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stellingen

I

Sesam mag niet beschouwd en behandeld worden als een ze%fm
bevruchter met verwaarlozing van het percentage natuurlike
kruisbevruchting.

Weiss, %,A. {1971}, Castor, sesame and safflower.
Lecnard I1ill, London: 397.

II

Het moet betwijfeld woxrden, of het bezit van de eigenschappen
achthokkigheid der vruchten en drie vruchten per bladoksel
“voor sesamrassen wenselifk is.

Tahir, W,M. (1954}, Emp. J. oXpe
Agric, 32: 219 - 224,

III

Vergroting van het aantal rassen zou het onderzoek van Sawant
paar de genetische variatie, het selektierendement en de
heritabiliteit van enige eigenschappen van sesam zinvoller
hebten gemaalt.

Sewant, A,R. (1971), Uysore J..agric. Seci. 52
88 - 95, :

Iv ' ‘
Het vinden of induceren van manmelijke steriliteit bi) sesam

zou een belangrijke bijdrage kunnen leveren tot de verbetering -
van de opbrengst van het gewas in Wigeris,

Chauhan, S,V.S, and Singh, 8.P, (1971). Indian
J. agric. Sei, 4l: 725 - 729, -

v

De docr Smith in Nigeri¥ asngetroffen licht en donker bruin
gekleurde zaden in zaadnonsters van sesam en aanverwante
soorten waren naar asn zekerheid grenzende waarschiplikheid
soortzuiver en afkomstig van Sesamun radiatum en niet van

soort-hybride oorsprong, zoals werd vermoed door Hutchinson
en Dalziel,

Smith, B.H.G. {1936}. Eleventh Bulletin of the
Agricultural Department, Nigeria: 1 - 5.



VI

Belangrijke unitbreiding van het soja.-cnderzoek ten hehoeve van
de Middle Belt van Nigeri® verdient aanbeveling, Pogingen toi
het scheppen van een plaatseclifke markt voor het geoogste pro~
dulst dienen hiermee gepaard te gaain. '

VIt
Tndien de landbouwwvoorliichting in ontwikkelingslanden cen
pnkket teeltvoorschriften verbindt aan het aanbevelen van
nicuwe rasgen, kunnen woarnemingsveldjes, aangelegd op land-
bouwbedriiven en behandeld volzens de gangbare praltijlk, waor-
devolle inlichtingen veruchaffen over het prestatievermogen van
deze rassen onder van de voorschriften afwijkende behandelingen.

VIII

[let herstel van de normale betrekkingen tussen de deelstaten
van Nigerig, dat zich sinds 1969 tegen de gangbare verwache
tingen heeft voltrokken, waant pers en publiek groter voor-
zichtigheid te betrachten bij het doen van uitspraken en voor- _
spellingen en meer nog bij het voeren van akties ten aonzien van
interne aangelegenheden van een ander land.

_ <
Ileer botanische kennis zou het leven van Kassim, broer van de

1e§§ndarische ALl Baba, verlengd en materiesl zeer verrijkt kummen
hebben.

H.A, van Rheenen
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1, INTRODUCTION
1.1, Oﬁﬁliﬁes aﬁd scopes of the thesis

 Sesame or bermiseed (Sesamum indicum L, ) is a well established
”crop in parts of four provinces of the Northern States of Nigeria and
is ' also of minor importance in some other parts of the country.

General information on the crop, its productlon and produce is
given in Sections 1 to 3,

Growing sesame in Higeria encounters many. problems of differvent
kinds, from which mejor ones have been selected for discussion in this
thesis, | - o
When one travels from Igbirra Division in Xabba Provinece to
Tiv Division in Benue Province, it is noted with surprise that the
metheds of sowing sesame and the resulting plant densities differ so
widely from one place to the other, Counts in farmers' fields revealed
that the number of planis pex ha may vary from 14,000 -~ 1,700,000,

Such observations invited for further plant density and spacing studies,
the results of which are presented in Section 4,

As soon as the rainy season starts, a feverish rush can be
notieced- to complete the SOWlnG of varlous crope, The -experience is
plant ag soon as p0051b1e, 1ot waiting till the rains Decome less
erratic. This observed effect of sowing date on crop growth and its
cauges are important factors of growing sesame, These are dealt with
in Section 5.

Harvesting of sesame takes place long before the plants and
capsules have dried., This method is practiced because of the character
of the capsules to open at the top when dry, which causes seed to
shatter at the lightest touch, Heed loss occurs during the period of
drying and threshing and it was considered a major problem of growing
pegame, An evaluation of the problem and a2 discussion of the experiments
aimed at improving the present practices of harvesting and threshing
are given in Section 6, :

A thesis on major problems of growing sesame in MNigeria would
not be éomplete without mentioning the most important diseases and

pests, This is done in Section 7.

In 1964 a then unknown virus discase was observed for the first time
at lMokwa, It was extremely harmful in 1965, when it destroyed large
fields of the crop, and continued to bée a major problem since 1965,
A detailed discussion of the disease follows at the end of Section T,

1,2, Botantical classification

The data compiled here have been derived from Bruce (1953),
Hutchinson and Dalziel (1963), Joshi (1961), Kumar et al. (1967),
Pulle (1950), Purseglove (1963) and Weiss (1971).

. Sesame belongs to the division Spermatophyta, the sub-division

Angiospermae, the class Dicotyledoncae, the order Tubiflorae, the
family Pedaliaceae and the genus Sesamum, In addition to the
Pedaliaceae family the order Tubiflorae contains twenty-three other
families among which are the Convolvulaceae, Solanaceae, Scrophulariaceae
and Labigtac. There are sixteen genera in the Pedaliaceae family and
thirty-six gpecies in the genus Sesamum, Most of these sbecies are
endemic in Africa. o

Sesamum indicum is an erect anmial herb, 3 - 3 metres hlgh
taking from 80 to 180 days to mature, It possesses a typical somewhat
fetid smell, It has a taperoot and a surface mat of lateral roots,
The flowers are about 3 - 4 cm long, axillary with one flower and two
extra-floral nectaries per leaf axil, The calyx is persiztent .and
ovate-lanceolate, The stamens are didynamous and the sagittate anthers
lie against the upper 1ip of the corolla. The ovary is many-ovuled
and surrounded by a nectiferous disc; the stigma is bi- t6 multi-partite,
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The capsules are oblong, 2 -~ 5 cm in length, containing winglgss ‘
1% - 4 mm long seeds with a white, yellow; red-brown, grey, light
brown or red testa with a smooth or reticulate surface.

Linnaeus classified sesame in two different species, Sesamum
indicuin and Sesayum orientale, but De Candolle combined the two speocies
To one and used the name Seéghmp indicum, 8o referring to the country
of supposed origin.

1.3. History and distribution

Sesame i a crop of great antiquity and probably one of the most
ancient oilseed crops under cultivation, The oldest records of sesame
are from Babylon in Sumeria where it was known in 2550 B.C, and yhere
it played throughout its history an important role in ceremonies, in
culinary uses, in the preparation of wines and as a price standard in
trade (Weiss, 1971).

Both India and Ethiopia have been proposed as sesame's centre
of origin, but presently the opinions are more in favour of the latter
country, The fact that Africa is poor in different forms of Sesamum
indicum but rich in species of the genus Sesamum, while the situation
is just the opposite in India, may be explained by the more varied
conditicns of the latter region (Purseglove, 1968; Weiss, 1971).

The crep is now cultivated in almost all tropical and sub~tropical
Asian and African couniries, the southern Buropean countries, Iussia,
South and Central Amexrica, and on & very small scale in the United

States. The main sesame producing countries (Table 1) are India, China,
Mexico and the Sudan,

Table 1. Production of sesame seed in percentage of India's yield

during the period 1965/66-1969/70 for principal countries
(Data from Commonwealth Secretariat). '

Country Production {%)
China 86,7
Mexico 46,6
Sudan 38,2
Venezuela 19,8
Burma 18,1
Colombia, : 14,3
Turkey 9,3
Pakistan 8,6
Bthiopia 8,5
Uganda Ts2
Nigeria 3,9

A

‘The different species of the genus Sesamum have a wide distri-
bution in tropical Africa, Malagasy, Arabia, India, Ceylon; tropical
Australia and some of the eastern islands of the Malayan archipelago,
Trop%cal Africa is the main centre and has thirty~two different wild
species, Only two wild species have been reported to occur in Nigeria
viz, Sesamum alatum in the northern part of the country and Sesamum
ggdi@tum in north and south Wigeria, The former species is called |
rlfdln barewa (gazelle's sesame) in Hausa language and nomere barotde
(wild beasts! sesame) in Falani language and possesses long, beaked .

capsules and brown, winged sceds., Sesamum radiatum, sometimes
i - c
karkashi but algo ri'din barews ;_ 9 alled

: n Hausa, has brown-black seed ‘
is a common adulterant of commercial ' eds and

sesame, Tt is : its
leaves for use in soups, L alsQ_grown for e
Species of other genera of the Pedaliaceac family £ i
o > 8 Eedaliaceae ound
Nigeria are Ceratotheca sesamoides, 4 re

. Ce M¥artynia annua, Pedalium murex and
..Bogerla adenophylla (Hutchinson and Dalziel, 1933;'Da1zie1, 1948)i'a'
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1.4, Crop production, trade and research statistics

Sesame is grown almost exclusively in countries with a small
- peasant type of agriculture and its cultivation is carried out without
the use of much machinery,
Figure .l indicates that the world productlon has not increased
above the level of 1952/5%, This is substantiated by Appendix I,
Individual countries as rlexico, Venezuela and Colombia have
increased their production of sesame during this period, while Chira's
production decreased.

World production
in 1000 tons

1300 -

1800 -
1700
1500 :
1500 -
1400 -1
1300 4

1200 ST T TS T T T T T T
50451 B5/56 BB 65/66 69/70

Years 19501870

%

Fig, l. World production of sesame seed in 1000 tons during the
period 1950 - 1970.

The production decrease for Nigeria during the years 1966 -~ 1968 was
caused by the political disturbances in this country. -

Appendix IT gives the yields per ha of sesame for various coun-
tries and shows that the yields are lowest in the Far Tast, followed
by Africa, and that higher yields have been recorded in Central and
South America, notably in ifexico and Venezuela. World average yields
per acre have changed 1litile during the last two decades and amount
to about 284 kg per ha (250 1b per acre).

Appendices IIT and IV show that most of the werld production
ig for domestic use and that only approximately 10 per cent moves in
international trade., Nigeria, the Sudan and some othexr countries are
exceptional in this respect, as a good deal of their produce is
exported, Imports of gesame are substantial for Italy and Japan,
considerable for the U,S.4,, the U.S5.S5.R. and Bgypt, while Belgium,
Hong Kong and South Yemen are importers of wome size,

Trade. in sesame oil is only of minor importance (Appendlx V).

Prices of sesanme seed fluctuate sharply with supplies and
demands, An example shows this. The rise of sesame seed prices in
April 1967 to a peak of £ 110 per ton (Appendix VI) was caused by
fears for a world shortage of supplies; as supplies became normal,
prices came down, Similarly in 1968 prices were high at the beglnnlng,
when consumers were anxious about exports, but the news of a recovery
of the Sudanese crop of 1967,68 and prospects of improvements of
supplies caused the quotations to fall to £ 87 per ton in December of
the same year,
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The fact that the production for export, the demand and the
number of exporting countries of sesame seed are relatively small, makes
rapid and sharp price fluctuations to be expected and these cause risks
for the grower.

Trom the information compiled in table 2 it may be derived that
vesearch activities are aimed more at soya beans, groundnmuis and sun-
flower than at segame. Table 3 shows that India and Venczuela are the
countries where most of the sesame research has been and is being carried
out, Publications from the ¥,S,A, increased in number after World VWar
TI, but decreased during the late sixties, and so did the interest in
the crop, Work on sesame in Japan also waned, namely after 1960.

The U.S.5.R. are regular producers of some publications, Other
countries publish at times their work on sesame, Monographs (Joshi,
1961 and Weiss, 1971) and review articles (Trible, 1967 and E1 Baradi,
1972) are published oceasionally,

Table 2, Average annual number of publications referred to in Plant
Breeding Abstracts, Field Crop Abstracts and Tropical
Abstracts on seszame, groundnuis, soya bean, castor and
sunflover for guadranmual periods during the years 1951 - 1970,

Journal and Crop Cuadérannual period
51=54 55-58 59.62: 63-66 067-70 average

Plant Breeding Abstracts:

Sesame 15 15 16 - 16 13 15
 Groundnut 31 29 31 34 54 36
Soyabean . 59 38 61 80 123 72
Castor 13 . 13 13 18 24 16
Sunflower 22 25 27 A4 55 35
Field Cxop Abstracta:
Sesame 6 6 13 8 12 9
Groundnut 54 54 58 65 94 65
Soya bean 44 5170 89 139 79
Castor 3 1 0 7 17 6
Sunflower 25 15 28 45 79 38
Tropical Abstracts: '
Sesame - 4 8 10 12 |
Groundnut - 36 49 85 82 6%
goya bean - 9 17 26 45 24
astor - 7 14 17 11 12
Sunflower 1

6 1o 8 6
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Table 3. Average percentage of publications in principal countries

referred to in Plant Breeding Abstracts, Field Crop Abstracts
and Tropical Abstracts on sesame for quadrannual periods
_Guring the years 1951 = 1970.

Plant Breeding Field Crop Tropical
Abstracts Abstracts Abstracts
~Yeérs Years Years

= s IR Vs B + o o w O NI

Sy N N s O s s
Country n M A S S N RADES RES
India 34 22 18 35 KB4 12 12 18 30 33 22 24 35
Venezuela g 7T 7 1 8 20 28 12 13 1% 22 23 35
U.5.4, 26 19 17 20 2 20 12 & 17 4 9 6 0
Japan 8 17 24 2 0 0 16 14 0o 2. 0 0 0o
U,3.8.0. g 7 11 2 8 12 O 4 0 4 0 0o 0
Sudan 3 g T 2 0 8 4 2 o 2 0 6 9
Mexico o 2 2 3 2 0 0 4 3 O 4 0 0
Tanzania ¢ 0 4 1 0 0 4 8 7 0O 0 6 4
Pakistan 2 0 0 0 8 c o o o 7 0 0 0©
TeAeR, 5 0 ¢ 0 8 O 0 ¢ ¢ 4 8 0 0
Bulgaria 0O 0 6 3 2 0O 0 0 3 2 0O 0 0
Nigeria 3 5 0 0 3 c 0 6 4 7. 4 0. 9
Others 3 2 4 15 5 28 24 24 33 22 39 35 8
1.5, Compogition and uses of sesame

The composition of the seed, .the characteristics of the oil

and the composition of the protein and unsaponifiable material of the
0il have béen presented in Tables 4 - 8 for seed from different
sources, Some figures have been derived from different authors to
allow comparison with analysis figures of seed samples of the

cultivars Yandev 55, X 30/115 and 65A-36, sown early and late in the

1970 growth season at Molwa Agricultural Research Station; the

analysis of the Mokwz seed samples was carrled out ut the Troplcal

Products Institute, London.,

TabggJi. Composition of secsame gseed in percentages as published by
Krishnamurthy et al,
Chatfield (1934) and

a
]

(o

and late in the season (h, i and j respectlvely). - = not

E

L)

1959), (b) Rangahathan et al (1936),
d) Zaghi and Bressani (1969) and
as analysed for the cultivars Yandev 55, X 30/115 and 65
A-36, sown at Mokwa in 1970, early (e,

f and g respectively)

analysed,

- Samples
Constituent a b c - d e f g h i J
Moisture 5.47 5.08 5.8 4.0 4.5 4.5 4,6 . 5.0 5,0 5.0
Protein 21,23 18,33 19,3 19.9 20.9 19.8 21.6 22,5 20,8 23.4
Fat 5Te34 43,26 51,0 5604 54.8 54.6 53.1 55.6 57.0 53.1
Fibre 3,21 2,88 3,2 3,6 3,6 3.0 3.6. 2.3 2,7 2.7
Calcium 1,13 1.0 0.73 0.67 0,53 0.83 0.68 0.51 0.86
Phosphorus 0.54 = 0.7 0,71 0.83 0.72 0.71 0.63 0.67 0.72
Qxalic gcid ~1.98 - - - 3.19 3.12 3,35 2,94 2,82 3,33
Carbohydrates - 25.25 18,0 11,7 1l1l.,5 12.0 12,8 11,0 10.1 11,8
Ash - 5.2 5.7 4.4 5.0 6.4 4.7 4.1 4.8 4,5
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Sesame seed is a rich source of oil, protein, phosphorus and
calcium, The oil conitent of sesame seed may vary from as low as 35
per cent to as high as 57 per cent according to Eckey (1954).-011
contents of over 60 per cent have been reported for some Russian
cultivars (Arzumanova, 1958 and 1963). Tsatsaronis (1971) found oil
and protein contents in Greek and Bast African seed samples of
about B0 -~ 53 and 22 ~ 24 per went respectively. Khattab and Khidir
(1970) reported oil percentages ranging from 43,7 - 56.2 and protein
percentages ranging from 22,3 - 32.9 with averages of approximately
50 and 27 respectively for 90 local cultivars, grown at two different
sitesg in the Sudan for two years. Only the protein content was
clearly affected by location and year influences. The same authors
(Khidir and Khaticb, 1972) investigated in a three years® study the
0il development in sesame seced and cbserved that the cil percentage
increased during the period of 11 -~ 17 days after fertilisation from
less than 5 to about 40 per cent, Twenty days after fertilisation
- the maximun value of about 50 per cent was reached, The Jodine Value
did not change after the seeds were 18 days old.

The o¢il and protein contents of the Mokwa samples were
relatively high, the calcium contents rather low, Samples from the
late planted crop were on an average higher in protein and oil

content than those from the early planted crop, and lower in ash and
crude fibre content,

Table 5, Char%oteristics of oil.from the sesame cultivars Yandev 55,
X 30,115 and 654~36 sown at Mokwa early (A) and late (B)

in the season of 1970, and the usual range as reported by
Fekey (1954).

Yandev 55 X 30/115 65A-36
Characteristic 4 B A B A B

Usual Range

P, Patty Acid (%) 2.8 3,2 2,1 3.1 2.6 3.6 la. 6

Sapon, Value 84,5 18%.6 190,6 183.6 187,9 186.7 187 - 193

Todine Value 117 100 114 101 110 103 104 - 116 .
Unsaponif, (%) 1.3 1.6 2,5 2.8 2.1 1.4 0.9 - 2.3
Refr.index,25°C 11,4702 1,4695 1,4701 1,4699 1.4699 1,4711 1.470-1.474
Spec.gr.15/15°C  0,9213 0,9225 0,9210 0,9228 0.9205 0.9199 0.920~0,926
Spec.gr.25/25°C  0.9183 0,9180 0.9183 0,9176 0.9171 0.9164 0,916-0,921

The only major difference between the oils of early and late
gsown sesame from Ilokwa appears to be the higher Iodine Value of the

forme?, which is due to its higher linoleic and lower oleic and
stearic acid content (table 6),

Table 6. Main congtituent fatty acids of oil from the sesame cultivers
Tandev 35, X 30,115 and 65A-36 sown at Mokwa early (A) and

late (B) in the season of 1970, and the usual range as
reported by Johneon and Raymond (1964)., Figures are

percentages,
‘ | . Yendev 55 X 30/115 65A~36
Constituent A B A B A "B Usual Range
Oleic écid 34.7 4044 36,2 38.9 33,5 42.1
Linoleic acid - 50,8 42,6 48,7 44.9 52.4 i2:7 g?:; - iiig
Palmitic acid 9.8 9,7 10.0 9,5 9.6 9.7 7.8 - 9.1
Stearic acid 4.7 T3 5.1 6,7 4.5 5.5 3.6 - 4:7
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A1]l Mokwa samples, when compared with the usual range, were
-low in oleic acid and high in linoleic acid. The stearic acid content
was also relatively high, but more so for the late planted crop than
for the early planted crop, ‘
‘ " Sesgsame 01l has a relatively high percentage of unsaponifiable
material containing the following useful substances (Gckey, 1954:
Joshi, -1961; Johnson and Raymond, 1964).

Substance  Content (%) Use

Sesamolin = 0.3 - 0.5 Specifié colour reaction,., Synergistic
o . _ activity with pyrethrins,

Yesamin = 0,7 - 1.0 Synergistic activity with pyrethrins,

Sesamol  traces Antioxidant providing protection

against rancidity,

Table 7. Sesamolin, sesamin and sesamol content of oil from the
sesame cultivars Yandev 55, X 30/115 and 65A-36 sown at
Mokwa early (A) and late (B) in the season of 1970.
Figures are percenteges,

Yandev 55 X 30/115 65436

Substance A B A B A B

Sesamolin 00,1354 0.1099 00,1260 0,1119 0,1194 0,1168
Sesamin 0.2558 0,8646 0,6520 0,9327 0.3610 00,6667
Sesamol 0.0040 0,0027 - 0.0040 0,0027 ©,0035 0.0029

The Mokwa samples were relatively low in sesamolin, and the
gesamol content -of the early sown sesame was higher than that of the
ldte sown sesame, '

Sesamolin is responsible for the characteristic colour reaction
of the Baudouin or Viliavecchia test of sesame oil when it is shsken
with concentrated hydrochloric acid to which a little cane sugar
(Baudouin test) or furfural (Villaveechia test) has been added, In
some countries e.g. Italy and Denmark, the addition of a little
sesame oil to margarine and similar products is obligatory to enable
them to be distinguished from butter and ghee by these tests, and
to detect adulteration., However, more up-to-date techniques such as
spectrophotometry and chromatogzraphy could more easily serve the
Same purpose., e ‘

The highly appreciated resistance to oxidative rancidity. of
sesame oil, specially after hydrogenation, is due to the presence of
sesamol, a component of sesamolin which is liberated from it by
hydrolysis by dilute mineral acids, by bleaching of the oil with
acid-type bleaching earths, and by hydrogenation. Leroy et al. (1970)
proposed to add traces of sesame oil to butter for its antioxidative
effect.

Table 8. Amino acid composition of meal from the sesame cultivars
X 30/115, sown early {A) and Yandev 55, sown late (B) in
the season of 1970 at ilokwa. Figures are in g/16 g N.

Amino acid A B Amino acid A B

Aspartic acid 8.3 8,0 Hethionine 2,1 2,5
Threonine 3.5 4.1 Isoleucine 3.9 3.5
Serine 4.4 4.5 Leucine 6.3 - 6,0
Glutamic acid 18,5 18,7 Tyrosine 3ed 3T
Proline 2.6 3.1 Phenylalanine 4.3 3.9
Glycine 4,8 4.9 Lysine 2.8 2,6
Alanine 4.7 4.6 Histidine 2,2 2,4
Valine 4,5 4,6 Arginine 16.4 16,6
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Sesame meal protein is short in lysine, but rich in methionine,
and is therefore good for supplementing groundnut, soys bean and other
* vegetable proteins which lack sufficient methionine {Daghir et al.,

1967). Sesame protein is digestible for over 90 per cent (Collister,
1955). - ' :

The composition of the lMokwa samples as shown in Table 8
agrees well with published figures. However the protein of X 30/115
contained rather more threonine and proline and less methionine than
would have been expected and this would. tend to decrease its
nutritive value to some extent, ,

The oil extracted from gesame seed is used in salad oils, in
cooking oils, for shortenings and margarine, as a substitute for
olive oil, as a carrier for medicines, in paints and toilet soaps,
as a fixative for perfumes and as an illuminant, Sesame o0il, because
of its constituents sesamolin and sesamin, is being used as a
synergist for insecticides such as pyrethrum and rotenone.

The cake, obtained after oil extraction, is used for animal feed, as
supplementary focd for humans and as a fertilizer.

The whole sceeds are used in the bakery trade on bread and rolls,
mainly in the United States, in confections, sweetmeat, soups and
bird food. Ground seeds are used in cakes, pastries and malted milk
(Bekey, 19543 Kirtikar et al., 1935; Markeley, 1950: Joshi, 1961;
Weiss, 1971).

The sesame plant is used as a medicinal herb, while in the
past crystalline salt was obtained from burned stalks for use as a
condiment.,: : :

-In the gesame growing areas of Nigeria the seeds are most
commonly used in soups which are prepared in different ways and are
known under different names (Hzusa: Miya; Eggon; Azo: IThos Ofe;
Tdoma: Obobos Jukun: Bodo; Kuteb: Utows Tiv: Iyuwe), To prepare the
soup, ground and cocked sesame is supplemented with palm oil, salt,
‘pepper, fish, -chicken, vegetables etc. Not only sesame seed but
glso scsame leaves are used for the preparation of soup. Sesame oil
is expressed and used only on a small domestic scale, Sesame seed
is eateg raw, or fried in the form of cakes, or fried, pounded and
m%xed with sorghum and millet to a pastry, or fried and ground and
mixed with water to give a sustaining drink. The sesame plants
afte? harvesting are used as fuel where firewood is scarce, and the
agh is commonly used for local soap production by adding it to palm
oil and boiling the mixture (Tiv: Chahulmtse). Ash from burnt sesame
plants and sesame o0il are both used in native medicines. Sesame seed
may play a role in religious ceremonies and wedding parties (Dalziel,
1948; van Rheenen, 1972, Unpublished data from questionnaires),
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2, SESAME PRODUCTION IN NIGERIA

This chapter deals with the distribution, agronomic characters
and cultivation practices of the main sesame growing areas in its
first two sections, and the collected data on local production, trade,
export and prices of sesome geed are given in section 2,3,

2,1, Distribution and agronomic characteristics of production areas

2.1.1. Geography

There are four different areas in Nigeria in four different
States where mesame production is of importance (fig. 2):

Al Igbirra Division of Kabba Province in Kwara State.

Balc

Tiv Diviasion of Benue Province in Benue~Plateau State.

B.2, Beli area, bordering Benue Province in South-l/est Adamawa
Province of North-Zastern State.

C. Doma District of Benue Province in Benue-Plateau State,

D, Kwall area in North-liast Kabba Province and South-last Niger

Province of Kwara State and North-Western State respectively.

Sesame is known under different names in different languages
as the 1list below shows.

language Name of sesame Language Name of sesame

Akpa, Bnjina Tdona Ocha, Igogo, Oncha

Bagarmi Karru, Gon, Gun Julmun Doo, Ado, Do

Bassa Vaga Kanbari Isuan

Dulkanci Shalk Kanuri Marrashi

Bggon Enom Koto Gogo

Ganagana Aso Koros of Zuba Anuhu

Rulani Malasiri, Nomere | Kuteb Dukun, Sukun, Isen,
Marasiri Isin

Gade Ago-go Mupe Eso, Fisso

Gwarin Genge Nuhu, Anufu Tiv Ishwa

Gwarin Yamma HNufu, Mufun Ujonkon Esa

Hausa Ridi, Lidi, XKar~ 1 Yergem Ichin
kashi, Nome, Nomi

Ibo igogo Yoruba Yamati, Yanmoti

All semame producing areas of importance

are situzted between

the latitudes 6° and 10°, have a distinct rainy season and dry
season as is common in Nigeria, and are part of the so called Middle
Belt, a not clearly defined part of the Horthern States for which
Pullan (1962) found ag common feature that the dry season duration
was four or five montls in 50 per cent or more of the years.

2.1.2, Climate and vegetation

The distribuiion of the rain in Wigeria is of the “twin-peak®
type in the South and the ¥one~peak® type in the Horth,

It appears that the "twin~peak’ rainfall distribution becomes
less pronounced from the South to the North of the Middle Belt, the
South showing for 100 per cent of the years a “twin-peak distribution
and the North only for 40 per cent of the years, if by definition a
twin~peak® regime has a fall of two or more inches between the first
pealc and the lowest monthly rainfall between the two peak months
(uiggins, 19613 Pullan, 1962), The rains in the sesame growing areas
start in March or April and end in October, the duration of the wet
season being 210 -~ 240 days (Valter, 1967).
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The main sesame production areas are.in the Southern Guinea
Vegetation Zone of the Nigerian Savannah Region, characterised by
rather cpen savannah woodland with trees of 12 - 151, rerely up to
27 =~ 30m  height, with short boles and broad leaves, Yall grassés
‘of 155 -=3 I “tall ocour between the tree vegetation (Keay,
1953). S

2.,1.3, Soils

According to Higgins {1961), Higgins and Mould (1962). and
Klinkenberg and Higgins {1968) most of the soils of the sesame
production areas are to be classified as Ferruginous Tropical Soils,
The' legend of the soil mep of Africa by D'Hoore (1964) ig used as a
basis for their classification, The pH-water ranges from 6,0 - 6.4
" in the topseil and amcunis to 5.5 in the lower horizons. The soil

group is characterized by the almost total absence of poorly drained
depression soils, Marked differentiation of horizons occurs, The E
horizon is frequently leached and always a textural or structural

B horizon is found, Typical is the separation of free iron oxides,
which may be leached out of the profile but most commonly are

deposited in the profile in the form of motiles or concretions and
even an actual hard iron pan hag often been formed at about 1 meter
depth, There may be some reserves of weatherable minerals. Kaolinite

is the main component of the clay fractlon, but small guantities of
illite may also be present,

The kation exchange capacity is moderately low at 20 - 40 meq per

100 g clay, The éxchange complex of the B horizon is more than 40 per
‘cent saturated, Soil colours vary from greyish brown teo yellowish red
and the depth to rock is usually less than 2,5mn., The soils have

mostly developed on rocks of the Basement.Complex such as granite and
gneiss, but they are also found on sedimentary material. In sopame
‘growing areas of less importance such as parts of Kabba Province -
also around Mokws - Ferrisols have developed over Turonian sandstones.
‘These soils are red, very deep and they often have a textural B horizon
with clay skins, They are normally well drained and are free from
coricretions. The Ferruginous Tropical Soils and Ferrisols of Klinkene
berg and Higgins (1968) would have been classified as-Ultic Haplustalfs
and Typic Tropustults respectively by the 7 th Approximation (U.S.D.A.,
1960 and 1967). The production of gesame is mostly on upland plains,

" while depressions and valleys with poorer drained soils are generally
avoided,

2.2+ Cultivation practices : . R N I S

There is no large scale mechanized system of growing sesame in
Nigeria but only a small peasant type. Differences exist in respect
of crop rotation, seed bed preparation, sowing date, sowing method,
cultivations after sowing and harvesting methods as will be discussed
briefly,

2.2,1, Crop rotation and fertilizer application

Often sesame is grown as the third or fourth and last crop in
the rotation, freguently afier yams or sorghum, but also following
maize, groundmuts, cotton, millet or beans: exceptionally it takes
“the second place in the rotation, while in Kwali area scsame is
sometimes an opening crop,

The results from a questionnaire on sesame producition conducted
in the main sesame growing areas show that no fertilizers are applied
to gesame and personal observations carried out in these areas confirm
that fertilizer applications are most uncommon,
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2.2,2. Seed for sowing

Farmers usually keep their own seed for sowing and store it
in sealed pots or sacks in their houses or rumbus. From a multiplication
scheme at Yandev, sced of the recommended cultivar Yandev 55 has beon
distributed to farmers in the various areas, Sesame on local farms has
the same type of growth and characteristics as Yandev 55 and it may
be safely assumed that most farmers grow this cultivar, '

242434 Seed bed preparation, and time and method of sowing

After clearing and burning of grasses and crop residues, heaps
or ridges from previous crops are levelled to have the field ready for
planting {Tiv and Beli area), or low, fairly wide ridges are made with
a’ hoe (Doms, and Kwali area), In igbirra Division very “large ridges are
made, . '

There are two different periods of sowing sesamc, In Igbirra
Division, Tiv Division and Beli ares it is sown after the end of the
dry season and with the onset of the rains and the crop is called
early sesame, In Domae District and Kwali area it is sown two or three
monthebefore the rainy season ends, and the crop is called late sesame.

- Two different methods of sowing may be distinguished, which
could be.called the "Igbirra method® and the "Tiv method" after the
main areas where the methods are applied,

The farmers in Igbirra Division of Kabba Province sow on the widely
spaced, large ridges by making holes with the toe, dropping a pinch
of seed in the holes, and cloging these again with the foot, Inter-

planting of melons which creep in the furrows in between the ridges,
is not uncommon,

The farmers in Tiv Division, Beli area, Doma District and Kwali area
br?adcast the seed either over the whole flat field, or on the low,
fairly wide ridges, The amount of sced used for sowing is estimated
to vary between 2,2 .. 17 kg per ha with averages of 4,5 = 9 kg per hoe
After sowing, the seed mey be covered by hoeing or ¥“raking" with

leafed branches, but often no 5

uch operation follows the sowing,

2.2.4, Cultivations and weeding aftep sowing

Generally no cultivation is practiced othe .‘-' )
. er &
hee weeding, Hand-pulling of weeds hen once or twice

is done, but i '
often abundant weed growth, ? DUt sesane flelﬂs show

20203, Thinning and plant demsities = ¢ cavc

In Tgbirra Division plants
The number of plants per hole jis

used to be left without thinning.
wide and the numbe

usually high, the spacing is very
T acre is relatively low,

» The plants were

« The estimated average
The open space between
bgen accounted for under

1 and mexin 15 . ‘ : aried greatlys minimum was
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Letimated rnumber of
plants per ha
Area, (=) (v)

Tiv Division 1,471,095 % 619,534
Beli area 1,306,046 908,969
Doma district 2,109,766 703,255
Kwali area 1,377,806 AK%9,269

The close spacing for both sowing methods causes many plants
to remain small with few and 4iny branches and not many capsules,

2.2,6, Harvesting

At the time many leaves have dropped off and most of the
remaining ones have turned yellow, and when the lowest capsules on
the stem are about to split open, sesame is xready to be harvested.
The plants are uprooted or cuil with cutlasses or sickles and either
left in the windrow for one or two days or immediately bundled and
tied. The plant bundles are placed in shocks or put to racks and stay
there till they are sufficiently dry for threshing. '

242+7. Threshing

When the capsules are dry, have opened and relcase the seed
easily at the lightest touch, the plant bundles are taken out of the -
shocks or off from the racks and are turned.over to nats or any type -
of e¢loth available as tapaulin, or sacks, The plants are then beaten
~.gently with sticks and the seed”is collected, winnowed and bagged,

2.3, 'Sesame purchases, pfiéésbdﬁd“expopt

The farmers!produce iz bought by Buying Stations of the Marketing
Board and the price paid per ton is fixed and gazetied beforehand.
Table 9 shows purchases of the Harketing Board and prices paid during
the period 1950/51 - 1970/71,-(Adeyinka, Federal Office of Statistics,
personal communications, 1972). Table 10 shows the disiribution of
‘the export of sesame seed from Nigeria during the periocd 1960 - 1970
(McNerney, Gommonwealth Secretariat, personal communication, 1972),
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' ing -in- tons and producer
. Purchascs of sesame by the Marketing Board -in ‘
el prices paid in pounds (£N) per ton during 1950/51 - 1970/71,

Season Purchasec . Price
£ 8 4
1950/51. 9,001 205 =3 =
1951,'52 10,235 323 =t =
1952,/5%3 13,501 365 =1 =
1953,54 13,434 362 =: =
195455 15,689 36 =2 =
1955/56 18,256 36: = =
1956/57 15,759 36t =3 =
1957/58 16,197 38: =1 =
1958/59 16,232 40: =: =
1959/60 20,387 402 =3 =
1960,/61 27,089 45:18: =
1961/62 20,436 45:18; =
1562/63 20,806 45:18: =
1963/64 19,932 45:18: =
1964/65 22,726 46:18: =
1965/66 22,743 463183 =
1966,/67 15,200 46:18: =
1667/68 13,258 46:18; =
1968/69 13,013 48; =3 =
1969,/70 17,459 42: 2: 6
1970/71 5,714 42:18: =

Iable 10, Distribution of exports of sesame seed in 1000 tons from
Nigeria during 1960 « 1970,

Importing

Year
country 1960 1961 1945 1963 1964 1945 1966 1967 1968 1969 1970
Ttaly 5 7 710 3 13 33 5 13 15 11
Japan 7 5 2 3 3 3 3 ~ - - -
Venezuela 10 6 12 2 9 - 3 - - - -
Denmark - - - - 1 - 2 1 1 - 1
Portugal - - ~ - 2 3 3 - - 1 -
Spain 2 - - - - - - - - - -
Others 3 3 3 - - 2 1 - - - ~
Total 27 21 24 15 18 21 25 4 14 16 12

Table 10 shows that Ttaly is Nigeriar

s 5 main buyer of sesame seed,
The relability of the Present market jig open

for speculation,
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3. EXPRRTTNTAL STATIONS

The main experimental stations for sesame, representing the
sesame growing areas, and their location and average annual rainfall
are listed in Table 11 (Data from Migerian Meteorological Service).
The rainfall at Beli is not recorded, .

