than those grown in the southern part 

of the country (Lee ~~, 1981). Kinrnan and Earle (1964) had a similar 

observation when working with sunflower introductions from the U.S.S.R 

and North American hybrids planted across diverse locations and seasons in 

the U.S.A. In sunflower, temperatures higher than 160 e during seed 

development resu1ted in lower lin01eic percent (Harris ~ ~,1978). 

Although sorne generalization can be made regarding temperature 

effects on the synthesis of ail in oil seed crops, it is equa11y important 

to recognize the genetic difference that exist among crop species and 

varieties. Canvin (1965) investigating the chemical constituents cf 

rapeseed, sunflower, safflower, flax and castorbean in relation to 

temperature found that the fatty acid composition of castor seed oil was 

not affected over a range of 10oe. This species would appear to be largely 

unaffected by changes in temperature. 
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Contrary to the earlier finding~ on chemical composition of oilseeds 

that seern to suggest that lower temperat~re activates the desaturase 

enzymes which are responsible for the conversion of high~r saturated fatty 

acids to unsaturat~d fatty acids, Brar (1980) in California, found that 

with increasing ternperature , the unsaturated cornponent of the fatty acids 

in sesame also increased ta sorne extent. However, the increase of the 

unsaturated fatty acids with increasing temperature occur only in those 

genotypes id~ntified to be of high linoleate background. 

2.2.2.4 Protein Content 

Temperature does not appear to be strongly associated with protein 

content. Whigham and Minor (1978) noted that in soybean temperature has 

litt le effect on the amount of prote in synthesized in the seed. Similarly, 

in India nine groundnut genotypes tested at different locations having 

variable rnedn tem~~ratures showed no marked difference in their protein 

content (Dahwan ~~, 1981). However, ternperature may have an effect on 

the quality of protein produced. In a greenhouse experirnent Krober (1956) 

found that soybean genotypes grown under a 320 C temperature regime 

produced seed with a higher methionine value 1.4~ higher than those raised 

2.2.3 Moistu;e Zffact. 

2.2.3.1 ~ ~ 

The effect of rnoisture on the performance of sesame has been dealt 

with by many workers. Osman and Nour (1985) reported that sesame grown 

under different rainfall patterns showed different response. However, this 

should not negate the fact that sesame is one of the crops known to respond 

to water deficit more efficiently than to excessive moisture. This is 
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rnainly due to the physiological characteristics special to the species to 

respond to water deficit by partial stomatal closure (Hall and Kaufmann, 

and Hall and Yermanos, 1975 a & b) . 

Generally, excessive rainfall or unlimited irrigation water, limits 

sesame production (Rheenen 1979\. The adverse effect of excessive moisture 

i3 reflected in lack of aeration for the plant caused by water logging 

condition, flower reductic~ and disease promotion. In the Sudan a yield 

reduction of 32 - 37% was reported as a result of deliberate flooding 

prior to seeding and with no surface drainage confounded with premature 

irrigation practices after seeding. In comparison, seed yield increased by 

43% with low rainfall supplemented with only one irrigation at flowering 

stage (Hack, 1980). 

The effect of moisture on plant Jrowth is also reflected by way of 

nutrient uptake. Under water stress conditions the effective use of 

nutrients especially nitrogen is reduced by 50% (Hooda and Kalra, 1981). 

2.2.3.2 Qil ~ Protein Quantity 

Shaw and Liang (1966) found that maximum protein content in soybean 

occurred when plants were under water stress late in the pod filling stage 

i.e. when seeds are not yet fully developed. The same study also showed the 

positive relationship that exists between early stress and oil content. 

Stone and Tucker (1969) had arrived to similar conclusions with soybean. 

But severe moi sture stress during pod filling stage adversely affect both 

the oil and protein content of soybean. However, the degree to which these 

economically important characteristics of soybean are affected by water 

stress depends on the type of genotypes evaluated, namely, ear1y or la te 

flowering (Rose, 1988). Huck and Davis (1975) reported that water stress 
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had no apparent effect on percent oil or protein in soybean seeds. Sionit 

and Kramer (1977) also, claimed that moisture stress applied at various 

growth stages of sesame crop did not appreciably affect oil or protein 

content. 

In flaxseed, oil percentage and iodine value (unsaturated fatty acids) 

were seriously reduced with low rainfall and high tempe rature cornbined 

together (Dillman, 1943). 

2.2.4 ~ ztt.ct. 

2.2.4.1 ~ Yield 

Soil variation does not seem to affect the performance of sesame 

seriously (Weiss, 1971). The crop is adapted to rnany soil types, but it 

thrives best on well drained, moderately fertile soils of medium texture 

and neutral reaction pH. However, shallow soil with an impervious sub-soil 

or those which are saline, are not suitable. The crop is extremely 

sensitive to salinity and salt concentration (Yousif et.al., 1972). 

Salinity was reported to decrease yield of sesame especially when the 

phenomenon occurs in the later stage of the growth cycle (Cerda ~ âl, 

1977) . 

There are conflicting reports in the literature, regarding the 

nutrient requirements of sesame. Mitchel ~ al. (1974) reported substantial 

increase in most of the yield components due to fertilization with 

nitrogen, phosphorus and potassium. Similar results were reported by 

Chakraborty ~ ~ (1984) and Taylor (1986). A few workers also reported 

marginal increase of seed yield as the result of nitrogen and phosphorus 

application (Arunachalam and Venkatesan, 1984 and Metwally ~~, 1984). 
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On the other hand the depressing affect of fertilization, aspecially 

nitrogen was also reported by Sonsu (1977) and Aranchlan (1981). One 

possible reason for the negative association of nitrogen with yield is 

mentioned to be the shading effect as well as massive vegetative growth at 

the expense of the economically important part of the plant promoted by 

high dosage of nitrogen. 

The translocation of nitrogen, phosphorus and potassiwn from the 

leaves, stems and roots of the plant to the seed bearing pods during the 

active vegetative stage did not substantially increase seed yield 

(Balkrishna and Narayanan, 1983). An examination of pod dry matter 

peruentage reveals that the seed dry matter portion constitutes 30% of the 

total while the remaining 70% is made up of the economically unimportant 

seed bearing pod waIIs (Saha and Bhargava 1980). This, may explain partly 

the marginal response of sesame to fertilization. 

2.2.4.2 Oil guantity 

The effect of soil per se on the production of oil seeds and in turn 

on oil quantity in the seed is better understood in the way soils 

facilitate the availability of nutrients and moisture to the growing plant. 

McNair (1945) described the effect of soil types on oil formation to be 

dependent on seasonal conditions. He observed that in sorne seasons clay 

soil produced a higher percentage of oil than loam and vice versa. However, 

climate and mineraI nutrients are more important factors than soil taken by 

itself in modifying oil quality and quantity in the seed. 

In general, the oil content of crops was adversely affected by 

nitrogen (Loof, 1960, Bunting 1969, Wankhede ~ al., 1970 and Sawan ~ 

~, 1988). Kinman and Stark (1954) made an observation to the effect that 
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sesame genotypes grown in one area of Texas where the fertility status of 

the soil was poor gave a higher oil percent age than those grown in nine 

other stat~s where the nitrogen level was from medium to high. In India, 

heavv ~~trogen application (up to 120 kg/ha) was observed to reduce sesame 

seed oil content from 41.07 to 36.14% (Chakraborty et.al., 1984). Mitchel 

et.al. (1976) also reported that sesame seed oil content was significantly 

depressed by increasing nitrogen but remained relatively unaffected by 

phosphorus and potassium. 

Like sesame, the oil content of rapeseed was relatively unaffected by 

nitrogen and phosphate fertilizer (Appelqvist, 1968 and Cooke, 1967). 

Earlier Bahatty (1964) confirmed the negative effect of nitrogen 

fertilization on oil content of 3 oil bearing species. With the 

application of 40 kg and above nitrogen per hectare to rapeseed and 

safflower, the oil content of the seed was reduced from 40.3% to 39.7% 

(Rafey ~~, 1988) and 28.4% to 24.7% (Kalole and Meena, 1988) 

respectively. Nitrogen fertilization at the rate of 0, 30, or 60 kg per 

Feddan (0.4 ha) showed no visible effect on safflower seed oil content (El­

Ahmer, 1987). 

In rare cases the application of nitrogen to sesame appears to 

increase oil content (Taylor, 1986). It is however speculated that the 

confounding effect of other environmental variables might have played a 

role in raising the oil percent in the seed as the nitrogen rate increased. 

2.2.4.3 Oil Quality 

The ratio of the saturated to unsaturated fatty acid groups as well as 

the amount of individual fatty acids within the two groups of lipids 

are also affected by nutrients in the soil. Thus, in rapeseed while 
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nitroqen reduced the percentaqe of oleic acid ~t increased linoleic and 

linolenic. In contrast with the increase of phosphate fertilizer oleic acid 

content was increased and linolenic decreased while the effect on linoleic 

was variable (Appelqvist, 1968). 

Information on how elements individually or in conjunction with each 

other alter the proportion of fatty acids in plant tissue or seeds is 

scarce. Meyer and Bloch (1963) have described a system which clearly showed 

that in the presence of phosphorus bearinq molecules, NADPH and oxygen as a 

catalytic agent, the conversion of Oleyl-CoA to linoleic acid proceeds 

steadily. Althouqh not clearly understood nitrogen and phosphorus as well 

as other elements play a significant role in the bio-synthesis and 

proportion of fatty acids in plant tissue. The nutrient effect on fatty 

acid proportion is also assumed to be a partially indirect one, that is, 

throuqh chanqes in the proportion of subcellular organelles with different 

but rather constant lipid pattern (Newman, 1966). Fowler and Downey (1970) 

made a similar observation working with Brassica ~, where 

disproportionate chanqes in the testa, nucleate endosperm and embryo 

durinq seed development can brinq about a variation in fatty acid 

composition. 

Despite the depressinq effect of salt on sesame seed yield, there is 

evidence to suggest that the oil chemical constituents and content were 

relatively unaffected by excessive presence of salt in the soil (Yousif ~ 

~, 1972). In safflower the effect of salt on fatty acid composition is 

neqligible (Yerrnanos ~ al., 1964). However, the total oil percent produced 

in the seed decreases proportionally with increasing salinity without 

affectinq fatty acid composition (Irving ~~, 1988). 
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2.2.4.4 frotein Content 

N{trogen increased crude prote in (N x 6.25) concentration of sesame 

seed from 21.5 to 25.0% (Weiss 1983). The effect of phosphorus and 

potassium was Qot noticeable on prote in (Mitchel ~~, 1976). Bahatty 

(1964) working with flax and rape seed, Singh ~ ~ (1987) with sesame, 

and Sharma and Guar (1988) wich sunflower, reached similar conclusions in 

that nitrogen had a significant influence on protein content. 

2.3 Mlthods 2f "",urinq Ginotypt-lnyir0Dmlnt Ipt_r.ction 

rhere are several methods used to estimate the relative adaptability 

of genotype performance across environments. Some of th~se methods were 

brief1y reviewed by Westcot (1986). Basically there are two approaches used 

for the estimation of genotype - environment interaction. 

According to Lin ~ ~ (1986) the parametric approach bases its model 

on deviation from the average genotype effects (Xij - Xi.) or on genotype­

envtronment interaction (X~J' - X~ - X . + X ). Some genotype adaptability ... .... • J •• 

statistics do not rely on linear regression to estimate genotype-

environment interaction effect. Instead, the sum of squares is used as a 

measure of estimation. Plaisted and Peterson's (1959) pairwise variance 

estimate, Wricke's (1962) ecovalence stability parameter and Shukla's 

(1972) stability variance are a few exarr~les. The coefficient of 

determination R2 (Pinthus 1973) and R1 and R2 production indices of Langer 

~ ~ (1979) are also classified as non regression parametric stability 

measures. 

The parametric approaches of linear regression are the Finlay and 

wilkinson (1963) and the Eberhart and Russell (1966) deviation from 

regression stability parameter. The other statistic worth mentioning is the 
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procedural approach of superiority measure developed by Lin ~ ~ 1989. 

The adaptability parameters so far mentioned are parametric, having 

quantitative mathematical characteristics. Thus, three basic concepts of 

adaptability c~n be derived from them (Lin ~~, 1986). A genotype can 

be considered generally adaptable if: 

1) its among-environment variance is small. 

2) its response to environment is parallel to 
the mean rflsponse of aIl genotypes in the trial. 

3) the residual mean square (EMS) from the 
regression model in the environmental index is small. 

While almost aIl the non regression adaptability parameters fall 

under type l, the Finlay and Wilkinson and, Eberhart and Russell 

adaptability statistics correspond to type 2 and type 3 respectively. 

The procedural approach of superiority measure falls under type 2 category. 

An alternative approach to the parametric method of estimating 

relative adaptability i8 the non parametric approach of clustering 

genotypes or locations according to their similarity (or dissimilarity) of 

response to a range of environments. Several methods for clustering 

genotypes (or environments) based on similarity of response characteristics 

are available. The Euclidean distance based on genotype by envir~nment 

interaction of Aboul Fittouh ~ ~ (1969) and genotype effect, and 

genotype - environment interaction of Mungomery ~ ~ (1974) fall ùnder 

this category. Furthermore the dissimilarity index of Lin and Thompson 

(1975) and Lin (1982) are considered as basically qualitative more than 

quantitative and fall under the clustering category. 
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The parametric approaches of linear reqression first developed by 

Yates and Cochran (1938) and greatly modified by Finlay and Wilkinson 

(1963), and further extended b!, Eberhart and Russell (1966) to include the 

scat ter points along the reqression line as a measure of qenotype 

adaptability are by far the most widely used estimation parameters. The 

first parameter attempts to explain the qenotype by environment 

intera.:.tion by comparing the difference between the slopes of the 

qenotypes' linear response and the second by measuring the deviation of 

residual mean squares (MS) from reqression. The procedural approach method 

is based first on screening out the genotypes with low mean squares (closer 

to the maximum response values). Thereafter, a pairwise genotype­

environment mean square between the the maximum and those with low 

superiority measure values are calculated to determine if the differences 

from the maximum response are about the same for aIl locations. 

To examine genotype performance acros~ sites, Finlay and Wilkinson 

used the mean yield of the trial at each site in each season as a measure 

of the environment in which the trial has been conducted. This measurinq 

unit is qenerally known as Environmental Index. Ideally an index, 

independent of the experimental genotypes and obtained from environmental 

factors such as rainfall, temperature, photoperiod and soil fertility would 

have been desirable. However, this has not been possible because of the 

complexities involved in accounting for aIl environmental variable 

encountered in the field. 

Finlay and Wilkinson regressed the yield of each qenotype against the 

environmental index and were able to draw the attention of the adaptation 

features embodi~d in the regression 1ine. They then concluded that 
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genotypes with a slope near 1.0 and high mean yield are generally 

adaptable. A genotype with slope > 1, they suggested wa3 below average and 

adaptable to favorable environment3 only. While a genotype with < 1 and 

high mean yield has an above average adaptability and i3 suited to 

unfavorable environment. 

The regression equation rnodified by Finlay and Wilkinson 

is as follows:-

Where 
Xij is the rnean of the i th genotype 

(i - 1,2, .... p) in the j t h 
environment (j = 1,2, .... ,q), 

x. 
~. 

is the rnean of the i th genotype, 

X . j i3 the mean of the j'Ch environment, 

X is the overa11 mean 

and 

Eberhart and Russell (1966) added a new adaptability (stability) 

parameter cal1ed deviation from regression in the model ta describe 

measurements of unpredictable irregu1arities in the response to 

envircnment. According to thern, a stable genotype is characterized by a 

regression coefficient which is not different from unit y (b=1) and 

deviation from regression close to zero. In other words, a genotype that 

differs from the majority of genotypes under consideration, either below 

or above their optimum will show marked deviation around its regression 

1ine. This has been termed as stability. 
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The stability model that Eberhart and Russell (1966) used to detect 

qenetic differences in maize breedinq lines in a given set of environmental 

conditions is as follcws : 

Where y .. - the mean of the i th genotype and the 
~J 

the jth environment 

Ui - mean of the i th genotype overall environment 

B. - reqression coefficient of i th genotype 
~ 

Ij = the environment index of the jth environment 

Sij = deviation from reqression 

Testing the siqnificant proportion of the variation of qenotypes over 

environments is accounted for by fitting a reqression line. Since the 

genotype-environment interaction sum of squares is a linear function of the 

environmental values this portion is partitioned into an item measuring 

differences between the slopes of each regression (heteroqeneity b) and a 

residual item. However, in order to arrive at a point that the regression 

mean square (linear) accounts for a siqnificant larger proportion of the 

total variation, it should be compared with the residual mean square 

(perkins and Jinks, J.968). The deqree of qenotype stability or qeneral 

adaptability can therefore be accounted f0r by measurinq the heteroqeneity 

of the reqression lines more than by the deviation of regression as 

strongly arqued by Breese (1969). 

Unpredictable irreqularities may be evident in the genotypic response 

to environment. This irregularities described to be as deviation from 

reqression, however, is not independent of the slope and cannot explain the 
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phenomenon independent of the slope (Hardwick and Wood, 1972). Thus, a 

genotype can have marked deviation from linear regression, not because it 

was inherently irregular, but Lacause it showed different response pattern 

from the majority of groups with which it was being cornpared (Westcott, 

1986). Lin ~ ~ (1986), doubted the usefulness of the deviation from 

regression advocated by Breese (1968) as an additional pararneter of 

stability because of its descriptive nature based on the data being 

analyzed and not a predictive model which includes into the model pre­

measured environmental variables. The inconsistency of Eberhart and Russell 

model when dealing with different numbers of genotypes and environments was 

reported by Witcombe and Whittington (1971). J 

The use of regression coefficient 'b' as an adaptability pararneter was 

useful, because ie measures genotypes' yield as a linear response to 

environment not as a specifie property of a genotype (Knight, 1970 and 

Freeman and Perkins, 1971). The interpretation of data IIsing the 'b' value 

from the response curve is, therefore, more appropriate a~ being indicative 

of yield response to environmental variations. 

The procedural approach rneasure of adaptability proposed by Lin and 

Binns (1988) relies on fixed standards as a reference point to identify 

genotypes of general superiority and adaptability as well as those with 

specifie adaptability. The standard is the maximum response of each 

genotype at each location and the superiority of a genotype is then 

rneasured against the maximum response across all locations. 
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The equation used is as follows: 

n 
pi - [n(xi, - M)2 + L (Xij 

j=l 
X. 
l.. 

Where X .. 
l.J 

yield of the i th genotype in the jth location 

~ maximum response among all cultivars in the jth 
location 

X. z mean of genotype i across locations 
l.. 

M mean of ma x imun: response 

n number of environments 

The first term of the equation is the sum of squares for genotype 

effect while the second term represents genotype environment effect when 

two cultivars are compared. 

Although genotype selection was based on Pi values which are the 

measure of superiority, this parameter alone cannot safeguard the 

unintentional rejection of genotypes poor in general adaptability but 

otherwise good in specific adaptability. To avoid this, a pairwise 

comparison of genotype-environment mean squares between each test genotype 

and the maximum respon8e (the maximum response among all genotypes in the 

jth location) was calculated. Also the genotype-environment rnean square 

[MS (GE)] of each test genotypes .,ras cornputed and the bOI.,ry.daries or ' cut 

off' points for genot}~e-environment determined. In all cases, an empirical 

'cut off' point using the F value multiplied by the pooled mean square 

divided by the number of observaticn8 i8 used as the stopping criterion. 

The main reason for using the test statistics from the ANOVA is that the 

di8tiributional propertie8 of the two parameters, that i8, the pi and 

[MS (GE)] are not known. 
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Within the cluster approach of qualitative classificat~on, the 

similarity (or dissimilarity) of genotype response used by Lin and 

Thompson (1975) combines the concept of a common regression line and the 

technique of cluster analysis. The objective is to group the genotypes 

with similar intercepts and regression coefficients by a clustering method. 

The smaller the dissimilarity index computed the closer the relationship. 

Large values indicate increasingly dissimilar ones. This method of analysis 

provides a broad pict~re of genotype response to environment but is less 

specifie. 

The dissimilarity or similarity index computed by the cluster method 

can only provide an overall picture on the similarity of genotypes based on 

their response to environment. It is therefore important to realize that 

the cluster analysis proposed by Lin and Thompson (1975) should not be 

taken as a tool for identifying the response of genotypes to the 

enviror~ent in a narrow sense. Rather, it should be used a5 an adjunct to 

other methods of evaluating genotypes' response to the environment (Ghaderi 

~ al .. , 1980). 

The procedural method of statistics has one notable advantage, in 

that, by using the maximum response as a standard, it provides a broader 

and more stable inferential base for comparison. In addition, the 

difference between the maximum response and the highest yielding genotypes 

can provide an important clue for formulating a strategy of genotype 

recommendation. 

The linear regression model measures the response of genotypes to the 

environment. The response is assumed to be a linear function of the 

environment. In this regard, stability is understood to be a relative 
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measure depending on the set of genotypes included in the test. Therefore, 

proper inference on the results obtained i3 possible. 

It is felt that by combining the linear regression method of Finlay 

and wilkinsons' (1963) model of adaptability and the procedural approach of 

superiority measure of Lin and Binns (1988) as weIl as the dissimilarity 

index of Lin and Thompson (1975), proper decision with regard to genotype 

selection can b~ made. 
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3. MATBRIAL AND Mt:THODS 

In the summer of 1987 and 198?, experiments were carried out at three 

sites in Ethiopia. The sites were chosen to provide differences in seasonal 

rainfall and temperatures. One of the sites had facilities for irrigation. 

Appendix 1 Table a, shows a summary of the climatic data of the three sites 

for the 1987 and 1988 seasons. The difference in planting dates between the 

two years ranged between 7 and 14 days. Table 1 shows a brief description 

of the three sites. 

Site number 

Description of the tnree sites in Ethiopia 
where sesame performance was evaluated 

1 2 3 

Site Name Bisidimo Abobo Melka Werer 

Geographical 42° 10' E 340 41' E 40° 9' E 
Position gO 11' N 80 19' N gO 15' N 

Soil Type Sandy Loam Clay Loam Alluvial 

Sowing Date 7. vii.' 87 6.vi.'87 6. vi.' 87 
12. vii.' 88 17.vi.'88 22.vi.'88 

x 
Altitude 1450 500 750 
(m.a.s.l.) 

x meter above sea level 
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A randomized complete block design with three replications was used at 

each location. The plot size was 4 x 2.4 m and the inter and intra row 

spacing was 0.4 and 0.1 m respectively. Such spacing is believed to give a 

theoretical population of 250,000 plants per hectare. Plots were hand 

planted with more than one seed being placed per hill to ensure proper 

stand. Thinning was done 25 days after emergence or when seedlings attained 

10-15 cm in height. Weeding and other field operations such as earth 

banding and surface drainage were performed ty hand while basic land 

preparation was done by tractor power. The ce~ter 4 rows were harvested by 

hand to determine seed yield. 

All plot areas were essentially free of economic pests but bacterial 

blight disease infestation was severe at Abobo in both years. In order to 

simulate standard farm practices no measure, either chemical or otherwise, 

was taken to control the disease. 

This experiments were designed to study the effect of environment on 

seed yield and chemical constituents of eight genotypes of diverse origin. 

3.1 Lina Origin 

Initially 25 experimental lines were used in the study. However, due 

to heavy bacterial blight (Xanthomonas sesami) infection, 17 lines were 

excluded and the study was concentrated on the relatively tolerant lines 

alone. 

Six of the eight lines included in the study (Harrar, Fincha, 207958, 

7B, 111518 and 111519) are landraces collected from the high and low 

rainfa1l regions of the country. All the indigenous lines are characterized 

by late maturity, profuse branching and little pod setting in the main 
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branches on approximately 1/3 of the plant height. The lines 111518 and 

111519 are relatively early maturing and believed to be more tolerant to 

diseases. The lines were developed by single progeny selection method from 

a bulk of populations collected from farmers' lots across the sesame 

growing regions of the country. Selection for lines with best agronomie 

characters continued for four generation before being included in 

prelirninary yield trials in the 1982/83 cropping season. During the process 

of the preliminary testing, those single plants selected from Harar, 111518 

and 111519 gave seed yield ranging from 1833 kg to 1917 kg per hectare 

(Anno 1986) . 

The line 76/48R is an introduction from Venezuela. It is relatively 

short and bears more pod in its main branches. The other one, namely 5E is 

an introduction from East Africa and reported to be tolerant to bacterial 

blight disease. Like the indigenous, it is bushy with wider leaves and 

relatively better pod bearing type. 

3.2 Data Collection ~ Sampling 

Soil samples were obtained by auge ring samples at 15, 30 and 45 

centimeter depth,to determine the physical and chemical properties of the 

soil. The samples were sun dried and ground before sample analysis was 

done. Disease score was taken two times, once at the flowering stage and 

then at rnaturity. Data for part of the agronomie study, nurnber of pods per 

plant and nurnber of seeds per pod, were based on five randomly selected 

plants. The following variables were measured: 

3.2.1 ~~: The date of flowering was reco~ded when 50% of the plants 

in the plot were believed to be at full bloom. 
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3.2.2 ~ height: Measurement of the distance from the base ta the stem 

tip was taken a short while before maturity. 

