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ABSTRACT

PH.D. 1990 Yebio Woldemariam Plant science
GENOTYPE-ENVIRONMENT INTERACTION STUDY ON
SESAME (Sesamum jndicum L.)

Sesame (Segamum indicuym L.) is a tropical oilseed found growing
in the mid-altitude (< 1700 m.a.s.l.) regions 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 progeny selection originacing from a bulk of
landraces was carried out at six environments in Ethiopia. The
environments sclected were believed to provide a wide varciation in
temperature (altitude), moisture and soil. The objective of the study
was, therefore, to select a line or lines widely adaptable over these
environments for variables seed yield, o0il and protein content as well
as fatty acid composition. Twc statistical methods, namely, the
regression 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 lo~- or high-yielding environments. Lines
showing 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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RESUME
LTUDE DE L’ INTERACTION GENOTYPE-ENVIRONNEMENT
CHEZ LE SESAME (Sesamum indicum L.)

Le sésame (Sesamum indicum L.) est une plante oléagineuse croissant
dans les régions A4 élévation moyenne (<1700 m.d.n.m.) en Ethiopie.
Récemment, la culture du sésame 34 basse altitude (<800 m.d.n.m.) fut
entreprise par des paysans relocalisés. Afin de répondre aux besoins
des paysans relocalisés, une étude de 1'interaction génotype-
environnement a été entreprise dans six environnements différents afin
d’évaluer le rendement d’un certain nombre de lignes développées a
partir de variétés locales. Les environnements ont été selectionés afin
de couvrir une vaste gamme de températures (altitudes), d’humidité et de
types de sol. L’objectif était d’évaluer selon des critéres de
rendement, de teneur en huile, en protéines et acide gras, et de
sélectionner les lignées capables de s’adapter aux divers
environnements. La méthode de régression linéaire et la méthode
d’approche procédurale de supériorité furent employées afin de
déterminer la supériorité des lignées. Plusieurs lignées ont bien
répondu aux 3ix envircnnements alors gque certaines se sont mieux
adaptées a4 des environnements favorables, et d’autres & 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 paramétres. Malgré le fait gue 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. INTRODUCTION

Sesame (Segamum indicum L.) is 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 also produced in the east

and southeast of the country.

Previous sesame improvement work has focused on the identification and
development of genotypes adapted to the conditions prevailing in the mid-
altitude areas of the country which are generally characterized by low
and erratic rainfall distribution. Hovever, since the modest increase in
the cropped 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 environmental factors that are expected to be of greater
importance in the production of sesame seed 0il are temperature as related
to altitude difference in the case of Ethiopia (Smilde, 1960), rainfall
{(Osman and Nour, 1985), soil fertility (Mitchel ef, al,, 1974),and
irrigation management (Rheenen van, 1973, Khandiah and Woldemariam, 1982).
Earlier work in the Sudan (Moneim and Mahomud, 1983) alsc suggested that
moisture and edaphic factors play a major role in the genotypic performance
of sesame. In addition Henry and Dualy (1987) reported substantial

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 is
necessary to cunduct this study to indicate whether sesame grown under
diverse climatic and edaphic conditions will give relatively sustainable
economical seed and oil yield. Therefore, it is hypothesized that sesame
genotypes grown under different environmental 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 tends to
gravitate toward the concept of production stability rather than
maximization. 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 averaion

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 three sites in Ethiopia; to select lines with
characteristics of general adaptability over a range of production
environments; to study environmental effects on the biochemical
constituents of the oil, namely, the fatty acid composition, protein and

oil content,



2. LIZERATURE REVIEW

2.1 Sesame (Sesamum indicum L,)

2.1.1 The Qrigin of Sesame

Vavilov (1950), put the Ethiopian region to be the center of origin -f
sesame with basic 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
throughout Africa, so far there is no historical evidence to suggest that
sesame was cultivated south of Ethiopia to any great extent until the 19t
century. At this time demand by metropolitan Europe created a market for
the crop (Seegeler, 1983). However, Joshi (1961) and Bedigian and Harlan
(1986) argued in favor of Indo-Pakistan as the center of origin and
domestication. Sesgsamum indicum is the only species cultivated on any
scale but occasionally §,alatum, S.anqustifolium, $,prostratum and

S.angolense are cultivated for food, medicinal or ornamental purposes.

