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ABSTRACT

Both chemical and organic fertilizers had been reported and adjudged to be efficiently and
effectively inappropriate, in the course of achieving sustainable crop production in the
tropics. Hence, a research’s focus on modification of these fertilizers via integration or
fortification or both may be worthwhile. Field experiments were carried out in alfisols of
two different savanna vegetation zones (Ibadan and Ogbomoso) of Nigeria, between July
and October, 2008, to determine the effect of fortification of green tithonia residues with
Azospirillum and urea on growth, yield and nutrient uptake of sesame. Twelve factorial
combinations of integrated green Tithonia biomass and urea, with and without Azospirillum
inoculum investigated were: To = zero application, T; = 100 % urea, T, = 75 % urea+ 25 %
Tithonia, T3 = 50 % urea + 50 % Tithonia, T, = 25 % urea + 75 % Tithonia, Ts = 100 %
Tithonia, Tg = 100 % urea + Azospirillum, T; = 100 % Tithonia + Azospirillum, Tg = 75%
Tithonia + 25 % Urea + Azospirillum, Tg = 50 % Tithonia + 50 % urea + Azospirillum, Ty
= 25 % Tithonia + 75 % urea + Azospirillum, Ty; = Azospirillum. These integrations were
carefully done to meet up the 100% level of the recommended N rate of 80 kg Nha' as
obtained from the previous experiments. The treatments were laid out on the field in
Randomized Complete Block Design (RCBD) and were replicated three times. Combined
application of the multiple nutrient sources tested significantly improved sesame phyto-
chemical concentrations via nutrient uptakes. Bio-organo-chemical fertilizer integration of
75 % green tithonia + 25 % urea + Azospirillum significantly increased plant height by
201.4 % and 197.7 %, number of capsules per plant by 338.7 % and 360 %, weight of 1000
seeds by 21.7 % and 17.4 %, total seed yield by 565.6 % and 546.6 % and total biomass
yield by 230.9 % and 238.7 % at Ogbomoso and |badan respectively. Thus, supplementing
organic and chemical fertilizers with inoculation of an active microsymbiont like
Azospirillum, may be beneficial, for improved sesame performance in the study areas.

I ntroduction

Under a system of intensive cropping, the
use of chemical fertilizers for sustainable
crop production in the tropics has become

inevitable and had been reportedly
doubled in the previous decades (Allen
and Gretchen, 2002; Bhaskara et al.,
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2005). However, while the use of
chemical fertilizers is defective in the
areas of cost, scarcity and toxic residua
effects, the use of organic manure
becomes imperfect in terms of time and
drudgery required for preparation, as well
as the huge quantities needed to meet crop
nutritional needs (in view of its low
nutrient concentrations).

Moreso, complementary use of two or
more fertilizer materials may therefore be
a sound soil fertility management strategy,
in many countries of the world. Apart
from enhancing crop yield, the practice
has a greater beneficial residual effect that
cannot be derived from the use of either
chemical or organic manure, when applied
aone. For example, whenever organic
manure is applied aongside mineral
fertilizer, the latter aids the decomposition
of the former (Adediran et al., 1999). This
increases soil organic matter content and
makes available more nutrients for plant
use and for improved crop performance
(Balasubranmaniam et al., 1998).

In the addition, the beneficia effects of
inoculating legumes with rhizobia and
bradyrhizobia are well known (Neveen
and Amany, 2008). However, many
studies indicated that these nitrogen-fixing
bacteria equally have the potential to be
used as plant growth promoting
rhizobacteria (PGPR), with the non-
leguminous plants (El-Habbasha et al.,
2007). Azospirillum lipoferum is a very
useful soil and root bacterium. It is found
in the soil around plant roots and root
surfaces. When Azospirillum lipoferum is
added to the soil, it multiplies in millions
and can supply up to 20-40 kg of nitrogen
per hectare per season. It also produces
growth-promoting substances like Indole
acetic acid (IAA) and gibberellins which
and promote root proliferation, improve
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water / nutrient uptakes, plant growth and
yield (Bhaskara et al., 2005; Ananthanaik,
2006; Ananthanaik et al., 2007).