3.2.3 NUmber Qi branches ~~: The number of branches per plant was 

taken after pod setting. 

3.2.4 NUmber Qi ~ ~ B1snt: Because of the indeterminate habit of 

flowering 1 it is common to find in sesame weIl formed pods starting from 

the bottom. Only weIl formed pods that contribute or were likely to 

contribute to the total seed and oil yield were counted. 

3.2.5 Number Qi ~ ~ ~: Pods were sun dried and the seeds were 

counted by a seed counter equipment. 

3.2.6 Lodging: This measurement was based on visual observation. Plots that 

had aIl the plants standing were assigned a figure (100%), while those on 

the ground or tilting 450 or more were given O. 

3.2.7 BQQt~: Sesame has a deep tap root with most of the secondary 

root system distributed 5 ta 10 centimeter from the sail surface. Plant 

samples for root measurements were taken by wetting the soil to 

approximately one meter depth to facilitate plant uprooting. The uprooted 

plants were then immersed in a half barrel full of water to remove soil and 

the length of cleaned tap roots were measured. 

3.2.8 D~sease: Disease score was measured on a 0-9 point scale at plant 

development stage and pod formation. Plots with healthy plants with no 

symptoms of bacterial blight disease were designated 0 value in the point 

scale while the heavily damaged plots were given 9 points. 
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3.2.9 Maturity: In sesame the crop is believed to be physiologically mature 

when two thirds of the leaves turn yellow and the first formed basal pods 

start shattering. Thus, this sign was taken to record the dates of 

maturity. 

3.2.10 ~~: The center four rows were harvested for seed yield. 

Except for the two guard rows on both sideg (lengthwise) of the plot, 

entire plants in the plot were eut by sickle, stalked, and dried for 1-2 

weeks before being thrashed on polyethylene or '~otton cloth sheets. 

3.2.11 Thousand ~ weight: Composite seed samples were obtained from 

each plot, counted by seed counter equipment and weighed. 

3.2.12 Harvest ~: Plant samples were cut a few centimeters above the 

ground. The biological mass excluding the seed pods were placed in paper 

bags and sun dried (except at Melka Werer). After one week, seeds were 

carefully sieved and weighed separately while the remaining pod and 

other biological mass were mixed together and weighed separately. Harvest 

index was determined in the second year of the experiment at all sites. 

The Harvest index formula: Economie yield 
--------------- x 100 
Biological yield 

3.3 Method 2! Agronomie ~ and ~ 
eh.mjeal analysis 

3.3.1 Agronomie ~ analysis 

A separate analysis of variance was performed with data from each 

site-year combination. Hereafter, site-year combinat ions will be referred 

to as environments. Furthermore, combined analysis of variance was carried 

out with environments, experimental line and replicates as fixed effects. 
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Regression analysis proposed by Finlay and Wilkinson (1963) was used 

to establish linear response of lines to the environments with respect to 

seed yield, yield components and chemical composition. In this analysis 'b' 

measures the linear response of lines to environmental effects. A joint 

regression analysis was also carried out to determine the heterogeneity of 

slopes. 

In the joint regression analysis, the sum of squares due to line­

environment interaction was partitioned into line-environment (linear) and 

deviation from linear regression. Significance of the line-environment 

interaction (linear) mean squares was tested against the corresponding 

deviation mean square. The significance of deviation from regression was 

tested using the pooled error mean square from the combined analysis of 

variance as denominator in the F-ratio. In aIl cases the pooled mean 

squares were divided by the number of replications,since the adaptability 

analysis was based on means of the number of observations. 

The data were also analyzed by the procedural approach of superiority 

measure modified by Lin and Binns (1988). In the parametric analysis of 

procedural approach of superiority measure , selection of genotypes for 

general adaptability was based on Pi values. pi is a mea~ure of distance 

mean squares of a test genotype and the maximum response in a given 

environment. 

Lines were also clustered into groups for seed yield and oil content 

according to their similarity of response (dissimilarity index) first 

suggested by Lin and Thompson (1975). 

Simple correlation coefficient for each year in aIl possible 
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combinat ions of pairs of characters or variables were determined. However, 

since a change in one character is often accompanied by changes in several 

others, conclusive practical applications can not be drawn solely from 

simple correlation and regression coefficients. Thus, partial correlation 

coefficient were computed for pairs adjusted for variables. 

3.3.2 ~ cbem'c.l .n.lya!a 

The total oil content in the seed was determined using the nuclear 

magnetic resonance (NMR) method. Protein and fatty acid composition were 

determined using the standard Kjeldhal method and gas liquid chrornatography 

(GLC) respectively. 

3.3.2.1 Qil Content: The ail content of the seed was determined by the non 

destructive method using nuclear magnetic resonance (NMR). The NMR 

technique quantifies total hydrogen associated with oil in seeds 

independent of the hydrogen associated with non oil matrix (Conway 1963). A 

glass test tube holding a whole sesame seed sample of exactly 2.5 9 was 

placed in the magnetic unit of the instrument, Newport Analyzer Mark III. A 

steady field value of 635 x 10 -4 T and a radio frequency of 2.7 MHz was 

used for all analyses. The integration period was at 8.0s and a radio 

frequency (RF) value 30.00 ua. The instrument was installed in a room where 

the temperature was maintained at 250 C. As a result of resonance created in 

the magnetic housing a derivative curve i.e. mobile hydrogen signals 

associated with the fat only are picked up by the integrator. The curve 

produced is proportional to the total energy absorbed by the seed and 

therefore, to the amount of mobile hydrogen or oil. 

3.3.2.2 ~ ~ composition: The major fatty acids that constitute 

sesame oil are palmitic, stearic, oleic and linoleic. The most reliable 
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methods to recover the lipid constituents of oil seeds are based on the 

cold extraction method of Bligh and Dyer (1965). 

A sample of 250 mg of hand cleaned sesame seed was thoroughly 

homogenized in a chi lIed mortar and pestle in a homogenization medium 

consisting of chloroform/methanOl/acetic acid 1:2:0.1 v/v). The 

homogeneities and later the pellets were centrifuged at 500g for three 

minutes in an IEC desk top centrifuge to remove insoluble debris. To 

in~ure complete extraction of lipia f~om the seed samples, more extraction 

solvent was added to the sample and centrifuged. The supernatant was 

siphoned by pipette and mixed with boron trifloride (BF3) in methanol and 

benzine for esterification. The sample was dried under nitrogen, on aliquot 

dispensed, then again dried under nitrogen then transesterified (Morrison 

and Smith 1964). 

The sample was analyzed by GLC using a Varian model 3400 gas 

chromatography equipped with a flame ioniz~:ion detector 1.8 m x 4 mm glass 

column packed with 10% CSP-S09 on chromosorb W operated isother.mally at 

18SoC. The in je ct or and detector temperatures were 27SoC and 300 0 C 

respectively. Hel~um was used as a carrier gas with a flow rate of 50 

ml/min with 0.5 uL of sample injected. Fatty acids were identified by 

comparison of their retention times with that of a known standard. 

The samples were prepared in triplicate for each of the 48 samples. 

3.3.2.3 Protein analysis: Crude prote in concentration was deter.mined with a 

Tecator Kjeltec designed to ~lantify the amount of nitrogen in ammonium 

form. 
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Sesame seed ( 250 mg ) which had been hand cleaned and oven dried at 

70 0 C for 24 hr. was ground using mortar and pestle before being placed in a 

digestion flask containing sul furie aeid, selenium and potassium sulfate. 

The digestion time required for the sample tissue to disintegrate and 

release ammonium was between one hour and one hour and half. preliminary 

tests do ne on digestion time gave no significant differences between the 

two digestion times. 

The sample was analyzed according to the modified kjeldhal bvric acid 

method of the the American Approved Committee of Cereal chemistd (1976). 
~ 

The sample, after being cooled and diluted with 75 ml of de-ionized water 

was steamed and distilled in a flas~ ~ontaining sodium hydroxide. The 

ammonium was eolleeted in 1% borie acid and then titrated against 0.1 N 

hydrochloric acid. Percent crude prote in was calculated using a conversion 

factor of 6.25 (Panford ~ 21., 1988). 
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4.0 M.vlU and Di.cussion 

4 • 1 Agronomie Ch.net.ra. 

4.1.1~~ 

Adaptability of lines for seed yield was evaluated for 6 environments 

(i.e combinations of two years and three sites) which represented a wide 

range of growing conditions. Environrnent mean yield ranged from 969 to 128 

9 6.4 m -2 (Table 2). Mean seed yield over environrnent for the eight lines 

ranged from 270 to 493 9 6.4 m-2 . The highest yielding line was 7B, a 

selection from Northern Ethiopia, followed by 111519 a selection from the 

BI ue NHe Gorge. The line Harar gave the lowest yield of 270 9 6.4 m-2 

(Table 2) . 

Pooled analysis of variance showed significant effects for sites and 

years (p < 0.001). (Appendix 'J. Table a). This result indicates that there 

were variations in the envirorumental conditions throughout the 

experimention period. There was also differences among the experimental 

lines (p=0.005). The differences among the lines were possibly influenced 

by environrnental variations associated with rainfall, temperature and soil 

conditions. As shown in Appendix 1, Table a and b, precipitation and 

temperatures for the six environments differed markedly especially during 

the acti" '= plant development stage of June and July. Appendix 1 Table c 

also shows the extent of difference in soil conditions. 

Li..ne-site, and line-year-site interaction mean squares were also 

signific':lnt (p < 0.001 and p = 0.002, respectively). The significant first 

order interaction indicated that t;here were changes in the relative 

rankings or magnitudes of differences among lines over site3. The second 
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'fable 2 
Mean .eed yield (g 6.4 .-2) ot .ight ...... Unes 
g~OWft at th~.. .ites ir. Zthiopia ov.r two y.ar 

------------------------------------------------------------------
Environment 

-----------------------------------------------------------
1987 1988 

-----------------------------------------------------------
Bisidimo Abobo Melka W. Bisidimo Abobo Melka W. Line 

Lines ----------------------------------------------------- means 

78 358 a 151 a 1493 a 105 a 195 a 654 ab 493 

Harar 293 a 31 a 568 d 185 a 67 a 476 b 270 

111518 275 a 107 a 1372 a 108 a 154 a 577 b 432 

Fineha 468 il 269 a 892 be 396 a 138 a 387 e 425 

76/48R 383 a 211 a 884 be 112 a 253 a 665 ab 418 

5E 385 a 250 a 673 c 193 a 49 a 641 ab 365 

207958 373 a 214 a 894 be 382 a 34 a 752 ab 442 

111519 553 a 138 a 978 b 177 a 133 a 892 a 479 
-----------------------------------------------------------------

Means 386 171 969 207 128 631 

Standard error = 97.820 

'Within eaeh environrnent, line means followed by the same 
letter are not siqnificantly different at the 0.05 level 
by Duncan's multiple ranqe test.' 
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order interactions implies that there were different in the relative 

ranking of lines over year-site combinations. The line-year interaction was 

nût significant, indicating that relative performance of the lines, 

averaged over sites, did not differ from year to year. It further alludes 

to the fact that testing over years may not be important. On the other 

hand, significant line-site interaction signifies that testing at several 

sites may be necessary. Furtheomore the results suggest that a line or 

lines adapted to specifie conditions may be developed. These significant 

interactions, although indicative of the the effect of environment on the 

behavior of lines, cannot provide a basis for the formulation of broad 

biological concept and interpretation of values. The reason is that, line-

environment interactions have not provE·d to be tractable in biornetric 

analysis except partially by regrAssio~ technique which depends on the 

average response of line~, at each site, to provide an overall inclusive 

measure of that environrnent. Therefore, two adaptability pararneters were 

used to estimate the general performance of the experirnental lines. 

The joint regression analysis is given in Appendix 2, Table b. In this 

analysis rnost of the sources of variation were fOllnd to be highly 

significant (p < 0.001). Line effect was signifieant (p = 0.005). The 

partitioning of line-environrnent interactions further reveals that the 

greater portion of the interaction was due to linear response. Signifieant 

slope heterogeneity (p=O.OOl) irnplies that there is sorne detectable 

differences ûmong ljnes in each of the environment where they were grown. 

If the heterogeneity mean square is not signifieant when tested 

against the regression's residual mean square, it still does not rule out 

the possibility that the regression of sorne lines or all taken separately 
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may be highly significant when tested against their rernainder rnean square 

(Perkins and Jinks 1968). 

According to the results of the regression analysis of individual 

lines shown in Table 3, 111518 and 78 are typical of the lines which are 

very sensitive to changes of environrnent. A srnall change in the 

environrnent could trigger large changes in yields. Both 1ines can be 

described as being specifically adapted to high yie1ding environrnents. 

These lines have less than average adaptability with regression coefficient 

of b ~ 1.45 for 111518, and b~ 1.56 for 78. The rnean seed yield across 

environrnent for 111518 and 78 is above ave"ag~ with 78 giving the highest 

-2 seed rnean yield close to 500 g 6.4 rn . Another experirnental 1ine with 

below average adaptability and rnean seed yield of 479 g 6.4 rn- 2 is 111519. 

The regression coefficient of this 1ine i3 1.14. 

On the other hand, Fincha with a regression coefficient of 0.70 but 

with average mean seed yield of 425 g 6.4 m-2 could be well 3uited to 

less favorable environments. Its response to changing environrnent is 10w at 

best. In contrast, Harar, with regression coefficient of 0.64 and mean seed 

yield of 270 g 6.4 rn-2 is poorly adaptable to all production environments. 

The sarne is tr~e for 5E with regression coefficient of 0.72 but with 10w 

rnean seed yield of 365 g 6.4 m-2 (Table 3) . 

The line 207958 with above average seed yield of 442 g 6.4 m-2 and 

regression coefficient of b - 0.94, responded to changing environment 

rnodestly. Its performance is regarded as average and can be considered as 

generally adaptable to aIl environrnents. Furthermore, it has a high 
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Tabla 3 

Various maasure of adaptability det.r.minad 
for .aad yialà Cg 6.4 .-2) of aight s •• ame lin •• 
grown at thr •• sitas in Bthiopia 1987 and 1988. 

--------------------------------------------------------------------
Envirorunent Max. Min. Response 
(loc.&Year) Response(g) Line Response(g) Line Range 
--------------------------------------------------------------------
8isidimo ' 87 553 111519 275 111518 278 

Abobo '87 269 Fincha 31 Harar 238 

Melka. W.' 87 1493 78 568 Harar 925 

8isidimo '88 396 207958 105 76/48R 291 

Abobo ' 8R 253 76/48R 67 Harar 186 

Melka. W.' 88 892 111519 387 Fincha 505 

Mean 
Lines (gm/plot) Pi MS (GE) b p R2 

-------------------------------------------------------------
Max.response 643 0 1.29 

78 493 16386 ns 5359 ns 1.56 ** 0.001 0.94 
Harar 270 102670 * 33246 * 0.64 ** 0.002 0.92 
111518 432 25844 * 3707 ns 1. 45 ** 0.001 0.93 
Fincha 425 53056 * 29383 * 0.70 * 0.017 0.79 
76/48R 418 44610 * 13990 ns 0.88 ** 0.001 0.94 
SE 365 70567 * 32079 * 0.72 ** 0.006 0.89 
207958 442 38498 * 18278 ns 0.94 ** 0.004 0.90 
11151 9 479 31745 * 16358 ns 1.14 ** 0.003 0.90 
--- --------------------------------------------------------------

*, ** significant at 0.05 and 0.01 probability levei respectively 
ns non significant 
pi = superiority measure 
MS(GE)= mean squares of genotype-environment 
R2 d .. ff' . = eterm~nat~on coe ~c~ent 

b =regression coefficient 
'eut off' point for pi = 20094 
'eut off' point for GE(MS) =20764 
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determination coefficient (R2 ) value of 0.90 indicating that most of the 

production variables have been taken into account by the regression model. 

Fig. 1 shows the pattern of 1inear response of the 1ines Harar (poorly 

adapted), 78 (below average adaptability) and 207958 (average 

adaptability) . 

Using the procedural approach method of line adaptability analysis, 

the Pi value of most lines showed significant at the 0.05 level, indicating 

that the majority are inferior when measured against the maximum response. 

Those lines having closer values ta the Pi and with substantially lower 

line-environment interaction mean square (GE(MS)] than the estimated error 

confirms a degree of parallelism with the maximum response (Table 3). 

The line 7B with Pi value less than the 'eut off' point (20,094) and 

R2 0.94 was found to be closer ta the maximum response than any line and by 

definition superior in performance. Evidently, 1ine 111518 has a higher Pi 

value than 78 but lower [GE(MS)] than all the test 1ines. Thus, in order 

to show the magnitude of it~ relative cleseness te the maximum respense 

figuratively, 7B is plotted with the maximum response against the 

environmental index. According to Fig. 2 the linear response of 78 ls 

relatively closer and parallel to the maximum response indicating that the 

difference from the maximum response are about the same for all sites. Thus 

line 78 ceuld be considered as suitable te peer and productive environment 

alike. 
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According to the clustering method of non parametric statistics, the 

dissimilarity index between Fincha, 76/48R together with 207958 and the 

rest is 100%. The dissimilarity index between 5E and 78 on one hand and 

111519 and 111518 on the other is 30%. According to Fig 3, Fincha and 

207958, Harar and 78, 5E and 78 as well as 111519 and 111518 are classified 

as similar in response by as much as 90%. These results reflect more the 

genetic background of each line than an individual response of the lines to 

the environment. 
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4.1.2 ~ Components 

The seed yield components of sesame were subjected to statistical 

ana1ysis to determine trait or traits that are 1ike1y to contribute to seed 

yie1d. 

Pooled ANOVA on days to f10wering showed that year, Si _e and 1ine 

effects were high1y significant (p < 0.001). Simi1arly 1ine-year 

interaction gave high1y significant (p = 0.001) resu1ts. On the other hand 

year-site, and 1ine-site-year interaction effects showed no significance 

difference (Appendix 3 al . 

The joint regressicn ana1ysis on days to flowering gave similar results 

as those poo1ed ANOVA in which the response of 1ines to environmental 

effects were significant. There was a1so significant line-environment 

interaction. However, the slopes were found to be homogeneous (Appendix 3 

bl . 

Regression of individual lines are shown in Table 4 a. The lines 

Fincha and 207958 took more days to flower, and flowering appeared ta be 

influenced by favourable environmental conditions. The average days to 50% 

flowering was about 55 and 56 days respectively. In contrast, none of the 

lines tested showed the tendency of general adaptability across aIl the 

environments for days to flower. However, 7B with regression coefficient of 

0.87 and significantly different from zero (p =0.043) is the the earliest 

to flower and may be considered as adaptable to unfavorable conditions. 

The poo1ed ANOVA and the joint regression for days to maturity is 

given in Appendix 4 a and b. AIl sources showed highly significant 
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Table 4 

(a) 

(b) 

Various mea.ures of adaptabi1ity determinad 
for days to fl.owering Ca) and maturity Cb) of eight 

sasame 1ina. grown at three site. in Zthiopia 
1987 and 1988 

days to flowering 

Line b p x 

78 0.87 * 0.043 52 0.68 
Harar 0.60 ns 0.135 60 0.47 
111518 0.89 ns 0.079 50 0.59 
Fincha 1. 42 * 0.027 55 0.74 
76/48R 1. 03 ns 0.233 57 0.33 
SE 0.77 ns 0.056 53 0.64 
207958 1.20 ** 0.005 56 0.88 
111519 1.19 ** 0.010 54 0.84 

days to maturity 

Line b p x 

78 0.79 ** < 0.001 91 0.96 
Harar 1. 55 ** < 0.001 103 0.99 
111518 0.84 ** 0.001 88 0.95 
Fincha 1. 06 ** 0.001 93 0.95 
76/48R 1.13 ** 0.001 94 0.95 
SE 0.97 ** < 0.001 91 0.99 
207958 0.72 ** 0.002 93 0.91 
111519 0.91 ** < 0.001 91 0.97 

*,** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
b ~ regression coefficient 
R2 - determination coefficient 

x = rnean 



differences except for line-year interaction in the biometric analysis of 

the data, while the residual was insignificant in the joint regression 

analysis. The highly significant differences obtained for line slopes 

(p < 0.001) indicate that lines responded differently to environmental 

variations. 

Thus, the line Fincha with regression coefficient 1.06 and an average 

of 93 days to mature showed a degree of general adaptability. Similarly, SE 

with slightly less days to maturity than Fincha has a regression 

coefficient of 0.97 which is not far from the average adaptability value of 

1.00 (Table 4 bi. Since the determination coefficient (R2 l value amounts to 

0.95 and 0.99 for Fincha and SE, respectively, it can be safely assumed 

that the production variation is accounted for by the regression slopes. 

None of the lines tested seem to mature moderately earlier than SE, 111519 

and 78 at aIl production environments. 

The line Harar matured later than most lines tested (Table 4 bl. Whi e, 

line 111518 matured earlier than Harar by at least two weeks. As can be 

seen in Table 4 a, those lines with above average adaptability and early to 

flower are also early to mature and suitable to unfavourable environrr.ent. 

According to the pooled ANOVA for number of branches per plant, no 

significant difference was observed for line, line-year and line-site 

interactions (Appendix 5 a). Similarly, the joint regression on number of 

branches showed no differences among lines and slopes (Appeniix 5 bl. 

Regression on individual lines reveals that rincha with regression 

coefficient 1.00 is generally adaptable to all the production environments 

under study (Table 4 c). This line has an average or 5 branches per plant. 
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Table 4 

(c) 

Various measures of adaptability 
dete~in.d ~or number o~ branches (c)and pods plant (d) 
o~ eiqht sasame lines qrown at threa sites in Ethiopia 

1987 and 1988. 

number of Branches/plant 

Line b - R2 P x 
-------------------------------------------------
7B 1.30 ** 0.003 4.66 0.90 

** Harar 1. 07 O. 001 5.33 0.93 
111518 0.49 ns 0.350 4.66 0.22 
Fincha 1.00 * 0.018 5.00 0.78 
76/48R 1.27 * 0.014 5.17 0.81 

** SE 1.18 
* 

0.001 5.17 0.95 
207958 0.72 

** 
O. 016 5.00 0.80 

111519 0.96 < 0.001 5.17 0.96 

(d) 

number of pods/plant 

Line b - R2 
P x 

---------------------------------------------------

7B 0.95 ** 0.003 
Harar 1. 03 * O. 011 

** 111518 0.92 < O. 001 
Fincha 1.22 ** O. 004 
76/48R 0.93 ** O. 008 
SE 1. 05 ** O. 001 
207958 1. 02 * 0.013 
111519 0.85 * 0.013 

* ** significant at 0.05 and 
respecti vely 

ns non significant 
b2 = regression coefficient 
R = determination coefficient 
-x = mean 
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50.00 0.90 
42.11 0.83 
50.00 0.98 
55.50 0.88 
45.33 0.85 
50.83 0.94 
54.33 0.81 
44.83 0.81 

0.01 probability level 



It i8 also important to note here that the determination coefficient (R2) 

of Fincha i8 lower than the stati8tically acceptable value of 0.80. The 

line Harar, with regression coefficient of 1.07 and determination 

coefficient (R2 ) of 0.93 can aiso be be regarded as qenerally adaptable for 

number of branches per plant. Its mean number of branches is the highest of 

all the experimental 1ine5. This line i5 also significantly different than 

the rest (p - 0.001) (Table 4 c). The line 76/48R with regression 

coe~ficient of 1.27 and the determination coefficient (R2 ) of 0.81 branches 

profusely in favorable e~vironments. 

Appendix 6 a and b shows the pooled ANOVA and the joint regression 

analysis of pods per plant. The results from the joint regression analysis 

indicate that, except for the environment, none of the sources are found to 

be significantly different. Regression on ~ndividual lines showed that 

207958 with regression coefficient of 1.02 and significantly different than 

other lines (p - 0.013), is fairly adaptable to aIl production environments 

(Table 4 d). Its average number of pods per plant is among the highest. 

Likewise, Harar and 5E showed the tendency of general adaptability with the 

determination coefficient value above 0.80. But they both produced fewer 

oods per plant than the line 207958 and therefore were less preferable 

for immediate exploitation. 

In a sense none of the lines seems to be adaptable to low yielding 

environment but Fincha with regres5ion coefficient of 1.22 may produce a 

higher number of pods per plant than the rest in favorable environments. 