2.1.2 Use

Sesame seed is used whole in the confectionery industry or processed
for high grade vegetable oil. The seed is a source of many nutritionally
important essential amino acids such as methionine. The cake or meal
obtained after the oil is extracted constitutes an excellent source of
animal feed. In some countries, the cake i3 processed to produce protein
rich flour that can be mixed with soybean flour,corn flour and chickpea to

provide very nutritious human foods.
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Sesame 0il is also used for many industrial purposes. In the
pharmaceutical 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 seea also contains a special enzyme called sesamir, not
available in many commercial oil crops, that is believed to act as

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

1989).

The most outstanding characteristics of the oil is its stability
{extended slielf life) which is due to the anti-oxidant properties of small
proportions of sesamol liberated from the glycoside sesamolin which occurs
in the unsaponifiable fraction of the oii. The amount of the anti oxidant
present in sesame ¢il 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 Segsamum 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
alternate. Flowers are zygomorphic, calyx 5-cleft; corolla 5 lobed, 2
lipped; stamens 4, anthers connivent in pairs, 2 celled; ovary usually
superior, l-celled with 2 intrusive parietal placentas. Seeds are with a

thin fleshy endosperm and the embryo 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




of their morphological and phenotypic characteristics. The classification
is based on number of carpels per capsule, type of leaves, phyllotaxis

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

Sesame is an annual herbaceocus plant reaching a maximum height of 200
cm (2 metersa) if conditions are favorable and less than 50 cm whenever
environmental factors are not conducive for normal growth. Some genotypes
indigenous to China are naturally dwarf. With few exceptions, tropical
genotypes have broad and serrated leaves. The width and density of leaves
change from broad to narrow and become 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) genctypes 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. All leaves have an upper and lower palisade

layer.

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



available. Roots develop 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 some cases 3 or
more flowers per leaf axil are possible. The pod bearing flower is flanked
on both sides by two cup shaped extra floral nectaries that may or may not

develop 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 species listed
in the Index Kewensis has been reported as S,alatum, S.capense,
S.malabaricum, S,3chenkii 2n = 26; S,anqustifolium 2n = 32; §, radiatum,
S.anglonege, S,laciniatum, $.,prostratum, 2n =64. The chromosome length of
Sesamunm indjcum 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 economicelly 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 x S.alatum). When crosses between
species having unequal numbers of chromoscmes were attempted no seed was

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

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

Two species can 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 §,alatum, there are important but small
molecular structural differences, that deprive gametes of some genic
materials necessary for viability. Stebbins (1950) termed this situation as

cryptic structural hybridity.

As in many other crops, the magnitude of heterosis in sesame was
related to the degree of genetic divergence of the parents. Riccelli and
Mazzani (1964) noticed that heterosis in sesame was more conspicuous in
hybrids of cultivars from distant localities. Similarly, Murty (1975), in
India 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-branched cultivars of diverse origin. It
is pointed out, however, that geographic criterion need not to be the
genetic base of diversity as some genotypes with the same geographical
origin can have a different genetic background with widely divergent

features (Trehan et al,, 1974).

Varying degrees of heterosis in yield and its components have been

observed by previous workers. Pal (1945), working with inter-varietial



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

observed (Tyagi and Singh, 1981 and Chaudhari et al,, 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 et al. (1967) studying the genes controlling the fatty acid
composition of safflower ( Carthamus tinctorjug L.) arrived at the
conclusion that maternal effects were not involved in the inheritance of
0il composition and that oil content is controlled by several genes without
any apparent dominant gene action. Earlier findings by Knowles and Hill
(1964) suggests that the chemical composition of safflower seed is

determined by its genotvpe and not by the genotype of the maternal plant.