Table 11, Main experimental stations for sesame producing areas and
their latitude, longitude, altitude in m and average annual
rainfall in mm,

Experimental Anmual
station Represented area  ILatitude Longitude Altitude. rainfall
Osara Ighirra Division Q7° 41'N 06° 25'B 241 1389
Yandev - Tiv Division - O7° 2%'% 09° OL'E 122 1331
Wukari Tiv Division 07° 52'N 09° AT'D 152 - 1242
Beli Beli area 07° 53'W 10° S8'E 274 : -
lafia Doma, District 08° 30'NW 08° 30'T 183 1280
Kwali Kwali area . 08° 531 07° QO'E 237 1275
Mokwa General 09° 18'W 05° 04'T 152 1054

3.1, Mokwa Agrzaultural Research Statiom

The experimental station at Mokwa, situated in the North«Western
State of Nigeria, in Niger Province, has basen the centre of sesame
research since 1959,

341.1, Briej*kistony

The great demond for oilseeds in Iunrope after Vorld War II made
the VWest African Oilseeds Mission to investigate in 1947 possibilities
for the production of groundauts and other oil seeds and on its
reccmmendations of two different sites the Nigerian Government selected
Hokwa,. Plans were completed in 1948 to farm 32,000 acres and the
Colonial Development Corpcration was invited to take part in the-
project together with the ligerian Government., On its approval a
limited liability company was formed named Niger Agricultural Project
Limited with equal shares for both participants. Clearing from bush,
attractlng Settlers, building settlement villages arid cropping of
groundnuts and sorghum started soon, but social, technical and
economical problems -caused the Colonial Develoment Corporation to
withdraw from the venture in 1954 and the Nigerian Government to hand
over the project to the Northern Regional Government, wvhich was to
carry on and broaden the set-up. of the schems by initiating experlmental
work on an Agricultural Research Station (Baldw1n, 1957).

The Agricultural Research Station became part of the Institute
for Agricultural Research at Samaru and was incorporated in the
Ahmadu Bello Unlver81ty at Zaria in 1962, Settlers' villages bécame
living places for staff and workers and work continued on oilseecd
crops like groundnuts, soya beans, castor and sesame, while also
maize, cotton and other crops were taken up in the research programme,

34142, Experimental farm

The experimental farm, called Dangakpe, covers a partly cropped
arca of approximately 486 ha,

The layout of the farm 1s of the broad-~basgd ridge terrace
type. Terraces are separated by roads and grass strips. Fach terrace
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consists of a field of approximately 0,8 - 1.6 ha.and the fields are
ridge~-cultivated for soil conservation purposes with the ridges
Tollowing the contour of the land, but with such o deviation that

the slope of the furrows is 0,1 per cent for drainage. The ficld out-
lets for excess water are in the shape of a fish tail to spread water
evenly. ' :
The soil of the experimental farm can be classified as
ferrisol. (2.1,3.). An example of a sample place at Dangakpe is
reproduced from Klinkenberg and Higgins (1968} in table 12.

Table: 12. Profile description and analytical data of a soil sample
?lace)at Dangakpe, rcproduced from Klinkenberg and Higgins
1968).

Profile description

0~ 3 in Reddish brown, 5 YR 5/3; loamy sand; dry soft;
8 cm) meny fine grass roots; clear and smooth boundary,

24 in Yellowish red, 5 YR 4/8; sendy clay loam; few
(8 = 61 cm) medium dusky red, fine grained sandstones; dry and

hard; common fine grass rootsy gradual and smooth
boundary,

—~
WO
t 1

24 = 55 in Dark red, 2,5 YR 3/6; sandy clay; moist firm; few

(61 - 140 em)  gross rootc; gradual and smooth boundary., . o
55 = 111 in  Dark red, 2.5 YR 3/6; sandy olay: moist and firms
(140 - 282 cm) few fine,grass roots, 7 ’
~ Annlytical data _
Depth in | 0~3 3-24 24~ 55 55111
cn. : 0-8 86l 61140 140 - 282
Part, size distr.:
2,0 = 0.2 mn (per cent) 34 20 30 24
0,2 ~ 0,02 mm {per cent) 52 36 32 38
0,02 ~ 0,002 mn {per cent) 8 8 2 2
< 0,002 mn {per cent) 6 26 36 36
pH-uater | , 4.7 4.9 4.9 4.8
Ce3uCa (meq/100 g soil) 3.00 4,30 7.70° ' 9,30

Extractable cationo: . '
Ne (meq/100 g so0il) 0,02

K (meq/100 g s011) 0.03 0.03 - 0.,02
Ca Emeq/loo g soil ) 0.5 0.04 0.04 0.04
Mg {meq/100 g so0i1)’! 1.32 1.60 2,64 2,64
Total (meq/100 g 20il) : 137 1.67 2.7 2,70
Saturation (pexr ceﬁt)_ 47 20 38 29
C (per cent

N Eper centg 0.49 0'23_ 0.25 0.23

Peits ) 98 130 120 160
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. The goils are formed on cretaceous sediments of. coarse-sand—
stone of Turcnian-lzestrichtian age (Higgine, Hope and Clayton, 1957).
The ferrisols provide a good physical growing medium but their :
chemical properties are poor due to long periods of subjection to an
annual rainfall of over 1000 mm causing leaching away of a large
quantity of plant nutrients, The drainage properties are good. Colloidal
contents of the surface horizons are very low and therefore in
addition to having a low nutrient retention capacity the soil tends
to form a surface cap through the action of beating rain on the
structureless sand fraction,

34l.34 Farm management practices

After the cropping scason is completed, the land is cleared
from plant regidues and weeds, or from a fallow crop like pigeon pea
(Cajanus cajan) either by removal or by burning, The burning is be-
lieved to assist in killing weed =eeds and to reduce termite populations
and prevent their expansion, :

At the end of the dry season, around February, the ridges of
the previous season are ripped open with a heavy (“Mammoeth¥) chisclw
plough., This somewhat awkward operation has several advantages; The
opening of the soil enables the first rain to penetrate rapidly and
to the proper place, 4As & result of this good penetration the
preparation of the field can start immediaztely and sowing will follow
without delay. This is considered an advantage for o good number of -
crops, Finally durisdg the dry season there is a slack period of work
and the operation can be carried out without rush,

With the first rains N and X fertilizers are applied. Super-
phosphate is applied by machine into the ridge at .the time of ridging,
The ridging implement is run through the old ridges cropped the .
previcus year., Small bunds or ‘“crossties' are placed in the furrows
at some interval by hand, This prevents runoff (lawes, 1966),

Sowing for most experiments is done by hand, using the moving
string method with spacing regs on guide ridges at required distance,
For sesame this is usually 15 cm (6 inches). Sometimes the ridge
tops are levelled just before sowing to obtain even germination, but
if a long dry spell follows after planting, plants succumb sooner
than on unlevelled ridges. For sesame a pinch of about twenty-five
seeds between finger and thumb is sown at a depth of about 2,5 cm.
The large number of seedlings after germination is able to break and
1ift the soil if capped after some days of drought, A uniform depth
of sowing is important for even growth esPeclally if" the subsequent
rains are sparse,-

Initially sesame grows slowly and is very sensitive to adverse
conditions, Weeding during the carly stages of growth is important.

Thinning is usually done when the plant% are about 7 - 10 cm
tall, but it can well be cone nuch earller° one or two plants are
left per stand,

When the leaves turn yellow and drop and when the lowest
capsules on the siem are about to dehisce, the plants are cut, bundled
and tied to poles or hung over frames as described in 5.

Threshing of sesame follows the conventional methods (2,2.7.).

3.1.4. Climate

Fig, 3 shows the following climatic elements and their average
values obtained from kuWﬁ lieteorological Station,



i . | - alue
elematic element . - average v

a} lonthly rainfall in mn R 89

b) Daily tank evaporation in mm 13.1

¢} Daily Tenman's evapotranspiration in mm 13,3

d) Daily maximum temperature in °C ‘ 33,5

e) Daily minimum temperature in °g 20,7

f) Daily earth temperature at 1 £t in o¢ 30.4

g} Daily earth temperature at 4 £t in O¢° 30,6

h} Duration of daylight in hours ‘ L 12{12
(ig Daily sunshine hours ' 7.30

3.2. COther experimental stations

Most of the soils at Osara TFarm Centre are sandy or sandy clay
soils characterised by the presence of appreciable amounts of iron
concretions, normally found.over ironpan, The depth to pan varies
but is normally within 1 m, In the centre of the farm is an area with
many rock outcrops and very shallow soils, Deep soils occur but are
rare,

The soils at Wukari usually have a light coloured sandy surface

horizon over a mottled reddish yellow sandy loam or sandy clay lcam,

Lateritic ironpan is found at depths of 1 = 1,5 m, The pan gradually
merges into deep weathered sandstone or granite roc
The main soil at Kwali Farm Cenitre ig a deep, yellow
loam with a well defined, compact
below 30 cm, This ig underlain by

This soilloccupics most of the upper and middle s8lopes, On the highest

lower middle slopes the ironpan
pan and the fadama proper are

ish red sandy
s concretionary layer, normally well

comes to the surface, Between thisg
brovnish soilsg,

and Iafia; the goils at Beli are
(Klinkenberg, personal comrmnications),
Average rainfall figures

Per month recorded oOver a number of
VeAars are shown in Table 13 (i

gerian Meteorological Service),

ggpgghgz. Rainfall per month in pm g averages over more years,

‘xperimental Station

¥onth Osara, Yandey Wukari Lafig Fwali
January 0.25 6,35 0,15 2,54 0.25
Pebruary 5.84 11.94 5.84 5.08 8.13
March 44,70 35,31 26,92 26,42 25.91
April 154,18 113,28 89,66 78.49 81,79
May - 187,20 179,32 - 168,40 155,96 140,46
June 211,33 189,74 - 180,01 164,85 237,74
July 202,69 143,76 143,51 202,95 130,81
ﬁugust : 200,15 146,56 ‘151,38 240,03 217.68
September 229,62 275,08 277.62 252,22 250,19
October 12471 207,50 181036 141,73 161.80
November _ 17,02 17,53 ~ 13,21 8.13 21,34
December 10,92 533 - 2.29 . 0.76 0.00
Total 1388.61  1331,72 1240,35 1279.16  1276.10
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No other meteorclogical data are available except on maximum
and minimum temperatures for Yandev and Kwali, and on evaporation for

Yandev,

Cultivation, sowing, harvesting and threshing practices are o

gimilar %o those at lMokwa, Only = little more handwork and less tractor

work is carried out.

Rainfalt in tnm

240 4
22 : Evapo.
200 1 {transpi).

B ration in mm
180

i 17
160 l;c-"_ ~ o 2 N
1o /o s b
120 : x"./ utl “""x }_H 3
U e - 11

- A —
1001 N

80 -

N -7
60_" o——0 Rainfall i 5
4L0- & —-® Tank evaporation ! S
20 T x—ex Ppaman’'s evapotranspiration i 3

. - 1

0 % Y 7

H T H [ 1 H
Jan Feb Mar Apr May Jun J

(813

i ) i !
Avg Sep Ot Nov

Fig, 3 {a) Monthly rainfall {avarage of 18 years).
{b) Daily tenk svaporation (average of 5 years).
{c) Daily Penman's svapotranspiration (averege of 5 yasrs).
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Temp in °C
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Fig. 3 (d} Daily maximum tempsrature (average of 16 ysars).

{e) Daily minimum temperature {everags of 16 yeare).
(f) Uaily earth temperature st 1 ft (aversge of 15 yaara).
{g) Datly earth temperaturs at 4 ft (sverage of 15 years).
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Figse 3 (h) ODuraetion of daylight in hours.

(1) paily sunshine hours {average of & yssars).
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4. PLANT DENSITY AND SPACING

Sowing methods and spacings or plant densities vary in the
different sesame growing areas of Nigeria as discussed in 2,2. and
differ from the recommendations made by the Extension Service of the
Ministry of Agriculture, the Ilxtension Research Liaison Section of
the Tnstitute for Agricultural Research at Samaru, and from the ear-
lier recommendations made by the Agricultural Research Station at a
Molwa, which suggested that stends should be spaced 15 cm (6 inches)
apart on 91 cm (% £%) ridges and thinned to two plants, or that after
broadcasting at a seed rate of 9 kg per ha (8 1b per acre) on a flat
seed bed, completely free from weeds, thinning should be to 15 - 23 cm
_E6 - 9 inches) betwcen the plants, when these are about 15 cm long

Extension Service, 1960; Ixtension Research Liaison Section, 1968;
Steele, 1960), These recommendations were provisional and more informa
tion was needed on the influence of plant density and spacing on yiéld.
In this chapter relevant literature has been reviewed and results of
spacing trials carried out since 1960 are discussed,

4,1. Literature review

The variation in spacing and plant densities is considerable,
Weiss (1971) shows in a table the seed rates for broadcasting sesame
used in eighteen different countries, The amounts vary from 2 - 15 kg
per ha with averages ranging from about 5 - 8 kg per ha. Assuming a
1000-seceds veight of 2,5 g and a germination percentage of 75, an amount
of 5 kg seed would potentially produce 1,500,000 plants., ‘
High seed rates may compensate for -~ often substantial - losses of
seed and plants during the period from sowing till harvesting.

Mazzani (1966) recorded in Venezuela plant losses of 22 .. 26 per cent
during the period from 80 - 100 days after sowing, and in Tanzania
plant losses of 25 = 34 per cent occurred between emergence and harvest
(Weiss, 1971). ,

Table 14 shows optimal, recommended oOr practiced spavings for
different countries to give a further idea of the variation mentioned.

Table 14, Spacings and plant densities in different countries.

Spacing Mumber of plants
in '000 per

Author Countxry o inch hectare acre
Weiss (1971) China 150 %150 59 x59 4.4 1,8
Weiss (1971) Colombia 70x15 28x 6 95,2 28,5
Weiss (1971) Tlevador 70x10 28x 4 142.9 57.8
Baluch (1966) India 61x30 24x12 53,8 21,8
Joshi {1961) India 30x30 12x12 107.6 43,6
Seshadri (1955) India 28x28 11x11 128.1 51.8
Singh (1963) India 46x20 18x 8 107.6 43.6
Kostrinsky (1959) Israel 45%x20 18x 8 107.6 43,6
Lavaonov {1950) Lussia .80 x55 31x22 22,7 9,2
Khidir {1972) Sudan 81x15 32x 6 80.7 32,7
Tanganyika (1966) Tanzania 71 x28 28x11 50.3 20.4
Money-Kyrle (1957) Turkey 58 Xx30 23 x 12 57.5 23,3
Tribe {1967) Uganda, 6lx 8 24x 3 215.3 87.1
Uganda 51964 Uganda, 61x 8 24x 3 215.3 87,1
Martin (1955 U.5.4. 84x 8 33x 3 156.6 63.4
Collister (1955) U.S.A, 90x 5 36x 2 215.2 87.2
Arroyo (1967) Venezuela 60x - 24 x - 56,0 22,7
Cano (1950) Venezuela 76 x20 30x 8 64.4 26.1

* at harﬁest
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Results of spacing and plant density experiments are available
from different sesame growing countries:

Fast Africa: In Uganda row~planting gave better yields and better weed
control than broadecasting and for unbranched cultivars 23 « 30 cm rTow -
widths were recommended., The branched cultivars showed a high stand
tolerance and relatively small yield differences -occurred between
densities of 25,000 and 500,000 plants per ha and row widths of 32 and
66 cm., Closer row width encouraged more even growth ané uniform ripening
(Wye, 1940; Tribe, 1964), . '
In a publication of the Commonwealth Bureau of Plant Breeding and
Genetics (Leakey, 1970) Auckland reports on spacing x cultivar trials
in Uganda with the local cultivar and the introductions Morada and
Venezuela 51, Spacings between the rows were 17.8, 35,5 and 71 cm and
within the rows 7,5, 17.8 and 28 cm, The best yields were obtained from
17.8 x 17.8 and 35.5 x 7.5 cm gpacings,
Gerakis and Tsangarakis (1969) in the Sudan kept the inter-row spacing
unchanged at 50 cm and varied the intra-row spacing from 25,0 to 16.7,
12,5 and 10.0 om, =0 arriving at 80,000, 120,000, 160,000 and 200,000
plants per ha respectively, Fertilizer. applications were nil, or 50 kg
per ha sulphate of ammonis plus 22 kg per ha triple superphosphate. The
showed no interaction between spacing and fertilizer treatments,
and the yields for the lowest to the highest plant densities were 330,
380, 360 and 320 kg per ha respectively,
In Tanganyika three different intererow spacings of 18, 36 and 71 cm
respectively and three different intra-row spacings of 8, 18 and 28 cm
respectively were tested in all nine posgible combinations, using three
different sesame cultivars: Local, Tnemar and Acarigua, which show in
that.order a decrea§e in br§nching. The results showed that the loeal
EUItlvar.gave the highest yield at the widest Spacing, the cultivar
namar did so at the closer 8pacing of 36 x 18 cm and Acarigua yielded

best at the still closer Spacing of 18 x 18 cm; highest yields for the
three cultivars were 389, 13

closest intra-row 8 i
(Penganyika, 1966),
dndia: Marain and Srivagtava (1962) testin
Spacings of 31, 46 and 61 cm and three intra-row spacings of 15

31 and 46 cm  in all possible combinations over a pericd of thrée years

found no statistically significant ield diff i
yields were obtained at the 31 y erences, but the highest

Spacing, ‘ B g and 15 em intra-r

g three different inter-row

investigated in
and intra-row distance
ra, using inter-row
ces of 5, 10 and 20 cm
ducing the inter-row
cent respectively for

distancgs of 30, 50 and 70 en and intrawrow distan
respgctlvely. The average yield increase due to re
iﬁaclng from 70 to 30 em amounted to 39 and 9 per
rc:uzzzdeiierlm?nfg, and reducing the intracrow spacing from 20 to 5 cm
& yield increase of 28 ang 21 per cent ively.
. L] b » r S *
ﬁi:n: Qensstées v?rle% from 71,400 - 666,000 plants ;egegle91Y e
zanl and Cobo (31 80 i i i e
iy 956) also investigateg in two experiments the

and intrgerow Spacin yi
f 1 _ g on yield for two branched

cultivars,
using row distances of 50y 70 and 90 cm and intra-row distances of 10,

20 ‘ " i
dif?zieigegm. For {he cultivar Morada the effect of the inter-row spacing
was not reflected in the yield figures and the intra-roy

:g;:zgiiiifigz‘was only small, For the cultivar Inamar the spacing
pypec popula%igeen thg TOWS, was somewhat more pronounced in its effect.
| "8 varied from 36,630 . 200,000 plants per hectare and
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430,550 plants per ha respectively) and using unbranched sesame cultivars,
that the closest spacing gave the best yield, 61,0 x 15.2 cm was next,
foliowed by 30.5 x 15.2 and 30,5 x 30,5 cm, and the lowest yield was
from the widest spacing; yields were 73, 94, 82, 88 and 100 per cent
respectively of that of the closest spacing.

0live and Cano (1954) found in experiments in E1 Salvador that an 1nter-
row distance of 30 cm gave better yields than one of 60 or 90 cm, but
varying the intra.row spacing from 10 to 20 and 30 cm had little effect
on the yvield,

In Colombia it was observed that the local cultivar needed a little
wider inter-row spacing of 60 - 80 ecm to produce about the same as the
newer less branched cultivars sown at an inter-row spacing of 40 - 60 cmg
intra~-row spacing was about 10 « 20 om,

In ficuador branched cultivars were frequently sown in 90 em and unbran-
ched cultivars in 60 em rows,

In Brezil the local, tall, branched cultivar wag formerly planted at

a spacing of 175 x 88 cm, but a spacing of 90 x 40 cm was found to give
the highest yields, Newer unbranched cultivars were recommended to be
planted in a spacing of 60 .. 70 xz 10 cm.

In Argentina at standard row widths of 75 -~ 100 cm a population of
300,000 - 400,000 plants per ha is considered optimal (Weiss, 1971).
Middle Igsgt: Money-Kyrle (1957) tegted in Turkey inter-row spacings of
50 and 58 em and intra-row spacings of 20 and 30 cm in all four possible
combinations on the flat and on ridges, Ridge-planting was better than
flat planting, but yield differences due te spacing differences were only
small. Kostrinsky (1959} found that at an inter-row spacing of 75 cm
vields were 22 per cent higher than at 100 cnn in 1958, but in 1959 yields
were 34 per cent lower.

TeSsA, ¢ Russell et al, {1967) drilled the seed at a rate of 1,1 kg per
ha, in rows 102 cm apart and no thimming was done later, .

- Collister {1955) compared solid drilling of about 5.6 kg per ha with
drilling of approximately 1,1 kg seed per ha in rows 91 cm apart and
found row drilling to yield about 59 per cent more than solid drilling,
The results of his spacing trial over a three years period with the
essentially non~-branched cultivar Kansas 8, using a fixed row distance
of 91 em and intra-row distances varying from 2,5 « 30.5 cm, showed no
significant yield differences and the 23 cm spacing yielded best,
Inter-row spacings of 46 «~ 76 cm wvere recommended in the U.S.A. by
Kinman (1955) and U,S,D.A. (1958) and it was observed that weed growth
was guppressed at this rather close spacing.

Culp (1963) did cultivar trials in the Mississippi Delta during two
years using row spacings of 50 and 100 cmi the closer spacing yielded
on an average 36 per cent more than the wider row spacing.

From the above references it is concluded that sesame and
especially the branched cultivars can adapt very well to the space
available, The unbranched ecultivars mzy be planted at a closer spacing
than %the branched ones, Plant densities of about 400,000 plants per ha
for unbranched cultivars and 200,000 plants per ha for branched cultivars
will probably be not too far off from the optimum anc these figures
correspond with a land avdailability of 250 and 500 em? per plant
respectively.

4.2. Spacing experiments in Nigeria

Stonebridge (1962) compared in six experiments the Igbirra, Tiv
and Yexperimental farm¥ method of sowing ~ the latter with a spacing
of 23 cm on ridges 91 cm apart and the Tiv method with thinning to a
spacing of 23 x 23 cm. He concluded that, from a yield point of view,
the Igbirra method was inferior to the other two methods, while the
yields from the Tiv method and the experimental farm method showed no

statistically significant difference.
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During 1961 two spacing experiments were carried out, one at
Mokwa and one at Yandev, in which the row distance was fixed at
38 cm and the spacing within the Tow was varied from 8 to 15,.23 and
30 cm, Spacing effects on yield were for both experiments not
significant (Stonebridge; resulis not published),

In 1962 2 trial was carried out at Mokwa in which the effect of
six different spacing combinations on yield were investigated (Stone~

bridge; results not published). The yields for the different treatments
were as follows, '

Spacing combination ‘ Yield
(em) (kg per ha)
15 x 15 592
25 x 23 577
30 x 30 565
30 x 46 565
46 x 46 558
61 x 61 : 457
LSD (0,05) 58

The 61 x 61 cm‘spacing wag obviously itoo wides yield differences between
the cher spacing combinations were not significant, but the closest
spacing gave the best yield, '

A further.series of spacing-plant density experiments was carried
out at Mokwa during the years 1965 ~ 1967. Details are shown below..

5

Expe- ' Repli-~ Plot size Avera ield

riment Year Layout* cations (m2) (kgggei ha) OSpacings
1 1965 L.S, 6 54 2
2 1926 R.B, 6 30 ‘ 229 13
*i ) 1967  R.B. 6 27 490 8

S = latin Square. R.B, = Randomized Block.

Fertilizer applications were ot a = ;
ate of 250 kg sulphatc of ammonia
522 ha :ﬁd 125_kg superphosphate per ha, Planting for all experiments
vas in ; g monb@ of August, Yandev 55 and some other branched and
ranched culiivars were tested, Mable 15 shows results for Yandev 55.



Table 15. Yield of cultivar Yandev 55 in kg per ha as affected by
inter~ and intra.row spacing at Mokwa during 1965 ~ 1967,

Spacing in cin Plants per ha
Year inter=row intre-row number per cent**  Yield .
91" 15 66,786 93 487
1965 91 15 66,196 92 - 539
30 15 202,944 94 647
LSD( . 05) 75
91 15 67,753 94 427
91 10 97,090 90 517
91" x 331,597 30 - 465
30 15 207,572 96 760
1986 30 10 315,344 98 800
30 X 106,427 22 527
15 15 414,922 97 820
15 10 566,811 83 758
15 X 2,349,608 35 578
x x 1,455,110 17 621
. LSD( . 05) 86
91 , 15 58,753 g8z 374
91 15 56,4559 79 428
30 15 170,281 79 604
1967 20 10 203,441 63 572
30 5 277,747 43 475
23 15 221,235 77 - 549
23 10 266,819 62 512
23 5 273,671 45 482
152(.05) 43

* Sowing on ridges,

** Plants per ha at harvest in per cent of possible number.

X = Drilling at seed rates of 3,7, 11.2 and 22,5 kg per ha for 91,
30 and 15 ¢m inter—row spacing respectively; broadcasting at

seed rate of 28,1 kg per ha.
. Percentage of plants per ha based on 1000 sceds weight of 2.5 g

and germination percentage of 75.

Tablellé shows results for the unbranched entries and yields
are expressed as a percentage of those of Yandev 55 planted at the
same spacing or density.

Table 16, Yields of unbranched cultivars in percentage of the yield
- of Yandev 55, sown at the same spacing or density,at lMokwa

during 1965 - 1967,

Spacing in cm Plants per ha
Year Cultivar inter-row intra-row numbex per cent**  Yield
Dulce 91.* 15 69,183 96 25
1965 Dulce 91 15 68,966 96 34
Dulce 30 15 209,988 97 40
1966 Dulce 15 % 3,026,737 45 29
Dulce x x 2,160,913 26 43
65B~12 23 15 281,436 65 107
1967 65B-14 23 15 279,662 65 62
65B-176 23 15 278,448 65 23
* bowing on ridges, **Plants per ha at harvest in per cent of possible
namoer,

x =Drilling at seed rate of 22.5 and broadcasting at 28.1 kg per ha.
Percentage of plants per ha based on 1000 sceds weight of 2.5 g
and germination percentage of 75,


file:///reight

-The cultivar-Dulce -produces small “plants; has three capsules per
leaf axil and short internodes; the other cultivars-are somewhat tal-
ler, but for the other characters similar;. 65B-.14 possesses long cap-
sules., o e TR

- From the above it is concluded that Yandev 55 is very space
tolerant; even at a density of over two million plants per ha the
yield was not too badly suppressed,

The most significant yield increase was obtained from reducing the

91 cm inter-row spacing rather than from altering the intra-row spa..
cing. The data suggest that an inter-row gpacing of 30 c¢m and an intra-
row spacing of 16 ~ 15 cm, corresponding with densities of about
215,000 - 323,000 plants per ha,oxe for Yandev 55 near optimal.

Flat planting gave slightly beﬁter results than ridge planting.

The unbranched cultivars, sown in close spacing, yielded less than
Yandev 55 at its beet spacing.

A further series of spacing trials, which will be discussed in
the next chapters, was carried out during 1971, The experiments were

of two types: One where planting was on ridges 91 cm arart, and one
where planting was on the flat.

4,2.1, Spactng trials - 1971 series, ridbé plonting

4.2.1.1, Moterials and metkods

The cultivary used was Yandev 55.

in two different experiments, Fertilizer applications were at rates

of 250 kg nitrochalk and 125 ks superphosphate per ha, The experimental
layout was a Fandomized Block with nine spacing treatments and six

rep}ications. The ridges were lightly opened with cultivator tines,
sowing was done by drilling, after which the seed was covered with
soil, Thinning to the required spacing was done as'éariy as possible.
The plot size was twelve ridges 91 em apart and 5 m long. Insecticidal
(Vetox 20) ana fungicidal (Dithane) spraying was once or twice per
W?ek. A germination test in petri~dishes was carried out on five times
fifty seeds before planting, The spacing treatments were: Drilliug at

a seed -rate of D kg per ha and no thinning afterwards.(x), and drilling
followed by thinning to 23y 5.1, 7.6, 10.2, 12,7, 15,2 20,3 and 25,4
cm (}, 2y 35 44 5, 6, 8 and 10 inches) spacing. Plant counts were
carried out a? harvest, Calculations of plants per ha in per cent were
base@ on possible numbers of plants per ha, and for drilling and broad-
casting on a 1000 seeds wheight of 2.5 g, In the late planted experi-

Sowing was both early and late

ken at
were determined, rendo

4.2.1,2. Reoults

the-e z?e-germination tests showed bercentages 6f 92,0 and 72;8‘f0r |
aThy and lgte planted experiment respectively,
© experimental resylts are swmarised ip Table 17 and Fig. 4.
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Table 17, Yield in kg per he and 1000 seeds weight in.g as affected.

by intra-row spacing on ridges at Mokwa during 1971.

Tarly sowing

Late sowing

Spacing plants per ha 1000~ plants per ha 1000~
(em) {(ir) number per cent seeds yield number per cent seeds yield

x x 273,390 8 1969 69 560,722 21 2183 281
2.5 1 133,474 31 1726. 96 207,390 48 2072 361
5.1 2 136,704 64 1755 117 155,721 72 2283 391
7.6 3 105,489 T4 1645 109 108,837 76 2183 379
10.2 4 68,531 64 1639 178 95,263 89 2257 391
12,7 5 67,454 78 1825 89 74,916 87 2201 359
15.2 6 58,605 . 82 1752 98 66,139 92 2186 297
20,3 8 48,169 90 1631 90 47,900 89 2125 340
25.4 10 36,886 86 1679 69 39,253 91 2168 324
L5D{.05) 11 39 6 62

x = Drilling at seed rate of 9 kg per ha,

Capsute length (mm)

Capsule number

28,0 135
275 - - 125
27.2 1 - 315
26.8 4 105
264 - B
260 - BS
256 - - 78
5.2 - 65
R B
248 P g8
24.4 - 45
73 B
240 - 35
236 - - 25
232~ - {5
T - U ¥ 1 3 L ] ¥ i
X 28 &1 76 132 127 152 203 254 cm
4] 1 2 3 4 5 ) 7 8 q 10 inches
Spacing

Fig. .4

Nuaber of caﬁsules per plent on stem {a), branches (b)

and totsl {c) and length of capsules (d) as affected
by intra-row specing on ridges st tokuwa during 1971,

late ssason.
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4.2.1.3. Discussion and conclusions

The growth of the early planted experiment was disappointing from
the early start, A dry .spell some -weeks after planting caused delay of
thinning, hence wealmess of stem and severe lodging; yiclds were low,
Plants per ha in per cent showed a trend of increase with a decrease of
plant density. The treatment of drilling the seed at a rate of 9 kg per
ha’without subsequent thinning gave the lowest yield.

The late planted trial developed and yielded better, In Fig, 5a
the spacing is plotted against the yield, It is noticed that the
points, with the exception of those at 245, 10.2 and 15,2 cm, are
about on a straight line, with regression of vield in kg per ha (Y)
on spacing in cm (x) of
(a) Y = 404,1 ~ 3,2 x (t = 15,8**%)

At spacingsbelow 5.1 cm (2.5 cm and drilling) yields were depressed
because of ”over—crowding“ of the plants for space, The expression:
Crowding for space, is from de Wit (1960) who developed models to-
describe competition between plants of different species and extended

these to single crops in spacing trials, He arrived at the following
formulas: :

(v) A )t

by (B g2y + 7

- -l
(c) 0 = klozl(klozl + zo) M
(a) 0 =B(R s)"lﬂ

in which: A=

it

area effectively available for the crop

klO = relative crowding coefficient of crop with
respect to open space

2y = relative space allotted %o the orop'
Zg = relative space left open
0 = yield

st
=
I

yield at arbitrary value of Z) = 1
QS = yield at a space Per seed of s

Bpace per meed

4]
I

- (kjo - 1)m, in which m is an arbitrary value
of the space per sced
f

i

extrapolated yield at an infinite seed density

iﬁgiic?:iggsgiuzgivzbo¥g ?Ermulas to the results of the late planted
ive, 1t is assumed that z, = 1 at g s aci f
zﬁinczéezggegeia:1ve crowding goefficient klO} calculatedpfo;niﬁg
ver spacings 7, 12. '
17:7. The rglation between the éelétzée20.3 V donnigy ny 2nounts to
gg;§n220:§ in Fig, 5b, If the effective
_ ¢ yield 0, the relation b
(Fig, 5¢). Similariy e
obtained by plotting
against the space per

1 in 105 ha kg =1
spacing, the regressio

plant s at 5,1, 7.6, 12,7, 2043 and 25,4 cm

n formula being:

e | .
(9). Oy" = 243.6 + 2,5 (t = 23,7 "9
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Yield in kg/ha field inkg/ha
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380 1350+
360 300 -

340 250
320 004
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2804 106
a
260 56
iI l I 1 L] I Rl T ) t 0 1 i )
25 51 76102127182 203 254 cm 0 0% 10
091 2 3 4 5 6 7 8 9 1 inches .Relative spacing
Spacing

Yield in kg/ha inverse of yield in 10 %ha/kg
4004 4 ‘

- 350 - o . :
300- ] 0/
250- B ) '
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150 .