The number of pods per plant produced by Fincha i5 higher by 13 pods when 

compdred with Harar. But the difference amounts to only 1 pod per plant 

when compared with the generally adaptable line, 207958 (Table 4 d) . 
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Statistical analysis on seeds par pod show that year-site, line-year 

and line-year-site interactions were insignificant. The line effect showed 

no statistical difference. But the line-site interaction gave significant 

results, p = 0.001 (Appendix 7 a). The joint regression for number of seeds 

per pod also showed non significant for line, line-environment interaction, 

line slopes and residual effects. Regression analysis on individual lines, 

indicate that Fincha with regression coefficient of 1.07 and significantly 

different from zero (p ~ 0.016) appears to be generally adaptable. This 

line produced the second highest number of seeds per pod but has a 

determination coefficient value of 0.79, slightly lower than the 

statistica1ly acceptable value for R2 (Table 4 e). The R2 value of aIl 

experimental lines except SE, was very low. 

The pooled ANOVA on plant height showed that both the one way and two 

way interactions were not significant (Appendix 8 a). Likewise the joint 

regression analysis showed that line-environment interaction, line slopes 

as w~ll as the residual effects were not statistically significant 

(Appendix 8 b). Regression analysis on individual lines suggests that aIl 

lines showed highly significant difference; (Table 4 f). According to the 

result, therefore, Fincha attained a reson~ble height of 140 cm at aIl the 

production sites. Similarly, line 111518 with regression coefficient of 

0.98 and mean height of 131 cm appears to be shorter in stature across aIl 

the environments. The line Harar was among the tallest even in poorer 

environments (Table 4 fl. 

The statistical analysis for plant root depth is given in Appendix 9 a 

and b. Highly significant differences for year, site and year-site 
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Tal:»la 4 

(e) 

( f) 

Various maasuras of adaptability 
datarmined for saads par pod (e) and pl.ant haiqht (f) 

o~ aiqht sasama linas qrown at thraa sites in Ethiopia 
1987 and 1988. 

nurnber of seeds per pod 

-Line b p x 

7B 1.12 ns 0.141 63.55 0.45 
Harar 2.18 * 0.044 68.72 0.68 
111518 0.63 ns 0.191 68.28 0.38 
Fincha 1.07 * 0.016 71.16 0.79 
76/48R 0.20 ns 0.736 72.06 0.03 
SE 1.14 ** 0.009 66.53 0.84 
207958 0.71 ns 0.071 70.89 0.59 
111519 o .90 ns 0.240 67.22 0.32 

Plant height 

-Line b p x 

7B 1.13 ** 0.001 136 0.98 < 
Harar 0.82 ** 0.002 148 0.92 

** 111518 0.98 < 0.001 131 0.98 
Fincha 1. 01 ** 0.002 140 0.91 
76/48R 1.14 ** < 0.001 151 0.95 
SE 1. 07 ** 0.001 141 0.94 
207958 0.94 ** 0.001 149 0.99 < 
111519 0.89 ** 0.002 149 0.92 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
b = regression coefficient 
R2= determination coefficient 

x = mean 
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interaction were obtained. Significant differences (p=0.015) was also found 

( for line effects (Appendix 9 a). But the line-year, line-site and line-

year-site interaction effects were not significant. In the joint regression 

analysis no significant differences was obtained for line-environment 

interaction. As expected partitioning of the line-environment i~teraction 

further showed that line slopes and the residual were not significant 

(Appendix 9 b). 

Regression ana1ysis on individual lines indica:es that aIl 1ines, with 

the exception of Harar were significantly different for root depth (Table 4 

g). The line 76/48R with regression coefficient 0.96 has a mean root depth 

of 19.92 cms. The line 111518 appears to have an extended root depth only 

in favorable environment. None of the lines tested showed above average 

adaptability with a root depth longer than that with average adaptability 

(76/48R) or th~t with below average adaptability (111518) (Table 4 g). 

The joint regression on one thousand seed weight suggests that 

environment, line and line-environment interactions are significant, p < 

0.001 and p s 0.03~, respectively (Appendjx 10 b). In order to d~termine 

the source 0= the interaction, the partitioning of the Line-environment 

interaction revealed that residual rather th~n linear was found to be the 

main cause of the interaction (Appendix 10 b). The pooled ANOVA also showed 

insignificant interaction for line-year and line-site but the three way 

interaction was significant, p = 0.024, (Appendix 10 a). 

Regression on individual lines suggests that Fincha with the lower one 

thousand nced weight was computed to have 'b' of 1.01 (Table 4 h). In 

contrast, 111518 has aregression coefficient of 0.90 but wjth relatively 

heavier seed weight of of 3.06 9 per 1000 seed. Thus, 111518 has more 
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'l'able 4 

Various measures of adaptability determined 
for root depth in cm (9) and thousand s.ed .eiqht in q (h) of eiqht 

sesame lines grown at three sites in Ethiopia ove: two years 
(g) 

(h) 

Root depth 

-Line b p x 

7B 1.22 ** 0.003 19.75 0.90 
Harar 0.51 ns 0.143 17.86 0.45 

** 111518 1.29 
** 

0.001 22.26 0.94 
Fincha 1.16 < 0.001 18.81 0.97 
76/48R 0.96 ** '0.005 19.92 0.88 

** 5E 1.21 
** 

< 0.001 19.06 0.95 
207958 0.80 

** 
;0.009 17.44 0.84 

111519 0.93 0.006 19.23 0.87 

1000 seed weight 

-Line b p x 

7B 1.25 ** 0.008 3.27 0.85 
* Harar 0.91 0.028 2.81 0.74 

111518 0.90 * 0.016 3.06 0.80 
Fincha 1. 01 * 0.018 2.68 0.79 
76/48R 0.84 ** 0.008 2.88 0.86 
5E 0.99 ** < 0.001 2.84 0.99 
207958 0.77 ** 0.001 2.58 0.98 < 
111519 1. 31 ** 0.001 2.88 0.98 < 

*, ** significant at 0.05 and 0.01 probabillty level 
respectively 

ns non significant 
b

2 
= regression coefficient 

R = determination coefficient 

-x = mean 
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chance to perform weIl across sites at the same time producing relatively 

heavier seeds. The lines with the highest one thousand seed weight have the 

tendency to perform better at highly productive environment (78 and 

111519) . 

Analysis of variance on harvest index involving one year alone showed 

that line, site and line-site interaction effect was highly significant 

with probabilities ranging from less than 0.001 to 0.002 (Appendix Il a). 

Joint regression also showed significant for all sources of variation but 

line slopes were not significantly different (Appendix Il b). Therefore, 

the source of line-environment interaction was non linear in nature 

(Appendix Il bl. As shown in Table 4 i regression on individual lines for 

harvest index showed that the slopes are not significantly different from 

zero for all lines. 

'l'able 4 

(i) 

Various measures of adaptability deter.mined 
for harvest index (i) of eight sesame lines evaluated 

at three sites in Ethiopia over one year. 

Harvest index 

Line b P x R2 

-------------------------------------------------

78 C.03 ns 0.661 a • 081 0.26 
Harar 0.08 ns 0.334 0.057 0.75 
111518 0.16 ns 0.467 0.117 0.55 
Fincha 0.07 ns 0.181 0.070 0.92 
76/48R 0.09 ns 0.358 0.077 0.71 

* 5E 0.13 0.248 a .082 0.85 
207958 0.12 ns 0.068 0.084 0.98 

* 111519 0.11 0.276 0.090 0.82 
-- ---- ---- - -- -- -- --- --- -- ---- ------ - ---~---- ------

ns non significant 
b

2 
= regression coefficient 

R = determination coeffiecient 

x = mean 

58 



4.1.3 Correlation Qi ~ ~ ~ ~ component~ 

The simple linear correlation coefficients of the agronomie 

characteristics were computed for each year separately. But also the data 

for the 1987 and 1988 seasons were pooled and that discussion on the the 

result is based on combined correlation coefficients as shown in Table 5 a. 

The data indicate that in all cases seed yield was either positively or 

negatively and significantly ~orrelated with aIl the other yleld components 

except with days to flowering, rooting depth and branching. 

The number of days to maturity was positively correlated with seed 

yield (r=0.45). Also positively correlated with the seed yield are, the 

number of pods per plant (r~0.54) and 1000 seed weight (r=0.31) at p=O.Ol 

significant level. In addition, plant height (r=0.43) and harvest index 

(r=0.57) were positively correlated wlth the seed yleld. Of particular 

interest was the negative association of number of seeds per pod to seed 

yield (r--0.25). This result suggests that heavier seeds are more lmportant 

than number of seeds. 

Root depth was positively correlated with the number of pods per plant 

(r-0.36), and number of seeds per pod (r=0.17). It is also positivelyand 

significantly correlated with FIant height (r=0.43) and number of 

branches (r=0.51) p = 0.010. Based on these findings, selection for lines 

with extensive root system rnay be necessary to improve yield through the 

indirect increase of number of pods per plant, seeds per pod and good 

number of branches per plant. 

Number of pads per plant was positively and significantly correlated 

with number of branches per plant (r=0.33) and plant helght (r=0.46) It 



Table S a. 

F 

Correlation coeff~cients between seed yi.ld and yi.ld traits 
for the 1987 and 1988 cropp~g seasons 

M 

0.533 1 

0.3412 

B 

-0.255 

-0.332 

PD 

-0.201 

0.013 

s PLH RD 

0.020 -0.320 -0.350 

-0.121 -0.451 -0.553 
(0.368) ** (-0.368) ** (-0.309) ** (-0.079) ns (-0.406) ** (-0.487) ** 

-0.618 0.035 
M -0.113 0.427 

(-0.283) ** (0.203) * 

0.016 
B 0.004 

(0.326) ** 

PD 

s 

PLH 

-0.060 
-0.478 

* (-0.250) 

0.056 
0.205 

(0.172)* 

-0.236 
-0.321 

(-0.052)ns 

-0.392 
0.392 

(0.059) ns 

0.353 
0.493 

(0.452) 

0.493 
0.319 

(0.463) 

-0.256 
-0.116 

** 

** 

(-O .138) ns 

*, ** significant at P= 0.05 and 0.01 probability Level 
respectively 

ns non sign~ficant 
1 denote 1987 correlation coefficients 
2 denote 1988 correlation coefficients 
( values in parenthesis denote combined correlation 

coefficients. 

F~ Flowering M= Maturity B= Branch 
PD= Number of pad S= Nwnber of seed per pod 

-0.495 
-0.355 

(-0.292) 

0.348 
0.384 

(0.505) 

0.060 
-0.168 
(0.362) 

** 

** 

** 

-0.016 
0.274 

(0.169)* 

0.379 
0.356 

(0.432) ** 

PLH= Plant height RD= Roat depth S1= 1000 seed weight 
G= Seed yield HI= Harvest index 
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Table 5. (cont' d) 

Sl HI G 

0.2691 -0.009 

F -0.0092 0.235 0.C56 
(0.095) ns * (-0.068)ns (0.235) 

0.488 0.357 
M 0.579 0.587 0.577 

** ** ** (0.502) (0.587) (0.451) 

-0.350 -0.287 
B -0.259 -0.396 -0.095 

(-0.151)ns (-0.396) ** (0.155)ns 

-0.186 0.566 
PD 0.380 0.37237 0.411 

(0.161)ns (0.37237) ** ** (0.542) 

0.034 -0.313 
5 -0.416 -0.203 -0.322 

(-0.062)ns (-0.203)ns (-0.251) ** 

-0.657 0.379 
PLH 0.287 0.070 0.407 

** (0.070)ns ** (-0.218) (0.425) 

-0.362 -0.011 
RD -0.142 -0.327 -0.150 

(-0.100)ns (-0.327) ** (0.088)ns 

0.086 
51 0.517 0.677 

(0.517) ** (0.309) ** 

0.573 
** HI (0.573) 

*, ** significant at P= 0.05 and 0.01 
1 denote 1987 correlation coefficients 
2 denote 1988 correlation coefficients 

( ) values in parenthesis denote combined correlation 
coefficients. 

F-=flowering 
5=seed/pod 
G=seed yield 

M=maturity 
PLH=plant ht. 
HI=harvest index 

B=Branch 
RD"'root depth 
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is therefore possible to infer that greater nwnber of pods are to be 

expected from profusely branching and tall lines. 

Positive correlation was observed between days to flowering on one hand 

and days to maturity (r=0.37) and Harvest index (r=0.24) on the other. 

Whereas, negative and significant association was computed for number of 

branches per plant (r--0.36), number of p~1s per plant (r--0.30) and plant 

height (r--O.41). Thus, the earlie"- the experimental line te flower the 

earlier they mature and may increase seed yield through higher harvest 

index. 

Days to maturity was significantly and pesitively correlated with 

harvest index (r-0.59), 1000 seed weight (r~O.50) and number of pods per 

plant (r=0.20). Similar to days to flowering, days to maturity was 

negatively correlated with number of branches per plant (r=-0.28), seeds 

per pod (r=-0.25) and root depth (r=-0.29). 

The results obtained in the present study indicate that seed yield is 

influenced by number of pods per plant, plant height élnd 1000 seed weight. 

These findings are in agreement with the results obta."ned by previous 

workers in sesame (Khidir et al. 1970 ; Yadava et al.L980i Sharma et al. 

1984, Ibrahim et al. 1983 and Shukla et al. 1983). 

The analysis also shows the importance of Harvest index (r=0.58) to 

the contribution of high seed yield. Saha (1980) observed that a greater 

number of capsules per plant and harvest index appeared te be important 

factors in achieving improvement in sesame seed yield. 
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It is also in agreement with Rheenen van (1982) who reported that 

plant height contributed to seed yield. However, number of branches was 

found to be non significant and apparently not use fui in achieving high 

seed yield. These findings are in variance with those of Plainswamy ~ 

àl.(1978) and Murugenes ~~. (1979) who claimed that branches per plant 

were important to seed yield. 

The negative correlation between number of seeds per pod and seed yield 

may indicate that the size and weight of seeds could be more important to 

seed yield improvement than number of seeds per pod. Osman and Khidir 

(1974) found that seeds per pod is positively but not significantly 

correlated with seed yield. 

The result so f~r obtained through the simple correlation coefficient 

analysis is only an indicative to what extent each trait might contribute 

to yield. The actual association of each trait with yield can be better 

estimated by adjusting one or more trait efÇects on yield. For this reason 

partial correlation coefficient of seed yield with most of the tra~ts that 

showed positive and significant association in the simple correlation 

coefficient are computed as shown in Table 5 b. 
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Tabla 5 b 

Partial correlation coefficients of saad yi.ld 
and other variables adjuatad to the affacts of 

.electad yield components 

---------------------------------------------
variables adjusted for r p 
---------------------------------------------
10 
10 
10 
10 
10 
10 

6 
9 
5 
7 
4 
9 

4 -0.031 na 0.768 
4 2 5 -0.082 na 0.599 
2 8 0.208 ** < 0.001 
l 2 4 5 6 0.115 na 0.300 
l 2 5 6 7 0.239 * 0.025 
l 2 4 5 6 7 -0.011 na 0.944 

1~ flowering 2= maturity 3= branch/plant 
5= plant ht. 6= seed/pod 7= 1000 seed wt. 
9= harveat index 10- seed yield 
* significant at 0.05 level 
na non aignificant 

4= pod/plant 
8= root depth 

AS shown in Table 5 b partial correlation coefficient for seed yield 

adjusted to one or more character effects gave contradictory results from 

what was obtained by using simple correlation coefficient analysis. Except 

for pods per plant and plant height adjusted for almost aIl characters 

wh~ch previou~ly gave significant and positive association with seed yield, 

most traits appeared to be 11nimportant as yield attributes. Moreover, the 

magnitude of the positive correlation observed for the two characters which 

showed sign;ficance (p = 0.025 and p < 0.001, respectively) are very low. 

Be that as it may, our findings are in agreement with Osman and Khidir 

(1974) who by using the partial correlation coefficient demonstrated 

that plant height and pod number per plant could have an influence on 

sesame seed yield. 
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4.1.4 General Discussion 

Since the linear model fits the data for s~ed yield, the regressioll 

coefficient computed (Table 3) may estimate the true response of each line 

to the env~ronment . However, in addition to the regression analysis and 

the procedural approach method used to describe the general response 

pattern of all lines with respect to the environments under study, the mean 

seed yield was also used as a complementary estimating parameter to the 

the regression method. 

Thus, the line 207958 with relatively high mean seed yield and an 

acceptable determination coefficient could be considered as generally 

adaptable. This line could give re3sonably good yield and even substitute 

7B under the improved conditions such as Melka Werer. 

Because of its quick response to changing environment and its high 

mean yield across environrnents, 7B can be characterized as more adaptable 

to favorable production environments. It is doubtful, whether this line 

will perform in all production environments as well as it does in favorable 

environment. 7B was also idertified to be superior and generally adaptable 

by the procedural approach method. This line has the highest seed mean 

yield across all sites and has low [GE (MS) 1 as well. 

According to the result on yield component, the experimental lines (7B 

and 207958) characterized to be generally adaptable by both the procedural 

approach method and the regression wodel have sorne of their yield 

components below or above average adaptability. However, line 207958 gave 

high mean pod number per plant while its regression coefficient value 

remained at 1.02. Furthermore, it matured early and produced high seed 

number per pod under unfavorable climatic conditions (Table 4 b and el . 
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In addition it scored the lowest value of 5.5 in 0 - 9 point scale for 

bacterial blight (Xanthomonas sesami) disease severity (Appendix 12 a). 

Thus, it is found to be more suit able to both the marginal and high 

rainfall regions of the country where chances of excessive ra in or small 

and erratic distribution of it may not reduce yield to an uneconomically 

low level. 

On the other hand 78 produced the heaviest seeds and a relatively 

longer root system and shorter stature und~r inproved environments. It is 

also early to flower and mature even under poor environments. 78 could be a 

promising line under the irrigated conditions of the middle and lower part 

of the Rift valley (Melka Werer) as an alternate crop in a double cropping 

system. Of particular interest is the line 111518 which posseses certain 

characteristics such as short stature (131) and extensive root system 

(22.26), and perhaps may Qe important in marginal areas with insufficient 

rainfall and void of windbreaks. As a result of this attributes, line 

111518 has the lowest lodging value of 28% (Appendix 12 b) . 

Seed yield is a function of genetically inherited traits called yield 

components. These traits are affected by the interaction of lines with the 

environment which often helps explain why a reduction in yield occurs. 

AS indicated by the pooled analysis of variance (Appendix 2 Table a) 

and by the joint regression analysis (Appendix 2 Table b), environment 

effect were highly significant. The variability detected among lines, years 

and site can be attributed to the differences in soil type, temperature, 

soil moisture and disease conditions during the growing seasons 

i 
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A close look at some of the environmental factors (Appendix 1 Table a, 

band c) indicates th3t variability within the lines at different sites is 

the result of differences in soil fertility, moisture and temperature. 

At Melka Werer where the temperature is warmer,lines took longer time 

to matu~e especially in the second year of testing (Appendix 13 a). This 

can be attributed to unusually moist conditions for this dry site which 

had received a total of 262 mm of rain during the month of August in 1988 

where the crop was supposed to mature with reserve moisture alone (Appendix 

1 b). The maturity date was also delayed by two weeks taking 116 days 

instead of 103 days which is normal for most lines grown in that site 

(Appendix 13 a). The maturity date was ha~tened in Abobo for an entirely 

different reason , that is, due tc heavy infestation of bacterial blight 

(Xanthomonas sesami). At Bisidimo the crop matured in a relatively warm and 

d:y climate. 

At Melka Werer , despite the availability of supplemental irrigation 

at different growth stages, crop performance was affected by excessive heat 

at the time of early flowerina and fertilization (June) in both cropping 

seasons. Unusually wet and damp conditions during full bloom and pod 

filling stage (July an1 August) in the second year of the trial, at this 

extremely dry and hot site, affected crop performance seriously. The 

average yield variation between the two cropping seasons was about 30% 

(Table 2). 

At Abobo, excessive rainfall and poor natural drainage conditions 

throughout the growing season in hoth years promoted disease infection and 

flower dropping. Furthermore, lodging was so high that in sorne cases entire 

seed was lost to the ground (Appendix 12 b). The effect of severe disease 
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infection on almost all the lines at this site and not at the other two 

increased the line-site-year interaction. Disease severity was the same in 

both years (Appendix 12 a ). Furthermore, high daily temperatures, although 

not always, coinciding with the fertilization period must have also 

contributed to the low yield scored by many of the lines at this site 

(Table 2). As is always the case in the rainy season with this high 

rainfall site, cloudy periods were more presented than clear sunshine days 

to further affect crop performance. 

S~ed yield variation was more evident·at Bisidimo in the second year 

of the experimentation than in the first year. The low seed yield achieved 

in 1988 was perhaps due to erratic distribution of rainfell c:\nd o3,i long 

drought spell in September as well as poor soil conditions (poor water 

holding capacity and soil fertility, Appendix 1, table band c) . 

AS indicated earlier, during the second half of the crop growing stage 

heavy rainfall at all the sites in 1988, caused flower and pod reduction 

either by mechanical impact of the dropping rains or by damaging the floral 

part of the crop (Appendix 1 Table b). Number of pods was reduced from 57 

to 27 at B~sidimo, 61 to 22 at Abobo and from 87 to 38 at Mel~a Werer 

(appendix 13 bl. 

However, warm temperatures and abundant rainfall during the vegetative 

stage of growth encouraged plant height to attain a. maximum of 187 cm in 

Melka Werer and 170 cm at Abobo (appendix 13 cl. This coupled with the 

heavy infestation of bacterial blight (Xanthomonas ~amil caused severe 

lodging, loss of seed and vegetative parts of the genotypes at Bisidimo 

(Appendix 12 a and bl . 
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Rootinq depth was extensive at Melka Werer and Abobo where the soil 

type was from heavy clay to alluvial. While at Bisidimo t!1e root length was 

18 and 15 cm for the 1987 and 1988 respectively (Appendix 13 d). This 

result contradicts that of Weiss (1983) who reported that sesame grown 

under light sail has an extensive root system. 

The number of branches were hiqher at Abobo ranging from 5.50 to 8.13 

against 3.13 to 4.63 at Bisidimo indicating lines branch8d profusely at the 

former site with abundant rainfall (Appendix 13 el. But branches bO~8 fewer 

leaves due to bacterial blight disease. Such conditions ultimately decrease 

the photosynthesis process resulting in very low seed yield. Llkew~se, the 

harvest index was extremely low at .\bobo (0.026) when compared ta Melka 

Werer (0.143), Appendix 13 f. 

The result of simple correlation coefficient analysis indicates that 

for possible high seed yield, lines with early maturing characteristics, 

high number of pods and seeds per pod, tall stature and having heavier 

seeds with high harvest index are essential. Bath plant height and number 

of pods per plant were found ta be important yield attributes by the 

partial and simple correlation coefficient analysis. 

It is statistically untenable to compare th~ two parametric statisrics, 

for the simple reason that the Finlay and Wilkinson model (1963) uses 

regression coefficient and the mean value as a selection criteria, wnile 

the procedural approach relies on the pi value instead of the 'b' o~ the 

'mean' ta estimate the response of lines ta environmental variables. For 

example, the line 207958 which wes det~cted ta be generally adaptable at 

all the environments by the regression model was to the contrary, found ta 

be a line with a higher Pi val'le (significant at 0.05 level) and not quite 
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a3 3uperior a perforrner as 7B. De3pite its high pi value, 207958 has lower 

[GE(MS)] to be remotely characterized as less specifie in its adaptability. 

The clustering approach of di33imilarity index ( Fig. 3) grouped 

lines without defining their true response to the environment, as i3 the 

case when u3ing the linear regression or the procedural arproach method3. 

Both groups of 3tatistics underlinp~ the inherent differences uf the two 

lines. However, because of the basic differences that exists between the 

parametric and non parametric stati3tics, comparison between the two 

methods are no more than an intellectual exerci3e. 
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4.2 Ch!!ÛC.~ Composition 

4.2.1 Qil Quantity 

The mean ail content of the experiments conducted at three sites over 

two years varied from 41.39 to 47.61%. The highest mean ail content were 

obtained from the 1987 trials and specifically from Bisidimo ( Table 6l. At 

Bisidimo, the average growing period for most lines, except for Harar and 

76/48R was intermediate (Appendix 13 al while the mean temperature 

remained cooler relative ta the other two sites. Earlier work by Sosuslskl 

~ âl. (1964) on flax seed, showed that cool climatic conditions delay 

maturity and thus provide a longer period for oil deposition. 

Pooled ANOVA on the data show that year and site taken separately have 

a significant influence on ail content. There were also significant 

differencus among lines for oil content (Appendix 14 al. The l~ne-year 

interaction was not s~gnificant, indicating that the relative performance 

of the lines regarding oil percent, averaged over sites, did not differ 

from year to year. By contrast, the line-site interaction was highly 

significant (P < 0.001) suggesting that the ranking of lines for 011 

content was inconsistent at the three sites. Non significant results ~n 

the second order interaction further indicates that lines did no responded 

differently at each sites in both years. 

Joint regression analysis on ail content is shown in Appendix 14 b. 