Sesame (Sesamum indicum L.) belongs to
the family Pedaliaceae. It is an erect,
flowering self-pollinating annual plant (or
occasionally a perennial), and one of the
oldest cultivated oil-rich plants in the
world (Langham and Wiermeers, 2006).
The growth of sesame is mostly
indeterminate (i.e. the plant continues to
produce leaves, flowers and capsules as
long as the weather permits). It is
cultivated primarily for its tiny edible
protein and oil-rich seeds Sesame is
propagated by seeds and matures 70-150
days after sowing. The seeds come in a
variety of colours ranging from cream-
white to charcoa-black. Upon ripening,
Sesame capsules split, releasing the seeds,
hence the phrase, "open sesame" (Sharma,
2005). It is believed to have originated
from the tropical Africawhere the greatest
genetic diversity exists but was believed to
have been introduced to India at a very
early date, where a secondary center of
diversity is well developed (Alegbgo et
al., 2003; Olaoye, 2007). Its cultivation is
now extended beyond the tropical and
subtropical zones to temperate and sub-
temperate zones of the world (Ali et al.,
2000; Boureima et al., 2007). Sesame is
adaptable to many soil types, but it thrives
best on well-drained, fertile soils of
medium texture such as silt loams. It
grows best on light well-drained soil
(usually non-saline) and requires a soil pH
range of 5-8. Its leaves are used as a
substitute  for Okra  (Abelmoschus
esculentus) and Jute mallow (Corchorus
olitorius), for being dimy as soup
ingredients (Morris, 2002; Olaoye, 2007).
The seed which is very rich in ail,
vitamins, minerals and proteins could be
processed and utilized in various ways in
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different parts of the world e.g. the seed
meal and extracted edible oil for livestock
feeding, domestic cooking, salad oil,
manufacture of margarine, soaps, paints,
cosmetics, perfume, pharmaceuticals and
insecticides (Chang et al., 2002; Bedigian,
2006). Crushed leaves of sesame are
considered suitable for the soup making,
health treatments, beautification and
regjuvenation, (Morris, 2002; Anonymous,
2007).

Tithonia diversifolia (Hemdl.) A. Gray
(commonly known as Wild flower or
Mexican sunflower), is a shrub belonging
to the family Asteraceae. It is an annua
and highly aggressive weed which grows
(naturally on abandoned waste-lands,
beside  highways, waterways and
cultivated farmlands), to a height of about
25m and adaptable to many soil
conditions (Olabode et al., 2007).
Although, the plant was believed to have
originated from Mexico and introduced
into Africa as an ornamental plant, it is
now widely distributed al over the humid
and sub-humid tropics of the central and
South America, Asia and Africa (Babagjide
et al., 2008). Tithonia is potentially a
dependable organic fertilizer materid
(which is relatively high in nutrient
concentrations,  particularly  nitrogen),
required for enhanced soil moisture,
fertility and crop productivity (Jama et al.,
2000; Chukwuka and Omotayo, 2009). It
is a non-legume and non-nodule forming
plant, but obtains nutrients via aggressive
absorption from the soils. This encourages
effective recycling of nutrients. Apart
from being a good source of nutrients, it is
equally utilized in diverse ways such as:
livestock feed (Odunsi et al., 1996:
Roothaert and Paterson, 1997), buildings
and fuel (Otuma et al., 1998: Ng’inja et
al., 1998), insecticides ((Dutta et al., 1993:
Adoyo et al., 1997: Tongma et al., 1997)
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and medicines (Kuo and Chen, 1997: Tona
et al., 1998).