1004 1 p
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8 1 i ' ¥ H ' l . 3 | I T H 1
0 05 | in .25 51 7612127152 203 254 €M
Eftective spacing 01 2 2 4 5 6 7 8 9 10 inches
: Co : Spacing

Fig. 5 1971 Late planted spacing irial on ridges
{a) Releticn hetwseen spacing and yiald.
(b) Relation batuean relatiua space allotted to
the crop le)
of 5.1 cm, and yield.
(c) Relation betwesen aree effectively availesble for

s 8ssuming that 2, % ‘1 at a spacing

the crop (), essuming that z, = 1 at a spacing
.of 5.1 em, and yield, .
(d) Relation bstween spacing and inverse of the yield,
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According to formula (a) the yleld at infinite plant density is 404.1

kg per ha, Formule (e) arrives at a corresponding value of = 410.5 kg
per ha, These values are at the same fime extrapolatgd ylgld maxima.
However the formulas assume 2 continued linear relationship between
spacing and yield (a) and spacing and inverse of yield (e) even at very
close spacing which does no% hold %rTue as Figures Sa and 5& clearly
show, The maximum yield therefore is obiained at a spacing where the
offect of “overwcrowding® cancels the vield increasing effect of closer
spacing, which took place betveen 2,5 and 5.1 cm spacing:

The reproductive rate of one plant, grown with no limitation of

available land,equals A% , vhich amounted to 36.3 g _
The mumber of capsules on the siem increased slightly with an increaglng
distance between the plants, The capsule length showed no clear spacing
effect, but the number of capsules on the branches increased considerably
with vider spacing. The 1000 seeds weights showed no clear spacing cffect.

A2.2, Spacing trials - 1971 series, flat planting
4.2.2.1. Materials and methods

The materials and methofs used were the same as those described
in 4,2.,1.,1, with the following differences:
Sowing wag in August only. The plant rows were marked with ropes and
pointed sticks, The experimental layout was of the Split-plot type
with the whole- and sub-plots grouped in Fandomized Hlocks. The plot
size was 1.2 m x 3 m., The whole~plot treatments were inter-row spacings
of 10.2, 15.2, 20,3, 30.5, 40,6 and 61.0 cm (4, 6, 8, 12, 16 and 24
inches), The subwplot treatments were intra~row spacings of 2.5, 5el,
Te6, 10,2, 12.7, 15.2, 20.3, 25,4 and 30,5 cm (1, 2, 3, 4, 5 6, 8,
10 and 12 inches), Jin addition there were, on both sides of each
whole-plot, observation plots of 1,2 m z 3 m, in which sced was broad-
cast at a rate of 9 kg per ha: the seed was raked in after planting.

Possible number of plants per ha for each treatment is presented in
Table 18,

Table 18. Possible number of plents per ha in 10,000 for different
spacing combirations

Intra Inter-row
TOW spas_ Spacing

cing {cm) 10.2 15,2 20,3 0. 0.6 61,0
(cm) (in) in} T

in} 4 6 8 12 16 24
245 1 387,5 258,1 193.,6 129,2 96,8 64.5
5.1 2 193,6 129,2 96.8 64.5 48,4 32,3
7.6 3 129.2 86,0 64.5 43,0 32,3 21,5
10,2 4 96,8 64,5 48.4 32,3 24.2  16.1
12,7 5 77.6 51,6 38,8 25,9 19,3 12.8
15,2 & 64.5 43,0 32,3 21,5 16.1 10.9
20,3 8 48.4 32,3 24,2 16,1 12.1 8.2
25.4 10 38,8 25,9 19,3 12.8 9.6 6.4
20,5 12 32,3 21,5 © 16,1  10.9 8.2 5.4

For the ﬁroadcast treatment the i
. : OE81bl :
ha in 10,000 was 329,9 P e number of plants per

agsuming a 1000 seedswei
100 per cent-germinatién, e e welght‘of 2,5 g and

At harvesting twenty plante samples were taken from each spacing
treatment and forty plants sanples from the broadcast treatment
Of‘these'capsules were counted, and stems and branches were )

dried at about 105°C and weighed separately "
- randomly taken capsules were measured; ;

dete?mined. 0il contents of small see
Institute for Agricultural Lesecarch,

cut short,
The lengths of forty
1000 seeds weights were

d samples were analysed at the
Samaru, '



- 31 -
4.,2.2.2, Results

" 'The "germination percentage of the sesd iised for planting was
72.8. The experimental results are summarised in Tables 19 . 22 and
Tigures 6 - 8,

Table 12 Aetual number of plants per ha expressed as a percentage
©© of the possible number of plants per ha for different
spacing combinations at Mokwa during 1971,

Intrdaes Inter-row

row spa~>_ Spacing :
cing (em) 10.2 15,2 20,3 30,5 40.6 61,0 .
(cm? ‘(4n) L in) 4 6 8 12~ 16 24  average
245 1 35 54 44 67 58 70 55
5el 2 58 84 72 83 80 76 75
Te6 3 72 84 77 87 90 84 82
10,2 4 84 87 92 96 97 80 89
12,7 5 97 90 98 90 90 97 94
15,2 é 100 99 98 96 96 89 96
2043 8 94 92 93 95 95 83 92
25,4 10 95 96 99 93 - 95 87 - 94
30,5 12 99 94 96 97 90 94 95 15D( .05)a
average a2 87 85 89 - B8 g4 N,S,

LSD( 05)b" '4
L3D(,05)c = 11 .
as Inter-row averages. ' ' ‘

b: Intra-row averages. :
¢: Inter x Intra row averages.

- The actual percentage of plants in the broadcast treatment, tak;ng
into account the germination. percentage of- 72.8 per cent, was 37.

Table 20. Ylelds in kg per ha for dlfferent spaclng combinations at Mbkwa
- during 1971,

Intra-y Inter-row

TOW SPaw spacing - . : ‘
cing .(cmg 10.2 15,2 20,3 30,5 40,6 61.0
(em) (in) (in 4 3 8 12 16 24 average
2,5 1 395 . 405 373 475 428 375 408
5.1 2 448 500 495 609 473 387 485
7.6 3 619 425 566 542 464 418 505
10,2 4 o1l 476 §%g 534 473 403 507
12,7 5 552 495 560 475 473 405 493
15.2 6 457 556 555  4BB 456 385 483
20,3 8 558 445 564 314 431 349 444
2544 10 496 492 490 507 373 270 438
20.5 12 450 499 479 477 286 288 413 1LSD(.05)a
average 498 477 525 491 429 364 464 95

LSD(.05)b 38
LSD( -05)0 = 94
a: Inter-~row averages.
b: Intra-row averages.

¢: Inter x Intra-row averages.
__iYields exceeding (top yield - 94) = 548 kg per ha,

The yield of the broadcast treatment was 337 kg per ha.,
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Table 21. 1000 seeds weights in mg for different spacing combinatiogsy
- at Mokwa during 1971.

Intra-~ Intererow

TOW SD8- s5pacing .

cin, cm% 10,2 15,2 20,3 30.5 40.6 61.0

(cm§ (in) in 4 6 8 12 16 24  average
2.5 1 2196 2268 2162 2326 2167 2126 2207
.l 2 2178 2246 2216 2217 2156 2076 2181
T.6 3 2134 2153 2116 2177 2124 2184 2148
10,2 4 2201 2173 2236 2118 2067 2083 2147
12.7 5 2182 2124 2148 2147, 2129 2246 = 2163
15,2 6 2073 2196 0 2165 2129 2093 2160 2136
20,3 8 2125 2097 2088 = 2167 2102 . 2058 .2106
25.4 10 2146 2119 2062 2160 2013 2123 2104
30,5 12 2169 2168 2128 2085 1999 2113 2110

average 2156 2172 2147 2170 2095 2130 2145

2159,

Table 22, 0il content in per cent

at Mokwa during 1971.

FYor the broadcast treatment the 1000 seeds weight amounted to

for different spacing combinations

Inter-row
spacing

cin§ em) 10,2 15,2 20,3  30.5 40.6 61.0
(em) (in) (in) 4 6 8 12 16 24 average
2.5 1 56,34 56450 55.71 55,74 57.28 56,58 - 56.36
5,1 2 57.68 56,79 56.80 56,01 53,39 56,17 56,14
T6 3 56448 56,52 56,67 55.99 54,28 54.60 55.76
10,2 4 57438 * 57419 57,13 56,65 56,30 55,65 56.72
12,7 5 S 91435 56492 57.18 56.35 56,59 55,50 56.65
ég.2 6 5T.01 57.40 57.22 56,82 56,63 55,99 56,85
25-2 ‘13 57.87 57.36 . 56.54 55,90 56,57 54,82 56.51
0. 10 56.72 57.21 56,65 55.44 53,52 54.16 55.62
3045 5Te35 57.56 56.64 56,02 55,79 54.55 56,32
a‘verage 57513 57005 56073 56.10 55-59 55034

For the broadeast treatment the

per cent,

56.32.

0il content amounted to 55.90
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Fig. 7 HNumber of capsules per plant on.stem (e and b), branches
{c and d) end tatal {e and f} for different inter-row
{a, ¢ and ) and intra-row (b, ¢ end f)} spacing treat-

‘ments at Mokws during 1971,
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mente at mokwa during 1971,
L.2.2.3 Discussion and conclugions

The average yield data for inter- and intra-row Bpacings shown in
Table 20 can be enalysed like thos

e of Table 17 {4.2.1,3.)., Corres~
ponding formulas so found read;

(a)) Y = 607 - 4u1x (‘t = 11,0%)
(a,) T=545-43x, (& =13.5°*%)
() 07y = 144 4 2,18, (t = 13,8"%)
(e;)‘ o;‘% 179 + 2,08, .(t = 11,4%*%)

The subfix 1 and

and intra-row spacing respecti-
vely, The average value for the yield at infinite plant density, estimated
with these formulas,

spacings below 20,3 A int T ha, However, at inter-row
- o2 Cm and intra-row spaci below rage
vield deprossions occuz, pacings 10,2 cm, ave

More interesting than the above re i

) _Tegressions would be a yield -
Spacing relation of good deseriptive value for the experimental yield
2Z:iegs gnwho%e%hTherefore & number of regression formulas has been

« One o 08¢ was based on a formula pro

Successfully applied by Marijnen (1963): -P posed by Duncan_and

(£) log y = log X + bx

in whiech y.= yield per
Another one

{1960) ana

(&)

_ plant, x = plant density énd K and b,aré.constants'
was based on a formyls developed by Bleasdale and: Heldor
often used by Bleasdale (1966 ana 1967): :

W-e=a+8p¢-
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in vhich'w ig the yield per plant,p is the plant den81ty and o B. e and §
are constants for any set of data.

Pirst linear, quadratic and cubic regressions of spacing variables on
yield were calculated and checked on their descriptive value (1, 2 and

3) and further investigated were regressions based on formulas from de

Wit (1960; (4, 5 and 6) Marijnen {1963) (7), and Bleasdale and Nelder
(1960) (8)., In these Y iz yield in kg per ha, Xy is inter-row spacing

in cm and X, is intra~row spacing in cm,

_ Regression | ' ]512
(1), Y=-2.76% ~1.78%, + 571 o 0.378
(2) Y=iﬁx1+wésﬁ-om6€-oa4x-014xﬁ+
396 . ' 04565
(3) T=22.35% + 46.30 x, = 2,45 xi - 0.48 xg - 0.60 %)%, +
0,005 xi + 0,04 x5 + 0,003 xjx, + 0,05 x,%5 + 124 0,638
) v7!=0.97 % 10°° X%, + 4,14 x 1072 xlxgl - 0.29 x 1077 ;i
+ 0,27 x 107 0,592
(5) Y'l =~ 2,42 % 10"5xl -~ 0,80 x 10'4 z, + 0,18 x 10"'5 xi +
1,12 x 10'6 xg + 0433 x 10"6 Xq %, * 2,7 x 1077 0,660
(6) Y= -0,95x107%x ~2,00x10 x, 41,12 x 207 £ +
1.54 x 3070 xg + 0,25 % 1075 xlx2 - 0,19 x 1077 x 5
0.20 x 10~° xZ - 0.08 x 107 xlx + 0,09 x 10 -1 lx2 +
3,68 x 107 o 0,702
(7)  log Yx;x, =4w39glf+ozoﬁ x, - 7153 x]° + 10,67 0,864
(8) -ry’lxil ;1 - 16,71 x 107G 4 1,89 x 107 x, -

54,70 x 10742 - 1,16 x 107 | 0,978

The last equation is outstanding in its descriptive value and it
is used to estimate at what spacing the maximum yield is expected to be
obtained, In a general form the formula can be written as follows:

e N I -1 -2
Y Xl X2 aXllx 4+ Xl + ch +4d

from which the equation is obtained:

2 -1 5

+ cX2X1 + dﬁlxz _
Differentiating Y with respect to and X, and putting the differential
quotient equal to O yields the follDwing equations for X, 1(max) and X2(max):
1

Xl(ma.x) = c%dﬂz

-l
Y= (a+bd )

- o] axl
o(max) = 7 2GE " T
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From these equations the maximum yield is estimated to be obtained at
an inter-row spacing of 21,6 cm and an intra-row spacing of 13,5 cm. -
This is an interesting resuly +that agrees fairly well with other
experimental data given in 4.2, . ‘

The number of capsules per plant located on the stem increased
slightly at wider spacing; more pronounced was the increase for capsules
located on the branches., The capsule length showed a trend of increase
at wider spacing, but a good deal of variation occurred especially for
the intra-row averages, The 1000 seeds weights failed to show a clear
spacing effect and so did the average oil content figures for different
intra.row spacings, but wider distances between the rows were connected
with lower average oil content figures, The dry matter weights of stems
and branches increased considerably with lower plant densities,

4.3, General discussion and conclusions

Recommended and practiced plant densities listed in Table 14 do
not exceed 225,000 plants per ha, but ¢ther figures quoted suggest
that higher densities often result in higher yields, The type of cultivar
in respect of branching is of course of influence. '

In view of so0il and water conservation the practice of planting
on ridges, and for many crops on ridges 91 cm apart, has been recommen.
ded in Wigeria since long. If this practice is adhered to and under
conditions similar to those described for the experiments, a spacing of
5 em on the ridgps is to be recommended, The Igbirra method of sowing
(242.5.) would improve greatly by adopting this method, B

‘ Where the practive of ridge planting can be abandoned, closer
Spacing between the rows than 91 cm results in a significant yield ine
creasg. The highest actual Yield obtained in the 1971 flat planted
¢Xperiment was 642 kg per ha for 20.3 om interwrow and 10.2 cm intra-row

Spacing, and with Bleasdale and Ielder's spacing formila it was estimated
that at an inter.row spacing of 21,6 cm

em a yield maximum was to be cxpeoted. Both 1 t .
- . e a
control point of viey chnically and from a wee

this spacing is well ace b i
approximated by drillin eptable and it can be

: g about 6 I r ha in sed
by a'llttle thinning if and wherecﬁegzssary. Tﬁzwiuigeimo?P;§:ﬁt£°;i§”e
ﬁw‘;ﬂlwz: abmln; 245,000. In faxmers' fields, where the Tiv method of
ber i wore themyes 2jo)s Righ densities of 459,269 . 908,969 plants
bution of th sirve o Plant growth is usually irregular, uneven distri-
contal br bi plants over the farm enhances mutual competition and weed
with thepb;oagms g?our frequently. The Tiv method of sowing is comparable
where the vi lgas ing treatment in the 1971 flat planted experiment,
obtained 3I’tei vas 337 kg per ha or 52 per cent of the highest yield
of the Tiv met;0§02glude§ thaf better results can be obtained if, instead
is adopted, Bowings the - more laborious - method of row planting



- 37 -
- 5» SOWING DATE AID CROP GROWTH

_ Most annual crops of some importance in Nigeria, including
groundnuis, sorghum, maize, cowpea, soya bean, castor and sunflower,
have been subjected to sowing date experiments (Annual Reports of
Institute for Agricultural Research, Samaru and of Federal Department
of Agricultural Research, Ibadan). General experience is that early
sowing favours crop growth and delay of sowing causes yield reduction.
This is the farmers' experience too. Unfortunately early sowing often
results in harvesting during the wettest months of the rainy season,
which, especially for sced crops, causes major drying problems,

Sowing date effects are of importance for the cultivation of
gSesame in many countries (Wbiss,.1971) and a thorough understanding
of the causes are of interest for production improvement, In view of
the posgible factors playing a role in relation to sowing date
differences, the following is to be considered,

(a) General ecology

According to Purseglove (1968) sesame is cultivated in tropical
and sub-tropical regions, in plains and up to an elevation of 1,200 m,
and mainly in the dry and hot tropics in areas with an annual rainfall
of 500 ~ 1,125 mm, It can tolerate periods of drought, but does not
tolerate waterlogging., It prefers light, well drained soils that will
retain adequate moisture, and it does reasonably well on poor soils,

(b) Daylength |

Interesting observations were made by Rhind (1935) in Burmese
sesames, Since long two distinet types had been recognised: Barly ones,
sown from April to the end of June and late ones, sown from Septemberx
to October. He found thet late types would not flower (a) when sown
early and (b) when sown late, if additional light was given after
sunset for two or more hours, The early types however produced flowers
when sown late, showing delay of flowering when additional light was
supplied after sunset. From the latter the best yields were obtained
under long~day conditions, Similar types have been recognised at
Mokwa and correspondingly the cultivar Yandev 55 would have to be
clasgified as early in type. .

Ghosh {1955) studied the effect of the photoperiod on various
plant characters of sesame. The different photoperiods however were
applied during periods varying from four to six wecks only, beginning
ten days after sowing, Shortening the photoperiod to 7 and 9 hours per
day caused earlier flowering, a decrease of vegetative vigour and
increased capsule production. :

Matsuoka (1960) founé for sesame cultivars from different
countries correlations between daylength variation due teo date of
sowing and several plant characters. In general plant length, days to
flowering and number of leaf pairs were positively correlated with
daylength., In studies to investigate the light sensitivity of sesanme,
he noted that the period from sowing to flowering, the height fo the
first capsule and the number of branches per plant increased, when
the daylength increased from 8 to about 14 and to 24 hours, but the
number of capsules decreased for his African cultivars (MatSuoka,

1959 and 1960)., |

Smilde (1960), studying the influence of light and temperature
on the vegetative and reproductive development of sesame, found that
seedlings werc not sensitive to the length of the photoperiod for
three to eight days after emergence, depending on the cultivar, Under
favourable photoperiodic conditions even the small area of the
cotyledons was sufficient for floral induction. The response wag
investigated at photoperiods ranging from 5 - 24 hours and consisting
of a basic illumination of daylight supplemented with different periods
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of weak fluorescent light. The number of days to floral initiation

an¢ flowering was minimal at photoperiods ranging from 10 - 13.hours,
consisting of at least 8 hours daylight; the delay a% pho?operlods 9f
5 = 10 hours was mainly caused by restricted photosynthesis, resulting
in a decline in growth. Although being accelerated by a short-day
break, -in most cultivars floral initiation and flowering occurred
eventually under long-day conditions,' even at 20 - 24 hours rhoto.
periods, At photoperiods of the same length no difference was found
between basic illumination periods of 10 and 13 hours, but in most
cultivars reduction of the daylight period to 8 hours or less caused

a delay in floral initiation and flowering, especially at long photow
periods., Within the group of culiivars originating from low latitudes
various degrecs of photoperiodic sensitivity occeurred, but all eultivars
from higher latitudes were rother ingensitive. Stem length, dxy weight
of the stem basis, number of leaves and leaf size, vegetative vigour,
nurber of flowers and capsules and seed production per plant incressed
as the photoperiod, irrespective of its composition, was extended from
6 « 20 hours, It was suggested that supplemental light influences the
production of dry matter owing to its effect on the leaf area and the
time of flowering, Vegetative development and seed production proved
to be closely'interconnected, but the connection was more or less
confused by a competition between the formation of flowers and the
development of capsules, Weiss (1971) reviews the literature about the
influence of daylength on Besame, He states that the consequences of
varying photoperiods on the growth angd flowering of scsame have been
widely studied, since this ig one of the major factors influencing -
yield, However the issue is a little confused by reviewing at the

- Bame place the influence of daylength, light intensity and sowing date.

From work he quotes it may be concluded that a longer daylength not
necessarily causes a yield increase,

Summarisin

vegetative growth i

?1°W9r3, capsules and seeds adver

Houras pot 2t Canad” (1a6] Peziods at flovering roduosd yiolde,
X 4ba 51 Gamad (1963 foung i !
%ntgrieptionireduoed the yield “hat shading t0 50 per cont 1light
1964) i -

(@) Zomperature
In studies g investi |

v gate the temperature sensi

Matsuoka (1959 anq 1960) noted that for his African cl

number of days from soving to flower

?apsule and the numbe :

in & vinyl house unde

tivity of sesame
£ ultivars the
ing, the height 4o the firat
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optimal for early flower initiation, whereas both high {33°C) and low
(15°C) night temperatures caused a delay, The retarding effect of high
and low night temperatures. was more or less counteracted by low respecte
ively high day temperaturcs, Moreover, low night temperatures offset the
retarding effect of long photoperiods, Weiss (1971) refers fto work of -
Kostrinsky (1955) in which the total number of heat units required b
sesame during the three to four months growth period is given as -
2,700°C. A seed bed temperature of 24°C is considercd adequate in the
field and temperatures of 25 - 27°C cncourage initial growth and

flower formation, A temperature of less than 18°C after emergence will
severely retard growth,

(e) Bainfall

Literature cn the influcnce of rainfall oh the growth of sesame
scems somevwhat ambiguous. There is agreement that waterlogging is
harmful (U.S.D.A., 1958; Parthazarathy et al,, 1949), The impression
is further gained on one side that sesame prefers to grow in a
relatively dry, light, well drained soil.

Kashi Ram and Madhava Row {1931) conducted pot experiments in
India with sesame growing in the open in soil that varied in clay:
sand proportion from all clay to ¥ clay : 3/4 sand. They found that
invariably the lighter soils gave better growth of roots and aerial
parts and higher yields than the soils with a larger proportion of
clay., John et al, (1940) described a wild sesame from Malabar, mainly
because of its unique character that it could withstand heavy rainfall
without adverse effects, which none of the cultivated types could,
Kostrinsky (1959) noticed in his experiments in Israfl that sesame is
relatively drought resistant and suffers from excessive moisture,

Tto and Matsuoke (1960) who worked with cultivars from different
countries, calculated the ratio of the yield obtained in the wet year
1957 and in the dry year 1956 and discovered that cultivars from
Africa and Indonesia and part of the late cultivars of India showed
low values for the said ratio. However, they suggested that this was
attributable to the high temperature and plenty sunlight in the
drought year, which favour the growth of late cultivars, and to the
increased damage by pests and discases during the wet year. Irvine
(1969) indicated that sesame thrives best in the drier parts of West
Africa, away from the closed forest. Hack (1970) carried out
experiments in the Central Sudan on plant emergence a2t varied air-
filled pore space of ‘the soil and observed that cotton, groundnuts
and kenaf emerged well when 20 per cent of the pore space was filled
with air while sesame did so only at 40 per cent.

Although one gets the impression that sesame would grow
optimally in drier areas, literature on the other side suggests
that sesame can tolerate well more precipitation as long as no watere
logging occurs for a period longer than a couple of hours (U.S.D.A.,
1958), In the Sudan (1954) it was experienced that 380 mm is
sufficient for sesame in the sandy dunes west of the White Nile, but
in parts of the Fung and Gedaref districis very good CrOpPS are grown
in permeable clay on a rainfall of about 635 mm; pr?v1ded the soils
are well drained, sesame will thrive under heavy ralnfa}l. Abdou et
al. {1970) found in the U,A,R. that during a growth period of about
80 days sesame showed an increase in yield at an increase of 1rylgat10n
water up to the highest dose of 1446 cubic meter per ha. Mazzani and
Alliovi (1969) concluded from results of rotation experiments in
Venezuela that sesame yields were clearly related to hydrological
balances, Deficiencies in the balance during the growth cycle badly
affected sced production, whereas yields under excessive rains reached
approximately the same level as when the balance was equilibrate,
Garcia et al., (1971) found in Venezuela a positive correlation @e?weeg
vield and rainfall in the range of 200 - 600 mm. Where the precipitation
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exceeded 700 ~ 800 mm, yields were .reduced, From VWest to Bast Africa,
according 1o Weiss (1971)~sesame is grown generally in areas too dry ‘
for groundnuts with a rainfall range of 400 - TBO.mm. In the Sudan it
ig grown in the %00 - 600 mm rainfall areas and with 500 mm excellent
crops are produced, However, a rainfall up to 850 mm will be tolerated
if soils are well drained, He considers the following distribution
optimals: Germination to first bud formation: 34 per cent; bud formation
to main flowering: 45 per cent; mein flowering to maturity: not more
than 20 per cent, falling as sceds are filling and cecasing as first
pods begin to ripen,

\ ITn a summery it is concluded that rainfall may be limiting for
gsesame production if it is insufficient, or if the distribution is
not optimal, or if it is excessive, and excessive rainfall occurs only
when o condition of water log;ing prevails or is approximated.

Side effects of heavy rainfall, thought of to be a posoible
factor of importance for a planting date effect, are (1) the formation
of a surface cap (see 3,1.,2,), .2} leaching of nutrients, nitrogen in
particular and (3) increased disease incidence.

The following paragraphs give first a summary of the experimental
evidence of a planting date effect on yield, observed in Provincial
Experimental Stations and av llokwa (5.1. and 5.2.). The effect of
planting date on various plant characters is more closely looked at in
5¢3+; while in 5.4. experiments are described in which the influence
of the planting date on the dry matter production during the growing
season is investigateds; different N treatments were included to trace -
their interaction with planting date and to find possible evidence of
_ N leaching and itg effect on plant growth,

Delay of sowing seems to reduce +the yield chiefly by suppressing the
branching. It was tried to counteract this effect by top~-cutting plants
to stimulate the branching; this is discussed in 5.5.

The influence of the formation of = surface cap, of leaching and of
shade on plant growth and yield were investigated in experiments

desceribed in 5.6 - 5.8. A general evaluation and discussion of the
results follows in’5.9,

5.1. Effeot of scwing date observations 1

86 Sowing date experiments have been carried out at Provincial
Experimental Stations and at lokwa during the years 1956 - 1962 (Steele
and Stonebridge, 1956 - 1962, unpublished results), These may be
clasgified as early sowing date experiments, having the first sowing
date as early as possible after the onset of the rains, and late sowing

date experiments with the first sowing date in August or later.

- The cxperiments consisted of two blocks of plots, each block
having the full series of sowing dates tested, Sowing dates were
allotted to the plots sysiematically and sowing commenced at opposite
ends gf the blocks and progressed in opposite directions, Host
expgrlments had a plot size of two ridges, 91 cm apars and 10.9 m long.
Sgw1ng'was on the ridges at a spacing of 15 em and thinning was most
tlmgs to two plants per stand. The cultivar used was Yandev 55 and
sowing was at Yegular intervals and in most cases overy two days, The
experimental sites were distrivuted over five of the six Northern States
at twenty-eight different places, There wére 44 early experiments and
42 late experiments during the six years' pericd of which 16 and 29
respectively failed %o produce more than 100 kg per ha for any one
sowing date. The low yields of these expériments ware éaused by a range
of different factors as poor rainfall distribution, sovere insect or
dlseaseT;ttaczéldamage by bush fowl ete.’

. e results of the experiments are as follows summari i
| z;itiiieg ind lo:hThed?ields_of the sowing date tréafmgﬁzir;Zig ;:en
or each indivi : ime i
5% the boot produciog Sg;?zz}aexperlment to a percentage of the yield

: ate of that experiment, and averages over
all experiments have been calculated in two ways: ’ ®
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(2) For the first and subsequent weeks of sowing, disregarding the
actual date of sowing and regarding only the order of sowing (Fig. 9).
The effect sc cbserved may be called a sowing date delay effect. )
(b) For the actual weeks of sowing during the various months (Fig. 10).

Yietd (°f) fig. 9 Average yield in per cent for
‘maﬂ Effect of sowing date obser-
80: vations 1, regarding the wesk-
| 50: ly order of scwing only.
40: ‘A = esrly sowing. B = late souwing,
20
.

Weaek of sowing

Yield (%)
190
80 -
60

40

20 1

0 llflll{il'!l,lillll'i]"]
3&t234‘.1234|-?234?2'3£li
tay Jun Jut IA

Week and month of sowing

fig. 10 Average yield in per cent for Effect of sowing date
observations 1 for different wseks of sowing.

A = sarly scuing. B = late sowing.
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Fig, 9 shows that for an early crop delay of sowing couses rapidly
substantial seed losses, and immediate sowing with the onset of the
rains is to be recommended, For the late crop some delay of sowing
as from early August caused a little yield increase, Fig. 10 sugpests
that Iareh and April are the months to sow sesame in areas where an
early crop is grovm, and for late sesame sowing dates during August
gave on an average the highest yields.

5,2, Date of sowing x fertilizer experiment

The Date of sowing x fertilizer experiment (Stonebridge and ven
Rheenen, 1963, unpublished resulis) was carried out at liokwa during
1963, Sowing dates were 23rd liarch, 27th lay and 2nd September and
fertilizer applications were at levels of nil and 125 kg per ha both
for sulphate of ammonia and superphosphate. The design of the experinent
wag a Randomized Block, the cultivar sown was 57/244;113, the plot
size was five ridges 91 cm apart and 10,9 m long, the spacing was 15 cn
on the ridges and thinning was to one plant per stand.

: The results showed no beneficial significant fertilizer effect
and no significant interaction of sowing date x fertilizer, but the
sowing date effect was significant and yields expressed as percentage
of the highest yield for the first, second and third sowing date were
100, 40 and 68 respectively, The average yiecld was 201 kg per ha.

5.3+ Effect of sowing date observations 2

E?r g better wderstanding of the effect of sowing date,
ohservations were made on plants of different sowing dates growing in
pots and on ridges in a nursery during the years 1964 and 1965.

5.3.1. Materials and methods

. ‘ ‘Pote used were of black polyethylene, 25.4 cm high and 11.4 cm
in dizmeter with a hole in the bottom and holes in the gide. The pots
were filled with a nixture of equal parts of sand and compost. The
conpost was passed through & sieve with 1.3 x 1.3 em holes, Fertilizers
were applied at a rate of 6,0 g sulphate of ammonia, 7.0 g superphos-
phate and 2,1 g muriate of potash per pot and the N:P:X ratio so
obtained was l:1:1. Root growth was not entirely restricted to the pot
fgr the treatments in the open, Ridges mede were approximately 25 cm
high, 30 om wide at the top and 6] ocm wide at the basis; no fertilizers
were appl%ed. A screened house with wire gouze, 4.5 m long x 2.7 m wide
X 2.2 n high, was used to talke one of the treatments under observation.
The reduction of the light intensity inside the screened house was
measured by means of two tube solarimeters, It amounted to approxinately
58 per cent, C ‘ -
For one of the treatments the daylength was reduced with the help of
moYable cages and double sheets of black polyethylene of 0,01 cn
thlcgness, vhich were placed in position to cover the plants in the
evening before sunset and which were rvemoved about half an hour after
sgnset. For another treatment the daylength was extended by placing a
light box, fitted with eight fluorescent tubes of 40 watt each, over
the p%ants at qbout 50 cm distance shortly before sunset. and b;
;zgoglng thelllght box again after the required daylength extension

een achieved. In both cares the photoperiodic effect of twilight

was neglected, Part of the treatments were spra i 3 Y g
- a
Gammalin and Didimac (B.X prayed with the insecticides

N .C. and D,D.T, d a
renained unsprayed, _ ) and part of the treatments

Seeds were pregerminated in idi in .
. Lege vetridishes to increase the uniformity of
t?:ngian§zhylthln the treatments, Each treatment consisted of fifteen
plants with one plant per stond and 15 cn spacing between the plants.
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Plants of part of the treatments rcceived water as required throughéut
the season, but others received water during the first itwo weeks after
sowing only. The different treatment combinstions uscd are tabulasted
below and +, ~ and O mean that the first, the second and the third
treatment respectively was applied,

Treatments Treatment combinations
1964 1965

() (-) (0) ABCDRET A'CH

Pots Ridges R i + + +

Open Screened house + 4+ - + + +

Insecticide Wo insecticide S I S R + 4+ 4

Watering Ro watering o R L + o

Daylength Daylength Daylength 000000 0 - +
extended reduced normal

Sowing in 1964 started on 9th April, continued till 23rd
September and was weekly for A, B and C, fortnightly for D and E or
sometimes ones in four weeks, and weekly again for F but only as from
27th August,

Sowing dates for A', G and H were 17th May and 3lst August and for
G and H the daylength was 3o much reduced and extended respectively
that it was as if sowing had been on 3lst August and 17th May
respectively regarding daylength only.

Observations were made on the following characters:

(a; Days from sowing to flowering and from sowing to harvesting.

(b Position of the lowest flower on the stem recorded as number of
nodeg between the cotyledons and the first flowex,

(c) Incision of the leaf margin scored according to its relative length
when compared with ite nearest lateral vein as follows:

Leaf incision Score
Classification Relative length 1965 1964
Entire 0 0 14
Serrate 0-1/8 5 14
Lobed 1/6 - 1/4 15 14
Lobed 1/4 20 14
Lobed 1/4 ~ 2/4 30 14
Incision half-way 2/4 40 55
Parted 2/4 - 3/4 50 55
Parted 3/4 60 55
Parted | 3/4 - 4/4 T0 55
Compound 474 80 80

(a) Length of the stem and of the branches at harvest, the latter
by grouping the branches in classes of 5.1 = 12.7, 12.7 =~ 25.4,
25,4 - 50,8 cm (2 « 5, 5 ~ 10, 10 = 20 inches) etc. and by
miltiplying the number per class with the class mean,

(e) Mumber of capsules on stem and brenches and seed yield.