Significant difference were obtained for environment and line effect~ on 

ail content (p < 0.001). There was also differences among slopes (p = 

0.006). Because of the significance of the heterogeneity of the regression 

slopes obtained, it is correct ta assume that sorne lines are different 

than others in their response to the environrnent. 
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Table 6 

Mea~ oil content in percent of eiqht sesame lines 
grown at three sites in Ethiopia 1987 and 1988 

Environment 
------------------------------------------------------------------

1987 1988 
------------------------------------------------------------------

Bisidimo Abobo Melka W. Bisidimo Abobo Melka W. 
Lines ----------------------------------------------------

7B 47.30 a 42.27 d 44.70 a 45.07 ab 39.83 e 42.80 

Harar 47.23 a 42.67 cd 45.10 b 44.57 b 41.33 cd 42.57 

111518 48.27 a 44.03 ab 47.00 a 45.77 a 42.57 ab 44.53 

Fincha 47.23 a 44.93 a 46.77 a 44.87 b 43.57 a 45.03 

76/48R 47.93 a 42.27 d 44.50 a 44.87 ab 40.70 de 42.90 

5E 47.40 a 43.73 bc 45.23 a 45.83 a 41. 03 cd 43.80 

207958 47.37 a 43.53 bc 45.60 a 44.30 b 40.47 de 44.00 

111519 48.17 a 43.27 bcd45.47 b 45.77 a 41. 67 bc 43.17 

mean 47.61 43.34 45.55 45.13 41.39 43.60 

Standard error = 0.383 

'Within each envirorument, line means followed by the same 
letter are nct significantly different at the 0.05 level 
by Dunc~n's multiple range test.' 
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Thus, Fincha with a 'b' value of 0.57 but with high mean oil percent 

across all environments is more adaptable to less favorable environments 

(Table 7). The reason is that its response to changing environment is less 

obvious, that is, with improved environmental conditions the increase of 

oil percent i3 small when compared with 7B which tends to perform d~d 

produce more oil as the nnvironmental conditions improve. However, despite 

its insensitivity to changing environment, Fincha has also the h~ghest 011 

mean percent,thus making it suitable in unimproved cond~t~ons On the other 

hand, the line 111518 with regression coeff~cient 0.96 and a medn o~l of 

45.36% , synt esized oil in more or less constant fashion across all the 

enviroruments. Although, 5E has a regression coeffic~ent of 1.01, ~t3 mean 

oil percent i3 very low to character~ze it as generally adaptable (4S~) 

Instead, line 111518 can be generally described as adaptable to all the 

environmental conditions. The response pattern of F~nC.1a and 111518 i3 

shown in Fig. 4. 

Based on the procedural approach of superiority meaSJre, the lines 

111518 and Fincha could be characterized as being desirable and overall 

not different from maximum response. Because of their ~loseness to the Pl 

value w;üch is 0, these lines are considerl~d as superior in their 

performance (Table 7). It must be noted that the Pi value is measured over 

aIl sites, and as such estimates superiority in the sense of general 

a.daptabil~ty. Therefore, to det~rmine the pattern of their relat~ve 

adaptability , the values of 111518 and Fincha are plotted with the max~mum 

response against the mean of the lines across sites (Environmental Index). 

Thus, the result of the plotting reveals that while 111518 ~s high 

yielding but only in a favorable environment and Fincha synthesize more ail 

under unfavorable envir0nments (Fig. 51. 
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'rabl. 7 

Various maasures of ada"atability 
determined for oil content of eiqht sesame lines 

qrown at three sites in Ethiopia in 1987 and 1988. 

Environrnent 
Loc. &year) 

Max. Min. Response 
Response(%) Line Response(%) Line Range 

Bisidimo '87 48.27 111518 47.23 Harar 1. 04 

Abobo ' 87 44.93 Fincha 42.27 7B & 76/48R 2.66 

Melka Werer'87 47 . 00 111518 44.50 76/48R 2.50 

Bisidimo '88 45.77 111518 & 111519 44.30 207958 1. 47 

Abobo '88 43.57 Fincha 39.83 7B 3.74 

Melka Werer' 88 45.03 Fincha 42.57 Harar 2.46 

Mean 
Line oil (% ) Pi MS (GE) b P R2 

------------------------------------------------------------------
Max. Response 45.76 0 0.76 

7B 43.66 2.9475 * 0.6275 * ** 1.14 < 0.001 0.88 
Harar 43.91 2.2950 * 0.0400 ns ** 0.99 < 0.001 0.97 
111518 45.36 0.2251 ns 0.1916 ns 0.96 ** < 0.001 0.96 
Fincha 45.40 0.2715 ns 0.1666 ns 0.57 * 0.013 0.81 
76/48R 43.86 1.8131 * 0.4333 * ** 1.17 < 0.001 0.98 
5E 44.50 0.8840 * 0.3441 ns ** 1. 01 < 0.001 0.96 
207958 * * ** 44.21 1.2871 0.4616 1. 05 0.001 0.93 
111519 44.59 1 * 2657 0.4400 * ** 1. 08 < 0.001 0.97 
-----------------------------------------------------------------

*, ** significant at 0.05 and 0.01 probability levei res~ectiveiy 
ns non significant 
pi - superiority measure 
MS(GE)s mean squàres of genotype - environment 
R2• determination coefficient 
b ~regce33ion coefficient 
'eut off' point for Pi = 0.3099 
'eut off' point for GE(MS) ~ 3202 
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According to the c1uster method of ana1ysis, 111518 and Fincha were 

grouped as simi1ar in their behavior. The dissimilarity index of both 

lines' oil percent was found to be 0.64. Despite falling under same 

category or grouping, the difference between each other amounts to 40%. 

This results are in agreement with those results obtained by using the 

procedural approach of superiority .~asure or the regression model which 

designated both lines as eithe.t. above average (Fincha) or below average in 

adaptability (111518). 

The dendrogram (Fig. 6) put the difference between 111518 and Fincna 

in one hand and the remaining six lines on the other as 100%. Fincha and 

111518 are landraces deve10ped through prageny selection. While this 

method identified bath lines as similar 1n their response to the 

environment, it also underscored the magnitude of the difference that 

exists between them (40%). Both lines are landraces collected from the Blue 

Nile gorge and are presumed ta be evolved distinctly through time under 

the protective nature of the gorge. 
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Dendrogram of a1l test lines showing the degree 
of their relationship for oil content 
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4.2.2 Qil. Quality 

The major fatty acids of sesame are oleic and linoleie acids, whieh 

oeeur in approximately equal amount5 and aceount for about 86% of the total 

fatty acids. Most of the fatty aeid contents of sesame analyzed in this 

study fell within the codex ranges of FAO/WHO (0' C'onnor 1970) a.,d are 

similar to trvse values dete~ined by Yerrnanos (1964). 

The fatty icid values ranged from 6.94 to 7.64% for palmitie aeid, 

4.50 to 6.07% for stearic aeid, 36.08 to 40.35% for oleie, 45.28 to 

49.98% for linoleic (Tabl~ 8). 

Tabla 8 

~atty aoid oomposition parcentaga of eiqht 
sesame linas qrown at thrae sites 1987 and 1988. 

Bisidimo Abobo Melka Werer 
----------------------------------------------------

Fatty acids 1987 1988 U87 1988 1987 1988 
------------------------------------------------------------------

palmitic 6.94 6.90 7.39 7.51 7.64 7.51 
(0.34) (0.43) (0.51) (0.46) (0.32) (0.34 

Stearie 5.88 6.07 4.78 4.50 5.26 4.97 
(0.18) (0.54) (0.26) (0.61) (0.31) (0.41) 

Oleie 37.10 36.08 40.35 39.60 39.88 38.96 
(0.93) (1.53) (2.32) (1. 72) (1. 28) (1.18) 

!,j noleic 49.18 49.98 45.28 46.63 46.30 47.39 
(2.61) (1. 76) (0.92) (2.55) (1.50, (1.66) 

1) :r '" 0.60 0.97 2.2 1.76 0.92 1.17 
------------------------------------------------------------------

Data are means of three repl~cates from a composite 
seed sampJes 

Figures in paranthesis are standard errors 

* other minor sesame fatty acide 
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4.2.2.1 Palmitic ~ 

Pooled analysis of variance shows that sites and l~nes have highly 

significant effects (P < 0.001) on palmitic acid. The line-site interaction 

was also found to be significant (Appendix 15 a). There was no significant 

effect observed for year, line-year and line-year-site interactions. From 

the results of the analysis it can be concluded that lines behaved 

differently at each site. It also shows that the ranking of Ilnes for 

palmitic acid differed from one site to the other. Conversely the lines 

showed no difference when planted at the three sites over the two years of 

experimentation. Since it is difficult to obtain a general picture on the 

performance of each line and their individuai response to the environment 

in question by simply analysing the data biometrically, it was further 

analyzed by the regression method. The result showed that line and 

environment effects were highly significant. The analysis also showed that 

lines highly interacted with the environments for paimitic acid content. 

Further partitioning of the GE interaction mean sq'lares indicated that the 

interaction was mainly due to non linear effects (Appendix 15 b) . 

However, non heterogeneity of slope Iines (Iinear) does not preclude 

the fact that regression of some lines taken separately may prove to be 

significantly different when tested against their own remainder mean square 

(perkins and Jinks 1968). Table 9 shows that aIl lines, except for Harar, 

showed sign.ficant slope differences at var~ous probabil~ty leveis. 

7B with modest mean palmitic acid percent and regression coeff~cient b 

= 0.93 can be regarded as adaptable to all the proauction environments for 

palmitic acid synthesis. This line had a significant siope at 0 008 
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'l'able 9 

Various ma.suras ot adaptability 
dete~nad for p.lmitic acid of .ight sesame lin •• 
qrown at three sites in Ithiopia in 1987 and 1988. 

--------------------------------------------------------------------
Environment Max Min Response 
(Loc. &Year) Response (%) Line Response (%) Line Range 
--------------------------------------------------------------------
Bisidimo ' 87 7.60 Harar 6.67 SE & Fincha 0.93 

Abobo ' 87 8.33 111518 6.90 5E & 207958 1. 43 

Melka Werer ' 87 8.13 111518 7.17 207958 0.96 

Biaidimo '88 7.27 111518 6.43 SE 0.84 

Abobo ' 88 8.27 Harar 7.17 SE 1.10 

Melka WeJ:er ' 88 7.97 Harar 7.10 111519 0.87 

mea':l 
Lines pc:llmitic (%) Pi MS (GE) b P R2 

--------------------------------------------------------------------
Max. response 7.92 0 0.60 

78 7.28 0.3841 * 0.0614 ** 0.93 ** 0.008 0.85 
Harar 7.80 0.0224 ns 0.0150 ns 0.88 ns 0.057 0.63 
111518 7.83 0.0181 na 0.0112 ns 1.27 * 0.015 0.80 
Fincha 0.3615 ** * 0.82 * 7.16 0.0651 0.033 0.72 

0.2133 * ns ** 76/48R 7.32 0.0303 1.19 < 0.001 0.95 
SE 7.10 0.0404 * 0.0624 * 1.27 * 0.026 0.75 
207958 6.97 0.0533 * 0.0346 ns 0.72 ** 0.004 0.89 
111519 7.06 0.0395 * 0.0216 ns 0.92 ** 0.002 0.92 
--------------------------------------------------------------------

*, ** significant at 0.05 and 0.01 probability levei respectively 
ns non significant 
Pi = superiority measure 
MS(GE)- mean squares of genotype - envirorument 
R2• determination coefficient 
b -regression coefficient 
'eut off' point for Pi = 0.0382 
'eut off' point for MS (GE) = 0394 
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probability level. The line 207958 with lowest mean palmitic acid percent 

and regression coefficient of 0.72 is poorly adaptable to all the 

production environments. On the other hand 111518 with the highest palmitic 

acid content. but regression coefficient value below average can be 

categorized as more adaptable to all the productive environments. Together 

with Harar, line 1:1518 gave the highest palmitic acid mean across sites 

(Table 9). Based on their regression coefficients and their mean values, 

three lines with variable response to environment are plot~ed for 

illustration (Fig. 7). 

Since temperature effect is believed ~o influence thé fatty acid 

composition of oilseed crops, in that high temperatures favor the synthesis 

of saturated fatty acids ( Harwood and Russsell, 1983) results in the 

present study also show that at the warmer sites more of the saturated 

fatty acids were synthesized than in the cool site of Eisidimo. At Abobo 

and Melka Werer the palmitic acid produced during the 1987 cropping 

season when compared with the relatively cooler location of Bisidimo was 

substantial higher (Table 10). The trend continued in the 1988 cropping 

season with Abobo and Melka Werer producing the same amount of palmitic. 

It is important to point out here that ,although, relatively cool,Bisidimo, 

had a mean sea50nal maximum ter.\perature of 26 0C during the crop growth 

period. While at Abobo and Melka Werer the mean seasonal maximum 

temperature were 330C and 360C, respectively (Append~x 1 al . 

Results of the analysis by the procedural appro~ch method indicate5 

that the pi value of all lines but two were different from the maximum 

response for palmitic acid synthesis (Table 9). The two with p~ value 

closer to the maximwm response has a1so have the lowest line-environment 
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'!able 10 

Mean pa~tic acid percent of eiqht sesame lin.s 
grown at thr .. sit •• in Zthiopia in 1987 and 1988. 

Environment 
---------------------------------------------------------------------

1987 1988 
----------------------------------------------------
Bisidimo Abobo Melka W. Bisidimo Abobo Melka W. 

Lines ----------------------------------------------------

78 6.80 b 7.53 c 7.60 b 7.00 ab 7.33 b 7.47 

Harar 7.60 a 7.93 b 7.80 ab 7.23 a 8.27 a 7.97 

111518 7.27 a 8.33 a 8.13 a 7.27 a 8.07 a 7.93 

Fincha 6.70 b 7.00 d 7.47 bcd 7.00 ab 7.30 b 7.47 

76/48R 6.87 b 7.40 c 7.80 ab 6.83 be 7.40 b 7.60 

SE 6.87 b 6.90 d 7.77 abc 6.43 e 7.17 b 7.43 

207958 6.70 b 6.90 d 7.17 d 6.67 be 7.23 b 7.13 

111519 6.67 b 7.16 cd 7.37 cd 6.73 be 7.33 b 7.10 

mean 6.94 7.39 7.64 6.90 7.51 7.51 

Standard error - 0.135 

'Within each environment, line means followed by the same 
letter are not significantly different at the 0.05 level 
by Duncan's multiple range test.' 
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interaction mean square [GE(MS)] to be considered as superiur. 8ased on 

their pi values the experimental lines 111518 together with Harar are 

selected and therefore, plotted with the maximum response to identify their 

relative adaptability. Fig. 8 shows that line 111518 is sllperior yielding 

in improved environments, while Harar runs more or less parallel to the 

maximum response indicating that it is good across aIl sites. 

4.2.2.2 Stearic ~ 

Results of the pooled analysis of variance for stearic acid are 

shown in Appendix 16 a. With the exception of line-site and line-year-site 

interaction which showed no significant effect on stearic acid synthesis, 

the remaining sources were significant differences with probabilities 

ranging from 0.004 to less than 0.001. 

The non significant effect of lin~-~it~ interaction indicates aIl lines 

behaved in similar fashion in aIl cites. The major significance of the 

line-year interaction suggests that lines responded differently to 

environmental changes for stearic acid synthesis 

Unlike palmitic acid, the synthesis of stearic was not enhanced by warm 

climate as indicated by the high environment mean obtained for stearic acid 

at Bisidimo (Table 11 ). The average seasonal temperature for 8isidimo was 

26 0 C while the other two warmer sites were approximately 350 C. The 

difference in stearic content between Abobo and Bisidimo in the 1987 and 

1988 trial season is 1.10 and 1.57% respectively. This amounts to almost 

30% less of stearic acid accumulated at Abobo. 

Similar to palmitic acid, the regression slopes for stearic acid were 

found to be homogeneous (Appendix 16 b). In this case the significance 
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Tabl. 11 

Lines 

7B 

Harar 

111518 

Fincha 

76/48R 

SE 

207958 

111519 

~an st.aric acid percent of eight s.~ama lines 
grown at thr.. sit.s in Bthiopia over two years 

Environment 

1987 1988 
----------------------------------------------------

Bisidimo Abobo Melka W. Bisidimo Abobo Melka W. 

----------------------------------------------------
6.63 a 4.47 b 5.23 b 5.90 b 4.67 abc 4.83 ab 

6.10 ab 4.47 b 5.07 b 6.13 b 4.33 c 5.03 ab 

5.80 b 5.13 a 5.33 ab 6.30 ab 5.03 a 5.20 ab 

5.90 b 4.77 ab 5.20 ab 6.80 a 4.60 abc 5.17 ab 

5.71 b 4.83 ab 5.83 a 6.23 ab 4.97 ab 5.27 a 

5.93 b 4.80 ab 5.47 ab 6.10 b 4.43 abc 5.03 ab 

5.77 b 4.70 ab 4.87 b 5.30 c 3.57 d 4.63 b 

5.97 b 5.03 ab 5.07 b 5.77 be 4.37 be 4.60 b 

Line 
mean 

5.29 

5.19 

5.47 

5.41 

5.47 

5.30 

4.81 

5.14 
--------------------------------------------------------------------

mean 5.88 4.78 5.26 6.07 4.50 

Standard error = 0.193 

'Within each environment, line means followed by the same 
letter are not significantly different at the 0.05 level 
by Duncan's multiple range test.' 
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line-environment interaction observed in t~e analysis was mainly due to non 

linear effect which showed significant differences (p - 0.039) . 

Regression analysis on individual lines shown in Table 12 indicates 

that the experimental lins SE with regression coefficient 1.00 and stearic 

acid mean percent of 5.30 is relatively weIl buffered against environmental 

variations and hence generally adaptable. On the other hand lines 111518 

and 76/48R with the highest stearic mean content and regression coefficient 

value above average, responded less to changing environment and can be 

reqarded as suit able to less favorable environment. Harar and Fincha are 

more adaptable to favorable environment (Fig. 9) 

None of the lines tested gave any superior performance by the 

procedural approach method of statistic. That is, aIl the lines have 

higher pi value and their distance mean squares from the maximum response 

is large. They aIl have small line-environm~nt mean square which indicate 

that most lines exhibited similar Lesponse patterns at aIl sites. (Table 

12). Since aIl of the experirnental lines showed ~ignificance at 0.05 level 

and are, therefore, not superior in perfoDmance, plotting the observed 

values of any of the experimental lines with that of the maximum response 

against the site mean i5 not necessary. 
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Table 12 

Va~iou. measu~es o~ adaptability determined 
~o~ .tea~ic .cid content of eiqht se.ame lin.s 

qrown at th~ee sites in zthiopia in 1987 and 1988. 

Envirorunent 
(Loc. &Year) 

Max. 
Response(%) Line 

Min. 
Response ( %) Line 

Response 
Range 

Bisidimo '87 6.63 78 5.71 76/48R 0.92 

Abobo '87 5.13 111518 4.47 111518 & 78 0.66 

Melk.a Werer'87 5.83 76/48R 4. a7 207958 0.96 

Bisidimo '88 6.80 Fincha 5.30 207958 l. 50 

Abobo '88 5.03 111518 3.57 207958 l. 46 

Melk.a Werer' 88 76/48R 4.60 111519 0.67 

--------------------------------------------------------------------
Mean 

Line steric (%) pi MS (GE) b P R2 

--------------------------------------------------------------------
Max. response 5.78 0 1.20 

* ns ** 78 5.29 0.1607 0.0390 1.19 0.009 0.84 
* 0.0148 ns ** 0.001 0.96 Harar 5.19 0.1427 1.19 < 
* ns ** 0.004 0.89 111518 5.47 0.0994 0.0493 0.72 

Flncha * o .0342 ns ** 0.005 0.88 5.41 0.1045 1.19 
* ns * 76/48R 5.47 0.1054 0.0578 0.74 0.020 0.77 
* ns ** 0.001 0.98 5E 5.30 0.1363 0.0171 1. 00 < 
* ns * 0.015 0.80 207958 4.81 0.5531 0.0778 1. 03 
* ns ** 0.68 111519 5.14 0.2473 0.0383 0.92 0.005 

---------------------------------------------------------------------

*, ** significant at 0.05 and 0.01 probability level respectively 
ns non significant 
Pi - superiority measure 
MS(GE)- mean squares of genotT?e - environment 
R2• determination coefficient 
b .regression coefficient 
'eut off' point of Pi = 0.0798 
'eut off' point for MS (GE) = 0824 
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4.2.2.3 ~ ~ 

By simply looking at the site mean, one finds that the amount of 

oleie aciœ produeed is higher at the warm elimate sites of Abobo and 

Melka Werer. The percent of oleie aeid produeed at Bisidimo during the 

1987 and 1988 eropping season is lower by 3.45 and 3.52% than at Abobo 

(Table 13). When compared with Melka Werer, the differenee amounts to 

2.78 and 2.88% for both years. This results are in agreement with 

Table 13 
~an 01eic acid percent of ej~ht sesame lines 

grown at three sites in Bthiopia in 1987 and 1988. 

Environment 

---------------------------------------------------------------------
1987 1988 

--------~-------------------------------------------
Bisidimo Abobo Melka w. Bisidimo Abobo Melka w. 

Lines ------------------------------------------~----------

7B 35.20 d 40.43 ab 40.27 abc 37.27 a 39.73 ab38.87 

Harar 33.63 e 40.17 ab 37.10 d 35.20 b 38.63 bc39.20 

111518 41.23 a 40.47 ab 41.50 a 37.80 a 40.87 a 39.60 

Fineha 37.33 be 41.57 a 39.93 be 35.60 b 40.90 a 39.23 

76/48R 36.23 cd 39.53 b 40.37 abc 35.03 b 37.77 c 38.33 

qE 37.20 be 40.67 ab 39.70 be 35.40 b 40.33 a 38.73 

207958 37.87 b 41. 53 a 39.30 e 35.27 b 37.90 c 38.77 

111519 39 70 a 40.00 ab 40.90 ab 37.07 a 40.70 a 38.91 

mean 37.10 40.55 39.88 36.08 39.60 38.96 

Standard error = 0.470 

'Within each environment, line means followed by the same 
letter are not signifieantly different at the ù.05 level 
by Dun~an multiple range test.' 
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those reported for soybean ~n the U.S.A. where war.mer elirnate is believed 

to favor the production of the mono-unsaturated fatty acia (Cherry J.H ~ 

li. 1985) . 

Pooled analysis of variance indicates that all sources, except for 

year-site interaction effects, showed significant difference for oleic aeid 

production (Appendix 17 a). 

The joint regression analysis (Appendix 17 b) also showed that there is 

a significant effect of environrnent on oleie acid synthesis (p < 0.001) . 

Hence, environmental factors played a role in the behavior of lines for 

oleic acid synthesis. Line-environrnent interaction was also significant (p 

< 0.001) indicating the different response pattern of lines to 

environmental variations. Further partitioning of line-environrnent 

interaction showed that slopes 3re hornogeneous (P=0.279) and that the 

larger part of the interaction is due to the non linear cornponent of the 

interaction. 

A~cording to Table 14 the line 7B with b=0.99 and 207958 with 

regression coefficient 1.06 could be characterized as having responded 

moderately to the environrnent and rnay be regarded as adaptable at all the 

sites. However, their mean stearic acid content is not arnong the highest 

and they have low R2 . Since none of the lines evaluated showed a slope 

closer to 1.00 and a rnean high enough to qualify as generally adaptable at 

all ~ites, 7B and 207958 may be cautiously regarded as that. Fincha was 

found to be as suitable in high yielding environrnent. Fig. 10 shows the 

response pattern of 7B apd Fincha. 

r 
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'l'ml. 14 

Variou. mea.ur.. of adaptmility det.~n.d 
for ol.ic acid content of .iqht ••• ame lin •• 

grown at thr ••• it •• in &thiop~a in 19S7 and 1988. 