M aterials and M ethods
the

Locations and descriptions of
experimental fields

Field experiments were carried out
between July and October, 2008 at |badan
and Ogbomoso, to determine the effect of
fortification of Tithonia biomass with
Azospirillum and urea on growth and yield
of Sesame. Ogbomoso (latitude 80 10" N
and longitude 40 10° E) and Ibadan
(latitude 70 30" N and longitude 30 45’ E)
fall under southern guinea and derived
guinea savanna ecoregions of the south-

west  Nigeria  respectively.  These
experimental locations are similarly
characterized by bimodal  rainfal

distribution with two peaks (between 1150
mm and 1250 mm) in late July / early

August and October / November.
Soil  samplings, descriptions and
analyses

Soil samples were collected (using soil
auger at a depth of 0-15cm), from each
experimental site and bulked into separate
composite samples accordingly, for
physico-chemical analyses according to
[ITA (1982) and Akanbi (2002). The soil
samples at Ogbomoso and Ibadan were
Alfisols belonging to Egbeda and
Olorunda series respectively (Smyth and
Montgomery, 1962; Bridges, 1997).

Treatments and experimental design

Twelve  factorial  combinations  of
integrated green Tithonia biomass and
urea, with and without Azospirillum
inoculum were investigated at Ogbomoso
and Ibadan. The integrated nutrient
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sources introduced were; To = zero
application, T; = 100 % urea, T, = 75 %
urea+ 25 % Tithonia, T3 =50 % urea+ 50
% Tithonia, T4 = 25 % urea + 75 %
Tithonia, Ts = 100 % Tithonia, Tg = 100 %
urea + Azospirillum, T; = 100 % Tithonia
+ Azospirillum, Tg = 75% Tithonia + 25 %
Urea + Azospirillum, Tg = 50 % Tithonia +
50 % urea + Azospirillum, Tyo = 25 %
Tithonia + 75 % urea + Azospirillum, Tq;
= Azospirillum. These integrations were
done to meet up the 100% level of the
recommended Nitrogen rate of 80 kg Nha
! as obtained from the previous
experiments (Babagjide et al., 2012). The
treatments were laid out on the field in
Randomized Complete Block Design
(RCBD) and were replicated three times.

Fertilizer sources and application
methodologies

Plant residues found on the farm sites were
applied as basal manure. Urea (46% N),
was used as the only inorganic nitrogen
(N) source, obtained from the Oyo State
Agricultura  Development Programme
(OYSADEP), Ogbomoso, Nigeria. Urea
was applied in two splits (i.e. where
applicable, at four and seven weeks after
sowing. Application of manure or plant
biomass was done by incorporating the
materials into the soils two weeks before
sesame seeds were sown.

Tithonia plants containing only the stems,
branches and leaves were obtained from
the falowing experimental plots at the
Teaching and Research Farms,
LAUTECH, Ogbomoso. The plants were
monitored from emergence till eight weeks
after emergence (i.e. before flowering). At
eight weeks after emergence, the above-
ground biomass (i.e. the shoots) of the
fresh tithonia plants were cut and shredded
into smaller fragments of lessthan 5 cm in
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length with stem girths ranging from 2.8
cm to 4.2 cm). These were applied fresh to
the soil and mixed thoroughly as green
Tithoniabiomass at two weeks before
sowing. Application of green Tithonia-
biomass to meet the recommended plant
requirement was done based on the
equivalent N-content obtained from
laboratory analysis of the dried Tithonia
biomass.

The strain of micro-symbiont

(Azospirillum lipoferum) was inoculated as
a biofertilizer. Pure culture of the strain of
Azospirillum lipoferum was grown in
malate broth (Dobereiner and Day, 1976)
supplemented with NH4Cl (Okon, 1985).
The log phase culture was used for
inoculation. The cells were harvested by
centrifugation at 5,000g at 4°C for 20min.
The supernatant was discarded and the
pellet was washed two times with saline
(59 NaCl and 0.12g M@SO.,.7H,O in
distilled water) and re-suspended in saline
at a concentration of 10® colony forming
units (CFU) per ml. Ten milliliter of the
material culture was inoculated to each
plant.