In sesame cytoplasmic inheritance of oleic and linoleic contents of
0il dces 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



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 oil and protein respectively. On the
other hand Murty and Hashim (1973) found that both ¢il and protein content
are governed by additive as well as dominant gene action. Heritabilities
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 (Brasgiga junceg)
on the genetics and inheritance of 0il content reported that o1l content
was controlled by non additive gene action. However, Singh and Sirha (1967)
and Swamy (1970) working with Brasgica gampestris reported both additive
: 4« non additive gene action controlling oil content. Their findings on the

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

2.2 Genotype-Environment Interaction.

In the past, information based on Genotype-Environment interaction
study has been somewhat helpful to breeders and agronomists in developing
new improved cultivars for use by farmers. However, it has not been easy
for scientists to understand fully the phenotypic expression of genotypes
in relation to environment. The underlying reason for this is simply, no
climatic variable is believed to exactly repeat itself every year. Under
these circumstances, as one expects, selection of cultivars is less than

efficient due to failures of genotypes to have the same relative
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performance in different environments (Knight, 1970).

Crop performance variation is mainly due to predictable and
unpredictable factors or changeable and unchangeable production factors.
The unpredictable or unchangeable environmental factors include the
integrated influence of all 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 well 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) .

0il and protein are the two most important constituents of sesame
seed, and their synthesis and deposition in the seed occurs over a long
period during seed filling. According to Khidir and Khattab (1972), Saha
and Bhargava (1984) and Soler et al, (1988), protein deposition is a
steady but gradual process from the time of fertilization to 30 days after.
In the case of oil deposition v=ery 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 aru

also closely but inversely related with temperature (Howell gt al., 1957).

10



2.2.1 Environmental Factors Affecting Sesame Performance
There are numerous environmental factors that affect the growth and
performance of sesame. There is alsoc considerable evidence to show that
environment affects oil quantity and quality {(McNair, 1945). Among them
temperature , photoperiod, so0il fertility and soil moisture are

particularly important.

2.2.2 Temperature Effegct.
2,2.2.1 Seed Yield

Sesame is warm climate crop adapted to a tropical environment. A
constant temperature of 24°C to 27°C is optimal for growth and development,
howeve., continuous high day temperature of 33°C and low night temperature
of 157C 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. Cunversely, periods of high
temperature near 40°C at flowering will seriously affect fertilization and

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

For successful crop performance and profitable seed yield, sesame
requires a total of 2700°C heat accumulation unit during growth
(Kostriasky, 1955). According to Ding (1983) the heat accumulation unit
required for sesame production need not be above 2300°C. 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 temperature below which the specific crop
does not make any appreciable growth. The base temperature for sesame is

around 15° c.
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In the southern U.S.A., sesame planted after July 15 usually performs
poorly because of cool temperature coinciding with the reproductive stage
of the plant (Langham, 1985). Seegeler (1983) observed differences in
cultivar performance due tc 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 et
al,, 1977). In sesame, seed yield is a complex character contributed by a
number of morphological traits and yield components such as seed per
capsule, plant height, number of branches, pods per plant, root depth and

seed weight (Weiss, 1983).

Research in India, showed different response of some yield characters
grown under different environmental conditions, namely rainfed, irrigated,

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

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

capsule and length 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, number of capsule per plant, capsule

length and number of seeds per capsule.

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.
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2.2.2.2 Qjil Quantity

The effects of environment on the quantity of oil produced by sesame
was reported by Tribe (1967). He observed a continual decrease of the oil
content of sesame seeds the further the crop was grown eastward from the
Mediterranean and middle east regyion to Japan. Similar observation was made

by workers in Korea (Lee gt al,. 1980).

Earlier in this century, Ivanov (1926) working with 12 flaxseed
genotypes at 20 sites in the U.S.S.R, however, suggested that the influence
of geographical factors on oil content is not large. In another study,
Yermanos et.3l. (1972) were unable to establish any geographical pattern in
the distribution of seed o0il content and composition of some 721 sesame

introductions examined in California, U.S.A.

Sesame produced under cocler environment in Ethiopia may yield lower
oil content than those raised in warmer climate (Seegeler 1983). Similarly,
soybean grown under cold 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~wise, 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 et al,, 1967).

2.2.2.3 Qjl Quality

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, Worthington et al,, 1972 ,
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Dhwan et al,, 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 beea
demonstrated in some microorganisms (Fuji and Fulco, 1977). It was also
suggested that differential temperature 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 et al,, 1984). Others (Browse gf al,,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 ef al, (1988) working with Brassica napus leaves
concluded that plants are preconditioned by the temperature of growth and
do not respond to sudden changes in environmental 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 et al, (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
percentage of linoleic acid (Harris et al,, 1978). Similar trends were

observed with saff lower (Knowles, 1972).