Characters under (a), (b) and {c) are expected to show influences of
daylength differences due to different dates of sowing. Characters
under (d) provide a measure of the growth vigour of the plants and
those under (e) represent their yielding capacity.



5.3,2, Results

The number of days from sowing to flowering and harvesting
obgerved in 1964 are shown in Fig, 11,

Days to harvesting

120-| _R
1 T \2
116 - ’r \\
{ . .
112 *’/’ : \

Days to flowering
68

64 -
80
56

52 1
TR

Apr May i Jot Aug
Month of sowing

Eig. 11 Effect of souing date ob-
sarvations 2, 1964.
Numbar of days from sowing
to flowsring and from acwing
to harvesting.
{1} Averags for trsatments

A, Brand Ce

{2) For treatmsnt D.

There was the tendency of delay of flowering with delay of sowing
till July, after which flowering was earlier agains the number of
days from flowering to harvesting waried little for the different
sowing dates except for those at the end of August and during Sep-
tember when it was short with a minimum of eighty-nine days. -
Treatment D, sovn in the screened house, flowered on an average
about nine and five days later than A, B, and € during July and
August sowing respectively, and except during September sowing it
needed considerably more time to mature. Treatment F with no .
watering from two weeks after sowing showed very little difference
in dmys to flowering and harvesting from treatment A with contlnued
watering, So did treatmentsB and C,
During 1965 flowering of A' and C was 48 and 42 days after sowing -
in Mey respectively and flowering of A' and H was 49 and 55 days
after sowing in dugust respectively. Corresponding figures for
harvesting wore 96 and 87 for iy sowing and 98 and 119 for August
sowing, The movable cage, vhich reduced the daylength, had caused
6 days and 9 days advancement in flowering and harvesting respectively
and the light box which ‘extended the daylength, had caused § and 21
- days delay in flowering and harvestlng respectively.
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The position of the lowest flower on the stem for the various
treatments in 1964 is given in Table 23,

Table 23. Lffect of sowing date observations 2, 1964, Position of the
lowest flower on the stem given as number of nodes between
the cotylefons and the first flower.,

Iionth of ~ Treatment
sowying A B C D B F Average A - B

April
May
June

0.4
1,2
9.6
July 9.5
8.9
9.3

e

0.1

0.8

9.7

8.8 -
August 8.5 9.7
September 8.7 0,0

1

The lowest flower on the stem raised in position from April
to iay, dropped during June and July and raised a little again for
September sowing for most treatments, but not so for the one in the
screened house,

During 1965 the position of the lowest flower for A' and G with
planting in May was 10.9 and 8,5 respectively, and for A' and H,
August planting, 9.7 and 11,3 respectively, showing diffcrences of
2.4 and 1.6 duc to the cage and the light box, which reduced
respectively extended the daylength.

Leaf incision scores are presented in Table 24.

Table 24. Effeect of sowing date observations 2, 1964. Average leaf
incision scores for leaves on node 8, cotyledons not
included to determine the position.

Treatment,
Sowing dates : A B c D Average
9/4 - 1/5 80,0 69.6 75.0 39.5 66.0
14/5 - 11/6 75.5 T3.4 T4.2 22,7 61.5
18/6 - 16/7  14.0 54.3 70,7 30,1 42,3
23/7 - 20/8 5L.2 49.4 52,5 14.0 41,8
27/8 - 23/9 58,2 63.5 63.5 23,2 52,1

The leaf incision score dropped during June, July and August and
increased again during September sowing, The plants in the screened
house differed in respect of leaf incisions very clearly from plants
of other treatments., Table 25 shows leaf incision scores for 1965,

Table 25, Bffect of sowing date observations 2, 1965, Average leaf
incision scores for leaves on nodes 1 - 5 and § - 10,
cotyledons not included tfo determine the position.

Treatment
Al G H
ﬁ;&; Node ode
Soving date 1~-5 6.~.10 1-5 6~10 1-5 610
17/5 . 44,2 5.6 2442 - -

T.58
- 31/"8 4,8 10,6 - - 5.7 37.8



engt ' to G decreased the score
The treatment ta reduce the daylength from A :
and the treatment to extend the daylength from A' to H increased the

5COYR. _ " . .
© Plant longth and length of wranches at harvest dbserve@ in 1964

are shown in Fig, 12.

Lm@mkqn)” ' ‘Fig. 12 Effoct of scwing dats obe
4504 ' ' ‘ servations 2, 1964,

200, ' Length of etem (&) and

360 - branches {b).

320 - (1) averags for treatments
280 A, B and C.

2401 l(z)'For troatment 0.

200

IBD:

120

HD; “\”"““*““*«eaz

“0 ] a"‘“-nA:______M...-A-“"'“\

. y XY
Apr  May Jun  Jul Aug E;p

Months of sowing

The stem length decreased after iy and increased again during Sep-
tember sowing, The length of the branches decreased after April and
increased after July sowing. The screened house, for treatment D,
reduced the stem length and depressed strikingly the branching.
stem length of treatment A for August and September sowing was 119
and 133 respectively, and for treatment F with no continued watering
142 and 139 cm réspectively, and the corresponding branch length
amovnted to 203 and 269 cm for A and 345 and 531 cm for ¥ respectively.
During 1965 the stem length for A' and G, sown in Vay, amounted to
182 and 169 cm respectively, and for A' and H, sown in iugust, 158
and 189 cm respectively. Corresponding branch lengths were 521 and
403 cm for A' and G and 493 and 503 cm for A' and H respectively.
Numbers of capsules per stem and per plant at harvest, observed

in 1964,axe given in Tig, 15. Seed yields in gram per plant are shown .
in Table 26, . .
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cqgmemmmw Fig., 13’ Effect of sowing date ob-

140 servatione 2, 1564,
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Table 26, Effect of sowing date observations 2, 1964, Seed yield in
gram per plant.

Month of _ Treatment

sowing A B C D B F . Average A ~ B
April - 22 15 15 3 7T - 12

May i4 12 14 3 1 - 9

June . 4 4 5 1 2 = 3

July 5 611 1 1 - 5
August S 8 7 1 3 14 6
- September 12 7 8 2 12 16 8

Tn general there was a decline in number of capsulgs per plgnt
and seed yield from April +ill June-July, followed by an increase in
AMugust and September. Differences were caused mainly by the cogtrlbutlons
from the branches, Treatment D, grown in the screened.house, yleldgd
poorly and the unsprayed treatment E gave a139 poor yields because of
insect attack, Treatment F with no more watirlng two wecks after sowing
did very well when compared with trcatment A, .
Duringr¥965 the numberpof capsules pgr plant for A! ?nd G,Hsown 13.
May, amounted to 175 and 152 respectively, agd for A gn%d ’ sownlln
August, 160 and 185 respectively. Corresyondlng seed yiclds were .5
and 18 grams and 23 and 27 grams respectively. .
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5.3.3. Discugseton and conclusions

Tn accordance with previous results, yields decreased with
delay of sowing and improved again at the end of the season, Plant
vigour, expressed in stem length and branching, gshowed a similar
trend. So did the relative extent of leaf incision and the position
of the lowest flower on the stem, although the increase of the latter
at the end of the season was very small or absent, The number of days
to flowering inecreased till July and decrecased rapidly in Septembex

sowing.

In addition two observations seem to provide information relevant to

the observed sowing date effect:

(a) The plants in the screened house showed very poor branching and
produced low yields, most likely due to the 58 per cent light

reduction,

(v)

The treatment to reduce the daylength caused earlier flowering,

earlier harvesting, lower flower position, less leaf incision, a
little less vigour and a somewhat smaller capsule yields the seed
yield was not reduced, The treatment to extend the daylength had
the opposite cffect but gave a seed yield increase.

5eda

Sowing date and erop growth experiments 1, 2 and 3

During 1967, 1968 and 1971 sowing date experiments were carried
out in which dry matter production and leaf area were estimated by
taking plant samples at regular time intervals during the growth period.
In the first experiment two different cultivars were used, the well
branched cultivar Yandev 55 and the practically unbranched cultivar
Dulce, and in the two other experiments only Yandev 55 was sown, In
1968 and 1971 the plots of different sowing dates were spocially isolated
to avoid possible insect and disease effects from previously sown treat-
ments, Two diffexrent N treatments were superimposed on the planting date
treatments during 1967 and 1968, while two more N treatments were added
in 197) with a view to detect a suspected effect of N~leaching due to

heavy rains.

Sedel. Materials and methods

Main.information on materials used and mothods applied for the
three experiments iz +tabulated below. '

Vaterials and methods Bxperiment 1('67) Experiment 2(168) Txperiment 3('71)

Layout
Replications
Treatments:
Sowing dates
N-application®
{(ultivars
Manure (other than
N)*k

Plot size

Spacing -

Sampling frequency
Number of sample
pPlants per plot

4 x 22 Factorial

3

20-4, 31-5, 10-8,
and %1-8
Nl and N2{2)

Yandev 55 and
Dulce '
P

10 ridges, 91 cm
apart ond 7.3 m
long

15 cm on the
ridges

- Fortnightly

10

Oven temperature (°¢) 105

N, P and K analysis

Leaves

5

Split-plot
4

15-4, 15-7 and .
-9

2
N1 and N2(2)

 Yandev 55

P

5 ridges, 91 cm
apart and 5.5 m

“long

15 cm on the

" ridges

Ones in 3 weeks

85

Leaves

Split-plot -
5

21-5, 15-6, 9=T,
3-8 and 27~8
N, ¥2(2),

w2{1) and N2(4)
Yandev 55

P+ K

10 ridges, 91 cm
apart and 9,1 m

long

15 em on the
ridges’
Weekly

10

105 .
Whole plants -
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*: N1 = 250 kg sulphate of ammonia at sowing per ha.

N2{2)= 250 kg sulphate of amnonia at sowing + 250 lg sulphate of
ammonia at.commencement of flowering (1967} or appearance of
flower buds (1968 and 1971) per ha.

N2£1§= 500 kg sulphate of ammonia per ha at sowing,

H2{4)= 125 kg sulphate of ammonia per ha at sowing and 125 kg sulphate
of ammonia per ha every three weeks after sowing, three times:
total application 500 k7 per ha.

**: P = 125 kg superphosphate per ha at sowing.
K = 125 kg muriate of potash per ha at sowing,

Crops were sprayed frequently with insecticides for leaf-curl and leaf
roler control and during 1960 and 1971 also with a fungicide for the
coentrol of leafspot,

Before drying in ventilated heat ovens plants werxe divided in root,
stem -+ branches -+ petioles, leaf laminas, and flower buds + flowers -
capsules. The cork bore method was used for leaf arca determinations:
the diameter of the Wore was 9 mm.

Chemical analyses of leaf and plant samples were carried out at Shika
Agricultural Research Station and Institute for Agricultural Research
at Samaru. Apaxrt from N, P and X also Zn, Ca and Mg determinations were
carried out in 1971, In the same year soil samples were taken to a depth
of 90 em with 15 cn intervals for weeks 1 - 7, 10 and 13 after sowing
in each plot of treatment N2(1), The samples were bulked per treatment,
dried at 105°C and analysed at Samaru for N content,

5.4.2, Results

The results are presenied in the following order, The growth
analysis formulac are those Fisher (1921), Gregory (1926} and Radford
(1967) proposed.

(a) Total dry matter production,

- | 10 .
(b) Crop growth rate (C.GeRd): Wz = WL, 10 4n kg dry matter per ha per
2 - t1 S day
Y2 = dry matter production in g at time t2

dry matter production in g at time t1

sample area in n?,

Wl

it

3}

"
(¢) Leaf area index (L.A.I.) C % as leaf area per ground area planted

A = leaf area

S = sample axea. 1n A1
- WL _ 1ln A2 - 1n Al
(a) ?eﬁ assimilation rate : %3 i1 YT A2 - AL
N.A.R.)

in g per dm? per
week

W2 and W1 as for (b)
A2 = Jeaf area in ame a2t time t2

Al = leaf area in dm2 at time t1.

(e) Results of chemical analysés of plant material and soil samples.

(f) Production figures and misccllaneous observations.

i d dry matter
Total dry matter production of treatment N1 and ;
production ratigs of N2(2): ML for three different sowing dates in each

experiment are presenied in Fig. 14 -al, a2, b and c.



Dry matter production (N2:N1)
N2 (2 )

18
14 -
1.0
08

Nlin g peri0 plants

1600 - az

800 - o—o first sowing

600 x==y last sowing
400 -4
2004

o

¥

20

100
Days after sowing

Ory tatter production (N2:N1)

N2 (2)
18 | e
% I TN ek
1045 .
06

Ntin g per 18 plants
800 -

600 -
400+
200 -
o { ! ¥ L 1 H L
20 40 £0 86 100 20

Days after s0wing

14 Total dry matteyp production in

g per 10 plants fo
treatment N1,

841t Cultivar vandey 55,

8,2% Cultivar Dulcé
b

L+

sowing dates 20=4, 31w5
sowing dates 20«4, 315
soving dates 15-4, 157
sowing -datos 2l-5 G

And conrsaponﬂlng gry mattaer Production ratigs of
N2(2).N1. ' '

¥
3 Cultivar Yandey 55,

s Cultivar Yandev Ss8§,

‘ Hz(z):'ﬂpplicatinn of éecdnd N dosisa,

-9 Mmiddle sowmg

x

snd 31-8, 1967.
and 31-8, 1967.
and 2-~9, 196€.
and 27-8, 1971.

trostments



- 51

The total dry matter production curves have in common anr increase
steeper for the Tirst than for the later sowing dates. 'The shape of
the curves of the last sowing dates when compared with that of the
middle sowing dates reminds of the previously observed improvement for
sowing later during the season,

The dry matter production ratios for the N2(2) and N1 treatments in o

anC b scen to suggest an interaction of the application of the second
N dosis with the date of sowing, which might be explained by an N
leaching effect of different magnitude during different times of the

year,

Such an effect would manifest itself if the same total amount of ¥ was
applied at different time intervals during the growth scason, as was
done during 1971, Table 27 shows the total dry maticr figures in detail
for the experiment of that year,

Table 27. Total dry matter production in gram per 10 plants for plan-
ting dates 21-5, 9~7 and 27-8, 1971 and samples of 5 - 14
weeks after sowing, S,E.D.1 and 2: at same and different
sowing dates respectively.

Week

215

Treatment

9-7

m———

Treatment

27-8

Treatment

¥ X2

(2) (V)

Nz -

N2
(4)

N1 N2

(2) {

H2 N2 Wl

1) (4)

H2 N2 N2

(2) (1) (4)

S.E.D.1

S.E.D,2

factor of the planting date

1967
1967
1967:

1967
1967:
1967

1968;
1968:
1968
1971
1971

1971

11
32 32
81 82
158 168
281 %29
419 418
700 729
600 876

12 13
39
97

215

360

576

774

960

10
52
73
161

5 4
12 12
34 30

80 911

7 4 11
17 11 60

44 29 102

26 178 196

291 145 183 211 185 267
440 215 236 277 261 313
678 271 276 349 330 350
895 324 335 384 412 341
732 981 1118 1014 329 295 344 365 307
605 939 889 800 326 253 355 321 296

10 10 8
54 55 50
10% 93 102
205 196 187
275 289 251
303 292 273
348 337 350
358 394 340
313 364 345
351 325 289
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The small differences between treatments N?(E), 32(1) and N2(4)
do not support the hypothegis that leaching of N 18 an important

eff

ect.

Crop growth rates of treatment N1 are given in Fig., 15-al, a2,
b and ¢, Growth rate ratios of N2(2): N1 for the three different
sowing dates in each experiment at the times of sampling were:

Sowing date
Sowing date
Sowing date

Sowing date
Sowing date
Sowing date

Sowing date
Sowing date
SJowing date

Sbwing date
Sowing date

Sowing date

204,

515,
31.8,

204,

31"'59
31.8,

154,
15-7,
29,

21-5,
9T,

27-8,

cultivar
cultivar
cultivar

cultivar
cultivar
cultivar

cultivar
cultivar
cultivar

cultivar
cultivar

cultivar

Yandev 55: 0.9, 1.5, 0.8, 0.9 and 0.6

Yandev 55: 1,0, 1.5, 1.7, 1.3 and 1.3

Yandev 55: 0.9, 0.5, 0.5, 1.2, 0.5
and 0.7

Dulce : 1,0, 1.1, 0.8, 1.1

Dulce : 1.2, 1.0, 1.3, 1.9

Dulce : 1.1, 0.9, 0.7, 0.9 and 0.8

Yandev 55: 0.9, l.1, 1,1 and 1.0

Yandev 55: 1.1, 1,1, 1.8 and 0.9

Yandev 55: 0.9, 1.0, 1.1 and 0.6

Yandev 55: 1.1, 1.2, 1.1, 1.0, 0.9,
1.0, 1.1, 1.3, 0.7, 1.1

Yandev 55: 1.0, 0.8, 1.0’ 0.8, 1.5,
0.8, 1.3, 1.4, 0.8, 0.7

Yandev 553 017’ OI?’ 1-0, 0.9, 0.9,
1.2, 1,1, 1,0, 0.6, 1.2

aly a2
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The high crop growth rate values for the first planting dates
and the differences between the middle and the last sowing date are
striking. During part of the growing period the growth rate of the
last sowing exceeds that of the middle sowing, The growth rate ratios
for the N2(2) and Ml treatments during 1967 and to a lesser extent
during 1968 suggest the possibility of an ¥ leaching effect, Table 28
with crop growth raites for 1971 fails to show such an effect.

Table 28. Crop growth rates in kg per ha per day for planting dates
21-5, 97 and 27-8, 1971 and samples of 4 ~ 10 weeks after
rlanting, S.E,D,1 and 2: at same and different sowing dates
respectively,

Sowing date

215 9=7 27=8
Treatment Treatment Treatment
Week N1 N2 N2 N2NL N2 H2 N2 NI N2 N2 N2
(2) (1) 4)  (2) (1) (1) (2) (1) () s.2.D.1 S.B.D.2

4 9 9 10 73 2 4 210 9 8 6 1.5 1.8
5 21 20 27 22 7 9 10 750 45 46 43 3e4 4.2
6 50 52 59 4324 18 28 19 43 50 39 53 7.8 8.9
7 79 88121 90 46 62 83 50 97 105 106 88 12,6 13.5
8 126 165 145 133 67 95 87 110 72 72 96 65 24.4 24.3
9 141 91 223 152 72 55 68 78 47 28 3 23 39,2 40,3
10 289 319 200 245 57 41 74 71 38 46 46 719 60,8 57.0

Leaf area indices of treatment 171 are shown in Fig, 16 -al, a2,.b and c.
Leaf area index ratios of N2(2): N1 for the three differcnt sowing dates
in each experiment at the times of sampling were:

1967: Sowing date 204, cultivar Yandev 55: 0.9, 1.2, 0.7, 1.0, 1.1
and 1,7
1967: Sowing date 31-5, cultiver Yandev 55: 1,0, 1.4, 1.8, 1.6, 1.7,
7 0.9 and 0,6
1967: Sowing date 31-8, cultivar Yandev 55: 1.0, 0.7, 0.5, 1.1, 0.8,
1.4 and 2.7
1967: Sowing date 20.4, cultivar Dulce t L1, 0.9, 0.7, 1'9’ Lo
1967: Sowing date 31-5, cultivar Dulce : 1.9, 1.0, 1.6, 1.3 and 2.4
1967: Sowing date 318, cultivar Dulce : 0.9, 1,0, 0.9, 1.1, 0.8
and 0.7
1968: Sowing date 15-4, cultivar Yandev 55: 1,0, 1.2, 1.2, 1.1 and 1.3
1968: Sowing date 15-7: cultivar Yandev 553 1.0, lo2, l.B: 1.3 and goé
1968: Sowing date 2_.-9’ cultivar Yandev 553‘ 1¢0r loO! 1.1; 1.0 and *
1971: Sowing d -5, cultivar Yandev 55: 1.0, 1.2, 1.1, 0.9, 0.9, 1
97 owing date 21.5, ¢ 1.1, 1.2, 1.1, 1.0, 1.7,
| 1.4 and 1.3 1 0
1971 Sowi - i Yandev 55: 1.0, 0.7, 0.9, 0.8, 1.1,
971: Sowing date 9-7, cultivar 1.3, 1.4, 1.2, 1.2, 1.1, O
and 0.5 0.8, 0,9, 1
1971: Sowi - i Yandev 55: 0.7, 0.7, 0.9, 0.8, 0.9,
71z Sowing date 27..8, cultivar | 1.0: 1.1: 0.9, 1.0, 1,1, 1
and 1.6

The leaf area index curves for the different yea
common that the values of the first sowing date are cons
than those of the later sowing dates and
sowing date exceed for a while those of
Teminds one of the shape of the totalld
the observation that sowing later during

¥icld improvement.

rs have in
iderzbly higher
that the values of the last
the middle sowing date, which
ry matter production curves and
the season may reault in
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€ 3§ Cultivar Yandey 55, sowing dates 21=5, 3-7 and 27-8, 1971.
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The leaf area index ratios for the N2(2) and N1 treatmenis during 1967
and to a lesser cxtent during 1968 suggest as for total dry matter
production and for crop growth rate the possibility of an ¥ leaching
effect. Table 29 with leaf area indices for 1971 however fails to show
such an effect.

Table 29. Leaf area indices for planting dates 21-5; 9-7 and 37-8, 1971
and samples of 3 « 14 weeks after planting. S.5.D.1 cnd 2%
at same and different sowing dates respectively.

Bowing date

21-5 947 273
Treatment Treatment Treatment
Weel N1 N2(2) w2() mA4) m1oie(2) wo1) nd4) N1 oma2) me() ne(4) ¢ e
3 0.,02 0,02 0,02 0,02 0,01 0,00 0.01 0,01 0,01 0,01 0.01 0,01 0,002 0,003
4 0,06 0,06 0,06 0,06 0,05 0,05 0,06 0,04 0,05 0,04 0,05 0,04 0,008 0,010
5 0,21 0,19 0,24 0,16 0,10 0,09 0,14 0.08 0,23 0,19 0,21 0.15 0.026 0.036
6 0,56 0,52 0.65 0,51 0.21 0.22 0.31 0.20 1.13 1,01 1,02 0,97 0.054 0,078
T 1.25 1.33 1,57 1,24 0,59 0,50 0,72 0,51 1,68 1,68 1,72 1,68 0,122 0,163
8 2.24 2.45 2.86 2,30-1,23 1,54 1,91 1,21 2,26 2,25 2,62 2,12 0.165 0.198
9 3423 3,98 3,82 3,71 2,06 2,92 2,60 2,70 2,11 2,22 2,35 2.20 0,255 0,307
10 3,96 4.25 5,47 4,75 2,57 3.18 3.07 3.62 1.79 1.58 2,08 2,23 0,373 0.426
11 5.61 5.73 5.36 5.30 2,18 2,59 2,94 3.08 1.45 1.44 1.38 1.42 0.456.0.450
12 2,46 4,15 4,37 4,87 1.86.2,0% 2.22 2,81 0,82 0.87 1.10 0,94 0,336 0.391
13 2,46 %,37 3,05 3,81 1,14 0,90 1.00 1,19 0.37°0.42 0.63 0,45 0,361 0,407
14 1.44 1,83 1,29 1,36 Q.61 0.32 0,59 0:58 0,12°¢.21 0,21 0,09 9.193 0.278
Net assimilation rates for three different sowing dates in each
experiment are shown in Tables 30, a, b and c. :
Table 30a. Net assimilation rate in g_pertdmz_perlweek for cult%vars
' Yandév 55 and Dulce, treatments N1 and N2(2) and sowing
dates 20~4, 31-5 and 318, 1967.
cultivar, sowing date cultivar, sowing date
and N treatment and I treatment
Days Yandcv % Dulce Days Yandev 55 Dulce
from 204 20-4 from 315 31-8 31-5 31~3

sowing N1 N2{2) N1 N2(2) sowing N1 ¥2(2) Nl m2(2) M n2(2) m u2(2)

: 21 ,15 .15 .04 .04 ,12 .14 .03 .03
0-33 31 .29 W39 39 L0 as tw "5 s i35 42 139 .34 .34
33-47 051 .63 .45 .49 35-49 ¢27 028 140 -35 053 053 -34 028
4T-61 4T 41 61 .62 49-63 J42 .32 W50 WTT W23 W33 .75 Eg
6175 .25 .27 .38 4T 6377 .38 .42 .46 .28 - .07 .90 .E6
7589 11 .17 = .~ 7791 .10 - .05 .32 - -~ .20 .
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Table 30b, Net assimilation rate in g pex am® per week for cultivar
' Jandev 55, treatments N1 and N2(2) and sowing dates 15-4,
15-~T7 and 2-9, 1968,

Days Sowing date and I trcatmont
from 15 =~ 4 15 - 7 - 2 -9 )
sowing = ML m{2) N1 m{2) w1 N2(2)

0-21 .27 ",25 .21 24 21 L2l
21-42 .93 ,58 AT W46 59 .61
42-63% 34 . W31 40 4T - 36 .36
63-84 .15 ,13 46 .20 15 .08

Table 30c. Net assimilation rate in g per dmzrper weak for cultivar
_ ..Yandey. 55, treatments N1, w2(2), N2(1) -and N2(4) and -
sowing dates 21-5, 9~7 and 27<8, 1971, 8.7%.D.1 and 2: .

at same and different sowing dates respectively,

"Days = " Sowing iate and Hftreatmentn
from . 2l -.5 9 -7 27~ 8
‘gowing N1° N2 N2 N1l N2 N2 N2 N1 N2 w2

N2 N2 .
(@ () @) () Q) () (2) (1) (4) 8.E.D,1 S.E.D.2

) _0"', 7 -43 -43 h54 -42 130 -33 051 n34 035 033 -32 .53 . 0024 0028
" 7~14 0 ,40°.40 J47 ,38 .37 39 37 .38 .33 ,34 .38 ,40 .030 o034
14-21 - ,39 ,37 ,40 .40 «30 32 ,34 ,27 ,32 +39 .36 .33 . ,038 .« 039
21-28 i43 '49 044‘ 044 030 125 030 029 048 .51 .46 043 0045 0044
28-35 .39 ,39 .44 «44 .30 ,39 ,32 ,35 +52 .52 ,51 .54 ,049 - 051
35-42 438 .38 3T .34 .42 .36 »36 .38 .21 ,26 ,20 ,28 ,057  .0&0
43-49 .32 .33 ,39 .36 .35 42 .46 .40 .34 .38 .35 ,32 .053 ,060
4956 .31 .36 ,31 ,31 ,29 «30 .27 .39 .24 .23 ,27 .21  .068 . 064
56~63 .28 ,16 ,32 ,25 .00 15 .17 .16 .17 ,10 ,02 .07 076 - ,080
63~70 .41 .43 .27 ,34 .17 .10 .18 .16 ,16 ,20 .19 ,31 113 110

Average values of the Wet Assimilation Rate for the first sowing date
exceeded those of +the middle sowing date for

: about 5 - 7 weeks, after
which theﬂratipibetween the itwo fluctuste

_ d over and below the value 1,
The average values of the Net Assimilation Rate for the first sowing
date exceeded those of the last sowing date for the first 5 - 7 weeks
after sowing, after which the ratio changed in favour of the latter

for sevoral weeks and then fluctuasted over and below the value 1,

The average values of the ifet Assimilation Rate for the middle sowing
date exceeded a litile those of the last sowing date for the first _
2 « 4 weeks after sowing, after which the ratio between the two changed
in favour of "the latter for'sevefal weeks and then fluctuated over and

below the value 1, Differences between § treatments varied, not showing

%9$iear tren@, and lacking statistical significance in most cases in

Results of the chemical analyses of leaves and whole plants for
N? P and X for three different Sowing dates in each exXperiment are
glven in Tables 31, a, v and €y, 32, a, b and ¢ and 33, a, b and ¢,
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Table 3la, N content in percentoge for dried leaves of cultivars
Yandev 55 and Dulce, treatments K1 and N2{2), sowing dates
20-4, 31-5 and 31-8, 1967 and different dates of sampling.

celtivar, sowing date

cultivar, sowing date

Table 3lc, ¥ content in percentage for dried whole plants of-cu}tivar
Yandev 55, treatments W1, §2(2), ¥2(1) and w2(4), sowing
dates 215, 9-7 and 27~8, 1971 and different dates of

Deys and N treatment Days and K treatment
from Endev 55 Dulce from Yandev 55 - Dulce
50w 20-4 20-4  Sow- 31.5 318 31-5 31..8
ing Nl N2(2) Ml ¥2(2) ing N1 N2(2) wWl me(2) Wl N2(2) Ml m2(2)
21 5,20 5,31 5.28 5,09 4.86 4.86 4,80 5,01
33 4490 5.10 4,88 4.98 35 4,43 4.51 5.87 5.57 4.29 4.69 5,17 5.39
47 4.94 4.82 5,15 5.26 49 3,20 4,14 4,99 5.20 3,41 4.72 4,94 4.93
61 4.53 4.50 4.35 4,70 63 3.54 4.06 4,43 4.56 3.07 3.66 4.83 4.82
75 3.74° 3,66 3.63 3.89 T7 3.39 4.22 3.73 4.02 3,06 3.31 4,02 3,95
89 2.96_ 2.86 2,58 2,93 91 3,66 3.94 2,70 2,77 - -  2.86 2,51
103 2.54 2.59 - - 98 3,60 3,60 2.53 2.74 - - - -
Ve 3494 3.92 4,12 4.35 av. 3,86 4,25 4,22 4.28 3,74 4.25 4,44 4.44
Table 31b, N content in percentage for dried leaves of cultivar Yandev
: 55, treatments Wl and 12(2), sowing dates 15-4, 15-7 and
2--9y 1968 and different dates of sampling.
Days . Sowing date and N treatment
from 15 - 4 15 =7 2«9
sowing WL - H2(2) WL ocwe(2) wm m2(2)
21 6.16 5.91 4499 5.11 5447 5.66
42 4.68 5-51 5424 ' 5.76 4098 5-39
63 2,96 3.64 3.3 4.25 3,77 4.38
84 2420 2,88 2,41 3.15 2.77 3.10
98 2.32 2.52 2,308 2.75  2.49 3.02
average 4,58 5412 4458 5.25 4,87 5.39

sampling.

Days Sowing date and I treatment |

Lzom 21 - 5 9 - 7 27 - &
sowing M1 ¥2(2) m2(1) me(4) M m2(2) we(1) we(4) M m(2) w21} w2(4)
21 3.85 3,91 4,39 3,58 3.70 3.44 4,10 3.18 455 4,38 4,69 4.10
42 3,08 3.77 5.94 3.82 3.79 3.47 3.94 3.86 434 4.15.4.36 4.4
63 1.70 2.38 1.93 2.20 2,16 3.02 2,65 2.75 1.89. 1,79 .2.48 2,19
T 2,33 2.48 2.75 3.02 4.40 5,37 4,82 5.54 3.01 3.85 2.88 3.15
average2,84 3,19 3.25 3.16 3.51 3.83 3.88 3.83 3.45 3.54 3.60 3.47

Tt is noted thet in 1967 the K contents for Yandev 55, :
date, exceeded those of the middle sowing date during the first 9 w
after which the opposite was observed;
¥as all the time higher in N conient.
had on an average somewhat higher values than the T
T?e differences between treatments N1 and N2(2) wer
first and last sowing date and more pronounced an

for the middile sowing date.

e small

first planting
ecks,
for Dulce the first sowing date

The last sowing date, however,
irst sowing date,

for the

d in favour of M2(2)



- 58 -

During 1968 differences in N content between the different planting
dates were small; the last planting date showed the highest average
values, Treatment M2(2) had higher N contents than treatment N1 and
-more 80 for the middle gowing date and also thé first sowing date than
for the last scwing date, - o '
During 1971 the first sowing date showed the lowest N content figures,
follcwed by the.last and the middle sowing date respectively, Differen-~
ces between treatments with equal amocunts of 500 kg sulphate of ammonia
per ha were small; treatment N1 with half the amount showed lower N
content figures, but for the lact sowing date the differences wexe

C small, : ‘ . '

Table 32a. K content in percentage for dried leaves of cultivars
Yandev 55 and Dulce, treatments N1 and -N2{2), sowing dates
. 20-4, 31-5 and 31-8, 1967 and different dates of sampling.

_ cultivar, sbwingj&ate ‘ cultivar, soring date

Days and N treatment Days \ and N treatment

from  Yendev 55  Dulee from Tandev 55 Dulce

SOW= 20-4 . 20~4  sow-  31-5 318 315 31-5
ing Wl w2(2) W N2(2) ing . W1.N2(2) . W1 N2(2) . Nl m2(2) WL me(2)

. 21 2,11 2,22 1,67 1.45 2.30 1,89 1.96 1.75

33 1.85 1,72 2,18 1,61 35 2,07 1.88 1.50 1,44 2,08 2,12 1,41 1,50
47 1.81 2,03 2,17 2,19 49 0,86 1.02 1,15 1.22 1.23% 1.32 1.29 1.29
6l 1,65 1.54 1.72 1,70 63 1.25.1.35. 0,90 .0,91 - 1.48 1.61 1.10 1.07
75 1,65 1,05 1,00 1.69 77 0.93 1.35. 0.26 0.24 0,89 0.94 0.34 0.39
87 1,42 1,52 0,97 0,96 91 0.65 0,86 1,06 1.20 ~  « 1,31 1.19
103 0.73 1.03 = . 98 0.89 0,72 1,151,30 - - = =

averagel,52 1.48 1,61 1,63 aversgel.25 1,34 1,10 1,11 1,60 1,58 1.24 1,20

Table 32b. X content in percentage for dried leaves of cultivar Yandev

55, treatments N1 end H2(2), sowing dates 15-4, 15-7 and
2-9, 1968 and different dates of sampling. ’

Days Sowing ddte and N tréatment
from .. .15 -4 .. . . 15 .7 L 2.9
sowing N1 N2(2) ML wm2(2) m ¥2(2)

42 1.80 1,61 1,77 1,70 1,91 1,

63 1.22 - 1,24 1,20 T 1,15 1.22 a logg

98 0.47 . 0.43 0.73 0.96 1.32 1,48
average 1,05 1,06. 1.25 1.31 1.62 1.63:
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Table 32c. K content in percentage for dried whole plants of cultivar
Yandev 55, treatments I, W2(2), W2(1) and 12(4), sowing dates
21-5, 9.7 and 278, 1971 and different dates of sampling.