Agronomic practices

Sesame seeds of variety E8 were surface
sterilized, using 95% ethanol for 10
seconds and later rinsed six times with
sterile water after shaking for three to five
minutes in 3% hydrogen peroxide (H2O5).
Four seeds per hole were sown, a a
spacing of 50 cm by 25cm? per plot size of
2.5 by 2.0 m? on July 1% and 4™, 2008 at
the Ogbomoso and Ibadan respectively.
Emerged seedlings were later thinned to
one per hole or stand, at two weeks after
sowing (WAYS). Plots were manually
weeded by hoeing.
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Data collection on sesame

The growth parameters determination
commenced a 6 WAS. The growth
parameters measured were plant height
using measuring tape placed at the base of
the main stem of the plant to the tip, stem
girth by using calipers, the value obtained
was later converted to stem girth using a
fomular 7D (where n = 3.142 and D =
diameter), number of branches was
determined at 10 WAS by direct counting
of all developed branches per plant and the
number of leaves was also determined by
direct counting of al fully opened leaves
per plant. Yield parameters were aso
measured. Fully ripe capsules were
carefully plucked and kept, so that the
number of capsules per plant was then
determined by direct counting
cumulatively till the final harvesting day.
Weight of 1000 seeds per treatment was
also determined by direct counting and
weighing of randomly selected 1000 seeds
per treatment, followed by the total seed
yield (Fathy and Mohammed, 2009). All
the harvested shoots and roots were oven-
dried at a temperature of 80 °C to a
constant weight for five days, for dry
weight determination of the total biomass
yield and to determine the nutrient
concentrations (Akanbi et al., 2005).

Harvesting

The experiments were terminated at 14
WAS on October 7" and October 10",
2008, a Ogbomoso and Ibadan
respectively. It should be noted that some
capsules were harvested / plucked
cumulatively earlier in batches when
yellowish-ripe, for further sun-drying.
This prevented undesirable shattering by
explosive mechanism on the field, which
may occur to any drier capsules. All the
remaining capsules were finally harvested
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by manual careful plucking at 14 WAS,
for the final cumulative recording. Each
sesame plant was harvested by cutting the
stem at the ground level and the roots were
carefully uprooted, washed and air-dried.
All the shoots and roots were then
carefully packed into corresponding
envelopes (65 cm by 30 cm) and oven-
dried at a temperature of 80°C to a
constant weight for five days.

Plant samplings and analyses

Dry weight and total biomass production
of the harvested Sesame plant shoots and
roots were determined by oven-drying at
80 °C to a constant weight for five days,
followed by weighing, using an electronic
weighing machine model citizen MP600H,
for determination of dry weight and total
biomass production. Chemical analyses of
the plant samples and the determination of
the nutrient uptake followed when the
plant samples were milled in Wiley mill to
pass through 1mm sieve and subjected to
Kjeldah digestion at 360°C for 4 hours
with concentrated sulphuric acid using
selenium and Sodium sulphate as
catalysts. Total N was determined from the
digest by steam didtillation with excess
NaOH. Plant contents of P, K, Ca, Mg,
Mn, Na, Zn and Cu were determined by
ashing plant samples in muffle furnace at
600°C for 2 hours; the ash was cooled and
dissolved in 1IN Hydrochloric acid and the
solution passed through filter paper into
5ml volumetric flask and made up to the
mark with distilled water. From the digest,
P concentration was determined by the
Vanadomolybdate yellow colorimetric
method using spectrophotometer
(Spectronic 20). The K and Ca were
determined by using flame photometer
(Cornin Model 400) while Mg, Fe, Zn and
Cu were determined with atomic
absorption spectrophotometer (AAS) of
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the Bulk Scientific Model (Akanbi et al.,
2005). The nutrients accumulated in plant
parts were calculated as; Nutrient uptake =
% Nutrient content x sample dry weight
according to Ombo (1994) and Gungunla
(1999). Random selection of 1000 dried
seeds of Sesame per treatment was done
for determination of oil content using
soxhlet apparatus and n-Hexane (60°C) as
an extraction solvent according to
A.O.A.C. (1980).

Stastitical analysis

Data analysis was done through analysis
of variance (ANOVA) and significant
means were separated using Duncan
Multiple Range Test (DMRT) according to
SAS, (2008).