In line with the previous findings on the majority of oil 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 et al,, 1981). Kinman 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 16°C during seed

development resulted in lower linoleic percent (Harris et al,,1978).

Although some generalization can be made regarding temperature
effects on the synthesis of oil in oil seed crops, it is equally 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 10°C. This species would appear to be largely

unaffected by changes in temperature.
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Contrary to the earlier findings on chemical composition of oilseeds
that seem to suggest that lower temperature activates the desaturase
enzymes which are responsible for the conversion of higher saturated fatty
acids to unsaturated fatty acids, Brar (1980) in California, found that
with increasing temperature , the unsaturated component of the fatty acids
in sesame also increased to some extent. However, the increase of the
unsaturated fatty acids with increasing temperature occur only in those

genotypes identified 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
little effect on the amount of protein synthesized in the seed. Similarly,
in India nine groundnut genotypes tested at different locations having
variable medan temperatures showed no marked difference in their protein
content (Dahwan et al., 1981). However, temperature may have an effect on
the quality of protein produced. In a greenhouse experiment Krober (1356)
found that soybean genotypes grown under a 32°% temperature regime
produced seed with a higher methionine value 1.4% higher than those raised

at 21°c.

2.2.3 Moisture Effect.
2.2.3.1 Seed Yield

The effect of moisture 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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mainly 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
is reflected in lack of aeration for the plant caused by water logging
condition, flower reducticna and disease promotion. In the Sudan a yield
reduction of 32 - 37% was reported as a result of deliberate flocoding
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 0il and Pxotein Quantitv

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 moisture 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, early or late

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, o0il percentage and iodine value (unsaturated fatty acids)
were seriously reduced with low rainfall and high temperature combined

together (Dillman, 1943).

2.2.4 Soil Effect.
2.2.4.1 Seed Yield

Soil variation does not seem to affect the performance of sesame .
seriously (Weiss, 1971). The crop is adapted to many soil types, but it
thrives best on well drained, moderately fertile soils of medium texture
and neutral reaction pH. However, shallow 30il 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 et al,

1977).

There are conflicting reports in the literature, regarding the
nutrient requirements of sesame. Mitchel et 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 et al, (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 et, al,, 1984).
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On the other hand the depressing effect of fertilization, especially
nitrogen was also reported by Bonsu (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 potassium 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
percentage 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 walls (Saha and Bhargava 1980). This, may explain partly

the marginal response of sesame to fertilization.

2.2.4.2 @il guantity

The effect of soil per se on the production of o0il seeds and in turn
on o0il 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 o¢il formation to be
dependent on seasonal conditions. He observed that in some seasons clay
soil produced a higher percentage of o0il than loam and vice versa. However,
climate and mineral nutrients are more important factors than soil taken by

itself in modifying oil quality and quantity in the seed.

In general, the o0il content of crops was adversely affected by
nitrogen (Loof, 1960, Bunting 1969, Wankhede et al,, 1970 and Sawan et

al,, 1988). Kinman and Stark (1954) made an observation tc 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 percentage than those grown in nine
other states where the nitrogen level was from medium to high. In India,
heavv nitrogen application (up to 120 kg/ha) was observed %o 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 o0il content of rapeseed was relatively unaffected by
nitrogen and phosphate fertilizer (Appelgqvist, 1968 and Cooke, 1967).
Earlier Bahatty (1964) confirmed the negative effect of nitrogen
fertilization on oil content of 3 0il bearing species. With the
application of 40 kg and above nitrogen per hectare to rapeseed and
safflower, the 0il content of the seed was reduced from 40.3% to 39.7%
(Rafey et al,, 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 o0il content (Taylor, 1986). It is however speculated that the
confounding effect of other environmental variables might have played a

role in raising the o0il percent in the seed as the nitrogen rate increased.

2.2.4.3 Qil Qualijty
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

20



nitrogen reduced the percentage of oleic acid 1t 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 (Appelgvist, 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 bearing molecules, NADPH and oxygen as a
catalytic agent, the conversion of Oleyl-CoA to linoleic acid proceeds
steadily. Although 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 part