--------------------------------------------------------------------
Environment Max. Min. Response 
(Loc. &Year) Response (%) Line Response Line Range 

--------------------------------------------------------------------
8isidimo '87 41.23 111518 33.63 Harar 7.60 

Abobo ' 87 41.57 Fincha 40.00 111519 1. 57 

Melka Werer' 87 41.50 111518 37.10 Harar 4.40 

Bisidirno '88 37.80 111518 35.03 76/48R 3.10 

Abobo ' ~8 40.90 Flncha 37.77 76/48R 3.13 

Melka Werer' 88 39.60 111518 38.33 76/48R 1.27 

---------------------------------------------------------------------

Mean 
Line oleie(%) pi MS (GE) b P R2 

---------------------------------------------------------------------
Max. Response 40.43 0 0.63 

78 38.63 3.4463 * 1. 8173 * * 0.99 0.036 0.70 
Harar 37.32 7.5960 * 2.7548 * 1.19 * 0.049 0.66 
111518 40.25 0.1009 na 0.0786 na 0.50 na 0.183 0.39 
Fineha 39.09 1.8876 * 0.9898 * 1.30 ** 0.001 0.96 < 

* * ** 76/48R 37.88 4.1267 0.8585 1.09 0.007 0.85 
* * ** SE 38.67 2.2610 0.7093 1.17 < 0.001 0.97 

207958 38.44 2.6935 * 0.7076 * 1. 06 * 0.019 0.77 
111519 39.54 0.5156 ns 0.1255 ns 0.66 ns 0.056 0.64 

--------------------------------------------------------------------
*, ** significant at 0.05 and 0.01 level respectively 
ns m non siqnificant 
Pi - superiority ~easure 
M~(GE)- mean squares of genotype - environrnent 
R - determination coefficient 
b -reqresaion coefficient 
'eut off' point for pi - 0.5216 
'eut off' point for MS (GE) ~ 0.5390 
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The procedural approach method of statistics identifies lines 111518 

and 111519 as closer to the lnaximum responsE (Table 14). Theyaiso 

have lower [GE(MS)] than any of the experimentai lines under evaluation. It 

is,however, important to note that the production variation as measured by 

the det~rmination coefficient is lower for these lines, and one cannot 

state conclusively that they are indeed superior to the other lines. Fig. 

11 demonstrates the response pattern of line 111518 and 111519 in relation 

to the standard, the maximum response. According to Fig. 11 line 111519 

runs parallel to the maximum response and therefore it is suitable at poor 

and productive environments alike. On the other hand 111518 runs further 

away from the standard as the environment improves and may be considered as 

adaptable to poorer environment. 

4.2.2.4 Linoleiç ~ 

More linoleic acid was synthesized in the cooler environment of 

Bisidimo than in Abobo and Melka Werer. The variation being 3.90 and 2.88% 

for the year 1987 and 3.25 and 2.49 for the 1988 respectively (Table 15). 

The5e results are consistent with previous report by Harris et al. (1969) 

on flax, sunflower and castor bean. 

The data were subjected to analysis of variance to determine the 

significant of site, year and line effects on linoleic acid composition. 

All sources except year-site interaction had significant effect on linoleic 

synthesis. The significant line-year and line-site interactions, indicate 

a yearly environmental variation causing lines to behave differently 

(Appendix 18 a). 
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'l'a))l. 15 

Lines 

7B 

Harar 

111518 

Fineha 

76/48R 

SE 

207958 

111519 

me an 

Mean linol.ic .cid cont.nt of .iqht ...... lin •• 
qrown at three site. in 8thiopi. in 1987 and 1988. 

Environment 

1987 1988 
----------------------------------------------------
Bisidimo Abobo Melka W. B~sidime Abobo Melka W. 
--------------------------------------------------
51.37 ab 45.40 a ~5 67 be 49.27 be 45.90 be 47.97 a 

52.57 a 44.80 a 48.67 a 52.37 a 46.67 b 46.13 a 

44.00 d 45.03 a 44.63 e 47.73 ed 44.13 e 46.10 a 

49.67 b 44.53 a 46.17 be 51.17 ab 43.27 d 47.17 a 

50.10 b 46.20 a 44.77 e 51.37 a 47.87 ab 47.47 a 

49.90 b 45.53 a 45.53 be 51.53 ab 46.27 be 47.50 a 

49.13 b 44.83 a 47.43 ab 51. 73 ab 49.07 a 48.47 a 

46.70 c 45.93 a 45.53 be 45.80 d 49.83 a 48.33 a 

49.18 45.28 46.30 49.88 46.63 47.39 

Standard errer s 0.730 

'Within eaeh environment,line means fO.Llowed by sarne 
letter are not signifieantIy different at the 0.05 level 
by the Dunean's multiple range test.' 
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The joint reqression analysis indicates environment and line had 

siqnificant effect on linoleic percent (p < 0.001). But the partitioning of 

line-environment interaction into linear and non linear components 

indicates a non siqnificant effect for the linear source (Appendix 18 b) • 

In other words, the reqression model wa~ un able to predict the response of 

lines to different environments for linoleic acid production. In such case 

it i3 admissible to rely upon the site mean and the regression coefficient 

(b) computeo for individual lines tested against their own remainder mean 

square, to estimate the performance of the experimental lines with respect 

to environrnental effects. 

According to Table 16 the line 76/48R witt, a mean of 47.95% and 'b' = 

1.06 can be interchangeably considered with 7B with a ~~tn of 47.60% and 

regression coefficient of 0.99 as suit able for all production environrnents. 

The line SE appears to synthesize more linoleic acid in favorable 

environrnent. On the other hand line 207958 with regression coefficient of 

0.92 and the hiqhest l~noleic acid mean can be characterized as adaptable 

to poor production environrnent. Fig.12, shows the adaptability feature of 

76/48R, SE and 207958 based on their regression slopes and overall mean. 

The procedural approach of superiority measure failed to identify lines 

with superior performance across aIl sites. The Pi value of all lines were 

very hiqh. The hiqhest linoleic acid yielding line had a Pi value of 

1.3962, sliqhtly hiqher value than the 'eut off' point which determines 

whether the experimental lines under test is superior and generally 

adaptable. Despite ~heir high pi value the majority of the lines have low 

line- environment interaction mean square [GE(MS)] which demonstrates not 

their superior performance, but their ability to grow in the testing sites 
.". 

J without much environmental influence. 
" 
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'Iable 16 

Vadou. mea.ur.. of adaptabili.ty detendneel 
for linol.ic aci.d content of eight lin.. *valuated 

at three .it •• in Bthiopia in 1987 anel 1988. 

-------------------------------------------------------------------
Environment Max. Min. Response 
(Loc.& Year) Response (%) Line Response (%) Line Range 

-------------------------------------------------------------------
Bisidimo '87 52.57 Harar 44.00 111518 8.57 

Abobo ' 87 46.20 76/48R 44.53 Fincha 1. 67 

Melka Werer'87 48.67 207958 43.80 111518 4.87 

Bisidimo ' 88 52.73 Harar 47.73 111518 5.00 

Abobo ' 88 49.07 207958 . 43.27 Fincha 5.80 

Melka Werar' 88 48.47 20'7958 46.10 111518 2.37 

Mean 
Lina Linoleic (%) Pi MS (GE) b P R2 

------------------------------------------------_.~----------------
Max. response 49.61 0 0.75 

7B 47.60 3.4969 • o . 6653 ns 0.99 • 0.025 0.75 
Harar 48.60 1. 9167 • 0.9134 ns 1. 40 • 0.023 0.76 
111518 45.13 11.6081 • 4.2081 • 0.45 ns 0.191 0.38 
Fincha 46.97 6.2816 • 0.2873 ns 1.33 • 0.006 0.88 
76/48R 47.95 3.0986 * 1.0007 ns 1.06 • 0.009 0.84 

3.1259 * 0.5646 ns ** 0.001 5E 47.71 1. 79 < 0.98 
207958 48.44 1.3962 • a .6634 ns 0.92 * 0.032 0.72 
111519 47.02 5.9423 * 1.8714 * 0.66 ns 0.047 0.66 

-------------------------------------------------------------------
*, *. eignificant at 0.05 and 0.01 levaI respectively 
ns - non significant 
Pi - superiority measure 
M~(GE)- mean squares of genotype - environment 
R - determination coefficient 
b -regression coefficient 
'eut off' point for Pi - 1.1193 
'eut off' point for MS (GE) =1.1566 
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4.2.3 Protein Content 

The crude protein mean value ranged from 26.59% at Abobo to 22.65% at 

Blsldimo 1987. In 1988 the site mean differenees were not as large as those 

of 1987 (Table 17). In general the protein value was re1atively higher in 

the 1987 season at two sites. 

~&ble 17 

Mean pratein percent of aight sesame lines 
grown at thr.. ait.. in Zthiopia in 1987 and 1988 

Environment 
--------------------------------------------------------------------

1987 1988 
----------------------------------------------------

Bisidimo Abebo Melka W. Bisidimo Abobo Melka W. 
Lines ---------------------------------------------------- mean 

7B 20.37 d 28.13 a 26.60 be 23.97 be 22.03 e 24.87 b 24.32 

Harar 26.97 a 25.63 ed 25.20 c 22.60 cd 24.70 b 24.83 b 24.98 

111518 20.38 d 24.50 d 26.33 be 23.13 ed 23.33 c 23.53 b 23.53 

E'incha 23.37 be 26.37 be 25.60 c 22.27 d 25.07 b 27.30 a 24.50 

76/48R 22.37 be 26.47 be 27.67 ab 24.77 ab 25.10 b 25.03 b 25.24 

SE 22.20 be 27.17 ab 25.10 c 25.80 a 26.57 a 23.53 b 25.07 

207958 23.60 b 26.83 abc 28.23 a 24.60 ab 24.93 b 23.93 b 25.35 

111519 21.97 c 27.63 ab 26.50 be 25.27 ab 25.03 b 24.43 b 25.14 
---------------------------------------------------------------------

mean 22.65 26.59 26.30 24.05 24.60 24.68 

Standard errer - 0.479 

'Within eaeh environment, line means followed by same 
letter are not significantly different at the 0.05 level 
by the Ounean's multiple range test.' 



~ , 
j 

( pooled analysis of variance (Appendix 19 a) showed highly significant 
1 
1 

1 
differences for all sources (p < 0.001). 

" 
The joint regression a~alysis on the data is given in Appendix 19 b. 

All sources, except for heteregenous 'b', showed significance (p < 0.001). 

Thus, the results indicate that there are diferences arnong the lines for 

protein content as weIl as variations in the environrnents in which they 

grew. Significant line-environrnent interaction was found to be due to 

residual effect and was highly significant (p < 0.001). Be that as it rnay, 

lack of significance for linear response does not rule out the possibility 

that sorne lines taken separately rnay have significant slope differences 

(perkins and Jinks 1968). Testing the regression slope values with their 

rernainder mean square revealed that five out of eight lines under study 

gave significantly different linear response (Table 18). 

The line 207958 with the highest protein mean value and regression 

coefficient 'b' of 1.07 was found to be generally adaptable to aIl 

production environrnents. As shown in Fig. 13 line 7B is weIl suited to 

favorable environrnents. 

The procedural approach of superiority rneasure of statistics failed to 

identify genotypes with superior protein value. Hence, none showed a 

closer and parallel response when compared with the maximum response , a 

standard measurernent against which other lines are evaluated for their 

pattern of adap~ability. As shown in Table 18, the Pi and fMS(GE)] values 

of all lines are larger than the 'eut off' point figure (0.4819) and 

(0.4980) respectively. This irnplies that sorne lines are less than superior 

in performance and their response pattern is variable across aIl sites. 
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'l'aJ:)le 18 

V.riou. me •• ure. of adaptability detar.minad 
tor protain oontant ot eight ••• .me lin.. grown 

at thr •• aita. in Zthiopia, 19.7 and 1988. 

------------------------------------------------------.------------
Environment Max. Min. Response 
(Loc.near) Response (%) Line Response(%) Line Range 

Bisidimo ' 87 26.97 Harar 20.37 111518 & 78 6.60 

ADobo '87 28.13 7B 24.50 111518 3.63 

Melka W. '87 28.23 207958 25.10 5E 3.13 

Bisidimo '88 25.80 5E 22.27 Fincha 3.53 

Abobo '88 26.57 SE 22.03 75 4.54 

Melka W. ' 88 27.30 Fincha 23.53 111518 & 5E 3.77 

-------------------------------------------------------------------

Mean 
Lines Protein(%) pi MS (GE) b p R2 

------------.-------._---._------.-----------------.----------.-----
Max. Response 27.17 0 0.45 

7B 24.32 7.8603 * ~.31e1 - 1. 78 -- 0.007 0.85 
24.99 3.2601 * 1.0969 - 0.08 ns 0.873 0.00 Harar 

111518 23.53 7.7720 * 1.5186 - 1.21 -* 0.008 0.85 
Fincha 24.50 3.7320 * 1.5861 * 0.78 ns 0.199 0.38 
76/48R 25.24 * 1.3946 • .* 0.002 0.92 3.0659 1.15 

25.06 * 2.1411 • 0.84 ns 0.148 0.44 SE 4.1271 
207958 25.35 3.0563 * 1.1713 • 1.07 • 0.018 0.79 
111519 25.14 3.9837 * 2.1213 * 1.22 ** 0.005 0.88 

--------------------------------------------------------------------
., ** significant, p > 0.05 and 0.01 level respectively 
ns non siqnificant 
Pi - superiority measure 
M~(GE). mean squares of genotype - environment 
R - determination coefficient 
b -regression coefficient 
'eut off' point for Pi - 0.4819 
,eut of ' point for MS (GE) • 0.4980 
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4.2.4 Correlation Qi ~ çhemical constituents 

The combined correlation covering the 1987 and 1988 cropping season 

for the chemical constituents of sesame seed are presented ln Tabl~ 19, a 

and b. The re~u1t of the analysi~ indicates a negative association of 

prote in with oil content. The negative correlation between prote!n and 011 

content is of rnodest magnitude (r=-O.47) and statistically significant, p < 

0.001, (Table 19 a). 

Association between stearic on one hand and oleic and linoleic on the 

other gave significant positive and negatlve corLelation respectively. 

Likewise, oleic and lino1eic are high1y significant and negatively 

associated (r=-0.95) (Table 19 b). Although, palmitic acld ls 

significantly dnd negatively associated with stearic acids, the magnitude 

of the association is low (r--0.25). There was no significant correlation 

between pa1mitic on one hand and oleic and linoleic on the other. 

The association of linoleic and oleic acids adjusted to palmitlc and 

stearic acid effects gave a highly significant negp :ve correlation of r­

-0.88 (Table 19 c). Similarly, highly signlficant negative associations 

were obtained for palmitic and linoleic acids adjusted to stearic and oleic 

acids (r~-O.69). On the other hand the association of palmitic and ole~c 

acids adjusted for stearic and linoleic acids gave a negative and 

significant r value (r=-0.55). The correlation between palmit~c and stearic 

acids also showed significance at 0.015 probability level and a negative 

association of lower magnitude (r=-0.25). 

The negative association of protein with oil is in confùrrnity with 

previous findings in sesame ( Dhawan et al. 1972, Dhindsa K.S et al. 1975, 

Udayasekhara P.R et al. 1981). 
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'rable 19 I!.. 

Combined correlation coefficients for the 1987 and 1988 
of deys to maturity, oil and prote in content 

variables r p 

protein % 
maturity 
maturity 

Table 19 b 

vs oil content 
vs protein 
vs oil content 

-0.474 ** 

-0.224 ** 
0.385 ** 

< 0.001 
0.007 

< 0.001 

Correlation coefficients amonq fatty acide 
for the combined years of 1987 and 1988 

Palmitic 

Stearic 

Oleic 

'rlÙ>le 19 c 

Fatty acid composition of oil in % 

Palmitic Stearic Oleic Linoleic 

-0.2505** -0.1536ns -0.1739ns 

0.0025 0.0660 0.8361 

** ** 0.6A21 -0.7698 
< 0.001 < 0.001 

-0.9543** 
0.001 

Partial correlation coefficient of the 
chemical constituents of sesame seed 

variables adjusted for r p 
---------------------------------------------------
1 4 2 3 -0.693 ** < 0.001 
3 4 1 2 -0.882 ** < o. aD· 
1 2 3 4 -0.252 * 0.01 
1 3 2 4 -0.549 ** < 0.001 

1 - palmitic 2 a stearic 1 = 0leic 4~ linoleic 

10. 



In sesame oleic acid is negatively correlated with linoleic acid 

(Yerrnanos et al. 1972, Brar 1982). Yermanos et al. (1~67) aIso, working 

with safflower found significant negative correlation between oleic acid 

and linoleic acid as well between oleic and palmitic acid. 

With Bras,ica campestris Ahuja ~ ~ (1989) found positive but not 

siqnificant relationship between palmitic and stearic and palmitic and 

linoleic. This res1.l1t does not agree with our finding. 

4.2.5 General Discussion 

The influence of environrnental factors, specifically moisture and 

temperature on the composition of fatty acids, protein and oii content of 

sesame has not been extensively reported in the literature. Seegeler (1983) 

reported the decrease of oil content in sesame seed in Ethiop~a w~th 

increasing elevation. The claim that cold climate reduces sesame seed oil 

content could be based on the fact that because of the intermed~ate habit 

of flowering, late developed sesame capsules may mature before they are 

fully developed and this could decrease ail percent (Saha 1984). 

Friederich J.C (1949) working with linseed ( Linum usitatissimum L) 

gave a different asse~sment on the effect of tempe rature and moisture on 

the deposition of ail. He observed that as a result of factors such as 

high temperature and low moisture reserve in the soil the crop ripens 

rapidly giving little time for ail formation in the seed. 

weiss (1983 ), reviewing other works in relation to oil yield stated 

that trials in Venezuela gave the highest oil percent at lowest altitudes 

and in El Salvador a decrease of oil percent was recorded in regions w~th 

" elevations above 600 m. The same can be said of the research findings 
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obtained from Nepal. Canvin (1965) reported high oil content for tropical 

and semi tropical oil seeds with increasing temperature. 

The present study shows that production of oil was higher at the high 

altjtude and relativ~~y ~older site of Bisidimo (Table 6). The present 

findings is further corroborated by the 1985 preliminary test results 

obtained in Ethiopia, in which oil percent was higher at Babile, a site not 

far from Bisidimo (1450 m.a.s.l.) but higher by 200 m. The lowest oil 

percent was recorded at Meiso with an elevation of 900 m and a seasonal 

raintall of 400 mm (Ann. 1985). Ha!ris ~ ~ (1978) also reported a 

decrease of oil content in sunflower with elevated temperature. However, he 

J 

attributed this phenomenon to otper confounding effects in the field such 

as moisture stress during the plant growth and seed development stage. 

Both moisture and nutrients, especially nitrogon, are known to decrease 

oil yields in sesame ( Singh ~ ~ 1987 and Mitchel ~ ~ 1976). In 

India, increased nitrogen application was observed to reduce oil percent 

drastically (Chakraborty 1984). Simi~ar results were obtained in cotton 

seed (Sawan ~ ~ 1988). The results obtained in this study also show 

that environmental factors such as low moisture and nutrient reserve in 

the soil and colder climate positively influenced the total oil content. 

In barley, high protein content was associated with high soil nitrogen 

and warm climate (Foster ~ ~ 1987). Singh ~ 2l. (1960) reported the 

increase of protein in sesame seed at the expense of oil with the addition 

of nitrogen. 

The present study shows that Bisidimo, with relatively low fertility and 

cool temperatures, (Appendix 1 Table a, and c) has relatively lower 
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protein content per seed (Table 17). There was also report which suggests 

that hiqh moisture in the soil is inversely related with protein. In this 

study the sites with abundant moisture seem to encourge the synthesis of 

more protein. 

Kinman (1954) reported that the chemical composition of oil seeds are 

affected not only by their genetic make up but also by the agro-climatic 

conditions under which the crop is grown. Similar results were reported in 

India on sesame, where location influenced fatty acid synthesis (Brar 

1982a) . 

The most extensively studied environmental factor that is believed to 

influence the biosynthesis of fatty acids is temperature. cold temperature 

induces the enzymatic activity of the des~t~rase that leads ta more 

synthesis of polyunsaturated fatty acids (Saastamoinen II li..... 1989». The 

present study le ad us to believe that may be the case. 

In agreement with the literature reviewed low palmitic acid values were 

obtained at the mid-altitude and relatively cool site of Bisidimo in both 

years of experimentation. In contrast the values for stearic acid 

synthesized at each environment are not also in agreel'\ent with the 

previous findinqs in sesame by Brar (1980). In other words, the effect of 

altitude and consequently temperature on greater amount of stearic acid 

production is not apparent at the warmer locations of Abobo and Melka Werer 

(Table 8). 

The proportion of the unsaturated fatty acids was also altered with 

changing temperature. The mono-unsaturated oleic acid content was found to 

be higher at the warmer environments of Abobo and Melka Werer than at 
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Bisidimo. Schofield and Bull (1944) and Alders (1949) observed that 

inerease of linoleic and linolenic aeids in soybean were aceompanied by 

deerease in ole~c acid at lower temperature. Conversely, in Korea, sesame 

grown under mild southern elimate gave higher oleie aeid content than those 

grown in the northern region of the country (Lee ~ ~ 1981). Cherry ~ 

~ (1985) also reported that soybean seeds produeed in the southern 

production area (on average of 5.SoC hotter than the northern area) gave 

signifieantly higher oleate than linoleate aeid. 

Among the lines, 111518 gave the highest mean stearic and oleie acids 

over all environments (Tables 11 and 13). However, 1ine 111518 was found to 

be statistieally insignifieant for oleic aeid and adaptable to poorer 

environments for stearic acid. Over environrnents, SE and 78 was found to 

be generally adaptable across envir',nment for stearie and oleie acids 

respectively. Nevertheless, 7E has modest oleic acid mean and low R2 value 

to be eonfidently relied upon. 

The line 207958 with the lowest palmitie aeid mean value is less 

adaptable to all production environrnents when compared with 7B whieh have a 

modest overall mean and regression coefficient near 1.00. On the other 

hand, Harar, was found to be superior and generally adaptable to aIl 

production environments by the proeedural approach of superiority method. 

This line along 111518 gave the highest palmitie aeid value. 

Interestingly enough line 111518 ~as also the highest overall mean for 

palmitie acid. Thus, 111518 may prove to be important as a source of 

breeding material in the improv~'ment of lines which may have other 

desirable charaeters but laeking the potential of being high palmitie, 

stearie and oleie aeid yielders. Moreover, in predietably low yielding 
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peasant environment this 1ine cou1d prove to be indispensable for the 

production of sueh fatty acids. 

The lines 78 and 76/48R showed a tendency of general adaptability for 

oleic and 1inoleic acids respectively. They both have above average mean 

values for oleie and linoleie acids. 78 has also been identified to be 

generally adaptable for linoleic acid. 

Differences among lines for ail and protein contents were of modest 

magnitude. The 1ine 111518 gave the highest oil percent but also the lowest 

protein value of 20.38%. This 1ine along with 111519 was aiso characterized 

as being average in adaptabi'ity for ail content. Line 207958 with higher 

mean protein value showed average adaptability for protein content. 

Protein and ail contents are negatively correlated. This implies that 

selection for bath characters may be difficult because of relatively narrow 

range of variability within the test lines. 

The positive and significant correlation between oil percent and 

maturity shown in Table 19 a seems to confirm earlier reports by Khidir and 

Osman (1970) and Saha and 8ahrgava (1984) who observed that maximum oil 

concentration occurs in sesame 28-30 days after anthesis. Thereafter, there 

is a gradual decrease of ail of up to 8% in 40-50 days-old seeds thdt may 

be attributed ta an increase in seed dry weight withou' corresponding 

change in ail concentration. In this study, 111518 with early to flower 

and mature gave the highest amount of 45.36 percent ail, while Harar with 

very late ta flower and mature gave the lowest ail percent. 

Furthermore the results also suggest a solution ta the problem of when 

to harvest sesame. It suggests that lines with sorne degree of uniform 
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maturity could be harvested while the pods are still green and before the 

start of pod shattering with litt le effect on the yield of oil. The 

estimated 10ss of sesame seed due to pod shattering and hence dispersal of 

seeds to the ground is around 30% (Gerakis, ~ al. 1969) . 

Protein is negatively correlated with maturity (Table 19 a). A study 

on protein formation showed that the deposition of prote in continues after 

the crop is declared to be physiologically mature in sesame (Khidir and 

Khattab 1972) and at least in one of two soybean cultivars (Yazdi Samedi 

~~, 1976). Thus early maturing lines are not necessarily with high 

protein value. That may explain in part that the early maturing lines such 

as 111518 and 7B gave low protein value (Table 34) . 

The partial correlation coefficient of the fatty acid combinat ions 

adjusted to one another for removing effects that may influence their 

actual relationship, in effect reveals the natural sequence of the fatty 

acid biosynthesis. Thus, the significant negative correlation that oleic 

acid had with linoleic adjusted to palmitic and stearic acids indicate that 

relationship between the two is temperature dependent, in that, with lower 

temperature oleoyl-CoA becomes an effective precursor for the desaturation 

of oleic acid to linoleic (Stymne and Applelqvist, 1978). A study on 

Nicotinia tabacum lipid cells showed a decrease of oleate de~aturation by 

three fold at 170 C incubated for one hour as compared to cella incubated at 

the same period but at 20 0 to 260 C. It ia, therefore, possible to assume 

that the synthesia of linoleic acid from oleic acid by successive 

desaturation explains the high negative correlation found between the 

concentration of the se acids. 
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Furtherrnore, the negative correlation between palmitic and linoleic 

can possibly be attributed to the synthesis of very long-chain fatty acids 

(>C18 ) from palmitic by chain specifie elongases (Harwood, 1988). 

When considering the validity and similarity of the two statistical 

methods in desc~ibing the response of lines to the environment, one adroits 

that there is but remote similarity. The main reason for this is that while 

the regression model considers treatment mean on top of the regression 

coefficient to provide a clue on the response of treatments to 

environmental variables under study, the procedural approach of superiority 

method uses a single parameter pi for selection. 