Results and Discussion
Soil characteristics

The results from the pre-cropping analyses
of the soil samples used showed that the
soils were dightly acidic and grossly low
in nutrients (particularly nitrogen), at the
two experimental locations (Table 1).
These showed that the soil samples used
were inadequate in nutrients and therefore
required artificial supply of nutrients or
application of fertilizer materials to meet
sesame nutritional requirements for its
improved growth and yield. These results
were in agreement with other earlier
researchers (Babgiide et al., 2008;
Olabode et al., 2007; Akanbi, 2002; Dare,
2008; Makinde et al., 2007), who reported
that the soils at their study areas were
dightly acidic and also that they were
grossly inadequate in nutrients to support
successful completion of the vegetative
and reproductive stages of most tropical
crops. Incorporation of high level of
chemical fertilizer inputs may not favour
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successful crop production in the locations
simply because of the high risk of soil
acidity which is possible under intensive
and continuous application of chemical
fertilizers in the study areas. Incorporation
and maintenance of organic matters into
the farming systems at these locations will
favour crop performance and improve soil
physical and chemical properties.

Rainfall distribution

The results of rainfall distributions of the
studied locations were strictly bimodal i.e.
having two peaks of rainfal, suitable for
two rain-fed sesame productions per year
(i.e. early and late seasons). However,
erratic rainfall frequencies were recorded
throughout the studies. Throughout the
experimental period, the mean rainfall (on
monthly basis) ranged from 224.50 mm
and 318.60 mm at Ogbomoso and 115.80
mm and 292.35 mm at |badan (Table 2).
At Ogbomoso, the highest mean rainfall of
318.60 mm was recorded at the onset of
the experiment in July and dropped to
226.30 mm in August and later rose to
270.30 mm in September before it dropped
again to 224.50mm in the month of
October (Table 2). At Ibadan, 248.90 mm
mean rainfall was recorded at the
beginning of the experiment in July,
followed by a drop in the value to 122.85
mm in August (Table 2). The mean
rainfall value rose to the highest (292.35
mm), and finaly dropped to the lowest
mean vaue of 11580 mm for the
experimental period. These revealed that
the rainfall distributions and frequenciesin
the areas investigated were inconsistent
and hence, suitable soil management
practices that will ensure proper
maintenance of soil organic matter are
required. Such practices  encourages
adequate soil moisture and nutrient
conservation, in order to support general
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crop performance, as recognised in these
research studies and by other researches
(Adetunji, 1997; Indu and Savithri, 2003;
Palaniappan et al., 1999; Imayavarambani
et al., 2002).

Growth parameter s of sesame under
bio-organo-chemical fertilizer
integration

Bio-organo-chemical fertilizer integration
significantly (p < 0.05) enhanced plant
height of sesame. Integration of 75 %
Tithonia + 25 % urea + Azospirillum (T8)
had the best plant height at different ages
and locations, compared to the other
treatments (Table 3). T8 significantly
increased plant height by 201.4 % and
1977 % a Ogbomoso and Ibadan
respectively (Table 3). Inoculation of
Azospirillum aone significantly increased
plant height by 60.9 % and 64.0 % at
Ogbomoso and Ibadan respectively. The
control had the least values of plant height
at different weeks after sowing at the two
experimental locations (Table 3).

Leaf production was also enhanced
significantly by this multiple nutrients
integration.  Leaf  production  was
significantly (p < 0.05) higher at
Ogbomoso and Ibadan for sesame plants
which received integration of 75 %
tithonia biomass + 25 % urea +
Azospirillum at all weeks after sowing
(Table 4). Also, the integration
significantly (p < 0.05) increased |eaf
production by 368.7 % and 434.7 % at
Ogbomoso and Ibadan respectively.
Inoculation of  Azospirillum  aone
increased leaf production by 163.7 % and
1634 % a Ogbomoso and Ibadan
respectively (Table 4). The control had the
least number of leaves at different weeks
after sowing a both locations.
Azospirillum inoculation significantly
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prolonged leaf production and delayed |eaf
shedding at both locations. Reasons for
such prolonged leaf production and delay
leaf shedding in Azospirillum inoculated
plants may be due to production of phyto-
hormones like indole acetic acid,
gibberellins and cytokinnins as reported
under in vitro conditions by Hartmann et
al  (1994); Rademacher, (1994) and
Bhaskara Rao and Charyulu, (2005).