Days  Sowing date and X treatment

from

SOv= 21 - 5 9 -7 27 - 8

ing M. M2{2) mne(1) we(4)  mrome(2) m2(n) me(4)  ml w2(2) we(1) me(4)
21 4.81 5, oo 4,81 5,00 5,08 4.71 4.61 4,27 4,02 3,72 3,75 4.05
42 4.%8 4,35 4.T6 4.95 4428 4.36 4,12 4,38 4,27 4.49 4,61 4.48
63  3.77 4. 3.39 3,70 3.80 3.36 3,11 3,78 2,75 2.38 2.52 2,62
77 1.84 2,11 2.00 1,90 2,35 2.84 2,20 2.53 1,45 1.44 1.58 1.46

average?,70 3, 7 3.74 3,89 3,88 3.82 3,51 3.74 3.12 3,01 3.12 3,15

During 1967 K contents of the leaves were on an average highest for
the first sowing date and lowest for the last sowing date, Differences
between the two N treatments were small, Average values for Dulce were
higher than for Yandev 5%5.

During 1968 the trend of the K content values in relation to sowing
date was opposite to that of 1967: K contenta were higher at later
sowing dates, The differences between the H treatments were small,
During 1971 ¥ contents of the last sowing date were lower than those
of "the previous sowing dates, Further differences, also those between
the W treatments were not consistent. For the middie sowing date N1
had the highest values.

Tab]c 333. P content in percentage for dried leaves of cultivars
Yandev 55 and Dulce, treatments N1 and 2(2), sowing
dates 20~4, 31.5 and 31-8, 1967 and different dates of

sampling.

cultivar, sowing datc

and N treatment

cultivar, sowing date

and N treatment

Days ﬂhndev 55  Dulce Days Yandev 55 Dulce
from 204 20-4  from 31-5 31-8 31~5 31-8
sowing N1 N2(2) N1 N2(2) sowing N1 N2(2) Wl N2(2) m mM2(2) N1 12(2)
21 ,02 .05 .52 .48 ,05 03 .50 .52
33 26,22 ,29 ,28 35 L1 .33 4T .52 W21 .08 W51 .52
AT 31 .34 .43 4T 49 .69 .62 .44 .44 .83 LT1 WAT .50
61 .17 .17 .20 .17 63 .38 .30 .25 .25 .35 .32 W4T .37
75 W16 .13 .15 .12 77 .30 W31 L16 .19 .27 .24 .27 .i)
139 20 22 L22 ,22 91 .31 .22 :;55’ ﬁ -~ = .19 .17
5 .22 .21 . 98 .30 .24 .15 . - - = -
a'verage 122 .22 25 avera,g‘e .34 530 ¢30 .50 034 028 040 ‘39

26
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in ' i ovea of cultivar
ble 33b. P content in percentage for dried 1&;Vu% o
fable Yandev 55, treatments N1 and N2(2), sowing dates 154,
15-7 and 2-9, 1968 ard different dates of sampling,

Days Sowing déte'and ¥ treatment
© from 15 =4 15 - 7 _2-9
sowing N1 m2(2) M1 me(2) N1 N2(2)
42 . W4T 4B 50 0 49 .41 .38
63 029 151 ‘ -32 . -31 026 127
84 25 .26 25 25 .16 015
98 .26 26 .25 025 .16 15

average ,32 ¢33 33 . .33 .25 024

Tablé“éjc.'P content in percentage for dried plants of cgltivar .
T Yandev 55, treatmentes N1, N2(2), W2(1) and 12{4), sowing

dates 21.5, 9-7 and 27~8, 1971 and different dates of
sampling, )

Days Sowing date and N treatment
from 2l = 5 9 -7 ‘ 27 -8
sowidg N1 ¥2(2) N2(1) we(4) m N2(2) w2(1) w2(4) w1 w2(2) me(1) m2(4)

21 .32 .33 35 .36 .48 A6 44 41 44 A0 43 W45
427 34,z 36 .32 .39 .40 40 «38 .38 ,38 .36 36
63 21 .24 24,25 ,28 ,29 .og 27 W15 16 .18 .15
77 28 .32 33,33 .63 .50 «59 .53 .26 ,27 .27 .25
averageizs 031 f32 '32 045 041 643 040 .3.1. .30 031 '30

During 1967 P contents of the first sowing date were lower than t@ose
‘of the middle and lagt sowing dates, For Yandev 55 the middle sowing
date was on an average somewhat higher in P content than the last
sowing date and for Dulce the opposite was observed, Differences
between N treatments were small,

During 1968 the last Sowing date had lower P content values than the

first and middie sowing date, and further differences between sowing
dates and N treatments were small,

During 1971 P contents of the vhole

-were higher than those of the first
turn, similar to the N treatments, s
each other, |

plants of the second sowing date
and last sowing date, which in
howed little differences between

llesults of the chemical analyses of whole plants for Zn at four
different dates of sampling and for Ca and Mg at one sampling date in
1971 are shown in Table 34, The averige (1) Zn figures over four
sampling dates are higher for the first sowing date than for the other
sowing dates, but this is caused by the high values of the first
sampling date, 21 days afser sowing, If the results of the first
sampling date are left out, the middle sowing date shows the highest
average Zn content values, followed by the first and the last sowing
date. The Ca content figures are on an average lower for the last

rst and middle sowing date; the differences
small, The Mg content figures were on an

average highest for the middle sowing date, followed by those of the

first and last sowing date,
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Table 34. Zn content in p.p.m. and Ca and Mg content in percentage
for dried whole plants of cultivar Yandev 55, treatments N1,
n2{2), ¥2(1) and N2{4), sowing dates 21-5, 9-7 and 27-8, 1971
and different dates of sampling ;3 average (1) over all four
dates of sampling and average (2) over the last three dates
of sampling only. '

Days Sowing date and N treatment

from ILle- 2l - 5 . 9 -7 27 - 8

sowing ment N1 N2 N2 N2 NF1L N2 N2 N2 NI N2 N2 N2
@) 1) @ (2) () (4) (2) (1) (4)

21 Zn 193 124 181 227 77 01 95 70 88 72 122 72
42 Zn 79 82 64 68 104 65 55 68 59 60 55 651
63 Zn 36 44 39 41 33 42 39 42 35 38 37 34
77 - Zn 49 68 54 59 71 81 81 79 59 61 51 56
avglg n 89 80 85 99 T1 72 68 65 60 58 66 53
av(2 7n 55 6% B2 56 69 63 58 60 5L 53 48 47

63 Ca 1,42 1,42 1.83 1.44 1.41 1.44 1.63 1,50 1,22 1.41 1,13 1,18
63 Mg 231 <30 40 432 A0 .32 J37 W32 .30 .35 .25 L3l

Results of the chemical analyscs of soil samples for mineral I,
NQ3 only, for three different sowing dates in 1971 and three different
depths of sampling ave shown in Fig. 17.

NO5 content {ppm)

24 4 a b
22: . Sample depth
2 : o—3 15_30 cm

o--a L5_E0cm
e~ 75_ 90 tm

U U DU UDE S YOV N VR NN SO TN S WL TR O

B S SN O JUS: VR TNUURR R RN SN VN OV N TN AU DR SN N G SN SN N R DA |

| N S T I S N |

=TT 1 ¢ 1!

1234567108
Weeks after sewing

for samples takgn'in treat-

15, 17 o, content in ' ¢ dry soil
: PPl OF. ry . '
g7 (b} and 27-8‘(c), 1971

3 .
mant N2(1) of sowing dates 2i-5 (8},

at three different depths of sémpling‘
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The mumber of weeks between the times the maxima of the curves (l) and.
(2) occur is three for the first sowing date, (g), and one for the
middle sowing date, {b), while for the last sowing date, {c), curve
(2) possibly has not reached its maximum yet. ) : .

.Table 35 presents seed yields for the dlfferont experinents,

Table 35. Seed yields as pevcenatze of the highest yield obtained per
T $reatment combination in sowing date and crop growth
experiments 1, 2 'dand 3. '

a for cultivars Yandev 55 and ﬁﬁiée, b for cultivar Yandev 55

treatments W1 and H2{2) 50WT treatwents N1 and N?{25 sown

at different daites in 1967. - at different dates in 1968.
Date Cultivar and ¥ trectment Date Cultivar and N treatment
of Yandev 55 ~_Dulce of Yandev 55
sowing N1 w2{2) il n2{(2) sowing N1 N2(2)

204 100 99 55 56 15-4 95 95

10-8 . 72 o3 . 17 . 19. . BT T

31~8 53 66 31 29 2-9 52 61

- ¢ for cultivar Yandev 55, treatments N1, N2(2}, w2(1)
and N2(4) sown at different dates in 1971.

Date | Cultivar and N treatment -
of Yandev 55
sowing il w2(2) w2(1) n2(4) average

21-5 100 86 90 78 . 88

15-6 69 T4 75 Y 69

9~7 35 33 44 28 35

3-8 44 41 46 51 45

27-8 61 71 69 62 66 1SD(.05)x
average 62 61 65 55 61 9.4

LSD(.05)y - 14.3

LsD{,05)z = 21.0(N.8,)

¥ treatment averagzes,
sowing date averages,
¢ N treatment x sowing date averages.

b s
¥
p

It is noted that spreading of the N fertilizenr application by
distributing part doses at different times during the season in
1971 finally did not give the rosults hoped for,

Purther obscrvations talen during 1971 were for the following
characters (compare 5.3.) and the results are shown in Table 36,

(a) Days from sowing o the opening of the first flower {(first
flowering}, to_flowering of 50 per cent of the plants {50 per
cent flowering) and to maturity, :

(b) Position of the lowest flower on the stem recorded as number of
nodes between cotyledons and fivst flower,

(¢) Incision of the leaf margin of the first 12 leaf pairs, cotyledons
rot include, scored as described in 5.3.1, for 1965,
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Table 36, Mumber of days from sowing to first flowering, to 50 per
_ cent flowering and to maturiiy; position of the lowest
- flower on the stem and average leaf incision score for the
first 12 leaf pairs, cotyledons not included, for the four
different N treatments and five different sowing dates of

1971, . ‘ '
Date Humber of days from sowing to Position Average
of first 50 per cent lowest leaf
sowing filowering flowering maturity flower incision
21-5 46,0 5644 105 11.3 2345
15"6 51n1 54!0, 105 909 1408
9-1 53.0 60,0 102 o B.7 10,0
5~8 537 59,0 105 T8 10,5
278 47.0 5240 104 8,3 15,2
ISD{ .05) 0.48 0.48 0.30 3.87
N _treatment
Nl 50.2 5546 104 9.1 14.6
N2 50.2 56.6 104 9.2 13,8
N3 50,2 5548 104 9.3 17.4
T4 49.9 57.1 104 9.2 13.2
1.80(,05) HeS, 0,30 0.14 2,35

The tendency of delay of flowering with delay of sowing and earlier
flowering again later during the season as observed previously (5.5.2.)
is noticed here, The period from sowing to maturity varied little
again, The lowest flower on the stem dropped in position after.the.
first sowing date in lMay and raised again a little at the.last sowing
date, The leaf incision score dropped after the first sowing date and
increased again at the last sowing date,

Sels3, Discussion and conclusions

After the presentation of the results for each subject in 5.4.2.
comments and conclusions were made already to make the datg more €asy
to read, Only the main observations and conclusions are reiterated
here, .

(a) Total dry matter production, crop growth rate, leaf avea 1nd§x
and seed yields showed a common feature in response to plant%ng
date: Earlf planting resulted in high values, delay of planting .
caused a decrease and late planting at the end of Auvgust and during
early September tended to provoke a (tempora;y) improvement.

(b} During the first one 4o two months after sowing the IL.A.R. showed
higher values for the first than for the middle and last sowing
dates, However the last sowing date exceeded the middle and first
sowing date for some wecks later during the growth cycle.

{c¢) Results of the chemical analyses for N, P, K, Zn, Mgz and Ci g?ve
no indication that growth differences, observed for Elfferepl ﬁii?;
ting dates were in one way or the other related to the availa v

of these elements,

(4) Results of chemical analyses of soil sa ' . :
could possibly be explained by movement of N in the soil at different

rate for different planting dates: The middle sowfnf date gz:ged
to show a quicker movement than the first ?nd las: BOVINg ¢ &ates
However, differences in plant growth and yield between Sowing
could not be explained by ¥ leaching. o

(e) Spreading of the N fertilizer application during the growth Siii::ion
caused no significant yield increase OVer the all-at-once app

Prior to planting.

mples, although questionable,
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5.5, The effect of top-cutting on yteld

- It is common experience that delay of sowing causes reduction
of plant vigour, branching and yield. On the other hand sesame plants,
of which the tops have been naturally damaged, are frequently more
vigorous and show profuse branching, This suggests that remova} of the
plant tops may increase the yield of late sown sesame. This wasg
experimentally investigated during 1965 - 1967.

5.5.1, Materials and methods

The cultivar Yandev 55 was sown in all three trials,

There were two treatments in 1965: :
(a) The tops were cut with a razor blade just under the lowest {lowerw
buds at the time when these were visible on most plants, Twelve

days later cutting was carried out on those plants which showed -
no flowerbuds at the first cutting.: : '

(b) Untreated; the plants were allowed to grow normally.

There were four treatments in 1965 -

(a) The extreme tops of the plants were pinched out between finger and
thumb nail when flowerbuds were visible on all plants.

b) As treatment.%ag, but one week later.

¢) As treatment {a), but two weeks later.

d) Untreated; the plants were allowed to grow normally.

There were two treatments in 1967: - ‘

(a) The extreme tops of the plants were cut with a razor blade 35 days
after sowing.

(b) Untreated; the plants were allowed to grow normaliy,

A Randomized Block Design with eight replications and two 4 x 4 Latin

Squares were used in 1965 and 1966 respectively. In both experiments

plots were eight ridges, 91_cm apart and 7,3 m long., In 1967 the two

treatments were part of a 27 factorial combination laid out in a Iatin

Square, Plots were 5,5 m x 5.5 m, Plant spacing was always 15 cm x 91 ocm

and thinning was to one plant per stand. Sulphate of ammonia and super-

phosphate were applied at rates of 250 and 125 kg per ha respectively:

prior to sowing.

In 1965 and 1966 twenty plants per plot were sampled systematically

from the four middle ridges and the following factors were recorded:
Number of primary branches,

Number of secondary branches.
Yumber of capsules on main stem,
Rumber of capsules on primary branches.

Number of capsules on secondary and higher-order branches,
Branches shorter than 5 inches were discarded,

5.5.2, Resulte

The results for 1965 and 1966 are summarized in Table 37.
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Table 37. Lffect of top cutting and pinching on branching and yield
in 1965 and 1966..

Treatment Treatment

top nc top 1SD pinching no LSD
Factor cutting cutting ,05 (a) (b) (c) pinching .05
Seed yield in kg per ha 594 613 110 390 409 409 407 80
Mumber per plant:
primary branches 4.7 4,3 0.5 3.6 3.6 3.6 3,6 0.
secondary branches 3.9 2,1 0.6 0,4 0.4 0,5 0.4 0.
capsules on main stem 10,7 18.7 10.7 17.9 19,1 19.7 2.
capsules on primary -
branches 5645 45.9 8.2 43,2 44.6 44,6 43,7 4.
capsules on secondary and :
higher order branches 22,3 12,0 3.9 1.8 2,9 2,8 2,1 1,
capsules total 78.8 76,6 9.5 55.7 65.4 66.6 65,4 5,

Pinching (a), (b) and (c) = Pinching when flowerbuds visible, one week
‘ later and two weeks later respectively

In 1967 the treatment with top cutting yielded 709 kg per ha and the
treatment with no top cutting 683 kg per hag the difference was not
statistically significant, ’

54534 Conclustons . e

Neither top cutiing nor pinching out the tops of the plants
increased seed yield or total number of capsules per plant..The number
of secondary branches and the number of capsules on the primary and
higher-order branches was significantly greater in 1965 for top cutting
than for the control. The method of pinching out the tops of the plants,
used in 1966, caused no significant increase in any of the factors listed,
The attempt to increase yield by stimilating branching, so counteracting
‘the effect of delay of sowing on branching and yield, failed.

5:6. The effect of soil cultivation on yield

Loamy sand soils with a high proportion of fine sand may form a
surface cap through the action of beating rain (see 3.1.2.).
Consequently adequate soil aeration may be prevented, the rate of water
Infiltration is reduced and runwoff may occur, It was thought that ' .
orening of the goil by raking after rains would annihilate the capping
effect and improve crop growth,especially later in the season when raine
fall is usually heavy., It was. algo considered that the said ?ffect vas
Possibly connected with the sowing date effect under discussion and in
théslcontext the following two cxperiments were carried out during 1967

54641, Materials and methods

In 1967 the cultivar sown was Yandev 55;';n.1971Athe'Cuéti§agi
SOWN were - in order of decreasing length of growing season - 65 B-bl,
%andev 55, A/1/7 and Type 5. ,
N both experiments two different soil culiivation P 8 om
2) Careful raking about 2 - 4 cm deep and at a distance o 5 -
( away from the plants,
b) Untreated, Apart from weeding when nec
L Vas practiced, : S
2 1967 the two treatments were part of a 2
out in g latin Square, Another pair of treatm
®nd flat planting,

tion methods were practiced:

éssary; no soil cultivation

3 factorial combination,laid
ents was ridge planting
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Tn 1971 a Split-plot Design was used with the cultivars as. main plot .
treatments and the cultivation practices as sub-plot treatments., There
were four replications. Plot size was 5.5 m x 3.5 min- 1967 and 4 7
ridges, 91 cm apart and 5.5 m long in 1971, Plant spacing for both
experiments was 15 cm X 91 cm and thinning was to one plant per stand,
Superphosphate and N fertilizers (sulphate of ammonia 1967 and nitrochalk
in 1971) were applied at rates' of 125 and 250 kg per.ha respectively. .
Sowing dates were 26 - 8 - 1967 and 11 - 8 - 1971, Seed weights per

plot were determined and in 1971 in addition total sun-dried plant =
material after threshing, roots not included.

5.6.2, Results:

Seed yields for the raking treatment and for the control in 1967
were 668 and 725 kg per ha respectively, LSD (.05) being 36 kg per ha.
There was no statistically significant difference between ridge and
flat planting.

Table 38 shows seed yields and plant weigths obtained in 1971. The
colour of the leaves in the case of raking was slightly lighter than '

in the case of no raking. Type 5 was more pronounced in this respect
than the other cultivars,

Table 38, Effect of soil cultivation on yield, 1971. Seed ylelds and

total sun~dried plant material after threshing, roots not
included, in kg per ha,

Seed yield LSD Plant matéfialu | LsD
cultivar Raking No raking Average (,05)a Raking No raking Average (.05)2-
65 Ba61 - 643 712 67T 2259 2371 2315
Yandev 55 441 469 455 1513 1464 1488
AL/ 614 557 586 _ 1864 1800 = 1832
Type 5 216 244 230 748 8% 792 ..
Average = 478 495 437 29 N,S, 1596 1618 1607 144 N.S.
LSDE.OB%b : B4 | 343
1SD(.05)c 59 L _ L. . 289 N.S. . '

a: Cultivation averages.
b: Cultivaer averages, ‘
¢: Cultivation x cultivar averages,

5.6.3, Conclusions

‘ Disturbing the ?ormation of a surface cap by raking aftef each
rain rather reduceq -glgnificantly s0 in 1967~ than increased the seed
{ﬂigiié? had no significant effect on total sun-dried aerial plant
It is concluded that the formation of a surface cap is not likely to

play an important role in relation to vield diff en
different sowing dates. s * .%?é????ao?sgrygév?gﬁwe,-

5.7« The effect of plastic sotl cover on yield

g 1 hIt hgs ?een suggested that during the dry. season the available’
in the soil increases and that it decreases with the onset of the
xaans‘because of leaching, which in turn would cause partly or largely
the discussed sowing dates effect.

By Protecting the moil against rainfall with plasticJSheets for some
period af?er the end of the dry season, early planting could be imitated
later durlng;the rainy season and the effect of the imitation on yield
cowld be estimated. An experiment of this type was carried out in 1971,
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5.7.1, Materials and methods

The cultivars 65 B~-6l, Yandev 55, A/1/7 ard Type 5 were used to
test the following two treaiments,
(2) The soil was covered with plastic sheeting each time before the
rain started by roling it off from a metal drain pipe., The cover was
removed again after the rain had stopped by roling it back on the
pipe. _
(v) Untreated, The soil was left open; weeds were removed,
A Split-plot Design was used with the cultivars as main plot treatmenta
and the cover wversus no cover as sub-plot treatments. There were four
replications, The plastic sheeting covered an area of 3,6 x 5,5 m and
the central section of two ridges, 91 cm apart and 3.6 m long was
harvested as net plot,
Soil samples from all Yandev 55 plots with and without cover were taken
to a depth of 90 cm with 15 cm intervals shortly btefore the plots with
cover were 1o be exposed to rain. The samples were bulked per treatment,
dried at 105°C and analysed at Samaru for I content.
No fertilizers were applied, Plant spacing was 15 cm on the ridges and
thirning wag to ome plant per stand. The sowing date was 4 - 9,
Seed weights per plot and total sun-dried plant material after threshing,
roots not included, were determined,

5.7.2. Results

Table 39 presents seed yields and plant weights and Fig. 18
shows N contents of soil samples for NO3 and NH4 separately.

Table 39. The effect of plastic soil cover on yield. $eed yield and
total sun~dried plant material after threshing, roots not

included, in kg per ha.

Seed yield LSD Plant material 18D
cultivar Cover No cover Average (,05)a Cover No cover Average (.05)a
€5 B=6127 278 231 255 1248 1168 1208
Yandev 55 267 229 248 932 997 964
A/1/T 228 242 235 1137 1010 1074
Type 5+ 131 60 9% 373 181 277 L1 1.5
Average 226 190 208 39 W.S, 923 839 881 151 N.5,
L3D(,05)b - 73 272
L3D(.05)¢ 78 M.S. | 302 N,S.

&% cover versus no cover averages.

b: cultivar averages.

Ct cover versus no cover x cultivar averages.
*: Diseased, '
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Fig., 18 The effect of plastic soll covar
on vield.
_ 80, (1) and i, (2} content in pepele
of dry seil from covasred (8) an§ Bn-
covered (b) plots just before ex—
"posure to rain., Sample dapth to 90
~em with 15 cm intervals.

5eT«3. Digcusaion and conclusions

Average differences in yield and production of plant material between
the cover.and no-cover treatments were not significant at P = .0D.

Cultivar differences were very significant, The interaction effect of cover
versus no cover x culitivars was again not significant,

The g content of the soil before sowing in early September was

considerably higher for the cover than for the no-cover treatment,

but only to a depth of 30 cm. It is concluded that the results do not
support the hypothesis that leaching of available N after the rains

have started, is a main factor in the observed planting datés effect.

5.8. - The effect of shade on yiel&

The increase of cloud cover after the onset of the rains and
consequently the reduction of solar radiation available for the plants
may be a factor that causes yield reduction when sowing is delayed.,
With this in mind, two experiments were carried out in 1971 in which

the effect of shadlng on yleld and on some other characters was
inve stlgated
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5.8.1, Materials and methods

The cultivar Dulce was used because its plants are short and
mature early and its response to sowing date differences was investi-
gated earlier (5.4.). D
Shade was induced by means of framed wire gauze of two different mesh,
(a) and (b), which was kept over the plants at a distance of about
BHem or less. The frames were 2,7 m long and 0.9 m wide,

The reduction of solar radiation caused by these screens was measured
at Samaru with Kipp solarimeters, by placing the screens at 97 em from
the ground (about maximum plant height), in directions N,N.,Z, and

N,N.W. in accordance with the direction of the ridges in the experiments,
and by fixing the solarimeters at 48 cm from the ground, either in the
centre under the screens (2) and (b),‘or in the open (05. Readings were
every five minutes and the mean values per half hour have been tabulated
below, Ratios were calculated as percentages,

" Radiation in cal,/cm®/ain. Ratio %o total radistion
Time Screen (a) Screen (b) Total (¢) Screen {a) Screen (b)
07,30-08.00 0,24 0,24 0,24 100 100
08.00-08,30 .0.,40 - 0,42 - 0,44 91 95
08,30-09,00 0.52 0.55 - 0,57 - 91 96
09.00-09,30 0,64 . 0,69 0,74 - 86, 93,
09,30-10,00  0.40" 0.44" 0.89 45 49
10.00-10,30 0,57 0.63 0.96 . 59 66
10,30-11,00 0,72 0.80 1,14 63 70
11,00-11,30 0,80 0.89 1.26 ; 63 71
11.30-12,00 0.82 0.91 1.28 64 71
average 0.57 0,62 0,84 68 74

*Low figures caused by shade of frame on solarimeter.

There were three different treatments. in the experiments:..
(a) Shading with screen Ea .
b) Shading with screen (b). .

¢) Untreated. Plants without screen.

The experiments followed the Randomized Block Design and had.eightdistance
Teplications, The net plot. size was one ridge X 1.? m long; te s
between the ridges wag 91 cm. Fertilizers were applied at aPia 2 .
250 kg nitrochalk and 125 kg single superphosphate per ha. : ag b
wags 15 em on the ridges and thinning was to one plant peér stand.
ggWing dates were 146 and 12.9, o racters
sexvations were made on the following characters: i
(1) Number of days from sowing to the opening of the fl;s:h:lggzits
first flowering) and to flowering of 50 per cent ©
50 per cent flowering). S o L
(2) Position of the lowest flower on the s?em recorded as number of
nodes between the cotyledons and the first flower,
3% Length of the stem in cm de i
‘ e in
E4 Girth of the stem between the 2nd and 3rd or 5th agdng$§e§°of leat
~cm for sowing dates 14-6 and 12-9 respectively, an
bairs on the stem. . od vield
(5) Capsule length in em, number of capsules per plant and seed y
in g per plant, -

54842, Results

| - zed in @ 0,
The results of the experimentsare gummarized in ;able 4
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s

cf leaf pairs of the stem, length and number of capsules
and seed yield of cultivar Dulce during 1971.

Date of sowing

14 -6 12 ~ 9
. Treatment Preatment
screen screen contrel LSD screen s?reen control LSD
Character (a) (v) {¢) .05 (a) {v) (e) .05
Days to first f.‘ '
flovering 30,1 30,6 29,0 W,S. 32.3 32,8 31.9 .S,

Days to 50 per
cent flowering 34,5 34,3  32.5 N.S. 35,6 35,6 33.6 1.3
Pogition lowest o )
flower 34 3.5 3,6
length of stem cm; 49.1  50.1 54,5
Girth of stem gcm 2,05 2,04 2,34
Capsule length(em) - - -
Number of leaf )

pairs 13.4 14,0 17.5 2
Number of capsules 27.8 25,6 38,1 7
Seed yield (g) 25.0 20,8 30,0 K

2,5 2.7 2.7 11,8,
45.4 44,3 45,4 N5
2.45 2,33 2,60 ¥.5.
2.78 2.78 2.88 MaSe

o=
*

t vwm
[ ]

16.8 15,0 189
37.9  35.8  46.3
L] 2900 32-0 4306 '

v

L ]

g
»
O —1

The shaded treatments flowered a little later than the control,
Differences in the position of the lowest flower and the length of the
stem . vere small, Stem girth and capsule length of the control slightly
exceeded those of the shaded treatments., The number of leaf pairs on
the stenm was significantly more for the control than for the treatments
with screen. At a first glance and confirmed by counting, shading
reduced the mumber of capsules per plant and also the seed yield

5+8¢3. Disoussion and eonclusions

Shading with screens, that intercepted about 25 - 30 per cent of
the radiation, considerably reduced the yvield of Dulce, a short,
virtually unbranched cultivar, with little mutual shading of the plants
in a plot, if the spacing is 15 om x 91 cm. The cultivar Yandev 55 is
much more vigorous (5.4.2.), consequently the mutual chading and there-

fore the effect of artificial shading is expected to be more substantial
than for Dulce, S

With further reference to 3.1.3,
reduction of radiation due to he
the rains(§.1.4J ig likely a fac
the observed gowing date effect,

and 5.3. it is concluded that the
avier cloud cover after the onset of
tor of importance in connection with

5«9. General discuseton and comclusions

The results of the e

) Xperiments discussed in this chapter can be
summarised as follows: ' '

(1) Delay of sowing after the ons

of sesame at Mokwa and at Provincia] experimental stations. Sowing in
late Angus? = early September tended to show yvield improvement as
compared with July sowing {5,1., 5.,2. and 5¢44). :

-{2) Delay of sowing date further caused some delay of flowering till
about July. Thereafter flowering was somewhat advanced (5.3, and 5.4:).
(3) The period from sowing
sowing dates, except if sow

et of the rains reduced the yield

to harvesting varied little for different
ing was very late (5,3. and 5.4.).
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(4) The position of the lowest flower on the stem raised from April
to May, dropped during June and July and reised a little again during
late August and September sowings (5.3, and 5.4,), '

(5) The extent of leaf incision decreased with delay of sowing and
increase% again with sowing at the end of August and September (5.3,
and 5!44 X

(6) . Plant length, branch length, capsule production and seed yield
tended to decline with delay of sowing and to increase in August and
September (5.3.).

(7) ' Plants grown in a screened House with 58 per cent light intercept~
ion jiclded ‘considerably less capsules and seed than plants grown in
the open (5.3.).,

(8) The treatment with a movable cage to reduce the daylength caused
earlier flowering, earlier harvesting, a lower position of the first
flower cn the stem, reduced leaf incision, a little less vigour and less
capsules,  although seed yield was not reduced, The treatment with a
light box to extend the daylehgth had the opposite effect and also
increased the seed yield (5.3.).

(9) ~ Delay of sowing after the onset of the rains caused a decreasc
of total dry matter production, crop growth rate and leaf area develop-
ment, which in turn improved a litile with sowing in August -~ September

(5.44).

(10)' Net assimilation rates of the first sowing date exceeded those
of the middle sowing date for the first 5 - T weeks after sowing. The
last sowing date in August - September exceeded for a while the other
sowing dates in respect of M.A,R. as from 3 - 7 wecks after sowing

(5.4.).

(11) ' Puring 1971 no interaction was observed between N appl%cation
and time of sowing regarding orop growth and yield, and no evidence
was found of an effecet of increased leaching during the course of the
- season (5.4.),

(12)  Chemical, analyses of leaves and whole plants for N, P, X, Zn,
Ce and Mg content offered no indications for possible causes of
observed sowing date effects (5.¢d4). '

for sowing date and crop growth experi-

(13)  Resu1 i ses
) ults of soil analyse tain desree of N leaching

hent 3 in 1971 suggest the occurrence of a cer
caused by rain (5.4.). ' . e

€14) Top cutting of plants to sfimulate~thé'bxghching failed to result
M yield improvement (5.5 ). ‘
(%5) Disturbing the soil ‘surface after rains found no
yield increase (5.,6.). -

(16)  The hypothesis that yield redu

eauseq by N leaching, found no suppoT
Plastic soil cover (5.7¢)% o

(17)  The treatment with wire gauze to inte
cent significantly affected capsule number an

response in

ction due to delay of sowing is_
t in the expgrimegtal_results with

reept light to 25 = 30 per
3 seed yield (5.8.).
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With the above information svailable and referring to the data
in 3.1.3. we turn back to the introduction for a discussion of the
possible factors involved in the abserved sowing date efiectis.

(a) General ecology

The main sesame growing aveas of Nigeria are all well within the
belt of the “ropics,.but with a rainfall of 1,000 -~ 1,500 mm over &
period of about six months, these regions cannot be clagsified as dry
and hot tropics during that part of the yeax. Hearest to a dry climate
are the months preceding and following the dry season ... in which
farmers actually grow sesame, Host soils are well drained, At low sited
places waterlogging has been observed with a harmful effect on crop
growthe

(b) Daylength

The maximum daylength on 21 June amounts to 12,43 hours.
Longer daylengthe favour growth end yield., Before 21th June the effect
of an increasing daylength is opposite to that of the delay of sowing,
An improvement in yield later during the season can also not be explained
by daylength changes. Concluded is that daylength is not the factor
responsible for the typical sowing date delay effect. However, daylength
differences will have contributed to the delay of flowering till about
July-sowing, and the advancement of flowering for sowing later during -
the season: to the differcnces in position of the lowest flower; and
to the differences in incision of the leaves, which for varying photo-
periods have been observed by others too (Ghosh, 1955},

(¢) Dight intensity

Tight interception caused z considerable decrease of capsule number
and seed yield in the experiments at lokwa. ' _
Light is intercepted naturally by clouds and the extent of interception
is reflected in records of daily sunshine hours and solar radiation data.
Table 41 shows average Gunn Bellani radiation figures for periods
correaponding with those between the various sawmpling dates in Sowing
date and crop growth experiments 1, 2 and 3, '

Table 41. flean Guin Bellani radistion fiéures in ml per day for periods
between subsequent sampling dates in Sowing date and crop

g?owth experiments 1, 2 and 3; average per cent based on
first sowing date. '

Experiment 1 {1967} e

Days Sowing Days Sowing
from date from date
sowing 20 -~ 4 . sowing 31 -5 - 31 ~ 8

oxn 0-21 16,7 14.3

55 . 115 2135 12,9 1%.3

33-47 - 17,1 35-49 14,0 17.3
47-61 16.1.~ 49-63 12,4 19,2
61-TH 15,2 63.77 12,7 18.6
75-89 14.9 T7-91 11,8 19.4
average 16,3 averame 14,0 17.2
average 100 . average 86 106
{per cent) (per cent)
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ixperiment 2 (1968)

DNays
from Sowing date
sowing 15 « 4 15 - 7 2 -9
0-21 17,7 13.3 15.4
2142 17.4 15.1 17.3
42-6% 15.4 15,5 1745
63~54 15.4 16,4 18.4
average 16.5 15,1 17.2
average 100 92 104
(per cent) .
Txperiment 3 {1971)

Days 4

from Sowing date

sowing 2l -« 5 9 -7 27 - 8
0-7 19.0 13,1 13.4
T=14 15.8 12,2 11,3
14-21 17.5 16.8 14.6
2128 16,1 14i6 15.4
28“35 16.4 909 1804
35-42 - 16,6 154 17.0
£2.49 16,1 13,8 17.2
49-56 13.1 13,8 17.0
56-63 ‘ 12,2 1L.4 15.1
63-70 16,8 15,0 19.3
average 10,0 13.4 16.5
average 100 84 102

(per cent)

o date vafj

hiverage differences between the first and middle sowin
for the,

between 8 and 1C per cent, and average radiation figures
last sowing date exceed those of the first sowing date.
Differences in-light intensity will have contributed curing early

and later growth stages to cause differences in growth and yield
between the first and middle sowing dates. During the carly growth
stages light intengities for the first sowing dates exceeded those of
the last sowing dates, but later during the. growth period this changed

in favour of the latter. The differences in Net Assimilation Rate
h experiments 1, 2 and 3

values found in Sowing date and crop growt

seem to show a response to the light intensity differences.
the results of work on malze 1in

it is of interecst to mention.here
Nigeria. Stockinger {1970) states that “the importance of early plan-

ting of maize and sorghum is well established throughout Africa. Why
this is so important is difficult to explain, Planting cereals early
allows them to cscape insect attacks and plant disezses vhich plague late
plantings. Darly planting gives them a chance to use the first flgsh

of nitrogen released when dry soils are first moistencd by the rains.
However, these factors can be corrected with chemicals and there 18

still a large date of planting effect remaining. ¥
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De Wolff (1970) observed in a planting dates trial with maize at Molwa
that yields gradually decreased from 3,360 - 4,480 kg per ha to less
than 2,240 kg per ha, when planting wag delayed from April +to August,
He further found o positive correlation between the angle of the thixd
highest leaf with the stem, and rield which indicated that at Hokwa,
despite the rather low yield level of the crop, light is already a
limiting factor in maize production (de Wolff, 1972). "his observation
agrees with resulis from an analysis of plant growth in some West
African species, including maize, at Ibadan by Njokn {1960), which
sugzested that even at full daylight, growth is limited by light.