For example, those lines estimated to be superior fatty acid yielders 

and generally adaptable to aIl production environments by both the 

regression model and procedural approach method were not found to be the 

same. 

The regression model has identified the line 78 to be generally 

adaptable to aIl production environments for palmitic, oleic and linoleic 

acid synthesis. On the other hand the procedural approach method estimated 

line 111518 as superior but adaptable to favorable environment for 

palmitic acid and to poorer environments for oleic acid. In addition both 

method of statistics identified 111518 as being superior yielding at 

favorable environments (procedural approach) and generally adaptable 

(regression model) for cil content. 

Furthermore the procedural approach method failed to identify superior 

and generally adaptable linee for the production of stearic and linoleic 

acids. The same is true for prote in (Table 18). 
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The merit of the procedural approach method is that useful information 

can be obtained by measuring the distance mean squares between the 

experimental lines and the maximum response averaged over all sites without 

equally emphasizing on the treatment means. The smaller the mean squares 

value (pi) the better is the line. In addition, the difference between the 

mean of the maximum response and the mean of the highest line can provide 

an important information on the overall performance of lines across sites. 

When the difference is smaller than the estimated standard error the 

highest yielding line could be tentatively recommended for wider use. 

On tne other hand, the regression technique simply draws attention to 

the adaptation features of the lines in response to the environment. The 

regression model relies on its coefficient and the treatment mean to 

estimate the performance of the experimental lines. Because of its 

simplicity and wlder u~e by breeders the regression technique could be more 

reliable than most stability or adaptability parameters. 
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5.0 Summa;y and Conclusion 

Among the eight sesame experimental lines studied ror seed yield few 

. 
were found to have the potential of general adaptat~on to aIl the 

environments under investigation. The two statis~ical methods used to 

estimate the performance of the lin€~ across the six environments 

tentatively identified the lines 207958 and 78 as having wider 

applicability in 50 far as the production conditions under study are 

concerned. 

Generally speaking, both lines responded in similar fashion to the 

environment with 78 running parallel to the maximum response by the 

procedural approach method and 207958 giving a 'b' value near unit y by the 

regression model. But the overall mean seed yield was substantially higher 

for 7B (493 g 6.4 m-2 ) than 207958 (442 g 6.4 m-2). 

The two experimental lines also exhibited sorne interesting variation in 

their yield traits. They both mature earlier in unfavorable environmental 

conditions (b=0.72 and 0.79) without any effect on the total biomass 

acumulated or seed yield produced (HI~ 0.081 and 0.084). Furthermore, both 

lines and in particular 78 flowered earlier than most lines under 

investigation. This characteristics is essential for regions with marginal 

rainfall and/or erratic rain distribution like that of Bisidimo. 

The results of the study also show that the high yield obtained by 

line 7B is mainly due to heavier seeds (3.27 g/1000 seeds). The number of 

pods and seeds per pod figures are also the highest for 207958. Heavier 

seeds with high number of pods are estimated to be important contributors 

and highly correlated with seed yield. 
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It is aiso interesting to add that relatively speaking, line 207958 ia 

the least affected by Xanthomonas ses ami disease which has been the cause 

of devastation to most of the susceptible Iines at Abobo. 

Other promising lines worthy of attention for alternative production 

use in the event of unforeseen conditions, be it environment or otherwise 

are 111519 with seed yield of 479 g 6.4 m-2 for highly productive areas and 

Fincha with mean seed yield of 425 g 6.4 m-2 for marginal areas such as 

8isidimo. However, in normal circumstance 207958 and 78 will be highly 

recommended not only to the favorable sites but also to unfavorable 

ones. 

Those lines found to be high seed yielders and generally adaptable 

across aIL environments were not necessarily so for oil content. It was 

found that line 111518 has the characteristics of being a high oil yielder 

across aIL environments while Fincha perfotmed remarkably well in such poor 

environment as Bisidimo to give oil yield as close as the maximum response 

value. Despite this, both lines have moderate mean seed yield, and are 

similar in adaptàbklity for seed yield, that is, being both adaptable to 

unfavorable (Fincha) and favorable (111518) environments. Neverthless, line 

111518 was estimated to be as generally adaptable by the regresion model. 

Seed biochemical analysis showed 7B to be a fairly consistent performer 

across all environments. It aiso provided an acceptable palmitic, oleic and 

linoleic acid mean values by the regression model. In contrast, the 

procedural approach method identified lines 111519 and 111518 as superior 

with 111518 being more adaptable to unfavourable conditions for oleic 

acid. Similarly, line 111518 was aiso found to be superior but specifically 

adapted to high yielding production conditions for palmitic acid. 
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Moreover, SE was identified to be generally adaptable for stearic acid 

by the regression model but not by the other statistic. 

The line 207958 synthesized the highest protein value Bcross all 

environments. Its response to the environment was average. On the other 

hand for 7B the potential of producing high protein content ia good only at 

the favorable environment. 

In the present study it was not possible to come up with a line or 

lines th~t combine all the characteristics under investigation. For example 

while the line 207958 responded ~avorably at all the production conditions 

for seed yield, protein content and oleic acid its response to environment 
J 

, 
with regard to oil content, palmitic, stearic and linoleic acids was 

variable. ~imilarly, the response of 7B to the environments was average 

for seed yield, palmitic, oleic and linoleic acids. However, its response 

to protein and stearic acid synthesis was enhanced only when the production 

variables such as temperature, moisture and soil conditions are at their 

best. 

There were differences in fatty acid synthesis where at the colder 

site, Bisidimo, more polyunsaturated fatty acid was produced while at the 

warmer sites produced more saturated and monounsaturated fatty acids were 

produced. Moreover, the colder site with low fertility status produced more 

oil and less protein. Converaely, the warmer relatively fertile s1tes 

showed the highest site mean for protein. 

Given the production conditions in the sesame growing regions of 

Ethiopia where rainfall is erratic and sometimes too small to sustain 

extended crop growth , 7B and 207958 are ideal candidates to recornrnend, 

• 
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that is, in addition to being generally adaptable to all production 

environments for seed yield, they are also early maturing. 

The author's past experience with peasant farrners in the eastern Harar 

and Rift valley region of Ethiopia indicates that early maturing but not 

necessarily high yielding groundnut and sorghum cultivars are more favored 

than late and high yielding ones. It is also important to recognize that 

cultivars with high oil and prote in content as weIl as a good amount of 

unsaturated fatty acid but with low seed yield per hectare may equally be 

preferable if total production per hectare of the biochemical constituents 

of the cultivar is taken into account. Thus while lines 207958 and 7B are 

reasonably good seed yielders per hectare and fairly constant in their 

performances across sites, their oil content is not as high as line 111518 

which is a relatively low seed yielder, suit able only for favorable 

environments. 

In conclusion it is the socio economic conditions under which the 

farrner operates that deterrnines the more profitable way of raising 

recommended cultivar or cultivars and their proper utilization of this oil 

seed in industry. After aIl, in Ethiopia, oil seeds are evaluated on the 

basis of seed weight and not on the quantity or quality of the biochemical 

constituents of the seed. Based on this objective condition, therefore, the 

author recommends that peasants may stand to bene fit more from cultivating 

78 (with high mean seed yield but low oil content) than line 111518 (with 

average seed yield but also high mean oil content). The reason for this is 

that the total oil per hectare produced by cultivating 7B is higher than 

that 111518. In addition 1ine 111518 was found to be productive for seed 

yield only in favourable environment. 
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The choice of recommending 207958 for protein is obvious, that is, it 

is not only generally adaptable for seed yield and ia also the highest 

prote in yielder and adaptable for this variable acroas all the 

environments. 

In the long run, the strategy of constituting an improved cultivar 

having high seed yield and oil content can be effected by intervarietial 

crossing with 7b and 111518 as the main breeding materials. If for 

economical rea80n, the irnprovernent of a cultivar with high palmitic, 

stearic and oleie fatty acid content i8 required, line 111518 stands high 

above aIl the other lines. Moreover, if the objective is to select 

cultivars with characterstics of high protein and seed yield it could be 

achieved by crossing the line 7B with 207958. 
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6.0 CLAIN TO ORIGINALITY 

1. Very few indepth investigations on sesame have been conducted in the 

Ethiopian region. This study is the first to investigate the performances 

of landraces of this species in a set of different environments in order to 

clarify genotype-environmental interactions. 

2. Few studies exist concerning the fatty acid composition of this crop 

species. This study has investigated the effect of the environments on the 

experimental lines in relation to fatty acids, oil and protein content. 

3. Findings specifie to the Ethiopian region made it possible for 

peasant farmers to embody appropriate cultivars or landraces into their 

farming systems. 

4. For the first time experimental lines which combine important 

agronomie characteristics such as high seed yield and general adaptability 

to diverse environmental conditions were identified. The performance of 

lines 207958 and 7B has been proven to be consistently productive under 

both marginal conditions (Bisidimo) and productive sites (Melka Werer and 

Abobo) . 

S. The two experimental lines which are generally adaptable across 

aIl sites are also early maturing which makes them preferable at Bisidimo 

where rainfall is not dependable and at Melka Werer where the practices of 

double cropping of sesame with other cash crops is contemplated. 

119 



--------- --- -- -------------

6. Aline that combines the charaeteristies of high seed yield, wider 

adaptability acrosS environrnent and stablity for palrnitie, oleic and 

linoleic acid synthesis was obtained. Thus, the experirnental line 78 

embodies all these requirements. 

7. The study also found line 111518 was among the top yielders 

for oil, palmitic, stearic and oleie acids. This line is generally 

appropriate for the production of oil at sisidimo, Abobo and Melka Werer. 

Moreover, this line synthesizes more stearic acid tnan any line in poorer 

environments. Moreover, when the environrnent improves it also performs 

better than any test line for palrnitie aeid. lt is still the highest oleic 

acid producer arnong the entries. 

8. lt is reported for the first time the identification of a line (207958) 

with unique combinat ions of high protein content and generally adaptable 

for seed yield and prote in content. 
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( 7.0 SUGGESTIONS FOR FUTURE &XPERXMENTS 

1. Since important landraces with characteristics of general 

adaptability and productivity have been identified, this germplasm can be 

utilized in a breeding program to reconstitute a genotype with desirable 

attributes. For example,line 111518 is su ch a line with potentially high 

oil, palmitic,stearic and oleic acid content. 

2. Studies should be conducted to determine more fully the biochemical 

contents of the 800 accessions presently available at the Plant Genetic 

Resource Center/Ethiopia. 

3. Despite the diversity of the agro-ecological conditions of Ethiopia, 

sesame has been a familiar crop for most peasant farmers, save those 

inhabiting the rugged plateau above 2400 m.a.s.l. Thus sesame warrant 

1 
" 

regional testing to identify lines potentially high yielding and stable for 

seed, oil or protein. In the future, it is important that the traditional 

sesame growing regions of the north and northwest be included in the study. 

4. A study should be init~ated that will largely restore the eco 

balance, that is, to understand the co-evolutionary process that exist in 

nature between the crop and the most economically important disease, 

bacterial blight (Xanthomonas sesami) at Abobo. This can be achieved 

through studies on cultural practices that will ultimately determine the 

appropriate date of sowing at Abobo (Akpa 1988). l believe sowing date 

trials may be worth attempting in order to reduce disease incidence through 

the biological mechanism of avoidance or escape. 

( 
.. 

121 



Raferenc •• 

Aboul-el-Fittouh,H.A, J.O. Rawling3 and P.A. Miller 1969. 
Classification of environments ta control genotype by environment 
interaction with application ta cotton. Crop Sei. 9:135-140. 

Akpa, A.O., I.O. Erinle and S.M. Misari 1988. Manipulation of sowing 
dates for the control of bacterial blight of sesame (Sesamum 
indicum L.) induced by Xantomonas campestris sesami (Sabet and 
Oowson). Crop Protection 7:367-371. 

Ahuja, K.L., S.K. Batta, R.K. Raheja, K.S. Labana and M.L. Gupta 
1989. Oil content and fatty acid composition of promising Indian 
Brassica campestris L. (caria) genotypes. Plant Foods Human 
Nutrition 39:155-160. 

Alders, O.H. 1949. The study of twenty varieties of soybean with 
respect to quantity and quality of oil isolated protein, and 
nutritional value of the meal. J.A.O.C.S. 26:126-132. 

Allard, R.W and A.O Bradshaw. 1964. Implication of Genotype x 
Environment interactions in applied plant breeding. Crop Sei. 
4:503-507. 

Anan. 1986. Sesame national yield trial-1985. National Crop 
Improvement conference Proc. Addis Abeba, Ethiopia P. 1-5. 

"Approved Methods of the American Association of Cereal Chemists". 
Modified Kjeldhal borie acid method 1976. AACC Inc. st. 
Paul Mn. Vol. 2 No. 46,12. 

Appelqvst, L.A. 1968. Lipids in cruciferae. II. Fatty acid 
composition of Brassica ~ seed as affected by nitrogen, 
phosphorous, potassium and sulfur nutrition of the 
plants. Physiologia plantarum. 21:455-465. 

Aranchlan, S. 1981. Effect of spacing, row distance and nitrogen 
levei on leaf area, leaf area index and weight of leaves in 
Sesamum indicum L. Madras Agric. J. 68:660-667. 

Arunchalam, L. and G. Venkatesan 1984. Mixed cropping in sesamum. 
Madras Agric. J. 71:19-20. 

Ashri A. 1989. Sesame. In. Oil Crops of the World. ~ Robbelen. G., 
Oowney R. K. and Ashri A. p 375-387 McGraw Hill. 

Asthna, A.N. and V.K. Pandey 1977. Combining ability in dla11ell 
cross of Indian mustard. Expl. Agric. 13:71-79. 

Bahatty, R. S. 1964. Influence of nitrogen fertilization on the 
yield, protein, and oil content of two varieties of rape. Cano 
J. Plant Sei. 44:215-217. 

122 



Balakrishna, R.K. and A. Narayanan 1983. Concentration of N, P and K 
in plant parts of sesame (Sesamum indicum L.) cultivars. Ind. J. 
Plant Phys. 26:27-32. 

Bligh, E.G and W.J. Dyer 1959. A rapid method of total lipid 
extraction and purification. Cano J. Biochem. Physiol. 37:911- 917. 

Bonsu, K.O. 1977. The effect of spacing and fertilizer application 
on the growth, yield and yield components of sesame (Sesamum 
indicum L.). Acta Horticulturae, 53:355-373. 

Bedigian, O. and J.R. Harlan 1986. Evidence for cultivation of 
sesame in the ancient world. Economic Botany 40:137-154. 

Brar, G. 1980. Effects of temperature on fatty acid composition 
of sesame (Sesamum indicum L.). Plant Biochem. J. 7:133-137. 

Brar, G.S. 
Bred. 

1982a. Male sterility in sesame. Ind. J. Gen and Plant 
42:23-27. 

Brar, G. 1982b. 
fatty acid 
52:434-439. 

Variations and correlations in 
composition of sesame. lnd. 

oil content and 
J. Agric. Sci. 

Breese, B.L. 1969. The measurrnent and significant og genotype 
x environrnent interaction in grass. Heridity 24: 27-44. 

Browse, J. and C.R. Slack 1983. The effects of temperature and oxygen 
on the rates of fatty acid synthesis and oleate desaturation in 
safflower (Carthamus tinctorius) seed. Biochem. Biophys. Acta 
753:145-152. 

Bunting, E.S. 1969. oil seed crops in Britain - a reviewarticle. 
Field Crop Abs. 22:215-223. 

Canvin, D. T. 1965. The effect of temperature on the oil content 
and fatty acid composition of the oils from several oil s~ed 
crops. Cano J. Bot. 43:63-69. 

Cerda, A., F.T. Bingham and G.J. Hoffman 1977. Interactive 
effects of salinity with phosphorus on sesame. Soil Sei. Soc. 
Am. 41: 915-918. 

Chakaraborty, P.K., S. Maiti and B.N. Chatterjee 1984. Growth 
analysis and agroùomic apraisal of Sesamum. Ind. J. Agric. 
Sei. 54:291-295. 

Chaudhari, F.P, R.M. Saha and l.O. Patel 1984. Heterosis and 
combining ability in sesamum. Ind. J. Agric. Sei. 54:962-966. 

Cherry, J.H., L. Bishop, P.M. Hasegawa and H.R. Leffler 1985. 
Differel.,,~s i!'l the fatty acid composition of soybean seed 
produced in nor:thern and southern areas of the USA. 
Phytochemistry. 24.237-241. 

123 



eooke, R. 1967. The effect of date of sowing and fertilizer on 
the yield and qua lit y of rapeseed. Forage Notes (Ottawa) 
15:13-14. 

Conway, G.M. 1963. Nuclear magnetic resonance for determining oil 
content of seeds. J.A.O.C.S. 40:265-268. 

Culp, T. 1959. Inheritance and associat ion of oil and protein 
content and seed coat type in sesame (Sesamwm indicum L.) 
Genetics, Austin Texas 44:897-909. 

Dhindsa, K.S. and S.K. Gupta 1975. Variability in chemical 
~omposition of sesame (Sesamum indicum L.). Chemical Abst. 
87:71753b. 

Dhwan, S., S.C. Singhvi and M.M. Simolt 1972. Studies on the 
quality of sesamum seed and oil. I. Varietial differences in 
the quantity and qua1ity of oi' .. J. Food Sei. Techn. 9: 23-25. 

Dhwan, K., P. Kumar, T.P. Yadava and S.K. Gupta 1981. Locational 
effect on the chemical composition of groundnut (Bunch group). 
Ind. J. Agric. Res. 15:123-125. 

Dillman, A.C. 1943. Effect of climate on the yield and oil content of 
flaxseed and on the iodine number of linseed oil. USDA Tech. 
Bull. No. 844: 1-69. 

Ding, Y.X. 1983. Analysis of climatic conditions for sesame at Runan 
county. Zhongguo Youliao NO.2 57-61 (abstract). 

Dixit, R.K. 1976. Heterosis and inbreeding depression in sesame. 
Ind. J. Agric. Sei. 46:514-517. 

Dora, K.B. and T. Kamala. 1986. Heterosis and gene action in 
sesamum. Ind. J. Agric. Sei. 56:690-694. 

Dybing, C.D. and D.C. Zimmerman 1965. Temperature effect of flax 
(Linum usitatissimum spp.) growth, seed production, and oil 
quality in controlled environment. Crop Sei. 5:184-187. 

Eberhart, S.A. and W.A. Russell 1966. Stability parameters for 
comparing varities. Crop Sei. 6:36-40. 

El-Ahmer, B. 1987. The effect of nitogen levels and plant density 
on seed yield and yield components and oil content of 
safflower. Agric. Res. Rev. 61:109-135. 

Eriskine, W. and T.N. Khan 1977. Genotype, Genotype-environrncnt and 
environmental effects on grain yield and related characters in 
cowpea (Yi9nà unguiculta L.) Aus. J. Agric. Res. 28:609-617. 

Finlay, K.W. and G.M. Wilkinson 1963. The analysis of adaptation ~n a 
plant breeding programme. Aus. J. Agric. Res. 14:742-754. 

124 



Foster, E. and N. Prentice 1987. Barley. In.Nutritional 
Quality of Cereals. ~ Olson and Frey. Madison Wisconsin. 
337-396. 

Fowler, D.B. and R.K. Downey 1970. Lipid and morphological changes 
in developing rapeseed. Cano J. Plant Sci. 50:233-238. 

Freeman, G.H. and J.M. Perkins 1971. Environrnental and genotype 
environrnental components of variability. VIII. Relations between 
genotypes grown in different environments and measures of these 
environrnents. Heridity 27:15-23. 

Friederich, J.C. 1949. Mededelingen Vlasinstituut, Wageningen, 9:23. 

Fuji, D .K. and A.J. FlIlco 1977. Biosynthesis of unsaturated fatty 
acid by Bacilli, hyperinduction andrnodulation of desaturase 
synthesis. J. Biol. Chem. 152: 3660 

Gerkis, P.A. and C~Z Tsangarkis 1969. Sesame variety comparisons and 
breeding objectives in the sandy soils of the central Sudan. 
Crop Sei. 9: 487-491. 

; 

Ghaderi, A., E.H .. Everson and C.E. Cress 1980. Classification 
of environrnents and genotypes in wheat. Crop Sei. 20:707-710. 

Godwat, S.L. and S.C. Gupta 1986. Effect of environrnent on 
path-coefficient analysis in sesame ( Sesamum indicurn L.) . 
Madras Agric. J. 73:284-287. 

Hack, H.R.B 1980. Effects of pre-sowing flooding, rainfall, 
irrigation and surface drainge on sesame in th~ Central Sudan 
Rainlands. Exp. Agric. 16:137-148. 

Hall, A.E. and D.M Yerrnanos 1975a. Leaf conductance and leaf water 
status of sesame strains in hot, dry climate. Crop Sei. 15:789-
792. 

Hall, A.E. and M.R. Kaufmann 1975b. Stomatal response to environrnent 
with Sesamum indicum L. Plant physiology 55:455-459. 

Hardwick, R.C. and J.T. Wood 1972. Regression methods for studying 
genotype - environrnent interactions. Heridity 28:209-222. 

Harris, P. and A.T. James 1969. Effect of low temperature on fatty 
acid biosynthesis in seeds. Biochem. Biophys. Acta. 187:13-17. 

Harris, H.C, J.R. McWilliam and W.K. Mason 1978. Influence of 
temperature on oil content and composition of sunflower. Aust. 
J. Agric. Res. 29:1203-1212 

Harwood, J.L. and N.J. Russell 1983. Lipids in plants and microbes. 
:64 and 84. George Allen and Unwin Publishers, London. 

125 



Harwood, J. 1989. Lipid metabolism in plants. Critical Review 
Plant Sei. 8:1-13 

Hazel, J.R. and C.L. Prossor 1974. Molecular mechanism of temperature 
compensation on poikilotherms. Phys. Rev. 54:620-677. 

Henry, A. and H.S. Dauly 1987. Genotype - environment interactions 
for seed yield in s~samum. Indian J. Agric. Sei. 57:622-624. 

Hi1ditch, T.P. and F.N. Williams 1964. The chemical constituents of 
natural fats, 4th edit ion . Chapman and Hall, London. 

Hiltebrandt, V.N. 1932. Sesamum indicum L. Bull. Appl. Bot. 
Gen. and Pl. Br. Leningrad. Series IX: No.2 : 3-107. 

Howell, R.W. and J.L. Cartter 1953. Physiological factors affecting 
composition of soybean. I. correlation of temperatures during 
certain portions of the pod fil1ing stage with c:.l percentage in 
mature beans. Agro. J. 45:526-528 

Howell, R.W. and F.I. Collinis 1957. Factors affecting linolenic 
and 1ino1eic acid content of soybean oi1. Agro. J. 49:593-597. 

Hooda, R.S and G.S. Kalra 1981 Leaf area index and net assimilation 
rate as influence by irrigation, nitrogen and and different 
variety of barley. Indian J.Agric.Res. 15:231-235. 

Huck, G.M and J.M. Davis 1975. Water requirment and growth of 
soybean. Proc. World Soybean research. ~ L.D., Hill. Inter­
state printers and publishers, Inc. Illinois. 

Ibrahim, A.F, D.A. EI-Kadi, A.K. Ahmed and S.A Sherif 1983. 
Interrelationship and path coefficient anlysis for sorne 
characters in sesame (~amum indicum ~~). Z.Acker-und 
pflanzenbau 152:454-459. 

Irving, D.W., M.C. 5hanon, V.A. Breda and B.E. Mackey 1988. 
Salinity effects on yield and ail quality of high-linoleate 
and high-oleate cultivars of safflower (Carthamus tinctorius 
L.) J. Agric. Food Chem. 36:37-42. 

Ivanov, N.N. 1926. Variation in the chemical composition of the 
seeds of Oleiferous plants in dependence on geographica1 
factors. Trudy Prikl Bali. Selek . Bull. App. Bol. and plant 
breeding. 16:3-88. 

Joshi, A.B. 1961. Sesame. A Monograph published by Indian Oil 
seed Cornmittee. Hyderabad. 

Kalole, N.S. and G.P. Meena 1988. Effect of row spacing, nitrogen 
and irrigation on seed yield, oil content and water requirement 
of safflower. Ind. J. Agric. Res. 33:339-341. 

126 



Kandaswamy, M. 1985. Genetic variation and genotype - environment 
interaction in sesame (Sesamum indicum L.). Madras Agric J. 
72:156-161. 

Kandiah, K. and Y. Woldemariam 1982. Double cropping of cotton with 
other cash crops. ~Proc. Cotton Prod. Under Irr. in Ethiopia. 
~Mesfin A. Addis Abeba. :157-167. 