Integration of 75 % Tithonia + 25 % urea
+ Azospirillum produced the significantly
(p < 0.05) higher stem circumference
across all weeks after sowing, compared to
the other treatments a the two
experimental locations (Table 5). This
Integration increased stem circumference
by 239.1 % and 609.1 % at Ogbomoso and
Ibadan respectively (Table 5). Inoculation
of Azospirillum alone improved sesame
stem circumference by 21.7 % and 181.8
% at Ogbomoso and Ibadan respectively.
The control had the least values of stem
circumference  a  both  locations
investigated (Table 5).

Number of branches produced by Sesame
at both locations at ten (10) weeks after
sowing was sSignificantly (p < 0.05)
influenced combined application of bio-
organo-chemical fertilizer materials as
shown in Figure 1. Significantly (p < 0.05)
higher number of branches was produced
by T8 (75 % Tithonia + 25 % urea +
Azospirillum) which resulted in 211.8 %
and 237.9 % increase at Ogbomoso and
I badan respectively (Figure 1). Inoculation
of Azospirillum alone increased number of
branches of Sesame by 79.3 % at |badan
but no significant (p < 0.05) increase
observed a Ogbomoso (Figure 1). The
control had the least number of branches at
the two locations. Sole inoculation of
Azospirillum as well as its integration
significantly improved sesame growth
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parameters. These findings agreed with the
earlier reports  on biofertilizers,
(particularly  Azospirillum) which had
been established as better alternative
nutrient sources to chemical fertilizers in
order to increase soil fertility and crop
production in sustainable farming
(Gunarto et al., 1999; ltzigsohn et al.,
1995; Boureimaet al., 2007).

Yield parameters of sesame under bio-
organo-chemical fertilizer integration

The yield parameters of sesame were
significantly (p < 0.05) enhanced by
fertilizer integrations. Bio-organo-
chemical fertilizer integration contributed
significantly (p < 0.05) to sesame seed oil
production at the two experimental
locations (Table 6). Integration of 75 %
tithonia + 25 % urea + Azospirillum had
the best of the yield parameters at the two
experimental  locations. Thus, this
integration (T8) significantly increased
number of capsules per plant by 338.7 %
and 360 %, weight of 1000 seeds by 21.7
% and 17.4 % (Table 4.6), at Ogbomoso
and Ibadan respectively.  Inoculation of
Azospirillum aone enhanced number of
capsules per plant by 54.2 % and 94.1 %,
weight of 1000 seeds by 4.4 % and 4.4 %
(Table 6), a Ogbomoso and Ibadan
respectively. At Ogbomoso, integration of
75% Tithonia + 25% urea+ Azospirillum
had significantly (p < 0.05) higher (63.80
%) oil content, but the value was not
significantly (p < 0.05) different from
61.83 %, 57.90 %, 59.77 % and 56.43 %
oil contents produced by integrations of 50
% Tithonia+ 50 % urea, 100 % Tithonia +
Azospirillum, 100 % Tithonia alone and
75 % Tithonia + 25 % urea respectively
(Table 6). The control produced the least
sesame seed oil (43.90 %). Inoculation of
Azospirillum aone did not contribute
significantly (p < 0.05) to sesame seed ail
production since the 46.53 % oil content
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produced was not significantly (p < 0.05)
different from that of the control (43.90) at
Ogbomoso (Table 6). At Ibadan,
integration of 100 % Tithonia +
Azospirillum produced the significantly (p
< 0.05) highest oil content (64.47 %)
although the value was not significantly
different from 63.67 % oil content
obtained from integration of 75 %
Tithonia + 25 % ureat Azospirillum.
However, the control, 100 % urea
application, integration of 25 % Tithonia +
75 % urea, 100 % urea + Azospirillum, 75
% urea + 25 % Tithonia + Azospirillum
and Azospirillum aone had the least
values of 44.50 %, 46.83 %, 46.40, 46.20
%, 45.87 %, and 46.83 % oil contents
respectively, which were not significantly
different from one another (Table 6).
Integration of 75% Tithonia + 25% urea+
Azospirillum had significantly improved
total seed yield by 565.6 % and 546.6 %
(Fig. 2) and total biomass yield by 230.9
% and 238.7 % (Fig. 3) at Ogbomoso and
Ibadan  respectively. Inoculation  of
Azospirillum aone enhanced total seed
yield by 25.3 % (Fig. 2) and 25.0 % and
total biomass production by 29.0 % and
15.3 % (Fig. 3) at Ogbomoso and Ibadan
respectively. The control had the least
values of al the yield parameters at the
two experimental locations. All these
research findings corroborated the earlier
reports of Itzigsohn et al. (1995);
Boureima et al. (2007) and Dare, 2008,
who attributed improved crop
performance, soil fertility, water and
nutrient uptakes to inoculation of different
microsymbionts / biofertilizers.