The experimental resulis and data from the literature suggest
that the heavy cloud formation during July-September is responsible
for a good deal of the planting dates effect. The decreased cloudiness
during October would explain the btemporary improvement for late sowing,

(d) Temperature

Average maximum and minimum screen temperatures and earth tempera-
tures at 30 cm are presented in Table 42 for periods corresponding with
those between the various sampling dates in Sowing date and crop growth
experiments 1, 2 and 3,

Table 42. Average maximum and minimum screen temperatures and earth
temperatures at 30 e in °C for periods between subsequent
sampling dates in Sowing date and crop growih experiments 1, 2

and 3,
Ixperiment 1 (1967)
Days Sowing date Days _ Sowing date Sowing date
Lrom teige;aiure from tezie;aiure 'tei%e;aiure

sowing max min earth sowing max min earth wax min earth

0-37% . 53, 0-21 31,7 21.7 29.2 29,4 21.1 27.4

53 344 2545 519 21-35 30,0 21.1 27.9 30,56 21,1 27.6
55-AT  33.9 22,2 31,6 35-49 30.0 2L.7 27.9 30,6 21.1 28.3
47-61 31,1 21,7 29,0 49-63 29,4 21.7 27.8 31,7 20.6 28.7
61-75 30,0 21.1 28,1 63.77 30.0 21,7 27.6 33.3 17.2 28.6

15-69 30,0 21,7 27.8 77-91 28,3 21.1 26,8 33,9 14.4 279
average 32.4 22.3 30,2 ave;age 30.0 21,5 28.0 _3i.4 19.4 28,0

Experiment 2 (1968)

Days Sowing date
from 15 - 4 ' 15 - 7 2 - 9

. temne?ature . temperature temperatupe
Sowing max min earth max min - earth max min earth
0-21  32.8 23.3 30.0 30.0 21.7 23,5 31,1 21.1 28.5
21-42 L7 22.2 29.6 30,6 217 28,6 3.7 20.6 28.5
22— 3 29.4 22,2 28,6 30.0 21 7 28.7 33.3 20.6 29.3
3‘-84 3000 21.7 2846 31.1 21;1 . 28-5 34'4 1803 2908
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Table 42 {continued)

Experiment 3 (1971)
[
(=

Days owirnygr date
from 2l = 5 9~ 1T 27 - 8
‘ tLemperature . temperature temperature
sowing max min  earth max min earth max min earth
0- 7 33,9 22,2 31,0 29,4 21.1 28,8 30,0 21,1 27.9
=14 34,4 23,3 32,0 23,9 21,7 28.2 29,4 21,1 27,7
1421 33,3 22,8 31,6 30,0 21.1 28,1 30,0 20.6  27.7
2128 32,2 22,2 31,8 29.4 21.7 28.2 30,6 20,6 27.6
28..35 31,1 21,7 29.4 27,8 21,1  27.8 31.7 21.1 28,6
3542 31L.1 22,2 29,3 29.4  21.7 27.9 32,8 21,1 28,8

12-49 31,1 22,2 29,3 29,4 2L.7 27.9 3L 2L.d  28.7
4956 29.4 21,1 28,8 30,0 21,7 27.9  31.7 20.6 28.6
5663 28,9 21,7 28.2 29,4 21,1 27.8 32,8 17.8 20.2
63-70  %0.0 21.1 28,1 30,6 20,6 27.6 33,3 16,7 28.0
average 31.5 22, 30,0 29,4 21.4 28,0  3l.4 20,2 28,2

Average maximum bemperatures of the first sowing dates woere 0,6 - 2,4°C
higher than those of the middle sowing dates, and compared with the
last sowing dates 0,1 - 1,0°C higher during 1967 and 1971, but 1.9°C
lower during 1968, During the first 6 - 7 weeks after sowing, average
maximum temperatures for the first, middle and last sowing dates of the
three experiments in 00 were:

Sowing
Year  first middle _late
1967 34.53 30,7 3041
1968 32,3 5043 3144
1971 32 4 29.2 30,9

Average minimum temperatures of the first sowing dates were
0.7 - 0.89C higher than those of the middle sowing dates and 1,9 - 2.9°C
hipher than those of the last sowing date, and during the first 6 -7
weeks after sowing these amounted tos

Sowing
Year first middle late
1967 23,0 21.5 21,1
1968 22.8 21,7 20.9
1969 22.4 21,4 21.0

For the last sowing date lov values were recorded after the commencegent
ture shovn in Table 42 is

of the dry season, The lowest minimum tempera
as low as 14.4°C,

Average earth temper
0.6 -~ 2,20C higher than the
higher than those of the last sowing dates,
weeks after sowing these amounted o3

atures of the first sowing doties were
ae of the middle sowing dates and 0.2 - 2,2°C
and during the first 6 -7

Sowing
Year first - middle late
1967 31.8 28,5 27,7
1968 29,8 28.6 28,5
1971 3047 28.1 28.1
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Literature data regarding theleffectmpf_tempgraturqhon;g;owth_,
of sesame are sparse. Smilde ©1960) applied treatments of different day
and night temperature combinations, among which 33 - 33, 335 = 21,
57 = 27 and 27 - 21°C, and found considerable differences in plant
growth, the higher temperatures giving better results than the lower
ones., It may be concluded that temperature differences likely hawve played
a role of some importance in comnection with the observed planting date
differences, harly-sowing has been favoured by higher temperatures and.
the low minimum temperatures during November may have adversely affected
crops of the last mowing date. .

(e) Rainfall

Table 43 presents mainfall fipgures for the periods corresponding
with those between the various sampling dates in Sowing cdate and crop
growth experiments 1, 2 and 3, and shows totals for periods of 100 days
from sowing. ' ; :

Table 4%. Bainfall in mm for periods between subsequent sampling dates
and rainfall totals for longer periods in Sowing date and
crop growth experiments 1, 2 and 3,

txperiment 1 (1967)

Days from  Sowing date .Days from Sowing date
sowing 20 - 4 sowing 31 -5 31 -8
% . 0-21 82,3 - 237.2
035 8.4 21.35  157.7 51,8
33=-47 102,6 45549 76.7 " 755.4
47~61 69,1 4963 15.5 0.0
6175 1577 63-77 105.9 0.0
75~39 67.1. T7-91 3749 0.0
0“89 43409 0“91 47600 344-4
Q=100 444 .6 0100 504.2  344.4

Lxperiment 2 {1968)
Days from sowing date

sowing 15 . 4 15 - 7 2 -9

0-21 187.7* 207.3 208,5
2142 146,1  190,2 38,1
4263 105,2  144,0 6.4
63-84 141.2  117.3 0.0

0—84 58002 658.8 253'0

0~-100 687.1 676.6 253.0
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Table 4% (continued)
Experiment 3 (1971)

Days from ‘Sowing date
sowing 2l .5 G-7 27 -8

Q- T - 11,2 52,1 52.6
T-14 14,47 75,2 A4.T
14-21 5.1 80,0  24.1
21.-28 45.2 45.27 39,9
28-35 84.1 81,3 17.0
35-42 5.8 27.9 51,8
42-49 71,6 27.7 10.9
49-56 52.1 52,6 0.0
56-63 75,2 15.5 0.0
6370 . 80,0 53,3 0.0
0-70 445,0 500.8 241.0
0-100. 647.1 620.4 241.0

*. Rainfall on second and third day after sowing totalled to 117.1 mm.

For the first sowing date dry conditions prevailed at the onset
of the rains and the rainfall was relatively low during the first
1 . 2 months after sowing., Water stress occurred.at times, ILater during
the growing season the rainfall increased and the total precipitetion
over 100 days exceeded that of the middle sowing date during 1968 and
1971, - :
For the middle soving date wet conditions prevailed at the time of
sowing and relatively heavy rainfall occurred during nost of the
growing season, .
For the lazst sowing date wet conditions prevailed at the time of gowing,
the rainfall remained relatively heavy during September, after which a
sudden drop was ohserved dguring October, followed by the onset of the
dry season, '
Growing of sesame was on ridges and the drainage at Hokwa was excellent,
Water excess in the soil as a possible cause of growth and yield
differences between different soving dates can therefore be discarded.
Two consequences of heavy raing were supposed to be important

in connection with planting date differences

Elg the formation of a surface cap (Bolhuis, persUna1 commnications).

2) the leaching of nutrients, nitrogen in particular.
Yo evidence was obtained from experiments at Mokwa to. support

these hypotheses,
Increase of pest attack and dis

a
a

case incidence when sowing is delayed

was also thought to be important, In fact an increase of disease
incidence was observed several times, e.g. for leaf-curl (7.2.1.5.}.
In this respect two aspects can be distinguished:
(I) After the onset of the rains the potential of the disease inoculun
increases.
(Ir)Conditions prevailing when sowing is delayed make plants more
gusceptible to disease infection.
However, from cobservations it was conc :
attaclk were satisfactorily controlled by frequent spraying of insecti-
cides in BEffect of sowing date observations 2 and Sowing date and crop
growth experiments 1, 2 and 3, The leaf spot disease complex was more
difficult to control and its effect on crop growth and yield was.hard
to estimate (7.l.). Observations suggested that the growth and yield
reduction experienced during 1964 and 1967, when sowing was delayed,
was intensified by &isease incidence, but during 1968 and 1971 the

disease complex was rather well controlled.

luded that leaf.curl and insect
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In conclusions

{a) optimal for the culiivation of sesame are the dry and hot
tropics; the crop therefore would be expected to do best in the Middle
Belt of Nigeria during the time of year when conditions are as near to
" optimum as possible; this would be early or late in the rainy season,
(b) The factors daylength, water excess in the soil, the formation
of a surface cap and leaching of nitrogen do not explain ithe steep
decline in growth and yield when sowing is delayed, and their recovery
to some extent vhen sowing is during the end of August or early
September, ‘ :

(c) Light intensity was found to be important in cuperiments with
shading to 25 -~ 30 per cent, : '
(a) Temperature differences between different sowing dates favour

early sowing. Sowing in August -~ September has the advantage of rising
day temperatures during October .. Hovember, -

(e) . Rainfall tailing off during October and stopping at the end of
the month causes water stress for the late sown crop, resulting in a
reduced yield, e : :

(£) Disease incidence increases.after the onset of the rains and
decreases for sowing late during the rainy season. '

Finally, the experimental resulte of this chapter together with
literature data and field observations suggest the following comparative
pictures for crops of different dates of sowings ;

Barly sesame, sown immediztely after the onset of the rainy
season, e.g. in April, receives initially plenty of sunlight, the
tenperature is high and consequontly, plants grow vigorously, Water
stress sometines occurs, bul mesame is fairly drought resistant. The
potential of the diseasc inoculum is still small and the well developing
plants resist disease damage, later during the growing season rainfall,
cloudiness and disease infection increase, the temperature decreases

and at the time the crop matures harvesting conditions are usually
adverse.

Middle late sesame, sown ¢.g. in June, grows under more cloudy
conditions, the temperature is lower and consequently plants grow less
vigorously than those sown early. The potential of the disease inoculum
has incressed, plants are more susceptible and more crop damage is
igcurred. At maturity harvesting conditions may have improved,

: Late sesame, sown e.g. in the middle of Avgust, grows initially
under most cloudy conditions, temperatures are low and plant growth is
not vigorous, The potential of diseases is high, At the end of Septenber
the number of sunshine hours per day increases, so does the temperature,
plants improve in growth and disease damage is less than for middle”
late sowing. The rainfall ends during October, and although heavy dew

as a result of the low night temperatures moistens the plants during
November, gradually plants become retarded in growth because of drought,
look dark-green and shiny and their yield is reduced, Harvesting .
conditions are ideal and seed of excellent quality is obtained.
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6. FARVESTING AVD THRSUING SESAIMD AND THE
IUDBHISCEYT CAPSULE CHARACTER

When Alibaba and the forty thieves used the charm “sesame open”
to get entrance to the cave with treasures, the magic words possibly
found their origin in the sesame plant with its characteristically
opening capsules, Thig character of opening or dehiscent capsules has
‘been adventageous and disadventageous for sesame grovers. Adventageous
as it simplifies threshing; disadveniapeous as it enhances seed loss.

In 1943 lengham (1946) found in Venezuela in a sesame propasation
plot of the F5 generation of a hybrid between the cultivars Criollo and
Selection 5 ome plant that differed from all other plants in the
population in that the leaves were cupped upwards and when mature the
capsules remained closed, The discovery caused a revolution in the
gsesame preoduction in the United States for two reasons: 1, Handling of
the dehiscent sesame crop when mature, wind and rain and birds sitting
down on planit stooks cause easily sced losses and the newly found charace
ter was thought to reduce these, and 2, Indehiscent seczme would enable
full mechanisation of harvesting and threshing with combines, Mechanical
harvesting and threshing in two separate operations was practiced with
dehiscent sesame and caused 13 and 2 per cent more seed losa respectively
than the manual operations (liontilla and Hazzani, 1966),

Tt appeared that the indehiscence character was not caused by a
virus disease, i% was not graft transmissable and its inheritance was
monogenic: Two recessive alleles control dehiscence by influencing the
pattern of mesocarp development (liazzani, 1960; Ashri and ladijnski,

1964 and 19653 Mazzani, 1964). ‘ ,

Unfortunately the plant found by Langham and its non-shattering
of f~spring showed a great degree of sterility probably caused by the
curved shape of the style, The multiple cross method was employed by the
Texas and South Carolina Agricultural DBxperiment Stations to produce )
improved sesame cultivars with indehiscent capsules and the co-operation
resulted in the reiease of the non-shattering cultivars Rio and'Pal@etto
for commereial planting in 1955'{Texas Agricultural Exper?ment Station,
1955; United States Department of Agriculture, 1958; liartin and Crawford,
19553 Kinman, 1953).

The indehiscence charocter however inﬁroduced a nev problem:
liachine threshing was difficult and incomplete and sced damage ocourred
due to high cylinder speeds and close spacing of cyl%nde? ang concave
necessgary to break up the tough pods (Martin, 1954). An improvement wgs
made when the simple recessive character papershell capsules was combined
with indehiscence in such cultivars as Delco and Baco, and also an

increase in the number of concave bars or cylinder bars together with a

lower cylinder speed has brought about a reductiog in seed damagg an%
seed loss (Culp, 1960; Collister, 19553 Texas Agr%cultural Expeilmen
Station, 1957; Texas Agricultural Experiment Statlon,_1965),.bg g
extremely careful adjustment and in some cases extens%ve modifications
of commercial combines are still required to avoid injury to the seed
(Xinman , personal communications; Culp, %963). raros
Shattering of seed because of par?ia% de?;zgince occurs to percentage
rangi ~ 31,7 per cent {Culp, .
glnglirzieaﬁgiteg Szages farme%s grow mainly indehiscent sesame anq
harvesting and threshing is Jdone with combines, but from.a questlongﬁlre
sent out to various countries (van Rheenen, 1970, unpublished repor
and from literature it became obvious that all main scsame growling coun-

ia 9 Ch na [] 1 Zt[el g . aan n Fxd

indehiscence exists {Tahir, 1964; van lheenen,
Tsangarakis, 1969; Khidir, 1969).



- 80 -

Shattering of seed in dehiscent sesame cultivars occurs during
the period of drying and at the time of threshing. The actual amount
of secd loss experienced by ligerien farmers, using different harves-
ting methods, is not knmown, but estimates of 25 ~ 50 per cent have
been quoted by officials of the iinistry of Agriculiure, Such estimaies
possibly caused a Ifission, organised by the International Bank for
Reconstruction and Development {1955) to recommend rescarch to be
directed towards methods of harvest that will minimise loss by shat.
tering.

Whether the character of indehiscent capsules will be used in a
country as Nigeria, where sesame is grown by small farmers and labour
coste are relatively low, depends on the following factors:

a, The actual amount of seed loss when the present farmers' practices
are applied. L

b. The possibilities of improvement of the harvesting methods.

c. The possibility of threshing indehiscent sesame by hand.

d. The possibility of introducing the indehiscence character in an
acceptable cultivor,

The following paragraphs will deal in more detail with the
factors mentioned.

6.1, [Harvesting of shattering sesame : Seed losses and methods of
Tmprovement

A number of f{ield experiments was carried out during the years
1963, 1964 and 1966 to estimate the extent of seed loss for different
haxrvesting methols presently applied and newly designed for seed losgs
reduction, One of the methols adopted for a little while for harvesting
experimental plots was picking of the capsules by hand and it became
of interest therefore to know the effect of picking on sced yield and
the possibility of artificial drying., The experiments in these fields
and their results are discussed in the next sections,

6.1.1. Harvesting methods and seed losses

The farmers' practices of harvesting by placing the plant bundles

%n shocks or to racks were compared with other methods of harvesting
in respect of seed loss,

6.1,1,1., Materials and methods

The vigorous and well-branched cultivar Yandev 55 wag used in
all experiments, Plots consisted of eight ridges, 91 cm apart and 7.3 n
long, and sowing was on the ridses at 15 cm spacing. Thinning was to
one plant per stand,
‘ The first series of four experiments investigated the effect of
different harvesting methods on yield and so indirectly on seed loss

as the ao?ual yield is the potential yield minus seed loss during thres-
hing, or in a formula;

Yy =Y~ 1l ~'12 =Y - 1

¥ = Actual yield

Y = Potential yield

11 = Seed loss during drying

12 = Geed loss during threshing

L :: Total zeed loss
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The second series of three experiments was to find the actual
amount of seed loss for different harvesting methods by spreading
polyethylene sheets and jute saclks under the plant buniles after the
harvest so that all shattering seced was caught.

Table 44 lists further details of the experiments,

Table 44. Information on planting dates, harvesting dates and designs
‘ of harvesting experiments at llokwa,

Dates of | Fumber of

Experiment Year planting hervesting Design Treatnents Replicates

1 1963 10/9 1512 R.B. 4 4
2 1963  19/9 24,12 R.B, 3 4
3 1964 3/5 118 R.3B. 2 10
4 1964 3/5 10/8-11/8 L.S, 5 6
5 1964 1/9  20/11-2/12 L.S. 6 6
6 1966 15/5  18,8~19/8  R.B. 7 6
7 1966  20/8 9,/11-10/11 L.S, 6 6
R.B, = Randomized Block T+S, = Latin Square

The following harvesting methods were tested:

1. Rack A: Plants were cut and hundled and the bundles were placed
slantwise against a rack 2,7 - 3 m long, and about 0,9 ~ 1.2 m high,
consisting of one horizontal pole supported by two or three fork-
sticks, At threshing three or four jute sacks were gpread under the
rack and two or three close to the rack. The plant buncles were
taken to the sacks close to the rack, turned over and threshed

(Fig. 19a).

2. Rack B: As Rack A but the bundles were tied upright.ﬁo the rack and
threshing was on sacks spread around the treatment in abundance,

3. Rack C: As Rack A but the bases of the bundles were kept off th?
ground at both sides of the rack and rested on two 3 nm long horizone
tal polee in two small fork-sticks of 25 cm height.
The distance beiween the %wo horizontal poles and the rack was 46
and 61 cm respectively., Shattered seed could be collected daily

(Fig. 19b).

4. Pole A: Plants were cut and bundled and the bundleg were tied to a
pole 0,9 to 1,2 m high, At threshing two or three jute sacke vere
spread close to the pole, The plant bundles were taken from the
pole to the sacks, turned over and threshed.

5. Pole B. As Pole A, but the pole was fiticed and could move in a
metal pipe in the soil and could be lifted, with tye plants as a N
whole, at threshing when jute sacks were gpread quickly underneat

and arocund the pole.

84 E 2 plant bundles were 1ifted as a whole
e A o e e tte o h therefore had to be smooth.

shoving them up along the pole, whic _
Sacks werc spread immediately after lifting underneath and around

the bundles,

. i - ticks
7. Pole D: As Pole 4, but with the bundles rgstlng on CrosSE-s
nailed to the polé 20 em above the soil. Shattered seced co;ld 30
collected daily. At threshing, sacks were spread underneath an

around the bundles (Fig. 19¢,/,
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8. Fence A: Plants were cut and bundled and the bundles were tied
upside down to a fence of 3 m long and 1.0 m high, made of two
vertical poles and three horizontal poles at 0.5, 0,8 and 1.2 m
above the ground respectively. Flant bundles werc beaten and seceds
were collected daily.

9. Tence B: As Fence A, but with plants upright; the fence was 1,5 m
high and had two horizontal poles at 0.6 and 1.5 m above the ground
reapectively, Uhattered seeds could be collected deily (Fig. 194},

10, Shock: Plants were cut and burndled and the four bundles of a2 plot
were placed in a shock and tied together at the top. At threshing
the bundles were taken to three jute sacks close to the shock,
turned over and +threshed,

11, Under-roof: Plants were cut and bundled and transported to a place
where they could dxry in the wind under a roof on polyethylene or
sacks without any seed loss,

12, Pickingz Capsules were pickel from the plants by hand, dried and
threshed on polyethylene or sacks without seed loss,

Rack C made it possible to determine seed loss during drying (11) and
seed loss during threshing (19) separately; pole D and Fence D

gave only seed loss during drying, and for the other methods only
the total seed loss could be found provided that polyethylene or
sacks were used under the treatments to catch the shattered seeds

as in the second series of experiments.

Special measures had to be taken against ants vhich often carry
away sesame seeds to places of storage and against bixrds, In the fo?mer
case insecticide was used, and a puard watched the experiment for b1r§
hazard, Groundnut pods and traps were used to check the presence of mice
and ratg,

6.1,1.2, Results
Table 45 presents the actuwal yield figures (y) for all experimento;
the analyses of variance of the yield figures showed that the observed

differences were statistically not eignificant at P = 0,05 level,

Table 45. Actual yields (y) in kg per ha for harvesting experiments ai
Mokwa during 1963, 1964 and 1966.

. Ixperiment

: Z 1966
Harvesting  _ 1963 1964 4
method 1 .0 3 4 5 6 7
Racle A 213 172 340 344 577 220 437
Rack B . - . 352 - - -
Riglc c - - - - 587 248 435
Pole A 231 - - 552 - ~ -
Pol - 3 - - -
p31§ Jg - - 40.3. )9_ 588 220 432
Pole D _ . . - - 272 476
T - - - 645 - =
Fence B - - - - - 293 485
Shock . - - - - -~ 403
Under.roof 256 205 - - 416 605 193 ~

Picking = 2351 209 . - 382 627 - 265 -
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*he total seced loss {I) in percentage of the potential vield
(Y) for the second series of experiments, in which sced was caught
with polyethylenc and jute sacks, is shown in Table 46,

Table 46, Total seced loss {L) in percentage of potential yield (¥)
T for harvesting experiments at Mokwa during 1964 and 1966,

Experiment
1964 1966

Harvesting method 5 6 7

P\&Ck A 8.0 4.4 8'9
Rack 6.2 Te8 9.3
Pole C 2.6 A48 5¢3
Pole D - 2.8 1.7
Fence B : - 1.6 1.1
Shock ‘ -~ - 9.0
L.8,0. {0,01) 42 1.9 7.1

In Experiment 6 (1966), planted in May, the harvest was still
in the rainy season and total seed loss (L) for Rack & and Pole C was
in fact the total of sced logss at threshing plus a little of sced loss
during drying as most of +the seed, that dropped before threshing,
decayed,

The seed loss during drying (11) and during threshing (12),
expressed as percentage of the total seed loss (L) were for Rack C
in ixperiments 5 (1964) and 5 ana 7 {1966) 15.5 ana 84.5, 60,4 and
39,6, and 33.5 and 66,5 respectively, .

The amounts of seed threshed daily from Fence A in Txperiment 5
(1964) are shown in Table 47,

Jable 47. Percentage of seced collected daily for Fence A in harvesting
Zxperiment § (1964) at Mokwa,

Days after Percentage of Days after Percentage of
harvest seed collected harvest seed collected
3 244 13 3.5
4 4.6 14 2.9
5 845 15 1.6
6 12,0 16 1.1
7 17.1 17 0.6
8 14,5 18 0.8
9 10.7 19 0.6
10 6.8 20 0.4
il 442 21 0.5
12 4,0 22-onwards 1.2

In the first series of four experiments the actval amount of
s?ed loss was not determined d¢irectly but by measuring the potential
yield {Y) for *he under-roof and Picking method, and the actual yield

¥) for the other methods, The difference (T-y) would be an estimate
of the seegd loss, but it appeared that the difference between the
treatments was not significant {Table 45), Apparently sced loss, ob-
served as many scattered small white seeds, looks worse than it is,
The normal farmers! harvesting Practices of placing the sesame bundles
in a shock or tying them to 5 rack may be compared with the methods



- 85 -

involving a shock and Racks A and C in the experiments, which gave
seed losses of about 8 to 9 per cent. A recommended method is Fence B
(Fig. 19b) with seed loss less than 2 per cent, Methods Pole C and D
are not so suitable when harvesting is done during the rainy season
as plants and capsules do not dry well when tied tightly to a pole,.
but the methods are good for small experimental plots, especially
when planting is in August-September and harvesting in. the dry season.

Seed loss for Rack € may be compared with that for Rack A, In
-Experiment 5 {1964} seed loss during drying (1) was only 15,5 per
cent of the total seed loss (L) for Rack Cg in Experiment 7 (1966) it
was 33,5 per cent, the much higher percentage probadbly being due to
lodging of the crop shorily before harvesbing; it amounted o 60.4 per
cent in Experinent.G {1966), the increase being caused by rain and
hard wind durinzy drying. : R e ‘ :

The amount of seed threshed out daily from Fence A increased
till seven days after harvest and decreased to less than 1 per cent
seventeen days after harvest. About 93 per cent had been collected two
weeks after harvesting (Table A7}s The adopted practice is to thresh
for the first time two weeks after harvesting and to do a second and
final threshing one week later.

The experiments show that seed loss can be congiderably reduced
and there is no advanitage in using machinery for harvesting and thres-
hing and in planting non-shatiering sesame only in order to reduce
seed loss,

6,1.2. Picking of capsules

The method of harvesﬁing by picking was suggested by o?ficers of
the Ministry of Asriculture for sesame experiments at Provincial

Experimental Stations and it was also applied once, while the possibi-

lity of making the method suitable for farmers by using a sort of comb
the plants was thought of

or stripper to remove the capsules from . :
(Bolhmis, and Ministry of Agriculture, personal comminications).
: Tt was more or less assumed that the picking of ?he capsules as
such would not affect the seed yield, but at the same time an pbgor— ]
vation was carried out o verify the assumption as will be described in
the next section. It was also realized and experienced thgt drying 9f
the capsules after picking or siripping was a p?oblem’du?lng thefriény
season similar to that of groundnuts after 1ifting and picking © .g .
pods and the use of a cheap arvificial drier as developed and d?sgr; e
by A'Brook {1963) or a grain drier, as in our case, could be tried for

quick znd efficient drying as described in 6.1.2.2.

6.1.2.1, Picking of capsules and seed yteld
The following experiments were carried out during the parly and
the late cropping seasons of 1964 and 1967.

6.1,2.1,1, Matertals and methods

Ten plants of the cultivar Yandev 55 were cut when 2ifgr3;sa§gft
from each leaf pair one capsule vas picked of? andlong ;igl' Tt was
on the plant. Where only onc capsule was met in a lea 1eaf’axil e re
removed and discavded, and where the two capsules in a

clearly different in size or otnerwise, both capsule:"weriergﬁggigdanind
discarded, The picked capsules were bulked, the plan glweations ’

all were dried in the sun, ach experiment had ten iep 3§sture éontent
After drying the sceds were collected and the welGE 3 meds o received
and 1000-seed weight determined, 0il contents Oft?oi e
were analysed at Shila Agricultural Research Statl b



6.1.2.1.2, Results
Table 48 shows the wesulte of the four cxperiments,

Table 48, Seed weight per ten plants in grams, 1000-sceds weight in

T milligrems, moisture and oil content in percentages of seed
from capsules picked off or Jeft on the plants in experiments
during 1964 and 1967, ecarly and late cropping season,

Year and

season of  Treatment of  Seed 1000-seeds  Moisture  0il
Experiment  Capsules Weight  Weight Content Content™
Piclked 61,0 2324 7.1 -
Teft T2.7 2415 Te3 -
1964 Tarly 1.8.0.(0,05) 6.0 38 1.5, -
L.S.D.\0.0l) 8-6 54 I‘IOSQ -
Picked 61,9 2182 4.2 55.57
_ Left 6544 2257 4,2 52.84
1964 Jate 1 ¢ 5.(0.05) 1.8 47 K.S. -
L.S.'D.%0.0l) 2.6 68 N.S. -
Pickeod 36,8 1619 d 49.55
Left 45,9 1767 a 47.00
1967 Harly 155 (0.05) 7.7 127 - -
L.5,D.(0.01) 1,5, .S, - -
Pickod AT T 2425 d 45.80
/
et tate  rery 80,4 2477 a 45,50
L.5.,D. (O " - -

057, H.S. .S.
d: during dry seasong nosdifgerence as%umed.
* . 0il content of seed as received .

6.1.2.1.3, Discussion

Seed yields and 1000~seeds weights were somewhat higher when
the capsules were left on the plant than when the capsules were picked
offy, wvhile the oil content ficures showed an opposite trend; the
differences were larger for the early season experiments than for the
late season experiments, The figures therefore suggest that there is
a negative effect from. the picking on the seed development and that
the effect is less significant during the late season, possibly be-

cause of the low relative mmidity and the rapid drying of all plant
material,

6.1.2.2.  Drying of pickes capsules

Observotions on the use of artificial drying of cesame -capsules
were carried out az follows,

6ele2.2.1. Materials and methods

_ Sesame capsules on 2 mature crop were stripped off by hand and
put in a layer of about 25 cm in an Airwoods grain drier with a floor
capacity of about 3,7 x 2.1 m. The cultivar used was 57,/244/11B. The
temperature of the drier varied between 43 . 4900. Samples were taken
from the middle of the layer of capiules at different places every
hour and moisture content determinations were carried for which a
ventilated heal oven was used. At the end of the drying period samples
were taken from different places in the drier and the Eumber of green,
brown, closed, a little opened and well opened capsules was recorded.
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The air temperature and humidity ﬁere recorded by a Casella thermow
hygrograph.

6.1:2.2.2. Results

The moisture content of the material in the drier. decreased
from about 75 per cent to 19 per cent over a period of 30 hours of
drying (Fig. 20); moisture content of seed semples 22,5 hours after
the drying started was 7,3 per cent, The air humidity and temperature
graphs were normal for that time of the year; the air humidity decreased
from 100 per cent during the night to approximately 60 per cent in the
day time, and the vemperature varied between about 25 and 319c¢,

AfYer 30 hours of Grying many capsules, though dry, were still
closed and many showed only small openings, The classification was as
follows: :

Hature of capsules: Number Percentage
Well open, brown 269 21,3
Well open, green 208 16,4
A little open, brown or green . 341 27,0

Closed, green or brown 447 3543

Maisture content (’io)
80 -4
60 -
4
40

T L - 1
0 10 20 30
Hours after drying

Fig. 20 ODrying of picked capsules.
Mmoisture content at different

times during period of drying

in grain drisr.



6.,1.,2.2.3. Discussion and conclusions

The artificial drying of sesane was not satisfactory. It was a
rather long process and the final result was disappointing in that
too many capsules had remained closed which would cause geed damage
at threshing.

Picking or stripping of capsules is a tedious work and a priori
not an attractive method of harvesting. Sun drying of the capsules is
also troublesome and risky if it rains frequently. The method may
therefore be discarded for practiczl use:; it may however be useful
for experimental purposes,

6.2, Harvesting of non-shattering sesame

The question has been raised: if harvesting and threshing of -
gsesame is not mechanized, would hand-threshing of indehiscent sesame
be practical, and useful to reduce seed loss? Two experiments were
carried out to answer the question,

6.2.1, Materials and methods

Three different indehiscent sesame cultivars were compared
with the dehiscent cultivar Yandev 55 in 1966, and four in 1967 in
small observation plots of 13 = 26 square .m, Table 49 in the next
gection shows capsule characters of the cultivars. Ib.No, 15, Baco ancd
Paloms are introductions from the United States (1964-1967);
57=6-116BI-56B and 57-6~116B.35 are local selections: Morada indehiscent
was introduced from Venezuela, :

Hature plants were cut, bundled, stacked and tied to a pole;
Jute sacks were spread underneath to catch all seed from shattering

capsules. Threshing was done two to three weeks after harvesting as
followa;

(a) Tizst threshing .... normal wethod by turning over the bundles and
beating gently with a stick.

(b) Second threshing ..., havd beating with a stick to crack the unopen-
ed capsules,

(¢) Tinal threshing .... opening the capsules by hand and collecting
the remaining seeds.