Kates, M., E.L. pugh and G. Ferrante. Regulation membrane fludity by 
lipid desaturase. ~ Membrane fludiy. ~ Kates, M.and L.A., 
Manson. Plenum press, New York. 1984 

Khidir, M.O. and H.E.G Osman 1970. Correlation studies of some 
agronomic characters in sesame. Expl. Agric., 6:27-31. 

Khidir, M.O. and A.H., Khattab. 1972. Oil, protein and dry matter 
development in sesame seed. Exp1. Agric., 8:61-65. 

Kinman, M.L. and S.M. Stark. 1954. Yield and ehemical composition of 
sesame (Sesamum indicum~) as affected by variety and location 
grown. J.A.O.C.S. 31:104-108. 

Kipman, M.L. and F.R. Earle 1964. Agronomic performance and chemical 
composition of the seed of sunflower hybrids and introduced 
varieties. Crop Sei. 4:417-420. 

Kluijver, H. and K.W. Smilde 1950. Influence of the photoperiod on 
the oil percentage of sesame seeds (Sesamum indicum ~). 
Netherlands J. Agric. Sei. 8:11-14. 

Knight, R. 1970. The measurment and interpretation og genotype 
x environment interaction. Euphytica 19:225-235. 

Knowles, P.F. and A.B. Hill 1964. Inheritance of fatty acid content 
in the seed oil of a safflower introduction from Iran. Crop Sci. 
4:406-409. 

Knowles, P.F. 1972. The plant geneticist contribution toward 
changing lipid amino acid composition of safflower. J.A.O.C.S. 
49:27-29 

Kobayashi, T. 1982. The type classification of cultivated sesame 
based on genetic characters. ~Sesame: Status and Improvement. 
~Ashri A. FAO. ppp Paper No 29:86-88. 

Kostriasky, Y. 1955. Problems of sesame growing and method for their 
solution. Agric. Res. Stn. Bet-degan, Isreal. 

Krober, A.O. 1956. Methionine content of soybean as affected by 
location and season. J. Agric., Food Chems. 4:254-257. 

L~nger, I. , K.J. Frey and T. Bailey 1979. Association among 
productivity, production response, and stability indexes in 
oat varieties. Euphytica 28:17-24. 

127 



Langham, R. 1985. USA - Growing sesame in the desert south west. 
~ Sesame and Safflower: status and potential. ~ A.Ashri 
FAO, Plant Production and Protection Pap€~ No.66 :75-79. 

Lee, J.!. and C.W. Kang 1980. Breeding of .. 'esarne (Sesamum 
indicum~) for oil quality and improveme~t. I. study on the 
evaluation of oil quality and the differencps of fatty acid 
composition between varieties in sesame. J. "orean Soc. Crop 
Sci. 25: 54-1:i5. 

Lee, J.!., S.T. Lee and C.W. Kang 1981. Breeding uf sesame 
(Sesamum indicum h) for oil quality and improvem~tlt. II. 
fatty acid composition of sesame seeds under different 
climatic conditions and locations. J. Korean Soc. Crop Sel. 26: 
90-95. 

Lin, C.S. and B. Thomposon 1975. An emprical method of grouping 
genotypes based on linear function of the genotype x environment 
interaction. Heridity 34:255-263. 

Lin, C.S. 1982. Grouping genotypes by a cluster method directly 
related to enotype - environment interaction mean square. 
Theoretical and Applied Genetics 62:277-280. 

Lin, C.S., M.R. Binns and L.P. Lefkovitch 1986. Stability analysis 
:where do we stand. Crop Sei., 26:894-899. 

Lin, C.S. and M.R. Binns 1988. Superiority measure of cultivar 
performance for cultivar location data. Can. J. Plant. 
Sei., 68:193-198. 

Loof, B. 1960. The agronomy and the present position of ail seed 
crops in scandinavia: a review of the literature. Field 
Crops Abs. 13:1-7. 

Mazzani, B. 1964. Sesame improvement in Venezeula. Oleageneux 
19:775-782. 

McNair, J.B. 1945. Plant fats 
evolution. Botanical Review 

in relation 
11:1-59. 

to environment 

Metwally, M.A, S.E. Yazil and F.N. Mahrous 1984. Effect of 
irrigation regimes and nitrogen fertilizer on sesame. Egypt 
J. Soil Sei. 24:129-136. 

and 

Meyer, F. and K. Bloch 1963. Effect of temperature on the enzymatic 
synthesis of unsaturated fatty acid in Torulopsis utilis. 
Biochem. Biophys. Acta. 77:671-673. 

128 



---------------

Mitchel, G.A; F.T. Bingham and D.M. Yermanos 1974. Growth, mineraI 
composition and seed characterstics of sesame as affected by 
nitrogen, phosphorous and potassium nutrition. Soil Sei. Soc. 
Amer. Proc. 38:925-930. 

Mitchel, G.A, F.T. Bingham, C.K. Labanauskas and D.M., Yermanos. 1976. 
Protein and free ami no acid composition of sesame meal as 
affected by nitrogen, phosphorus and potassium nutrition. Soil 
Sei. Soc. Am J. 40:65-67. 

Moneim B.F and M.A mahmoud 1983. Genotypic stability analysis 
of yield in sesame( Sesamum oriental L.) in the central 
rainlands of the Sudan. lnMore Food from Better Technology 
~ Holmes and Tahir. FAO pp 841-847. 

Morrison, W.R. and L.M. Smith 1964. Preparation 0' fattyacid 
methylesters and dimethylacetals from lipids with boron 
flouride-methanol. J. Lipid Res., 5:600-608. 

Mosjidis, J.A. and D.M. Yermanos 1984. MaternaI effects and 
cytoplasmic inheritance of oleic and linoleic acid content in 
sesame. Euphytica 33:427-432. 

Moursi, M.A and A.A. Abdel Gawad 1965. Shading effect on the 
growth of sesame plant. Ann. Agric. Sei. Univ., Ainshams. 
8:305-313. 

Mukerjee, S. 1958. Chromosome type (Sesamum indicum L.). Ind. oil 
Seed J. 3:41-42. 

Mungomery, V.E., R. Shorter and D.E. Byth 1974. Genotype X 
Environment interaction and environmental adaptation. l pattern 
aanalysis aplication to soybean population. Aus. J. Agric. Res. 
25: 59-72. 

Murty, O.S. 1975. Heterosis combining ability and reciprocal 
effects for agronomie and chemical characterstics in sesame. 
Theor. Appl. Genet. 45:294-299. 

Murty, O.S., and M. Hashim 1973. Inheritance of oil and protein 
content in a diallel cross of sesame (Sesamum indicum ~) . 
Cano J. Genet. Cytol. 15:177-184. 

Murugensan, M., K.P. Dhamu and A. Arokiarat 1979. Genotypic and 
phenotypic correlation and path analysis of sorne quantitative 
characters in sesamum. Madras Agric. J. 66:631-634. 

Nayar, N.M. and K.L. Meh~a 1970. Sesame: its uses, botany, 
cytogenetics and origin. Economie Botany 24:20-31. 

Newman, D.W. 1~66. Chloroplast fatty acid transformations in nitrogen 
deficient anJ senescent tissues. Plant Phys. 41:328-334. 

129 



O'conor, R.T. and S.F. Herb 1970. Specification of fatty acid 
composition for identification of fats and oils by GLC. 
J.A.O.C.S. 47: 186A 195A 1977A. 

Osman, H.E.G. and M.O. Khidir 1974. Relations of yield eomponents in 
sesame. Expl. Agric. 10:97-103. 

Osman, H.E.G. and D.M. Yermanos 1982. Genetic male sterility in 
sesame:Reproductive characterstics and possible use in hybrid 
seed production. Crop Sei. 22:492-498. 

Osman, H.E.G. and A.M. Nour 1985. Response of sesame varieties to 
environrnent in the Sudan Central Rainlands. J. Agric. Sei. 
Cambo 104:565-569. 

pal, B.P. 1945. 5tudies in hybrid vigour. 1. notes on the 
manifestation of hybrid virour in gram, sesame, ehilli and maize. 
Ind. J. Genet. Pl. Breed. 5:106-121. 

Panford, J.A., P.C. Williams and J.M. deMan 1988. Analysis of oil 
seeds for protein, oil, fiber and moisture by Near-Infrared 
Reflectance Spectroscopy. J.A.O.C.S. 65:1627- 1634. 

perkins, J.M. and J.L. Jinks 1968. Environrnental and Genotype 
-Environrnental components of variability. III Multiple Lines 
and Crosses. Heridity 23:399-356. 

Plainiswamy, K.M., G.G. Dass and A.S. Subramanian 1978. 
Correlations and path analysis of yield and yield eomponents 
in sesame. Ind. J. Agric. Sei. 48:681-683. 

Plaisted, R.L. and L.L. Peterson 1959. A technique for evaluating 
the ability of selections to yield consistently in different 
locations or seasons. Am. Potato J., 36:381-385. 

Pinthus, M.J. 
Euphytica 

1973. Estimate of genotypic value: a proposed method. 
22:121-123. 

Rafey, N, R.K Tewary and V.C. Srivastava 1988. Effect of nitrogen 
and phosphorous on linseed. Ind. J. Agric. 33:334-335. 

Ramunujam, S. 1942. An interspecific hybridization of sesame. ~ 
orientale ~ S.prostratum. Curr. Sei., 13:40-41. 

Rheenen van, H.A. 1973. Major problems of growing sesame in 
Nigeria. Meded. Landbouwhogeseh Wageningen, 73(12) 

Rheenen van, H.A. 1979. 50il moisture and growth of sesame. Plant 
and soil 53:277-285. 

130 



Rheenen van, H.A. 1982. 
principal commercial 
and improvement. ~ 
Protection Paper. No. 

Breeding objectives and assesment of 
strains of sesame. ~ Sesame: status 
Ashri, A. FAO Plant Production and 

29 :13-15. 

Ricelli, M. and B. Mazzani 1964. Manifestation of heterosis in 
development, earliness and yield in diallel crosses of 32 
sesame cultivars. Agron. Trop. Venezuela 14:101-125. 

Rose, J .A. 1988. Effects of moisture stress on oil and protein 
components of soybean seeds. Aust. J. Agric. Res. 39:163-170 

Saha, S.N., s.e. Bhargava 1980. Physiological analysis of the 
growth, development and yield of oil seed sesame. J. Agric. 
Sci. Cambo 95:733-736. 

Saha, S.N. and S.C. Bhargava 1984. An evaluation of the oil 
concentration in sesame seeds in relation to developmental 
stage, node position and capsule age. Expl. Agric. 20:129-
134. 

Sawan, Z.K., A.E.H. El-Fara and S. Abdel-latif 1988. Cottonseed, 
Protein, and oil yields and oil pproperties as affected by 
nitrogen and phosphorus fertilization and growth regulators. 
J.A.O.C.S. 65:948-951. 

Saastamoinen M., J. Kumpulainen and S. Nummela 1989. Genetic and 
environmental variation in oil content and fatty acid 
composition of oats. Cereal Chemistry 66:296-300. 

Schonfield, C.R. and W.C. Bull 1944. Relation between the fatty 
acid composition and the iodine number of of soybean oil. 
Oil and Soap. 21:87-89. 

Seegeler, C. J . P. 1983. Oil Plants in Ethiopia; their taxonomy 
and agr~cultural significance. Wagenningen, ARR. 921, :248-281. 

Sharma, R.L., and B.P.S. Chauhan 1984. Genetic architecture of 
yield and its components in sesame. Ind. J. Agric. Sci. 54:1-5. 

Sharma, R.C., E.L. Smith and R.W. McNew 1987. Stability of 
harvest index and grain yield in winter wheat. Crop Sci. 
27: 104-108. 

Sharma, S.K. and B.L. Gaur 1988. Effects of levels and methods of N 
application on seed yield and quality of sunflower. Ind. J. 
Agric. 33:330-331. 

Shaw, R.H. and D.R. Liang 196C. Moisture stress and plant response. 
~ Plant environment and efficient water use. ~D. Kirkham, 
J., Pesek and R., Shaw. Amer. Soc. Agron. Madison. 73-94. 

Shukla, G.K. 1972. Sorne statistical aspect of partitioning genotype­
environmental components of variability. Heridity 29:237-245. 

131 



Shukla, G.P. 1983. Path-coefficient analysis of sesame. Ind. J. 
Agric. Sei., 53:407-408. 

5ingh, H., M.L. Gupta and N.K.A. Rao 1960. Effect of N, P and K on the 
yield and oil content of sesame. Indian J. Agric. 45:178-181. 

5ingh, O. and N.S. 5inha 1967. Proc. Nat. Int. Sei. India, 35:355-
358. 

Singh, v., Y.S. Chanhan and N.R. Tripathi 1987. ComparùLive efficacy 
of levels of nitrogen dnd su1fur in production and biG-~hemical 
values of til (Sesamum indicum ~). Research and Oevelopment 
Reporte: 4:213-217. 

Smilde, K.W. 1960. Influence of sorne environmental factors on 
growth and development of Sesamum indicum 1. Mededelingen 
Wagenigen 60(5) :1-65 

Sionit, N., P.S. Kramer 1977. Effect of water stress during 
different stages of growth of soybean. Agron. J., 69:274-277. 

Soler, L., J. Canellas and F. Saura-Calixto 1988. Oil content and 
fatty acid composition of developing almonds seeds. J. Agric. 
Food Chem., 36:695-697. 

Sosulski, F.W. and Gore, R.F. 1964. The effect of photoperiod and 
temperature on the characterstics of flaxseed oil . Cano J. Plant 
sei. 44: 381-382. 

Stebbins, G.L. 1950. Variation and evolution in plants. New York, 
Columbia Univ. Press. 

Stone, J.F. and B.B. Tucker 1969. Nitrogen content of grain as 
influenced by water supplied to the plant. Agron. J. 61:76-78. 

Stymme, S. and L. A. Appe1qvst 1980. The biosynthesis of 
linoleate and a linolenate in homogeneites from developing 
soybean cotyledons. Plant Sei. Letter 17: 287 

Swamy, R.O. 1970. Heterosis for oil content in brown sarson. 
(Brassica campestris var. sarson). Euphytica 19: ~39-542. 

Taylor, B.R. 1986. Sesame agronomy in south east Tanzania. III. 
The effect of nitrogen and phosphorous on seed yield and oil 
content. Exp. Agric. 22:263-268. 

Thomps~n, D.L., M.D. Jellum amd C.T. Young 1973. Effect of 
controlled temperature environments on oil content and fatty 
acid composition of corn oil. J.A.O.C.S. 50: 540-542 

Trehan, R.B., A.V. Rao, S.K. Mehta, H. Chand, H.N. Sharma and S.K. 
Baijal. 1974. Genetic diversity in se~ame. Ind. J. Agric. Sei. 
44:208-212. 

132 



= 

Tribe, A.J. 1967. Sesame. Field crop Abst., 20:188-193. 

Tyagi, B.P. and H.G. Singh 1981. Heterosis in sesame. Ind. J. 
Agric. Sei. 51:849-852. 

Udayaseekhara, P. and P.S. Rao 1981. Chemical composition and fatty 
acid profile of high yielding varieties of oil seeds. Ind. J. 
Agric. Sei. 51:703-707. 

Uzo, J. and G.U. Ojiake 1981. Major Nigerian sesame strains, F1 
hybrids and segregating generations. ~Sesame: Status and 
rmprovement. ~Ashri A. FAO, ppp Paper No 29.:90-93. 

Vavilov, N.r. 1950. The origin variation, irnmunity and breeding 
cultivated plants. Chronica Botanica 13:349. 

varshney, S.K., B. Rai and B. Singh 1986. Componental-analysis of 
harvest index in Brassica oilseeds. Ind. J. Agric. Res. 20:129-
134. 

Wankhede, N.P., r.p.s. Ahlawat and V.M. Sahari 1970. Effects of 
varying levels of irrigation, plant population and fertilization 
of yield and quality of indian rape Brassica campestris 1. var. 
toria. Ind. J. Agric. Sei. 40:873-877. 

Weiss, E.A. 1983. Oil Seed Crops. Leonard Hill, London. 

Weiss, E.A. 1971. Castor, Sesame and Safflower. Leonard Hill 
London. 

Westcott, B. 1986. Sorne methods of analysing genotype 
environrnent interaction. Heridity 56: 243-253. 

Whigham, D.K. and H.C. Minor 1978. Agronomie characters and 
environrnental stress. ~ Soybean physiology, agronomy and 
utilization. ~ A.G., Norman. :77-118. 

Williams, J. P., M.U. Khan, K. Mitchel and G. Johnson 1988. The effect 
of temperature on the level and biosynthesis of unsaturated fatty 
acids in diacylglycerols of Brassica ~ leaves. Plant Physiol. 
87:904-910. 

Witcommbe, J.R. and W.J. whittington 1971. A study of the 
genotype by environment interaction shown by gerrninating 
seeds of brassica napus. Heridicy, 26:397-411. 

Worthington, R.E., R.O. Hammons and J.R. Allison 1972. Varietial 
differences and seasonal effects on fatty acid composition and 
stability of oil from 82 genotypes. J. Agric. Food chem. 20:727-
730. 

Wricke, G. 1962. Uber eine methode zur erfassungder okologischen 
streubreite in felversuchen. Z. Pfiziicht 49:92-96. 

133 



Yadava, T.P., P. Kumar and A.K. Yadava 1980. Ass<lci,\t.l.on of yield and 
its components in sesame. Lnd. J. Agric. S(~~. 50:317-319. 

Yates, F. and W.G., Cochhran. 1938. The analysis of groups of 
experiments. J. Agric. Sei. Camb., 28:556-580 

Yazdi-Samdi, B., R.W. Rinne and R.D. Seif 1977. 
developing soybean seeds: oi1, protein, 
acids and amine acids. Agro. J. 69:481-486. 

Components of 
starch, organic 

Yermanos, D.M, R.T. Edwards and S.C. Hemstreet 1964. Sesame: an 
oilseed crop with potential in California. California Agriculture 
:2-4. 

Yermanos, D.M., S. Hemstreet and M.J. Garber. 1967. Inheritance of 
quality and quantity and seed-oil in safflower. Crop Sei., 7:417-
422. 

Yermanos D .M., S. Hemstreet and W. Saleeb 1972. Oil content and 
composition- of the seed in world collection of sesame 
introductions. J.A.O.C.~. 49:20-23. 

; 
Yermanos, D.M. ,1980. Sesame. ln.Hybridization of Crop Plants. 

~Fehr W.R.and Hadely H.H. ASA, Madison, Wis. :549-563. 

Yousif, Y.H., F.T. Bingham and D.M. Yermanos. 1972. Growth mineral 
composition and seed oil of sesame (Sf:samum indicum L.) as 
affected by sodium chloride. Soil Sei. Soc. Am. Proe. 36:450-458. 

134 



... 
! 

Appendix 1 a 

Saasonal maximum and minimum tempe ratures 
in celsius for the three site. in zthiopia 

_______________________ 1987 __________________ __ 

Month 

i·1ay 
June 
July 
Aug. 
Sep. 
Oct 

Melka Werer 
max 

34.9 
38.2 
38.1 
34.4 
36.3 
34.8 

min 

20.8 
24.9 
24.8 
21.8 
21. 6 
19.3 

Bisidimo 
max 

27.5 
26.4 
25.2 
25.8 
26.8 
27.1 

min 

16.7 
17.1 
18.1 
16.4 
15.7 
13.9 

Abobo 
max 

34.7 
34.2 
31.8 
31.2 
33.4 
34.2 

min 

16.8 
18.3 
18.5 
19.8 
17.9 
18.7 

______________________ 1988 ______________________ __ 

May 
June 
July 
Aug. 
Sep. 
Oct. 

Appendix 1 b 

month 

May 
Jun. 
Jul. 
Aug. 
Sep. 
Oct. 

38.4 
38.6 
33.2 
32.1 
33.6 
32.9 

20.9 
24.6 
22.3 
20.8 
20.2 
17.6 

28.7 
26.4 
25.1 
26.4 
25.3 
28.1 

15.8 
16.4 
16.3 
16.8 
14.9 
14.6 

Seasonal rainfall in millimeter 
for tha thraa sites in zthiopia 

Melka Werer 
1987 1988 

43.70 
10.80 
36.30 

136.30 
34.50 

7.60 

5.70 
27.60 

107.20 
262.40 

80.10 
8.80 

Bisidimo 
1987 1988 

267.80 
32.70 
32.10 

100.20 
168.90 
84.80 

183.50 
19.90 
54.30 

167.80 
135.00 

28.40 

Total 269.20 491.80 686.5 588.9 

135 

36.9 
31.3 
29.4 
33.6 
32.6 
35.4 

20.7 
20.3 
19.1 
19.9 
20.0 
19.3 

Abobo 
1987 1988 

480.30 
94.60 
98.70 

230.40 
57.10 

107.50 

160.50 
J28.60 
206.70 
217.30 
229.60 
186.80 

1068.60 1129.50 



Appendiz 1 c 

Phyaical and chemical propertiea 
ot the ~lka "rer, Abobo and BisidiDo soils 

---------------------------------------------------------------
Depth Textural EC CEC Organic 

Location cm class Ph mmhos meq/100g matter% 
----------------------------._----------------------------------

0-15 8.4 0.56 35.0 1.9 
Melka Werer 15-30 silty 8.3 0.62 34.4 1.8 

30-45 clay 8.2 0.85 34.9 1.6 

0-15 7.7 0.31 30.5 3.3 
Abobo 15-30 Clay 7.9 0.23 27.5 2.3 

30-45 loam 7.6 0.28 29.9 2.0 

0-15 8.2 0.41 9.9 1.7 
Bisidimo 15-30 Sandy 8.2 0.41 6.1 1.6 

30-45 loam 8.1 0.46 10.0 1.9 

------------------------------------------------------------
Total Available 

Depth N l? K Moist.% Available Bulk 
cm kg/ha kg/ha kg/ha 1/3 atm. moist. % Density 

------------------------------------------------------------
0-15 46.4 28.3 39.5 24.7 14.8 1. 30 

15-30 41. 4 25.8 41.1 26.7 14.4 1. 32 
30-45 33.8 14.6 41.9 25.2 16.7 1.37 

0-15 175.5 7.8 35.4 23.3 12.1 1. 29 
15-30 187.0 14.6 35.0 24.1 10.9 1.27 
30-45 124.9 17.9 34.9 25.0 9.9 1.32 

0-15 33.2 10.7 12.9 5.4 7.5 1. 75 
15-30 23.0 11. 9 12.9 5.1 7.8 1.78 
30-45 28.3 11.0 13.9 5.2 8.7 1. 80 
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App.ndix 2 a 

Pooled AHOV1 on s.ad yiald of aight sesame 
linas grown at thr.. ait.. in Ethiopia 

in 1987 and 1988. 

--------------------------------------_ .. ------
source d.f mean square3 p 
----------------------------------------------

(Y) 1 1261503.00 ** Years < ** Site (S) 2 5579782.00 < 
*~ y*s 2 262713.00 < 

Rep in YS-comb. 12 36738.00 
** Lines (L) 7 89009.00 

L*Y 7 45855.00 ns 
** L*S 14 92750.00 < 

L*Y*S 14 78332.00 ** 
Pooled error 84 28706.00 

** significant at 0.01 probability level 
ns non significant 
mean 
CV 

Appendix 2 b 

415.44 
40.00 

0.001 
0.001 
0.001 

0.005 
0.147 
0.001 
0.002 

Joint ragraa.ion analysis on sa.d yiald of 
aiqht sesame lina. grown at threa sites in Ethiopia 

in 1987, '88. 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

pooled error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

863099.3000 *: 
29670.1000 * 
25867.9000 *:* 

69008.0500 
15082.9000 ns 
9568.6666 

p 

< 0.001 
0.005 

< 0.001 
0.001 
0.058 

*, ** significant at 0.05 and 0.01 probability level 
respectively 
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Appendix 3 a 

Pool ad ANO~ on days to flowaring of aight sesame 
lina. grown at thraa sites in Ethiopia,1987 and 1988. 