For the 1967 experiment secds were sorted after threshing in
groups of damaged and undamaged seeds,

6.2.2. Results

. Yield figures obtained for +the different treatments in the two
experiments are listed on the next page,
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Table 49. land threshing of indehiscent sesame., Characters of cultivars,
year of experiment, seed yield for different threshing
treatments as percentage of total seed yield, and total seed
yield in grams,

Yield as percentage

Variety Cheracters Year Sh, (a) (b) ({c) yield
Ib.Ho, 15 id ) 1966 0.3 0.3 42.7 56.7 136
57w6..116BI..56B id P 1966 0,0 7.6 65,2 27.3 60
57-6-116B=35 id P 1966 0.0 8.3 83.3 8.4 5
Yandev 55 1d P 1966 0.5 91.7 6.1 1.7 581
Ib.Yo, 15 id P 1967 0.0 4,9 68.3 26.8 235
Baco | id D 1967 0,0 1,2 T77.8 21.0 290
Palome id D 1967 0.1 T.1 85.3 7.5 119
Morada indehisc. id P 1957 1.2 29,6 31,3 37.9 160
Yandev 55 1d P 1967 0.5 86.9 12,3 0,3 1221

Id = dehiscent, id = indehiscent: P = normal carpel, p = papershell_
carpel; Sh = shattering, (a) = first threshing, (b} - second threshing
and (¢) = final threshing.

The percentage of sced damage is shown in Table 50,

Table 50. Hand threshing of indehiscent sesame, Percentage of seed
damage by weight in 1967.

Percentage of sced damage

cultivar Sh, (a) (b) (c)

ITb.Ho, 15 ' - 0,0 14.7 12.4
Baco - 4.1 6.8 5.1
Paloma 0.0 1.4 11,8 47
Morada indehiscent 0.0 0.0 7.0 1.1
Yandev 55 0.0 0.0 1,2 0.1

Sh, = shattering, {a) = first threshing, (b} = second
threshing and (c) :+ final threshing.

6.2.3. Discussion and conclusions

hreshing left between 7 and 57 per cent
of the seed behind in the capsules of indehiscent cultivars, HOttoni¥0
is hand-threshing tedicus, it also causes 2 good deal of.dagageoog 1
seed, whatever the method might be, and this_results again %?lpre ive
quality of oil, Liffective threshing of indehiscent sesame wi q;
good and expensive machinery.

A simple method of hand-t

6.3, Use of the character indehiscent capsules

ow that the indehiscence charactgr isd

i i adopte
of no immediate use on farms where mechanlzgtlon hasdnot bﬁgzn 1a§ger'
It may become of use when mochanization is introduced, or

] i i i initiated.
projects with mechanized farming are 1n1t1a- . ‘
’ To meet possible future demands for indehiscent cultivars, the

; + I and the
character was introduced in a breeding progra@maﬁa: Lfi:aéultivar
best line selected was back crossed several.tlmea OL? o ee 40
Tandev 55, after which mass selection and line selectlon fF

the cultivar B.C.5.

The previous chapters sh
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The latect programme, which was started in 197), makes use of
the long, papershell and intehiscent capsule characters of the cultivar
Baco by crossing it to the cultivars Cross. no. 3, X 30,115, 65 A-36,
65 B~61 and Yandev 55, followed by alternating generations of open-
pollinagtion in isolation and baclkcrossing of the plants with the Baco
capsule characters to the cultivars mentioned.
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7. DISEASIS AND INSECT PESTS

Sesame is very sensitive to many different diseases under the
conditions prevailing in the main sesame growing areas of Nigeria and
depending on weather and time of the year it can be severely attacked
by different insect pests. The next sections will only briefly discuss
main diseases and pests observed in Nigeria and will conclude with
dealing in more detail with sesame leaf-curl, ‘

Tels Diseases other than leaf-curl and insect pests.

Tdentification work and observations done at HMokwa on fungal
and bacterial foliage diseases of sesame in Nigeria, have revealed
EFatmi, McDonald snd Stonebridge, unpublished reports): :

a) that the following orgenisms could be isolated from leaves of
digeased plants:

Alternaria sesaml

Cercospora sesami
Curvularia lunata

Cylindrogporium sesami

Fusarium semitectum

Helminthosporium halodes

Macrophomina phaseold

Qidivm sp.

Pestalotiopsis mayumbensis Pseudomonag sesami (7)
(b) that the foliage diseases occurred normally as 2 complex and got

as individual diseases and that 1t was difficult therefore'to decide,
which individual disecases were the most important onesz this was ezen
more complicated as the picture of the sympioms changec. from year to
year,

(¢) that the pathogené (ylindrosporium sesami, COTCOBPOTZ, sesaml,

Alternaria sesami and Pseudomonas sesami are possibly the main members

of the disease complex, oymptoms evoked by these pathogens individually

ares

. . . : g ave angular in
(1) Cylindrosporium sesamis The lesions on the leaves &

g ish brown colour in the centre .
shape, 4 ~ 10 mm across and of a Zrey n the contre s

with lighter grey margin. The leaf spots may coalesce, e epots

of the lamina, Later during the development many minutes,

can be scen scattered over the lesions, indicating the sites of

acervuli, ;
(2) Cercospora sesami: The pathogen can attack all above gr:gniegarts
of the plant and it commonly produces lesions o 1eaves,.€§ o ore darik
stems and capsules. The leaf spots have a brown centr; :1 4 ;mmin dig~
brown margin, are roughly circular in shape and from o o o iameter,
meter, but they may.coalesce to form lesions of about mmt than the
The petioles and the stems tend to have more elongated spois

. ; n
leaves, The lesions on the capsules are round in shape, silfzzig zzzie
in the tissue and at first of a brown celour which later be

brown to black.

(3) Alternaria sesami: Brown gpots of about 5 mm dianmelex oggu:hgnvein
stems, petioles and leaves, Typical is the brown.colouring vein
pattern and the drooping of the leaves. darl- brown to black

(4) Pseudomonas sesami (?): On the leaves angula?,d. anl lesions
spots develop and marginal necrosis occurs. The in 1¥£e L e e to
coalesce and the necrotic area rapidly spreads downe o oaing down the
the petiole from which discoloured streaks may be seen Pa

stem and- causing rotting and lodging.
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Virus diseases reported for sesame are phyllody and leaf curl
(Weiss, 1971). A
Phyllody can be very harmful in India and Burma, the attack used to be
very light in the Sudan and the U,5.A,, and in Nigeria the damage
caused by the disease is negligible; the incidence increased a little
during the dry season in irrigated plots at Mokwa but it remained of -
minor importance, { Krishnamurti, 1951; Weiss, 1971; van Kheenen,
1969170, unpublished resulis of a questionnaire),

Leaf-curl can do much damage %o sesame in India (Joshi, 1961 Gupta et
al,, 1963), In Nigeria it became a disease of major importance since
1964 and section 7,2. will deal with it in more detadil,

Main insect pests in Ligeria are those caused by the moth
Antigastra catalaunalis Dup, and by the gall midge Asphondylia sesaml
Felt, larvae of the former are called leaf rolers or leaf webbers; they
vole and web the leaves together predominantly at the top of the plants
and eat the young flower buds, flowers and young fruits, During pro-
longed periods of drought the damage can be considerable, but the pest
can be controlled effectively with insecticides as Didimac and Gammalin
(active ingredients D,D.T. and B.HK.C.). The gall midge lays eggs in the
ovarics and galls develop before the flowers open, The maggots feed.
on the surrounding tissue and pupate inside the gall, Capsules may be
partly or totally affected and in extreme cases all or nearly all
capsules of all plants of a field show galls and no yield is obtained
at all. Chemical control is difficult but resistance against the gall
fly has been found recently {Chadha, unpublished reports, Iokwa
Agricultural Research Station). Resistance to Asphondylia has also been.
observed in the species Ceratotheca sesamoides Endl,, which is endemic
in Africa and appeared to be cross-compatible with Sesamum indicum T,
(van Rheenen, 1970), Trm e

7.2. Leaf-curl

Joshi (1961) described the symptoms of a virus disease called
leaf-curl which is responsible for heavy yield logses in India. The
causal virus is Nicotiana Virus 10 or Tobacco lLeaf~curl Virus, which
cauges leaf-curl in tobacco, tomato, zinnia and other plants (Smith,
1957). The vector is Bemisia tabaci Gen., an insect belonzing to .the .
order of the Homoplera, to the suborder of the Aleyrodina and to the
family of the Aleyrodidae or white flies, a group of insects with wings
and body dusted with a white powdery wax (Wyniger, 1962: Caswell, 1962).
Leaf-curl or similar diseases of sesame and sesamum species have been
reporbted to ocour in Tanzania and Sierra Leone (Wallace, 19333 Deighton,
1932 and 1940}, : A
The disease was not mentioned in the list of plant virus diseases of
Nigeria made up in 1963 (Robertson, 1963), but it appeared with a
question mark in the check-list of plant diseases in Nigeria of 1966
when it had been obsexved at Mokwa (Bailey, 1966). |

In 1964 a disease with symptoms as described by Joshi' (1961)
1ightly attacked the sesame crop at the Mokwa: experimental.farm, but
it was very harmful in some of the treatments of a small planting dates
egperiment laid out in a nurcery about four miles away from the expe-
rimental farm (7.2.3, and 74245¢)s In 1965 the disease incidence was
extremely severe at Mokwa and caused complete crop failures, A study
of the disease was then started and continued till 1971.

Ts2els Disease symptoms

- At the time_?he flower buds appear, the top of the plant becomes
brownish green and its leaves curl a 1ittle, Iater the leaves curl

downwa?ds along each side of the midvein and at the top, the colour
turns dark green or becomes even brownish and the surface looks more

s@iny‘than in healthy plants, The leaves also become brittle and their
size 1a reduced. : e '
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The flower buds show a light-brownish, unhealthy colour, do not
develop to normal size.and produce small, peor-looking flowers.

The capsules may be brown, dark brown or even blacliish in colour
and nay split open along the sutures,

Severely attacked plants show very stunted growth, and leaves and
flower buds drop off, the brown stem tops being left without capsules,

The disease symptoms may appear on all or on only some aerial
parts of the plant. In some cases, for example, only the main stem but
not the branches were affected, or not the lower parts but only the
top. Sometimes plants can grow avay from the disease and produce a new
series of shoots without disease symptoms. No disease symptoms have

been cbserved on the roots,
Plants with leaf-curl symptoms were found to be meore frequently

attacked by sesame zall midge {Asphondylia sesami Pelt,) than healthy
plants (Fig. 2la).

Te2.2., Distribution of the disease

Leaf-curl occurs mainly in early and not in late sown sesame.
In 1965 leaf-curl symptoms were observed in sesgame CIops in Tiv Diviw
sion around Yandev, in Igbirra Division around (sara and in an expe-
riment at Beli, In some fields certain patches showed symptoms of a

severe attack, o
During the years 1966 - 197C the extent of the disease incidence
was visually estimated in a number of farms and scored in a leaf-curl
index on a scale of 0 - 5 {0 = no symptoms; 5 = very severe attack),
In addition the percentage of plants with symptoms wasg est%ma?ed from
a sample of twenty plants along u line choosen: at random within ?hg
field, Table 51 shows details of the survey, The locations are divided
in three groups, sited in Igbirra Division, Tiv Division and Beli area
respectively. liach year the same number of fields were 1n§pected in
each area bul due mainly to reductions in crop acreage this was not

always possible in the first group of four locations.

Table 51, Visual estimation of leaf-curl attack and percentage of
plants with symptons.

Percentage of plante

with disease symptoms

Farms visited ILeaf-curl index

Tum~ Year Ave- fear Ave~
Location between ber 66 147 168 169 170 rage 166 167 168 '69 170 mage
Osara - Egain 6 2.8 1,10,80.51.413 T 9 3 g %g gi
Zgain - Okene 3 1.8 0,8 0,7 0,1 0,50.8 8 12 T 7 AT
Okene - Osara 3 3,8 1.3 ~ 0.1 - 1.7 100 49 5 : 83
Osara - Lokoja 3 3.32.23.0 - - 2.8 98 62 1 A 1
Otuzkpo -~ Gboko 2 0,5 1,5 0,0 0.1 0.3 0.5 25 80 . 8 g 12 27
Yandev - Gburuku 4 0,0 0.5 0,1 0.1 0.6 0.3 oY 0 3 26 13
Gboko ~ Thugh & 0,0 0.4 0.1 0.2 0.8 0.3 a 7 o 20 2 6
Yandev  Makurdi 5 0.0 0,3 0.1 0.8 0.2 0.3 0 9 13 59 36
Yandev . Katsinz 4,5 =~ =~ = 045 2,1 1.5 - T 3 100 52
Katsina A,- Tor D, 2 = =~ =~ 0.1 4D 2.3 S CC b 95 47
Tor Donga - Takum 2 =~ =~ = 040 3.5 2.8 = 7 30 92 61
Takum - Wukari 5 - = = 1.2 3.5 2.4 DL 55 85 &9
Wukari - Gburwu 5 - = = Lo 5.1 2.4 - 0T o 63
Takun - Tissa 2 = - = 1350052 - T Sg 1g7 95
Tissa ~ Beli 3 = = =30 3.8 5.4 -7
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The survey results show that leaf-curl is not a serious problem
in sesame around Yandev wheore sowing is early i.e. with the first rains;
delay of sowing was observed to cause an increase in disease attack.
In Igbirra Division leaf-curl caused heavy losses in 1966, but was less
harmful in the subsequent ycars, As a result of the losses in 1966
farmers grew less sescame in the years following, In eastern Tiv Division,
around Takum ond Vukari and in Beli area leaf-curl attack was considerable
in 1969 and severe in 1970. At ilokwa leaf-curl was a major problem for
early sown sesame since 19G5 wherever planting was a 1little delayed.

7.2.3, Logses caused by the disease

The damagze caused by leafwcurl may vary from negligible to dis-
astrous. The following examples will illustrate the harmful effect of
the disease.

(a} The 1964 planting dates experiment referred to in the intro-
duction of 7.2. consisted of ireaiments sprayed with the insecticides
Garmalin and Didimac (B.H.C, and D.D.T.) and unsprayed treatments., The
sprayed treatments, which were free from leaf-curl, yielded T7.5. times
more than the unsprayed ones with severe disease incidence, the yield
difference being mainly attributable to the difference in leaf-curl
attack, ‘

(v} A cultivar trial with six cultivars was sown in May and its
duplicate in August, 1965, Average yields of the early-sown crop, which
suffered badly from leaf-curl, and of the late crop, which was free or
almost free from symptoms, were 28 and 558 kg per ha respectively.

{e) A yield trial with sixteen entries and five replications, sown
in Yay 1968, was aitacked by leéafwcurl, The susceptible cultivar
Yandev 55 yielced 237 kg per ha, while the best yielding leaf-curl
registant selection produced moie than three times as much,

Obviously leafwcurl is a serious danger to common sesame culti-

vars, not only at Hokwa but also in Igbirra Division, eastern Tiv
Division and Deli area.

Te2.4. Vector and virus

Spraying with insecticides controlled leaf-curl {7,2,3,). This
suggested that insects rather than fungi or nematodes were involved,
The absence of clear insect injuries and the nature of the disease
symptoms further susgested that insects causing leafecurl did so as
vector of a virus disease. The description and picture of sesame leafw
curl symptoms by Joshi (1961) showed a strikking similarity with the
symptoms observed at liokwa and suggested that the same causing agents
were involved,

On two occasions samples of plants showing leaf~curl symptoms
were forwarded to the Virus Research Unit, Cambridge, for further
analysis, but the material was received in an wnsatisfactory gtate.
Investigations were then initiated at Mokwa to identify vector and
virus and to check on possible other ways of disease {ransmission.

Te2e4.1. Materials and methods

(a) Cy}indrical isolation cages, 61 cm in diameter and 1.2 m long,
mgde of w1re.and fitted to contain a polyethylene pot, were used for
virus transmission experiments. They, were hung on 2 line off the ground.
Muslin cloth, sewed to it the cafe, made it white~fly proof, Watexr

supply to the pol was effected through a rubber tube, closed off with
“a cork (Fig. 21v), o
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(v) A nursery cage, covered with muslin cloth, Sl cm long x 48 cm
wide x 76 cm high, made of metal rods, provided with a wooden floor
znd standing off the ground, was used to raise plants, Vater supply
was as described under (a). - :

(c) Small muslin cages made of wire, which could be piaced over
pots with plants, were used iemporarily to provide protection against
white flies., = , ‘ )

(&) Screened houses, 4.5 m long x 2,7 m wide x 2.2 m high, were
used for virus transmission with plant sap and grafting.

Black polyethylene pots, 11.4 cm in diameter and 25.4 cm high,
filled with a sand and compost mixture, weTe used to gzrow plants.

White flies were caught by sucking these off plant leaves by
means of glass “ubes closed at one end with loose cotton wool.

Carborundum powder used was of 300 mesh.

Two methods of grafting were applied: (1) The wedge graft method
with wedges about 10 - 15 mm long and (2) the chips graft method with
stem chips of approximately 15 mm length.

Test plants were of the following species:

Althaea officinalis L.

Capsicum annuun L,

Qyotalaria”juncea L..'

gigbfiaha_giaqu L.

Nicotiana glutinosa L.

Jicotiana tabacum L.

Petunia hybrida (Hook.) Vilm.

Solanum lycopersicum L.

Solanum melongena Le

Zinnia elegans Jack,

T4244.2, Vector of leaf-curl

Tn 1966, sced of the early-flowering, short sesame cultlva:
Dulce was sown in four cylindricel imsolation cages. When the plantis
were about 5 cm tall white flies were caught separa?ely frem thiee :
different places: In a sesame CIOP with leaf-curl, in tomato anc swee
pepper plots showing symptome similar to sesame leaf-curl, and in an
isolated cassava farm, The white flies from the different pla?es were
transferred to different isolation cages. A fourth cage, gerv;ig as a
control, received air from the different places,w1tpou$ white 1;25

Where white flies from sesame Or tomato and swe?t ?epperf e
been introduced, sesame plants developeihthetchag:;:erlstlc leaf-c
symptoms, They failed to do so in the other WO S ‘ o

ymp In 196%, geed of the sesame cultivar Dulce was sown 1nw§zzecgiis;
drical isolation cages. As from about two weeks after sow;n% White red
were caught over a sesame cXrop with leaf-curl symptoms in . rAbout
to one of the two cages, The other cage was used‘as con rg_%e s
five weeks after sowing the plants in the cage Wth the w ;trol rore
developed typical leaf-curl symptoms, the plants in thelzots ol 028
remained healthy. Pupal cases and larvae found on the g gf o o
former cage were forwarded to the Commonwealth Igstlt? e £ Tnon
London for determination., They appeared to be.malnly rog "“Eﬁzifborbett;
tabaci Gen. and for about 10 per Cent1£?32rT£;?izu£:§q§ow§S?n e an
™ In 1968, seed of the sesame cultl 8 : .

drical isothién cages, As from about itwo weeks aft;y iSWIﬁg;:ht;:ns-
flies, caught in the centre of an igolated cagsava ield, g 1 =
ferred via diseased sesame planis of the cultivar Dulce, gr g n
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vound isolation cage, to one of the two cages. The other cage recelved ;
as a control, white flies from cassava but via healthy sesame, -
The plants in the cage with white flies from cassava vie diseased sesame
showed leaf-curl symptoms about five weeks afier sowing, The plants in
the control cage remained free from symptoms. Pupal cases and larvae
from the cassava plants were forwarded to the same address as before

for indentification and were found to be from Bemisia tabaci Gen.

The conclusion is that white flies, and likely Bemimia tabaci
Gen. transmit the disease characterised by leaf-curl gymptoms. The
white flies from cagsava were clean and free from the disease,

Te244.3. Test plants

Plants of the +ten species menticned in 7.2.4.1l. were used as
test plants, either by keeping them under observation after sowing in
pots in a screened house, in which white flies from o sesame crop with
leaf-curl were released, or by growing them in cylindrical cages, in
which white flies caught over a sesame crop with leafw.curl symptoms
were brought, or in i{o which white flies from cassava via diseased
sesame were transferred., Control plants were grown simultaneously,

The following plant species showed no leaf-curl symptoms and \
developed well and normally under all circumstances: glﬁpgea;officinalisg“
Crotalaria_juncea, Nicotiana glauca, Nicotiara glutinosa, Petunia
hybrida and Solanum meloquna.

Other p. plant species showed the following diséase symptomsu

(a) Capsicum anmuum: The leaves curled down round the midvein and at

the top, the Jeaf stalk bent down, the colour of the leaves turned dark
green to brownish and the leaf surface looked more shiny. The veins were
thick and so were the leaves and leaf stalks. The leaves were brittle
and reduced in size, and dropped off easily (Fig, 2lc).

(v} Nicotiama tabacum: The leaves curled down along each side of the
midvein and length-WJDe, their colour turned light browvnish and the
veins were thicker than normal,

(¢) Solanum lycopersicum: The leaves curled and twisted, their colour

turned dark green or brownish, the veins became thick and the leafleis
thick and brittle,

(d) Zinnia elegans: The leaves curled down round the midvein and Iength
wige, thelr colouxr turned dark green to light brownish and they became
brlttle and remained smaller than normal, The veins were a little thicker
and the flowers somevhat smaller than usual (Fig. 21d),

Te2.4.4. Attempt of sap transmission

In 1970, seed of the sesame cultivar Dulce was Sown in pote in
one of thg screened houses. About seven weeks after sowing sap trans-
mission was attempted on 435 plants. Leaves derived from sesame plants
with leafwcurl symptoms were ground in a mortar. The inoculum was rubbed
gently over the top leaves of the test plants, which had been dusted
with carborundum powder, Healthy plants supplied foliar material for
the treatment of 43 control plants.

No leaf-curl symptoms developed on any of the plants. The last obser~
vation was made five weeks after the treatment,

Te2:4, 5.-'Graft transmission trials

In 1966 the wedge graft nethod was applied for grafting diseased
sesame scions, cultivar Yandev 55, on eight healthy tomato plants of the
cudltivar Money maker, The control consisted of healthy sesame grafted
to three healthy tomato plants, The chips graft method was used to
graft diseased Dulce and Honey maker to five healthy ™ulce and five
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healthy Yandev 55 plants respectively. The control had healthy Dulce
and lioney Maker grafted to the same number of healthy stock plants.

In 1970, the wedge grafit method was applied for grafting diseased
Yandev 55 on 22 healthy Dulce plants. The control consisted of healthy
Dulce scions grafited to 21 healthy Dulce plants.

The grafting was done four to seven weeks after sowing, eithexr
in potes in one of the screened houses or in cylindrical isolation
cages,

A1l wedge grafts with diseased scion material failed except two
made in 1970, while in the same year nine grafts with healthy material
were succesful. All chips grafts failed to establish, Yo disease sympioms
developed on any of the plants.

7+.2.4.6. Seed transmisston trial

Tn 1970 seed was harvested from a sesame plant of the cultiver
Dulce, which shoved very severe leafwcurl symptoms in all aerial parts
including the capsules, Immediately after harvesting the seed was sown
in pots in one of the screcned houses and in a nearby nursery. There
were 25 plants at each place.

About eight weeks after sowing most plants in the nursery showed
leaf-curl symptoms, while all plants in the screened house were without
symptoms,

Te24447. Discusstion and conclusions

Hone of the sesame diseases described from other parts of the
world hags symptems similar to the ones described here except sesame
leaf~curl caused by Tobacco Ieafwcurl Virus, The only disease reported
by Sorauer (1954), Smith (1957) and Cornuet (1959) as being transmitted
by white flies and causing leaf-curl symptoms on tobacco, tomato and
zinnia is that caused by Tobacco Leaf.-curl Virus,

Description and picture of sesame leaf-curl by Joshi (1961) suggest that
segsame leaf-curl in Nigeria is caused by a virus, that is closely related
to the virus causing leaf-curl in India, although it has never been
observed here, as it has in India, that 'some diseased plants may also
bear enations on the lower surface of the leaves." Thung (1932) descri-
bed three different types of tobacco leaf-curl or kroepock diseases,

two with enations and one without enations, Pal and Tandon (1937) des-
cribed five different types oif tobacco leaf-curl, three with and two
without enations along the veins on the dorsal side of the leaves.
MeClean (1940), when working with his severe form of %cbacco leaf-curl,
found that in the course of the transmission of leaf~curl to tobacco

by white flies and in the transmission of the disease by grafting between
various Solanaceous hosts, two new forme arocse, a mild form and a latent
form, Smith (1957) stated that the manifestation of tobacco leaf-curl
varies greatly with environmment and cultivar. At Mokwa leaf-curl, when
transmitted from sesame to tobacco, caused only mild symptoms with no
enations nor vein clearing, :

TomaFo plants infected with tobacco leaf-curl virus may or may not show
enations on the undersurface of the leaflets (McClean, 19403 Nariani,
1968), The leaf-curl symptoms of tomato at lMokwa seem to correspond with
those caused by the mild form of the tobaceco leaf-curl in MeClean's
(1940) tomato material. The symptoms induced in zinnia at Mokwa seemed
to resemble rather well the leaf-curl symptoms caused by tobacco leaf.
curl as described by Smith (1957). Nariani (1968) transmitied enation
leafwcurl of tomate to Capsicum annuum, which then showed mild curling
and reduction in size of the leaves and general stunting of the plants,.
Tgung.(1932) induced by virus transmission leafwcurl symptoms in
Nicotiana glauca, McClean {1940) in Petunia and Wicotizna glutinosa,
plant species which failed to show leaf-curl symptoms at Mokwa.
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McClean (1940) observed that the reaction of his Nicotiana glauca to
severe leafwcurl was so slight that it easily escaped detection; his
Solanum melonzena plants, when exposed to infective white flies,
devéloped only a faint yellow network on the upper surface of a few -
leaves, and thereafter produced normal foliage; he observed that
hollyhock.plants growing in Durban showed symptoms like leafwcurl,
but no attempt was made to transmit the disease and to investigate its
relationship to the other forms of leaf-curl., Thung and Eadiwvidjaja
(1953) found in Javae plants of Crotalaria anagyroides with leaf-curl
symptoms which were proved to be of virus origin; also Urotalaria
Juncea has been reported to 'show leaf-curl symptoms, but for both
_ Crotalaria species thé indentity of the virus has not been established,
At HVokwa sympioms similar to leafwcurl have been observed or Vicoa
leptoclada (Webtb) Dandy, Dahlia and Cosmos salphureus ‘Cav,

Leaf-curl can be transmitted by grafting (Smith, 1957), but at
Mokwa ‘grafting as such yielded very little success, and transmission
of the disease was not observed.

Leaf-curl carmot be transmitied with plant sap (Smith, 1957),
which was confirmed by the sap transmission experiment.

T.2.5. Sowing date and leaf-curl

The 1964 planting dates experiment referred to in the introduction
of 7.2, showed that the unsprayed treatments sown in April developed
less severe leaf-curl symptoms than the treatments sown ?etween May and
July; during August leafwcurl attack decreased again, while the treat-
ments sown in September were only very lightly attacked. .
From 1965 t111 1971 carly-sown sesame at Mokwa was sovercly attacked. Zt
leafwcurl, if there was a delay in planting after the onqet of the flgu
rains, whereas the late sesame cIop, SOWR in August and September, wa

practically free from disease symptoms. o

The ob;ervations that leaf-curl increaSes, when sowing is delayed
after the first rains, and decreases again, : : ‘
in Aygust and Septembér, wag confirmed in planting dates experlmzztzo
conducted in 1966 and 1967. During these yeaTrs an attempt wa; m;eans
observe the fluctuation in size of the white iy popuéas;osziook
of vertical, yellow, cylindrical, sticky traps as uset  dices
(1968) with,a trapping area of approximately 9.5 dm2, Leaf-curl indi

were determined as described in T.2.2. ;
In 1966, the cultivars Dulce and Yandev 55 were sovn weeglygizg
plots of ten ridges, 91 cm apart and 9.1 m long. TheTﬁztiigizg ogastem
was 15 cm and the date of first sowing was 4th Hay. ﬁ'mh—st position,
nodes between the cotyledons and the capsuie i:dt?irngg ihe figurcs 8
vas counted and recorded; In S8%¢ P Capzzv?55 and Dulce respectively.

and 2 were recorded being minima for Yam o
In addition, the total number of capsules formed on the ste

was counted, ]
Table 52 shows results of scores and counts of nodes and cap
sules for the first seven sowing dates.

when sowing is practiced
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Table 52. Leafwcurl index, node number of highest capsule on the stem,
and number of capsules on the siem as averages for twenty
. plants in the first seven sowing dates: during 1966,

Yandev 55 Dulce
Sowing.date’Leaf-curl Hodes Japsules Leaf.curl  HNodes Capsules
' index index
4th May 2.7 =+ 0,1 26,7 + 1.5 19.1 + 1.8 0.5 + 0.0 19,5 + 0.7 T
15th May 2.6 + 0,2 24,1 + 2,7 11,7 £ 2,3 0,8 + 0,1 16,1 + 0,4 ?
18th May 43 + 042 17,6 + 2.2 Tu8 + 2,1 1,6 + 0,2 15,7 + 0.9 35,5 4 2.6
25th May = 5.0 i 0.0 12,0 + 1.1 2.0 + 0.7 2.6 + 0,2 12,7 + 1.1 24.6 + 2,0
lst June 5¢0 + 0,1 9.4 + 1,0 1,0 + 0,6 3,7 + 0.1 13,1 + 1.6 10,1 4 1.5
Bth Jmle 5.0 :E‘_ 0.0 9.2 "t 0.9 0.8 ;:; 005 404 _'i‘- .1.0 12.7 _'_!: 1‘6 6.8 :_i‘_ O.B
15th June 5,0 & 0,0 8.0 + 0,1 0,1 + 0.1 4,7 + 0.8 6,1 + 0,8 4,0 4 0.8
When the sowing was delayed, the disease symptoms became more

gevere, More flowers and flower buds dropped off, which resulted in a
lower position of the lastformed czpsule and reduced the number of

capsules on the stem,

. The results of the later sowing dates were somewhat confused’by
leafwspot diseases and insect attack, but disease scores, here per
plot, show that the attack became less severe at the end of July and

in fugust (Fig. 22).

Fifteen traps around the experimental farm, one in a nursery and
one trap per plot in the experiment, were set at 60 cm height to catch

white flies,

Tig., 22 shows the average number of white flies caught per trap and .
per month, During llay the number caught was small, it increased during
June, decreased again in August, was small during September and Octo-
ber, and then increased rapidly during Hovember and December.
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f§§. 25 rstimation of leaf-curl incidence fer different

sowing dates (a);”aﬂd average number of white

fiies caught per trap per month during 24 hours

around the sxperimental fParm (b),: in the sowing

date experiment (c) eng in 8 nuresry (d) at

Mokwa during 1566.

t;f&ot experiment was laid out in
ev 55 were agsigned to the whole
ates to the gub-plots. There werc

y Tn 1967, a sowing date Spli
which the cultivars Dulce end Yand

ﬁiots and seven different sowing ¢
ree replications, the plot size was ten ridges, 91 cm apart and

9.1 m long, and the spacing between the plants on the ridges was 15 en .

White-fly traps were placed in the middle of the plois, but only in twe
of the three replications and only for the first, third, fifth and
seventh sowing dates. The traps were kept at crop level and used only
onece a week for 24 hours. For each plot the leaf~curl index was deter-
nmined shortly before harvest., Average numbers ©

¢ white flies per trap
per 24 hours were calculated for the first, second and third month
on ¢ifferent plan

after planting, and obgervations + characters were
made at or afier harvest (Table 53). Again the experience Was, that
when sowing was delayed afier the onset of the rains, the disease
symptoms became more severe, the plants remained smaller, less leaves
developed on the stem, branching was reduced, the stem girth was smale
ler, less capsules developed on steil and branches, and the sced yield
ent occurred in

decreased as wells but as from August a clear improvem
Average numbers of white flies caught

Tespect of these charactersSs
per trap per 24 hours during 1a¥ £111 December for cach month werc
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Table 53. ILeaf-curl index, number of white flies trapped per 24 hours
and plant characters for the sowing dates trial in 1967,
Meagsures in cm and veights in kg.
* = less than 1,

Yandev 55

Sowing date

Obsexrvation 20ud 315 21-6 12-T7 2.8 23.8 13.9
Leaf-curl index 2,0 4.5 5,0 5,0 1.0 0.6 0.5
Vhite flies (first month) 24,0 - 11.5 - 30.0 -~ 9.8
White flies (second month) 30,8 - 22.0 - 5.0 - 20,8
White flies (third month) 4.9 ~ 5.8 - 7.9 - 329.9
Plant length 142 93 52 39 56 98 94
Total length primary branches 497 209 25 3% 92 190 150
Total length secondary branches 215 g3 2 3 35 46 22
Leaf pairs on stem 39,6 25,1 18.4 16,2 21,5 27.5 26.6
Girth between 5th and 6th node 4,8 4.1 2,8 1,5 2,3 3,0 3,0
Capsules on stem 18,7 1.8 0,1 0.1 6.4 21,3 21,9
Capsules on primaxy branches 82,7 10,3 0.1 0,1 23,1 54.5 39,9
Capsules on secondary branches 45,7 11.8 0,2 0,0 7.8 9.6 5,5
Capsules per plant 150.6 25.3 0,2 0.2 37.3% 85,5 £7.3
Seed yield per plant x 10,000 101 25 = * 29 104 81
Dulce
Sowing date
Obscxvation 20~4 31-5 21-6 12.7 2-8 23.8 13-9
Leaf-curl index 0.8 4.0 5.0 5,0 2.7 0.8 0.7
White flies (first month) 21,2 - 13,1 - 27,9 . 10.1
White flies (second month) 33,8 - 26,8 o~ 7.5 . 22.8
White flies (third month) 6.l = 8.2 - 4.9 - 44,7
Blant length 58 51 31 3 28 29 42
Total length primary branches 98 14 14 8 2 2 3
Total length secondery branches 14 0 0 1 0 0 0
Leaf pairs on stem 34.3 23.7 12,7 14.1 15.3 13,7 20,1
Girth between 5th and 6th node 2.8 2.8 1.5 1.5 1.5 1.5 2.5
Capsules on stem . 54.0.18.2 2.0 1.4 4,9 12,0 41,1
Capsules on primary branches 62,7 2.9 0.5 0.3 0.4 0.8 0.7
Capsules on secondary branches 3.2 0,0 0.0 0,1 0€.0 0,0 0,0
Capsules per plant 119,9 21,1 2.5 1.8 5,3 12.8 41,8
Seed yield per plant x 10,000 5 5 o« 1 19 37
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18,6, 25.6, 13 1, 26.4, 7.2, 9,0, 33,0, and 55,4 respectively. They
agaln showed the increase durlng June, the low level during September
and October, and the rapid increasse during November and December,

The number of white flies txapped during August was relatively higher
than in the previous year,

During the period April 1970 - Aprll 1971 fortnightly five pots
were placed in a circle at three different sites in & nursery where
throughout the year tomatoes and. sweet peppers were grown, The pots
were sown with geed of the cultivar Dulce. In the centre of the circle
which had a diaméter of about 1,5 m, a irap was placed and kept at
crop level, Catching for 24 hours and counting of white flies was done
weekly, From the data thus obtainced average numbers of white flies,
caught per trap per 24 hours during the first and second month after
planting, were calculated, About nine weeks after planting, leaf-curl
indices were determined for each plant, The results of the observations
are shown in Iig, 23,
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Different from the experience at the experimental faxm, the
plants of planting dates 18th April and 2nd May showed severe leaf-curl.
symptoms: thereafter the disease incidence decreased, and showed an in-
crease agein during July, remained severe during August and Sepiember,
and decreased during October, It remained mild during November and :
part of December after which the atiack became gradually more severe,

The results of the white flies trapping were comparable with
those obtained previously, Squire {1960} found that the white fly
population at Ibadan was at a2 minimum during the dry season, increased
after the onset of the rains and then showed a decrease from the middie
of September onward owing to the appearance of a parasitic fungus. At
lokwa, the white fly population increased after the onset of the rains,
showed a decrease during August or September; and increased greatly
during November.,

Generally it has been found, that planting as early as possible
with the onset of the rains, gives a healthy or lightly infected crop:
it was observed that the white fiy population was relatively small during
that part of the vear, Delay of planting caused more disease incidence;
at the same time the vhite fly population was observed to increase,
Planting about the middle of Ausust also geve rise to o healthy or
lightly affected crop; the white fly population then was observed to
be relatively small, Ilowever the size of the white fly population is
not the only factor to influence leaf-curl as Table 53 and Fig. 23 show,
One cxrop may show greater mumbers of white flies trapred and at the
same time less severe leaf-curl symptoms than another crop., Giha and
Wour (1969) stated that, in the Sudan, leaf-curl of cotton, varies
through the season and from year to year, but that it is not yet known
whether these fluctuations are caused by environmental factors affecting
the crop, the wvector or both, The fact that at Mokwa the fluctuations in
disease incidence cannot be fully explained by the magnitude of the
white fly population, and the observation that severely attacked plants
may recover in August to September, suggest that environmental factors,
acting on the plant-virus relationship, contribute to the seasonal
fluctuations, The observation that the cultivar Yandev ©5, with a longer
growing season and later flower initiation than Tulce, showed an earlier
decrcase of leafwcurl symptoms at later sowing dates, secms to point
in the same direction (Table 53).

Te2+6. Resistance to leaf-curl

In 1965 leaf.curl was so severe that it caused total or almost
total crop failures at Mokwa, and even the mazintenance of cultivars
and selections was a problem, One of the experiments that failed was
a spacing trial with the cultivars Dulce and Yandev 55. The Dulce plants
were the first to show the typical leaf-curl symptoms except for a few
that looked healthy and green and flowered well, These differed from
normal Dulece plants in that they were covered with many hairs.

A similar behaviour of plants was observed in Fz populations of crosses
between variocus parents: All populations were severely attacked except
those of the crosses X 30/46 x Oro (61/1) and Oro x X 30/46, (61/6)
which were in general more hairy than the others. Within the two
populations plants differed in hairiness and disease symptoms, A
vigual estimation on a scale of 0 to § (O = character not expregseds

5 = character very clearly expressed) was made for fifty plants of
population 61,1 and for twenty-five plants of 61/9 (Cross: X 30/46 x
V 16,/U) in respect of the following characters:

Leaf~curl. _ :

Density of stemuhairiness between fifth ané sixth node.,

Iength of stem-hairs between fifth and sixth node.

Density of leaf-hairiness, dorsal side, at fifth node.

Length of leaf-hairs, dorsal side, at fifth node.
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For 61/1 correlation coefficients
. y and for both populations a :
'vglues of the visual estimations were calculated (Table 54). e

Table 54. Cgrrelatio?s between characters for population 61/1 and
visual estimates {0 - 5 scale) of characters for 61/1

and 61/9 during 1965, early season,

Correlation coefficient

Jeaf 3tem-hairs Leaf-ﬁairs Visual estimate
Character curl density length density length 61/1  61/9
Leaf-curl | ~0,8 0.8 0.4 G.8
) . e =\l -\e 106 L

Density stem-hairs -0.8 0.9 0.6 Ca5 4.4 g g
Leng@h stem-hairs -0,8 0.9 0.4 0.5 4.6 3:3
Density leaf-hairs =0,4 0.6 0.4 ‘ 0.2 341 1.1
Length leaf-hairs <0.4 0.5 C.5 0.2 1.9 1.0

There appeared to be a distinct negative correlation between leaf-curl
and hairiness,

Within population 61/1 small patches of diseased plants could
be recognised at some distance, For ten such patches the plant with the
most severe symptoms was chosen for a visual estimation of the characters
shown in Table 54 and the average scores were 4.6, 2.1, 3,6, 1.9, and
1.4 respectively, showing again, when compared with the visual estimntes
for 61/1 in Table 54 that hairiness protected against leaf~curl.

) Unfortunately, hairiness was found %o be asgsociated with cater-
pillar attack, moinly of gggggggjgg_catalaunalis Dup., especially during
dry periods in the growing ceason, Similar observations as described
were made in the late planted crop, growing under dry conditions, with
the difference that the visual estimation of leaf~curl was replaced by
that of caterpillar attack., Table 55 shows the regults,

Iable 55, Correlation between characters for population 61/1 and visual
‘1 and 61/9

£

estimates {0 - 5 scale) of characters for 61;
during 1965, late season. '

Correlation coefficient

cater- Stem-hairs Leaf~hairs Visual estimate
Character pillar density length density length. 61/1 61/9
Caterpiliar 0.8 0.6 0.6 0.7 2.8 0.6
Density stem-hairs 0.8 0.7 0.6 0,6 3.9 0.9
Length stem-hairs 0.6 0.7 0.5 0.7 4.2 2.6
Density leaf-hairs 0.6 0.6 0.5 0.3 3.2 1.3
Length leaf-hairs 0.7 0,6 0.7 0.3 1,8 1.0

There appeared to be a ciear popitive correlation between caterpillar
attack and hairiness.

Within population 61/1 si
pillar damage could be recognise
the visual estimates of the charac
1,1, 1,9, 1.5 and 1.0 respectively,
was asgociated with caterpiliar damage . .

In 1965, a total 2? 148 single plant gelections was'madeéi?i nd
leafecur] pesistance in the cultivar Dulce, the Fy PoPulatlonSt o
61/6 and in progenies of pedigree gelections. ﬂost of tpe plan iggg
well covered with hairs, but some were only slightly halXy. g@ v 55
seed of the sclected plants was sown in progeny rows, while Jam

i i r almost
was sown in control rows, About forty-five progenics ghowed no 0

y little cater-
For ten such plants
55 were 0.6,
that hairiness

ngle plants with onl
a4 at some distance.

ters as shown in Table
demonsirating again
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no disease symptoms, The average yield of Yandev 55 was 44 kg per ha
and the best progeny row yielded 743 kg per ha., In 1967 seed from thirty-
five progeny rows was used for sowing a replicated experiment in which
Yandev 55 was again utilised as control., The experiment was sown with
the onset of the rains, leaf-curl attack was less severe than in 1966,
but drought and caterpillars, moinly Antigastra catalsunalis Dup, were
harmful. Yandev 55 yieided 513 kg per ha -and the best selection yielded
768 kg per ha. Seed hrmvested from twelve sclections was used fo sow a
replicated expcriment in 1968, Iere Yandev 55 yielded 236 kg per ha,

all twelve selections yielded more than Yandev 55, and the best
selection yielded 729 kg per ha., Although the resistance to the disease
appeared to be not complete, the difference in resisiance between Tandev
55 and the selections was most striking in the years that fellowed.

‘ Tandon and Banerjee (1968) tested a number of insecticides and
fourd IEndrin, sprayed weekly from two weeks after sowing till harvest,
the best to control leaf-curl, It reduced the percentage of infection
from 32 to 8 per cent, They also screened a collection of 26 different
cultivars and found five cultivars moderately resistants In India Singh
(1965) screened a collection of sesame cultivars for leaf-curl resistance
and found that the cultivars N,P.6, B/5, B/14 end B/54 had normal formation
of capsules, good setting of seod and could be considered resistant,
Gemawat. and Verma (1971) however observed that N.P.G was susceptible to
leafw.curl,

At Vokwa the cultivar N.P.6 showed a certain degree of resistance, but
at the end of the growing secason leaf-curl symptoms azppeared and the
yield was low. All four cultivars mentioned were tested against Mokwa
gselections in 1968, using plots of three ridges; 91 cm apart and 5.5 m
long, with each introduction and selection being flanked by Yandev 55

control plots. Table 56 prosents yields as perceniages of the control
plOtSo ' .

Table 56. Yields of cultivars and selections as percentages of those
of Yandev 55, during 1968,

Cultivar or selection Origin Yield
N.P.6 India - 36
B/5 Sudan 21
B/14 Sudsn 25
B/54 Sudan 184
65 A-30 Mokwa, 172
65 A-36 Mokwa 209
65 A-124 Mokwa 139
65 A-90 HMokwa 86

The cultivars B/5 and B/l4 were susceptible to leaf-curl at
Mokwa, N.P, 6 was lightly attacked and B/54 was resistant, The latter
cultivar has brown seed and is densely covered with long hairs.

From the results reported here it is concluded (a) that leaf-curl
resistance exists; (b) that it occurs in plants densely covered with
hairs, in which case possibly the hairs keep off the white flies, but
(¢) that it has also been found in very slightly hairy plants; and {d)
t?attcaterpillar damage was more severe. in hairy than in glab;ous
plants, . :

-
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probably one of the oldest oilsceds under cultivation. llo records on
sesame outdate those of Babylon in Sumeria where it waz kmowm in

2%50 B.C, At present the crop is grown in many tropical and sub-
tropical countries, among which India, China, Mexico, the Sudan and
Venezuele renk first in production, Since 1967 most published research
has been carried out in India and Venezuela,

The total world production which varies considercbly from year
to year, has shown since 1950/1951 no consistent trend of increase or
decrcase, It amounted to about 1.8 million ton both in 1950/1951 and
1969,1970, Approximately 10 per cent of the production moves inte inter-
national trade. In Nigeria purchases of sesame seed by the Marketing
Board arrived at 17,459 ton in 1969/1970 and 5,714 ton in 1970/1971.

The export is mainly directed towards Italy.
Sesame sced contains about 50 per cent oil and 20 per cent protein, it
is a popular constituent of various local dishes and is highly regarded

because of the good quality of its oil.

The crop is well esiablished in parts of four provincgs.of the
Northern States of Nigeria. The production areas are’chamcterlsed by
their location between latitudes 60 and 10°, a duration of the dry

season of about 4 %o 5 months, an annual rainfall of aboub 1,000 -

1,500 mm, a vegetation of rather open savannah woodland and a top soil
' ling follow traditional

of loamy sand, The cultivation and crop hand
patterns and the use of machinery is uncommoll.

Most of the experimental work reported ?erej.hasmbeer} car;‘;edlout
at the Agricultural Research Station, lokwa, Nigeria. oect::.ontf; gif? om
with spacing and density experiments, Ways of sowing varydi. nw ebo
rent production areas of Nigeria, but basically two metho .J_canon ridges
distinguished: (a) The Igbirra mathod, characterised bg sow(:l.nfith g
about 4 m apart at a spacing of 45 cm between the stan Tves broadcasting
16 plants per stand, and (b) the Tiv method, which invo vﬁ;wed consider;éle
rarely followed by thinning; plant counts per unit a,r?_adsas 673,000 p-la.nts
variation, the mean plant density value ben}g calcu]._a,u‘c S e; has Deorn
per ha, In view of soil and water conservation, Sowlng (:1n tani S petucen the
a recommended practice in Nigerin for a long tine, the dln;s D ditions
ridges usually being 91 cm, The cxperimental resuLts u? :,’oou‘b 6 cm on the
were interpreted as to give an optimum for & spacing o et & specing
ridges. Sowing on the flat in 1971 produced & m%x?u?ryom Bleasdale
of about 22 x 1% cm. In this casc a formula derlvel tion between spacing
and Nelder (1960) was found %o describe well the reld
and yield, , N o i for improvo-
In both mothods, described wnder (a) and (b), there 18 OO0 d
ment, _

' ber of

In Nigerié, it is cormon eXperience thzz i‘?‘r’ciecgzgng:mresu”s
crops early sowing, immediately after the ong se1d reduction, Factors
in maximum yields and delay of sowing causes J

i for
i i nd their consequences
cror peorn and el ¥ e d;riggg?c;ciiaiges, Jeaching of nitrogen,

crop growth and yield, were: d2 1 ) 8 OF o31 with
ca.pgigfr of t}:e szil ce’msed by hard rain, satyrat;zn a;g e noidonce
Watgr,band differences in 1ight-_intensn.ty, disea

and temperature during the growing s€ason.
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The data in section 5 provide a guantitative evaluation of the effect
of sowing date on growth and yield of sesame., They indicate that the
firgt four factors mentioned cannot explain the typical ‘sowing date
delay effect.,' However, changes in light intensity, disecase incidence
and possgibly temperature during the season influvence the relation
between sowing date and crop growih,

Most of the common sesame cultivars are charactcerised by opening
or dehiscent capsules., This capsule character has the advantage that it
simplifies threshing, but the disadvantage that it increases seed loss,
The discovery in 1943 of the indehiscence character in Venezuela by
Langham was of great significance, as it enabled increased mechanisation
of sesame production, and was expected to reduce seed loss, However,
the results of experiments described in section 6 shoved that losses
caused by shattering of secd from opening capsules is less than
visually estimated, and that seced loss need not exceed 2 per cent if
a good harvesting method is applied (Fence B). Tt is concluded that
the character of indehiscent capsules will become of value only when
combines can be employed economically at harvest., Picking or stripping
of capsules appeared to be a method of no practical value.

Section T mentions the main diseases and pests of sesame and
deals in more detail with o virus, disease called leaf-curl, Attempts
to transmit the discase with plant sap and with seed failed but white
flies were observed to act as vectors of leafwcurl, The damzge caused
by the disease can be disastrous and it embodies an actual or potential
threat to sesame cultivation in Nigeria. Sowing date trials showed that
delay of sowing after the onset of the raing increases infecticn and
that the disease incidence decreases when sowing is postponed till
aftoer the middle of July, Sowing after the middle of August results
in disease~free crops, The magnitude of the white fly population, as
estimated by counts on yellow, sticky traps, was not always a reliable
inGicator for the oxtent of disease infection, Resistance to leaf-curl
wag correlated with hairiness in an Fy bulk population, but oceurred
alzo in glabrous plants and reduced the disease damage considerably,
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Sesam (§e§amgm indicum L.) is een oliegewas, wanrvan de teelt
reeds in het verre verleden werd beoefend, Geschriften, daterend uit
de bloeitijd van het Babylonische Rik omstreeks 2350 jaar voor de geboorw
te van Christus, maken reeds melding van zin bestaon, Het gewas wordt
tegenwoordig verbouwd in vriwel alle tropische en sub-tropische landen,
waarvan India, China, Mexico, de Soedan en Venezuela de voornaamste
plaats als producent innemen. fet meeste gepubliceerde onderzoek is
verricht in Indiz en Venepuela,

De totale wereldprodulktie schommelt aanzienlijk van jaar ot
jaar, is ginde 1950 niet van betekenis toegenomen en bedroeg omstreeks
1,8 miljoen ton in 1969/70. De wereldhandel in sesamzaad is van op-
vallend geringe betekeniss de konsumptie vindt veoor ongeveer 90 prow-
cent in de producerende landen plaats, De in Nigeria voor export opge-
kochte produktie bedroeg 17.459 ton in 1969/70 en 5.714 ton in 1970/71
en de uitvoer is hoofdzakelilk gericht op Italil,
Sesamzaad heeft een oliegehalte van omstreeks 50 procent, is in trek
als bestanddeel van velerlei volksvocdsel en wordt gewaardeerd vanwege
de goede kwaliteiten van de olie. Het eiwitgehalte van het zzad bedraagt
ongeveer 20 procent, Analysecijfers voor zoad van Nigeria worden gege-
ven in 1.5,

De gebieden in Nigeria, woar sesam een belangrifke en gevestigde
plaates inneemt onder de getecelde gewassen, komen wvoor in een viertal
provincies van de noordelijke staten en ziin gelegen tussen de 6° en 10°
breedtegraad. Deze zin gekenmerkt door het optreden van ecen droge Hiid
van om en nabij 4 tot 5 maanden en een jaariikse hoeveelheid neerslag
van omstreeks 1,000 - 1,500 mm, De natuurlijke vegetatie bestast uit
bos~-savanne. De grondsoort in de bovenlaag wordt uitgemaszkt door lemi-
ge zandgrond. Sesam in Nigeria is een typisch gewas van het kleinbedrijf
en de huidige teelt- en oogstmethoden verschillen in wezen niet wvan die
toegepast ven oudsher, :

Het merendeel van de hier beschreven proeven werd verricht aan
het Agricultural Research Station te Mokwa., In hoofdstuk 4 wordt onder-
zoek besproken over zaaiafstanden en gewasopbrengsten. De thans gang-
bare methoden van zasien vertonen plaataelijk verschillen, maar laten
zich toch kort omschrijven als (a) de Igbirra methode met zaal op ruggen,
die ongeveer 4 m uiteen liggen en waarop de plantplaoatsen onderling
omstreeks 45 cm verwiiderd ziin en ongeveer 16 planten tellen en (b) de
Tiv methode met breedwerpig zaaien en omstreeks 673,000 planten per ha,
Deze aantallen vari¥ren echter cterk.

Bij ruggenzaal met afstanden btussen de ruggen van-91 em werd onder de
vooxr de proeven geldendefomstandigheden een plantafstand van omstreeks
6 cm optimaal bevonden, Daarentegen werd bij zaaien op vlakke grond een
plantverband van omstreeks 22 x 13 cm als optimaal aangemerkt, In het
laatste geval bleck een formule ontleend aan Bleasdale cn Nelder (1960)
en aangepast aan de gebruikte proefopzet cen goede beschrijving te geven
van het verband tussen plantverband en zaadopbrengst., De gevolgtrekking

wvordt gemaakt, dat de onder {a) en (b) genoemde methoden voor verbetering
vatbaar zin,

In Nigeria doet zich ten canzien van een aantzl gewasgen het op-
vallende verschinsel voor, dat vroege zaal, ommiddellijk na het inzetten
van de regentijd, de beste opbrengsten oplevert en dat uitstel van zazien
oporengstderving tot gevolg hceft, Als oorzaken van dit verschinsel
heeft men gedacht aan de factoren: Daglengteverandering, uitspoeling van
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stikstof, dichtslaan van de grond door harde regen, verzadiging van de
bodem met water, afname van lichtintensiteit, toename van schade door
ziekten en plagen en daling van de temperatuur, De in hoofdstuk 5 vers
melde proefresultaten geven cen kwantitatieve waardering van het verw
schinsel bij sezam en wel hoofdzakelijc onder de te Mokwa optredende ome.
standigheden, Voorts tonen deze aan, dat als mogelijke oorzaken de eer.-
ste vier vermelde factoren aldaar niet voor een verklaring in aanmerking
komen, doch dat afname van lichtintensiteit, toename van ziektenaantas-
ting en wellicht temperatuursdaling factoren van betekenis zin.

De meest verbouwde sesamrassen zin gekenmerkt door het bezit van
- openspringende doosvruchten, Deze eigenschap van de vruchten brengt aan
de ene kant een risico van zzadverlies met zich mee, aan de andere kant
vereenvoudigt ze het dorsen, De door langham in Venezuela ontdekte eigen-
schap van niet openspringende vruchten bleek van grote betekenis voor
het mechaniseren van de oogst van het gewas, Onderzoek, beschreven in
hoofdstuk 6, toonde echter aan, dat zaadverlies ten gevolge van het
openspringen der vruchten sanmerkelijk geringer is dan men vermoeddde,
dat bij een goede oogstmethode (Fence B) het verlies niet meer dan 2
procent hoeft te bedragen en dat de eigenschap van niet openspringen der
vruchten alleen dan pas betekenis krijgt, als maaidorsmachines economisch
verantwoord bij de cogst ingezet kunnen worden., De methode van het af-
plukken der vruchten bleek in de praktik van geen nut te zim.

In het laatste hoofdstuk wordt een korte opsomming gegeven van
de voornazmate miekten en plagen, die in Nigeria sesam s__chgde toeb:;engen,
terwijl uitvoeriger wordt ingegaan op het optreden van de blad_krulziﬁlllfte.
Hetzelfde virus, dat bladkrul Dbij tabak veroorzaakt, werd a.an‘sprakedu\
bevonden voor de overcenkomstige ziekte van sesam. Het bleek, datlt:
ziekte niet met plantensap en met zaad, maar wel med behulp van Wlme
vliegen kan worden overgebracht. De gevolgen van bladlkrul ;{L}ngenli;-m z:
zalig zijn voor de opbrengst en de ziekte vormt een e.v,l dar} nict s i
rend gevaar voor de teelt in de voornaamste proc-luktlegg:nlzden vz;ilr wgerdt
ria, Zaaidataproeven toonden aan, dat de aangerichte scha etgi‘; z Vo ’
als na het inzetten van de rogentiid het za,a‘Lien wordt_ ul;;tges :orét ol
dat de aantasting weer afncemt, als de zaaidatum versc gvin ona eRton
na midden juli. Bij zeaien na midden augustus werden veelal £¢

symptomen meer woargenomen. )
De grootie van de witte vliegen popw . . . aantal
de mate van zielkteschade, Resistentic tegen bladkruiéndgzr;?fgznis P
gevallen op de asnvezigheld van beharing ber“%Sttenkumfn beperken.
Nigeria en elders, bleek de schade aanmerkelijk te

latie was niet allcen-bepalend voox
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Preduction of sesame seed in 1000 tons for principal countries for the

period 1950 - 1970.

Sources; Commonwealth Secretar
MoXNerney (1971/1972):

Personal communications.

iat: Vegetable oils and oilsceds,

Country 50/51 51,52 52/53 gs%i ?4/55 55/56 56/57 51/58 58/59 59/60
Irdia 438 445 464 554 593 460 431 353 499 364
China 800 785 760 420 420 425 340 305 340 380
~ Sudan 166 40 130 70 88 148 151 129 152 176
Mexico 79 65 89 8 8 90 98 111 115 123
Burma 39 48 54 4 36 44 55 34 52 66
Venezuela 5 2 2 7 9 13 12 21 19 16
Colombia 7 12 10 10 8 8 13 20 21 18
Pekistan 34 34 36 3 36 37 3 28 34 34
Turkey 29 28 29 39 47 50 45 43 4T 46
Ethiopia - - - 35 35 35 35 35 32 36
Uganda 33 26 29 29 33 30 28 28 33 30
Nigeria 9 10 14 13 16 19 16 16 16 21
Others 186 202 213 129 139 139 132 136 137 145
. Total 1825 1717 1830 1472 1549 1498 1392 1259 1497 1455
; S~ Totald
Country - 60/61 61/62 62/63 63/64 64/65 65/66 66/67 61/68 68/69 69/T0 54 /no
Tndia 313 366 464 432 485 418 409 415 408 426 BT5T
China 350 320 335 335 360 360 360 360 360 360 8475
Sudan 125 228 40 171 181 157 132 184 120 199 2887
Hexico 127 144 153 167 168 159 173 177 212 240 2691
Burma 64 5 84 53 99 57 56 106 82 75 1223
Venezuela 24 28 30 46 55 59 719 70 80 124 699
Colembia 20 21 21 48 710 61 45 35 65 70 603
Pakigtan 31 37 34 33 31 31 34 39 39 35 689
Turkey 43 43 40 39 33 33 31 39 43 40 793
Ethiopia 37 30 3 30 31 32 35 36 36 37 577
Uganda ;g 32 28 30 30 30 30 30 30 30 %P
Nigeri 1 1 20 24 23 16 12 15 17 345
gexria 28 1 131 2971
Others 138 126 142 160 151 150 139 135 14 1306
Total 1329 1471 1542 1564 1716 1570 1539 1658 1635 1790 7



Appendix II.

Betimated yields of sesaite seed in kg per ha for principal countries.

Countzy ~ "50/51 51/52 52,55 53/54 54/55 55/56 56/57 51/58 58/59 59,60

Tndia 202 185 198 219 229 204 198 171 225 173

China 558 563 545 480 439 445 371 319 342 367
Sudan 809 591 959 489 563 563 461 615 492 429
¥exico 469 508 532 503 509 510 531 569 584 609
Burma - 91 102 82 65 T7 94 61 93 108
Venezuela 559 - - 863 2466 1457 558 532 388 362
Colombis - - - - - - - - - -
Pakistan 425 432 438 418 425 436 417 380 432 405
Turkey 452 482 536 563 612 638 565 548 582 608
Uganda 324 330 345 343 353 291 278 309 339 321

Nigeria 188 2286 293 - 251 297 341 309 287 287 352

60/61 61/62 62/63 63,64 64/65 65/66 66/67 67/68 68/69 69/70 Average

ESRHEEZ - 50/70
India 147 165 193 .182 196 - 171 149 157 171 187 186
China 374 365 365 365 393 393 393 393 393 393 412

Sudan 436 563 436 350 392 400 345 359 271 352 493
Mexico 636 676 656 678 653 592 €25 631 02 1079 613
Burma, 110 123 135 83 143 120 74 130 167 136 104
Venezuela 453 502 446 538 720 633 603 669 543 60O 731
Colombia ~ 507 507 415 587 504 565 553 777 645 562 .
Pakistan 369 371 417 426 372 401 428 47y 492 502 424
Turkey 600 559 574 535 525 559 585 662 621 605 571
Uganda 298 298 345 351 280 279 279 279 279 342 313
Nigeria 352 - 306 327 328 285 298 294 314 297

Sources: Commonwealth Secretariat: Vegetable oils and 01lseeds.

MeNerney (1971/1972): Personal communications,
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Exports of sesame secd in 1000 tons for principal countries during

~the period 1950 ~ 1970.

Year

Sources: Commonwealth S
MeNerney (1971

ecretariat: Vege
/1972) Personal co

table oils and oilseeds.
momunications.

Country 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960
Sudan - - 14 23 20 25 30 40 29 44 75
Mexico - - - - = - - - - - -
Ethiopis 7 8 12 13 11 2 3 3 2 2 3
Nigeria 14 11 15 12 15 13 22 19 12 18 27
Tanzania - - - - 3 4 11 8 8 11 11
Hong Kong 10 g 21 23 10 g 11 T 5 4 3
Cambod ja - - - e 1 2 5 1 1 3
Nicaragua 7 8 17 12 6 5 3 6 6 9 9
Thailand - - - - 2 4 8 3 3 3 3
China 18 12 25 80 5 18 13 4 11 10 8
India - 2. 3 - - 3 - - - - -
Kenya - - - - 1 - - 1 1 1 1
Uganda - - - - - - - 1 l - -
Mozambique 2 1 1 2 3 - - 2 1 1
Guatemala - - - - - - - - - 1 1
Indonesia 3 1 1 2 4 i - 1 2 1 1
South Yemen - - - - - - - - - - -
Others 22 20 17 24- 10 1417 la~ 9 10 ?
Total 83 72 124 191 93 98 120 110 ' 92 116 155
: ‘ ' ‘Total

Country 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 54 /g
Sudan - 62 76 69 100 69 T3 74 8 11:11 6l mgz
Mexico - 2 22 2 - 3 22 2 . 59 232
Tthiopia 4 9 8 14 16 20 19 27 3 ¢

igeri . s 18 21 25 4 14 16 12 34
Nigeria 21 -24 15 18 e 7 1 5 134
Tanzania 12 8 9 7 10 7 3 3 3 159
Hong Xong 4 6 6 5 T 6 g 7 32 - 57
Cambod ja 6 8 6 1 9 5 7 7 7 152
Wicaragua 8 6 6 6 5 2 Z 4 4 5 69
Thailand 307 4 3 4 o 1T 5 1 2%
China 4 2 g 3 8 8 ~ _ - - 10
India - - - - 7 1 15
Kenya 1 1 1 1 1 1 i é 3; 3 24
Uganda, 1 1 111 :2L 5 2 3 1 33
Mozambique 2 4 1 2 1 1 4 5 3 3 23
Guatomala Sl 1 11 L > 2 -3 2 - 36
Indonesia 2 2 2 2 2 1 1 - - - T
South Yemen g g 1%— ljé % B 4 10 11 68 25;2 .
Others 1 1 1

 Total 147 178 169 183 163 167 166 175 207 9
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Imports of sesame seed in 1000 tons for principal couniries during

the period 1950 ~ 1970

Sources: Commonwealth Secretariat: Vegetable oils and oilseeds,

McNerney {1971/1972): Personal commmications,

fear N .-
Country 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960
Japan 2 g 5 10 12 16 21 - 11 17 27 27
Italy 8 7 --7 22 4 "8 28 16 17 19 25
United States 9 6 5 5 7T 5 6 7 17 6 8
Egypt . 1 5. 2 1 - 6 8 8 6 8 6
Soviet Union - - - - - 15 5 2 1 4 6
Hong Kong 11 9 22 23 12 11 10 T 7 4 5
South Yemen - - - - - - 5 4 6 4 4
Belgium 5 1 1 7 5 2 4 & 6 5 4
Joxrdan - - - - - - - - - 2 2
Lebanon 3 2 1 4 3 1 3 5. 4 3 4
W, Malaysia
“and Singapore 3 3 3 2 4 4 2 3 3 3 4
Portugal 1 1 1 3 1 - - - - 1 1
Venezuela 4 3 9 13 5 12 3 18 11 10 %2
Israel 4 - 1 1 - - - - - 1 1
Denmark 3 1 6 5 6 3 5 5 3 2 2
Poland - - - = - 3 2 1 1 3 1
Syria 11 1 - 2 1 2 1 2 3 2
France. - 2 - T -1 1 2 1 - - -
Spain - - - - - - - - - ~ 13
Czechoslovakia - - - - - - 1 4 3 6 3
Others 29 18 30 76 17 5 10 - 2 1
Total 84 67 94 179 79 93 118 105100 113 151
Year. Pot 1'
Country 1561 1962 1963.1964.1965 1966 1967 1968 1969 1970 58/;0
Japan 22 28 32 33 33 37 3% 39 34 52 505
Ttaly 19 20 32 26 31 40 35 44 51 40 499
United States 10 g9 11 11 11 13 16 15 17 19 203
Lgypt 1215 9 7 5 7 13 9 10 19 157
Soviet Union 12 6 10 12 8 -~ 7 9 12 9 126
Hong Kong 4 7 7 5 6 6 6 5 4 8 179
South Yemen 6 6 9 6 6 9 - - - - 65
Belgium 4 4 6 6 T 7 7 1 - - 94
Jordan > 4 4 4 3 5 4 4 3 - 40
Lebanon 5 5 5 5 4 5 5 5 - - 72
W. Malaysia
and Singapore 3 4 4 2 2 2 3 2 3 3 62
Portugal 1 1 3 3 6 4 4 4 5 2 42
Venezuela 16 21 14 15 1 3 3 - - - 133
Israel - - 1 2 2 3 % 4 3 - 26
Denmaxik 1 2 2 2 - 2 2 1 2 - 55
Poland 1 - 1 2 8 3 2 4 3 1 37
Syria 3 3 4 3 1 3 - 1 1 - 3
France 1 1 1 1 2 1 - - 1 - 22
Spain 9 16 - - 1 - 4 - - . 39
Czechoslovakia 2 - - - 8 - - - - - 27
Others 2 2 2 2 1 - - 4 11 T 225
Total 138 156 157 147 146 150 149 157 160 160 2703
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Appendix V,

ixports of sesame oil in 1000 tons for principal countries for
the period 1950 ~ 1970,

Year
Country 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960
Denma'rk - - - Ll [d b OuB 0'5 005 On5 004
France - - w 0,1 - - - - - - -
Japan - - - - - - - 0.1 - 0,1 0,2
Mexico - - - - - - - - - -
South Yemen - - - - - - - - - - 1,1
Sudan - - - - 0,10.,1 0.2 0,2 0,3 0.6 0.8
Total - - - 0,1 0.1 0.1 1,0 0.8 0,6 1,2 2.5
Country 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970
Denmark 0,2 0.4 0,3 0,2 0.2 0.4 0.4 0.2 0.3 =~
France - - - - 0,2 0.4 = - - 0.3
Japan 0,3 0,4 0.5 0.6 0.7 0.8 0.7 0.7 0,9 0.9
Mexico - . 0,2 0,1 -~ 0.9 0.3 0.1 =~ -
South Yemen 0,8 1.0 0,9 1,0 1.3 1.3 = - -
Sudan 1.0 2.3 0,8 0.8 0.6 0.7 0.6 0,6 0.2 =
Total 2.3 4.1 2.7 2,7 3.0 4,5 2.0 1.6 1.4 1.2
Appendix VI

. in E u i for the
Tuarterly average prices of sesame sced in £.s. per metric ton

rericd 1958 - 1970

YearT

fuarter 1958 1959 1960

' ; 79 10
J March g5 0 66 5 66 15 76 10 85 5
hprilogame | 0615 69 0 66 0 165 910 T2
July-September 81 10 66 15 66 0 71 1; 0 72 15
October-December 69 15 66 5 64 5 7 o 6115 76 0
Armual average 80 15 67 O 65 15 74

1961 1962 1963

Quartef 1964 1965 1966 1967 1968 1969 1970
8 90 5 118 10
7315 8010 95 5 37 g % 7 12 1

Jamuary-March 70 15 0
April-June 6310 7215 8910 IO g0 0 100 0 118 13

, 5 101 5
July-September 64 5 73 0 92 10 89 0 97 5 113 13
October-December T3 5 78 15 g? ig g? 0 93 12 95 19 118 6

Anmual average 67 10 T4 10

; ilseeds.
Sources: Commonwealth Secretariab: Vegetable oils and ol

Me Herney (1971,1972): personal commnicationse