-----------------------------------------------
source df mean squares p 
------------------------------------------------

Year (Y) 1 564.0625 ** 
Site (S) 2 705.7152 ** 
y*s 2 9.1458 ns 
Rep in YS-comb. 12 25.2152 

** Lines (L) 7 165.1180 
L*Y 7 72.3958 ** 
L*S 14 27.9930 ns 
L*Y*S 14 33.4553 ns 
Pooled error 84 19.9136 

** significant at 0.01 probability level 
ns non significant 
mean 54.4930 
CV 8.1870 

Appendix 3 b 

< 0.001 
< 0.001 

0.633 

< 0.001 
0.001 
0.169 
0.075 

Joint ragre •• ion analysi. on day. to flowaring 
of aight sasame lina. qrown at thrae sites 

in Ethiopia, 1987 and 1988 

source df mean squares 

** Environment 5 132.9209 ** 
Line 7 55.0394 ** 
Line * Env. 35 13.0196 

Heter. B 7 5 3306 ns 
Residual 28 14:9419 ** 

Pooled error 84 6.6346 

** significant at 0.01 probability level 
ns non significant 
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p 

< 0.001 
< 0.001 

0.006 
0.919 
0.002 



Appendix 4 a 

Pool ad ANOv.A on days to maturity ot aight sasame 
linas avaluatad at thraa sitas ov.r two yaars 

------------------------------------------------
source df mean squares p 
------------------------------------------------

(Y) 1 693.4444 ** 0.001 Year < 
** Site (S) 2 13719.1736 < 0.001 
** y*s 2 5358.2569 < 0.001 

Rep in YS-comb. 12 63.1667 
** Lines (L) 7 405.8571 < 0.001 

L*Y 7 46.1587 ns 0.197 
** L*S 14 153.4911 < 0.001 

L*Y*S 14 103.6855 ** 0.001 
Pooled error 84 31.8889 

** significant at 0.01 probability leuel 
ns non significant 
mean 93.0556 
CV 6.0684 

Appandix 4 b 

~oint regression analysis on days to maturity 
of aight sasame lin.s grown at threa sites 

ovar two yaars 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

Pooled error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

2589.9280 :: 
135.2850 * 

37.3630 * 
120.3838 ** 
16.6080 ns 

10.9173 

** significant at C.01 probability level 
ns non significant 
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p 

< 0.001 
< 0.001 
< 0.001 

< 0.001 
0.069 



Appandix 5 a 

Polad ANOV1 on numbar of branchas par plant 
of aight sasame lines grown at thr.a sites 

in zthiopia, 1987 and 1988. 

-----------------------------------------------
source df mean squares p 
-----------------------------------------------

Year (Y) 1 128.4444 ** 0.001 < ** Site (S) 2 108.0486 < 0.001 
y*S 2 6.6736 * 0.027 
Rep in YS-comb. 12 1.2847 
Lines (L) 7 1.2023 ns 0.688 
L*Y 7 0.6031 ns 0.932 
L*S 14 3.0327 ns 0.067 
L*Y*S 14 4.0228 * 0.011 
Pooled error 84 1.7688 

* ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
me an 4.9305 
CV 26.9743 

Appandix 5 b 

Joint ragression analysis on numbar of branchas 
par plant of aight sasama lines grown at three 

sites in Ethiopia, 1987 and 1988 

source df mean squares p 

Environment 5 23.8598 ** 0.001 < 
Line 7 0.4007 ns 0.688 
Line * Env. 35 0.9810 * 0.030 

Heter. B 7 1.2158 ns 0.258 
Residual 28 0.8926 ns 0.076 

pooled error 84 0.5896 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
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Appendix 6 a 

pooled »~OV1 on number of pods per plant 
of eiqht sesame lines tasted at thrae sites 

in Ethiopia over two years 

source df mean squares 

Year (Y) 1 52022.0069 ** 
Site (S) 2 6375.8819 ** 
y*S 2 1051.5069 ns 
Rep in YS-comb. 12 549.4097 
Lines (L) 7 397.2529 ns 
L*Y 7 210.1181 ns 
L*S 14 362.5327 ns 
L*Y*S 14 261. 6657 ns 
Pooled error 84 212.9494 

** significant at 0.01 probability level 
ns non significant 
mean 
CV 

Appendix 6 b 

49.0972 
29.7305 

p 

< 0.001 
< 0.001 

0.190 

0.085 
0.447 
0.070 
0.270 

Joint regression analysis on number of pods 
par plant of eight sesame lines grown at three 

sites in Ethiopia, 1987 and 1988 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

pooled error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

4458.4520 ** 
132.4170 ns 

97.2350 ns 
36.3414 ns 

112.4580 ns 
71.0226 

p 

< 0.001 
0.085 
0.122 

0.937 
0.056 

** significant at 0.001 probability level 
ns non significdnt 



Appendix 7 a 

pooled ANO~ on number of seads per pod 
of eiqht sesame lines qrown at three 

sites over two years. 

-----------------------------------------------
source df rnean squares p 
-----------------------------------------------

Year (Y) 1 544.4444 * 0.016 
Site (S) 2 1420.0278 ** 0.001 < 
y*S 2 75.0278 ns 0.440 
Rep in YS-comb. 12 70.5208 
Lines (L) 7 142.4444 ns 0.155 
L*Y 7 35.6508 ns 0.904 
L*5 14 252.5040 ** 0.001 
L*Y*S 14 65.6151 ns 0.745 
pooled error 84 90.6954 

*, ** significant at 0.05 and 0.01 probability level 

ns 
mean 
CV 

Appendix 7 b 

respectively 
non significant 

68.5555 
13.8915 

Joint regression on seeds par pod of eight 
sesame lines grown at three sites over two years 

source df mean squares p 

Environment 5 235.6362 ** < 0.001 
Line 7 47.4820 ns 
Line * Env. 35 44.7927 ns 

Heter. B 7 51.7934 ns 
Residual 28 43.0425 ns 

Pooled error 84 30.2316 

*, ** significant at 0.05 and 0.001 level 
respectively 

ns non significant 
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0.155 
0.074 

0.333 
0.110 
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Appandix 8 a 

pooled ANO~ on plant height.of eight sesame lines 
grown at three sites in Ethiopia, 1987 and 1988 

-----------------------------------------------
source df mean squares p 

(Y) 1 15314.0600 ** 0.001 Year < 
** Site (S) 2 90661.1900 < 0.001 

y*s 2 386.5200 ns 0.242 
Rep in YS-comb. 12 489.9200 

** Lines (L) 7 876.5700 0.004 
L*Y 7 410.0100 ns 0.168 
L*S 14 316.5800 ns 0.305 
L*Y*S 14 358.0700 ns 0.204 
Poofed error 84 268.1500 
-----------------------------------------------

** significant at 0.01 probability level 
ns non significant 
mean 
CV 

Appendix 8 b 

143.1458 
11. 4394 

Joint regression on plant height of eight 
sesame lines avaluatad at three sites 

in 1987 and 1988 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

Pooled error 

df 

5 
7 

35 
7 

28 
84 

me an squares 

13160.6690 ** 
292.2:190 ** 
117.2710 ns 

105.3080 ns 
120.2620 ns 

89.3833 

** significant a~ 0.01 probability level 
ns non signif~cant 
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p 

< 0.001 
0.004 
0.157 

0.537 
0.153 



Appendix 9 a 

Pooled ANOV1 on root depth of eight sesame lines 
grown at three sites in Ethiopia, 1987 and 1988 

Appendix 9 b 

----------------------------------------------
source df mean squares p 
----------------------------------------------

Year (Y) 1 1193.1267 ** 0.Où1 < 
Site (S) 2 534.6659 ** 0.001 < 
Y*S 2 46.1238 * 0.046 
Reps in YS-comb 12 19.2993 
Lines (L) 7 38.6695 * 0.015 
L*Y 7 11. 9489 ns 0.575 
L*S 14 14.3055 ns 0.476 
L*Y*S 14 13.4393 ns 0.533 
Pooled error 84 14.5160 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
mean 
CV 

19.3195 
19.7238 

Joint regression on root depth of eight sesame 
lines evaluated at three sites over two years 

in Ethiopia 

source 

Envirûnment 
Line 
Line * Env. 

Heter.B 
Residual 

Pooled error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

147.4602 ** 
12.8887 * 

9.7896 ns 
6.8003 ns 
3.9200 ns 

4.8386 

p 

< 0.001 
0.014 
0.625 

0.141 
0.731 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
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Appendix 10 a 

Pooled ANO~ on one thousand seed .aight of eight 
sesame linas evaluated at three sitas in Ethiopia 

in 1987 and 1988 

source df mean squares p 
-----------------------------------------------

(Y) 1 4.6944 ** 0.001 Year < 
** Site (S) 2 7.2742 < 0.001 
** y*s 2 8.1146 < 0.001 

Rep in YS-comb. 12 0.0291 
** Lines (L) 7 0.8428 < 0.001 

L*Y 7 0.0782 ns 0.686 
L*S 14 0.1972 ns 0.066 

* L*Y*S 14 0.2332 0.024 
Pooled error 84 0.1145 

*, ** significant at 0.05 and 0.01 probability level 
respecti vely 

ns non significant 
mean 
CV 

Appendix 10 b 

2.8763 
11. 7672 

Joint ragression on one thousand aaad weight 
of aiqht sesame lines evaluated at three sites 

in 1987 and 1988 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

Pooled error 

df 

5 
7 

35 
7 

28 
84 

mean square 

2.3647 ** 
0.2809 ** 
0.0626 * 

0.0550 ns 
0.0644 * 

0.0381 

p 

< 0.001 
< 0.001 

0.034 
0.545 
0.035 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
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Appendix 11 a 

Analysis of variance on harvest index of eight 
sesame lines tested at three sites 1988 

source df mean squares p 

Site (S) 2 0.0775681 ** < 0.001 
Reps in S 6 0.0008389 

** Lines (L) 7 0.0027175 0.002 
L*S 14 0.0042014 ** < 0.001 
Error 42 0.0007008 

** significant at 0.001 level 
mean 0.0827778 
CV 31.9802100 

Appendix 11 b 

Joint regression on Harvest index of eight 
sesame lines grown at three sites in 1988 

source df mean square 

Environment 2 0.0259 ** < 
Line 7 0.0009 ** < 
Line * Env. 14 0.0013 ** < 

Heter. B 7 0.0008 ns 

Residual 7 0.0019 ** 

pooled error 42 0.0002 

** significant at 0.01 probability level 
ns non significant 
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p 

0.001 
0.001 
0.OG1 

0.851 
< 0.001 



Appendix 12 a 

Bacterial bliqht (xanthamonls sesame) di.ease score 
in 0-9 point scale at Abobo 

Year 
------------------------------------------------
Line 1987 1988 Mean 

7B 7.5 7.0 7.5 
Harar 8.0 8.0 8.0 
111518 8.0 7.0 7.5 
Fincha 6.0 6.0 6.0 
76/48R 7.0 7.0 7.0 
SE 6.0 5.0 5.5 
207958 5.0 6.0 5.5 
111519 7.0 8.0 7.5 

o denotes the crop is virtualy free of disease 
9 denotes severe infestation by disease 

Appendix 12 b 

Plant lodging score in 0-100 l~int scala 
at Abobo 

Year 

Line 1987 1988 Mean 

7B 65 42 54 
Harar 22 44 33 
111518 39 16 28 
Fincha 23 29 26 
76/48R 43 11 27 
SE 30 67 49 
207958 21 84 53 
111519 38 47 43 

Othe crop stands upright 
100 the crop is horizontaly laying on the ground 
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'l'able 8 
Appendiz 13 a 

Mean days to physiologieal maturity of eight sesame 
line. groWD at thrH sites in Bthiopia over two years 

Days to maturity 

Bisidimo Abobo Melka.W. Bisidimo Abobo Melka.W. Line 

Line ----------------------------------------------------- mean 
1987 1988 

7B 103 b 73 a 101 b 79 a 84 a J 07 
Harar 126 a 74 a 119 a 83 a 80 ab Hl 
111518 106 b Ha 96 b 76 a 72 b 103 
Fincha 102 b 76 a 102 b 81 a 71 b 123 
76/48R 120 a 75 a 102 b 79 a 74 b 116 
SE 103 b 74 a 100 b 80 a 72 b 115 
207958 101 b 75 a 102 b 81 a 87 a 110 
111519 101 b 77 a 101 b 81 a 72 b 113 

mean 108 75 103 80 77 116 

Standard error = 3.260 

'Within each environment, line means folllowed by the same 
let ter are not significantly different at the 0.05 level 
by the Duncan's multiple range test.' 
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a 103 
d 88 
b 93 
bcd 94 
bcd 91 
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Appendiz 13 b 

"'an of number of poda per plant of eiqht .e .... lin •• qrown 
at three .ite. in Ithiopia 1987 and 1988. 

---------------------------------------------------------------------
Number of pods per plant 

--------------------------------------------------------------------
Bisidimo Abobo Melka.W. Bisidimo Abobo Melka.W. Line 

Line ---------------------------------------------------- mean 
1987 1988 

78 49 66 88 21 37 
Harar 31 50 92 26 15 
111518 53 62 86 33 26 
Fincha 83 61 99 23 32 
76/48R 42 70 79 22 30 
SE 54 55 96 32 22 
207958 77 76 79 33 17 
111519 69 44 74 28 20 

mean 57.25 60.50 86.63 27.25 

Standard error - 3.440 

'Lines means averaged over environments are not 
significantly different at the 0.05 level 
by the F-test.' 
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21.50 

39 50.00 
39 42.11 
40 50.00 
35 55.50 
29 45.33 
46 50.83 
44 54.33 
34 44.83 

38.25 
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Append1z 13 c 

.... n plal!lt height iD ca of .ight ...... lin.. grown 
at thz.e ait •• in Kthiopia in 1987 and 1988. 

Plant height 
-----------------------------------------------------------------

Bisidimo Abobo Melka.W. Bisidimo Abobo Melka.W. Line 

Lir.q ---------------------------------------------------- mean 
1987 1988 

------------------------------------------------------------------
78 80 162 190 78 149 159 136 
Harar 102 184 180 111 151 160 148 
111518 88 160 167 74 144 155 131 
Fincha 113 172 188 70 156 140 140 
76/48R 86 182 200 97 168 ln 151 
SE 108 172 191 72 132 168 141 
207958 107 170 194 96 163 163 149 
111519 128 166 192 85 152 170 149 

------------------------------------------------------------------
mean 102 169 188 85 154 

Standard error 3.860 

'Lines rneans averaged over environments are not 
significantly different according at the 0.05 level 
by the F-test.' 
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ll..ppendilt 13 d 

Mean root depth in CID of .ight s.s_ 1inas grown 
at thr •• sit •• in Bthipopia in 1987 and 1988. 

Reot depth in cm 

Bisidimo Abebo Melka.W. Bisidimo Abobo Melka.W. Line 
Line ---------------------------------------------------- mean 

1987 1988 

7B 18.60 30.00 22.67 14.80 16.67 15.80 19.75 
Harar 17.33 18.33 23.53 14.90 19.00 14.40 17.86 

ab 
b 

111518 20.80 30.00 28.37 14.53 22.00 17.87 22.26 a 
Fincha 17.20 27.00 20.43 14 .13 19.67 14 .40 
76/48R 18.20 27.00 21. 00 16.67 22.33 14.13 
5E 16.20 28.67 21.13 14.63 20.00 13.73 
207958 16.60 24.00 20.00 13.87 14 .67 15.47 
111519 19.93 25.67 20.10 13.37 22.00 15.57 

mean 18.10 26.33 22.15 14.61 19.54 15.17 

Standard errer = 0.898 

'Witihn each environment, line means -~llewed by the same 
letter are net significantly different at the 0.05 level 
by the Duncan's new multiple range test' 
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18.81 b 
19.92 ab 
19.06 b 
17.44 b 
19.44 b 



Appendiz 13 • 

Mean number of branches par plant of eight 
••• am. lin •• grown at thre. site. in Zthiopia 

in 1987 and 1988. 

-------------------------------------------------------------------
Nun~er of branches per plant 

-------------------------------------------------------------------
Bisidime Abobo Melka.W. Bisidimo Abobo Melka.W. Line 

Line ---------------------------------------------------; 
mean 

1987 1988 
-------------------------------------------------------------------

78 3 b 9 ab 4 b 3 a 6 a 3 a 4.67 

Harar 4 ab 9 ab 5 b 4 a 6 a 4 a 5.33 

111518 4 ab 5 c 8 a 3 a 5 a 3 a 4.67 

Fincha 6 a 8 ab 5 b 2 a 5 a 4 a 5.00 

76/4eR 4 ab 10 a 4 b 3 a 5 a 5 a 5.17 

SE 4 ab 9 ab 6 ab 3 a 5 a 4 a 5.17 

2"79~ J 5 ab 7 bc S b 4 a 6 a 3 a 5.00 

111519 5 ab 8 ab 5 b 3 a 6 a 4 a 5.17 

-------------------------------------------------------------------

mean 4.63 8.13 5.25 3.13 5.50 3.75 

Stancard errer = 0.768 

'Withi~ each envirenment, line means fo11owed by the same 
letter are not significantly different at the 0.05 level 
by the Duncan's multiple range test.' 

152 



( 

~ 

j 

,> , 
"' 

Appendix 13 f 

Mean harvest index o~ eiqht sesame line. 
evaluated at three sites in Ethiopia over one year 

Harvest index 

Bisidimo Abobo Melka.W. Line 
Line mean 

1988 

7B 0.07 ab 0.05 a 0.07 e 0.')63 
Harar 0.04 b 0.01 a 0.12 bc 0.057 
111518 0.06 b 0.04 a 0.25 a 0.117 
Finch 0.07 ab 0.03 a 0.11 cd 0.070 
76/48R 0.06 b 0.03 a 0.14 bc 0.077 
5E 0.07 ab 0.01 a 0.16 b 0.080 
207958 0.11 a O. 01 a 0.13 bc 0.083 
11lS19 0.08 ab 0.03 a 0.16 b 0.090 

mean 0.070 0.026 0.143 

standard error = 0.048 

'Within each environment, line means followed 
by the same letter are not significantly different 
at the 0.05 level by Duncan's multiple range test.' 
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Appendix 14 a 

Pooled ANOV1 on oil content of eiqht lines of sesame 
qrovn at three sites each of two years 

source df mean squares 

Year (y) 1 162.3500 
Sites (S) 2 193.0671 
Y*S 2 1.1646 
Rep in YS-comb.12 0.3172 
Lines (L) 7 7.8909 
L*Y 7 0.2297 
L*S 14 2.0485 
L*Y*S 14 0.5488 
pooled error 84 0.4400 

** significant at 0.01 1evel 
ns non significant 
me an 
CV 

Appendix 14 b 

44.4400 
1. 5000 

** 
** 
ns 

** 
ns 
** 
ns 

p 

< 0.001 
< 0.001 

0.078 

< 0.001 
0.818 

< 0.001 
0.263 

Joint reqression analysis on oil content 
of eiqht sesame lines qrown at three sites 

in Ethiopia 1987 and 1988. 

source df mean squares 

Environment 36.8907 ** 5 < 
Line 2.6543 ** 7 < 
Line 35 0.3556 ** * Env. < 

7 0.8565 ** Heter. B 
Residual 28 0.2303 ns 

pooled error 84 0.1476 

* ** significant at 0.05 and 0.01 level 
respectively 

154 

p 

0.001 
0.00 l 
0.00 1 

0.006 
0.062 



Appendix 15 a 

Pooled ANOv.A on palmitic acid of aight sesame lines 
qrown at thrae sites aach of two years 

source df mean squares p 
-----------------------------------------------

Year (Y) 1 0.0069 ns 0.722 
** Site (s) 2 5.9213 < 0.001 

2 0.1863 * 0.038 y*s 
Rep in YS-comb. 12 0.0769 

** Lines (L) 7 1. 9703 < 0.001 
L*Y 7 0.0726 ns 0.249 

** L*S 14 0.1440 0.003 
L*Y*S 14 0.Oï70 ns 0.169 
Pooled error 84 0.0548 

*, ** significant at 0.05 and 0.01 probability level 
respectively 

ns non significant 
mean 
CV 

Appendix 15 b 

7.3138 
3.2024 

Joint regression analysis on palmitic acid 
of eiqht lines of sesame qrown at three sites 

in Ethiopia 1987 and 1988. 

source df mean squares 

Environment 5 0.8148 ** 
Line 7 0.6567 ** 
Line * Env. 35 0.0343 ** 

Heter B. 7 0.0253 ns 
Residual 28 0.0366 ** 

Pooled error 84 0.0182 

** significant at 0.01 probability level. 
ns non significant 
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p 

< 0.001 
< 0.001 
< 0.010 

0.363 
0.007 



Appandix 16 a 

pooled ANO~ on stearic acid content of eight lines 
of sasame grown at thrae sitas aach of two yaars 

-----------------------------------------------
source df mean squares p 
-----------------------------------------------

Year (Y) 1 0.7950 ** 
Site (S) 2 23.2308 ** < 
Y*S 2 0.6536 ** 
Rep in YS-comb. 12 0.0999 

** Lines (S) 7 0.9468 < 
L*Y 7 0.3369 ** 
L*S 14 0.1439 ns 
L*Y*S 14 0.1476 ns 
Pooled error 84 0.1141 

** significant at 0.01 probability level 
ns non significant 
mean 5.2520 
CV 6.4325 

Appendix 16 b 

Joint regrassion analysis on stearie acid 

0.009 
0.001 
0.004 

o .001 
0.008 
0.249 
0.216 

of aiqht lines of sesame evaluatad at three sites 
in Ethiopia 1987 and 1988. 

source df mean squares p 

Environrnent 5 3.2375 ** 0.001 < 
Line 7 0.3156 ** 0.001 < 
Line 35 0.0613 * 0.039 * Env. 

Heter.B 7 0.0543 ns 0.548 
Residual 28 0.0634 * 0.039 

Pooled error 84 0.0380 

* ** , 
ns 

SlqnlflcRnt RtO.05 and 0.01 probability level 
non ~lgnificant 



Appendix 17 a 

Pooled ANO~ on oleic anid content of aight lines 
of sesame grown at three sites eaeh of two yaars 

----------------------------------------------
source df mean squares p 
----------------------------------------------

1 43.7802 ** 0.001 Year (Y) < 
** Site (S) 2 165.3686 < 0.001 

y*s 2 1. 0344 ns 0.255 
Rep in YS-comb. 12 0.4780 

** 1ines (1) 7 17.4869 < 0.001 
** 1*Y 7 3.0298 < 0.001 

14 4.1857 ** 0.001 L*S < 
L*Y*S 14 3.5354 ** 0.001 < 
Pooled error 84 0.6623 

** significant at 0.01 probability level 
ns non significant 
mean 38.6930 
CV 2.2310 

Appandix 17 b 

Joint regrasion analysis on olaie acid contant 
of aight sesame lin9~ ~rown at thraa sitas 

in Ethiopia 1~~7 and 1988. 

source 

Environment 
1ine 
Line * Env. 

Heter. B 
Residual 

Pooled Error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

25.1056 ** 
5.8290 ** 
1.2315 ** 

1.4849 ns 
1.1681 ** 

0.2484 

p 

< 0.001 
< O.OOJ 
< 0.001 

0.279 
< 0.001 

** significant at 0.01 probability level 
ns non significant 

157 



Appandix 18 a 

Pooled ANO~ on linolaic acid contant of eight linas 
of sesame grown at threa sitas each of two yaars 

source df mean squares p 
-----------------------------------------------
Year (Y) 1 57.2544 ** 
Site (S) 2 234.3146 ** 
y*S 2 1.6909 ns 
Rep in YS-comb . 12 2.0298 
Lines (L) 7 2l. 6307 ** 
L*Y 7 4.2671 * 
L*S 14 7.1326 ** 
L*Y*S 14 5.0147 ** 
Pooled error 84 l. 5989 

** signif1cant at 0.01 probability level 
ns non significant 
mean 
CV 

Appandix 18 b 

47.4277 
2.6661 

< 0.001 
< 0.001 

0.351 

< 0.J01 
0.015 

< 0.001 
< 0.001 

Joint reqression analysis on linolaic acid content 
of aiqht sesame linas qrown at thrae sites 

in Ethiopia 1987 and 1988. 

source 

Environment 
Line 
Line * Env. 

Heter. B 
Residual 

Pooled Error 

df 

5 
7 

35 
7 

28 
84 

mean squares 

** 35.3436 
7.1964 *'" 
1.9141 h 

2.3628 ns 
1.8019 ** 

0.5330 

p 

< 0.001 
< 0.001 
< 0.001 

0.281 
< 0.001 

** significant at 0.01 probability level 
ns non significant 
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Appendix 19 a 

Pooled ANO~ on protein content of eight lines 
of sesame grown at three sites each of two years 

source df mean squares p 
-----------------------------------------------

(Y) 1 21.2744 ** 0.001 Years < 
Site (S) 2 78.7956 ** 0.001 < 

** y*S 2 42.6938 < 0.001 
Rep in YS-comb. 12 0.4382 

** Lines (L) 7 6.6177 < 0.001 
** L*Y 7 3.0392 < 0.001 

L*S 14 3.9428 ** 0.001 < 
L*Y*S 14 9.1962 ** 0.001 < 
Pooleù error 84 0.6886 

** significant at 0.01 probability level 
mean 24.8555 
CV 3.2155 

Appendix 19 b 

Joint regressio~ analysis on protein percent 
of eight SefJame lines qrown at three si tes 

in Ethiopia 1987 and 1988. 

source df mean squares 

Environment 5 17.6274 ** < 
Line 7 2.2061 ** < 
Line * Env. 35 1.9545 ** < 

Heter. B 7 3.1393 ns 
Residual 28 1.6583 ** 

pooled error 84 0.2295 

** 
ns 

significant at 0.01 probability level 
non significant 
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p 

0.001 
0.001 
0.001 

0.108 
< 0.001 