Nutrient uptake of Sesame and bio-
organo-chemical fertilizer integration

Except for Na, Mn and Zn, nutrient uptake
significantly (p < 0.05) improved by
integration of 75% Tithonia + 25 % urea +
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Table.1 Pre-cropping chemical and physical properties of the soil sample
used for the experiments at both sitesin 2008

VALUES
PROPERTIES IBADAN OGBOMOSO
pH (H20) 6.30 6.20
Organic C (%) 4.62 4.46
Total N 0.34 0.28
Available P (ppm) 5.80 5.16
Fe (mg kg™ 10.50 11.68
Cu (mg kg™ 3.16 2.80
Zn (mg kg™ 3.25 3.30
Exchangeable K (cmolKg™) 0.38 0.33
Exchangeable Na (cmolKg™) 0.28 0.30
Exchangeable Ca (cmolkg™) 30.81 32.04
Exchangeable Mg (cmolkg ™) 3.18 3.15
Exchangeable acidity 0.22 0.24
(cmolkg™)
Sand (%) 73.10 78.12
Silt (%) 14.20 11.25
Clay (%) 12.70 10.63
Textural class Sandy loam Sandy loam

Table.2 Amounts and distribution of rainfall at the experimental locations in the year 2008

MONTHS OGBOMOSO IBADAN
January 0.00 0.00
February 0.00 0.00
March 20.50 99.85
April 106.10 133.10
May 42.30 164.10
June 241.10 208.60
July 318.60* 248.90*
August 226.30* 122.85*
September 270.30* 292.35*
October 224.50* 115.80*
November 4.80 0.10
December 14.00 7.90
AnnuaTotd 1468.50

Rainfall 1393.55

*= Amounts of rainfall during growing periods at the experimental locations
Sources: Nigerian Meteorological (NIMET) Station, Ilorin, Nigeria and International Institute of Tropical Agriculture
(IITA), Ibadan, Nigeria.
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Table.3 Plant height of sesame as influenced by bio-organo-chemical fertilizer integration at
different WAS at Ogbomoso and I badan

Treatments Oghomoso | |badan

6 8 10 12 14 6 8 10 12 14
TO 22.9f |23.6h [31.4e[39.0f [49.3f |23.1d |29.0i |36.2g |43.5g |53.0f
T1 28.6de|36.4g (54.1d |60.9e |100.1d|32.6c |60.5g |81.4de|99.4e |118.8d
T2 29.8d [40.2fg|52.7d |61.9de |96.8d |32.6c |60.8g |81.0e |97.5e |115.6d
T3 30.5cd | 42.0ef | 53.6d |61.9de | 103.4d | 33.2c | 64.5¢f |82.9de | 100.7d¢ 118.2d
T4 28.3de| 45.7de| 56.9d | 63.9de | 108.8d | 33.7c |66.4e |83.9d |103.2d |119.2d
T5 30.1cd|48.9cd|56.7d | 67.4cd | 120.4¢c | 33.4c | 74.9c |90.6c |112.3c |127.8C
T6 30.5cd | 42.1ef | 57.0d | 64.3cdg 105.2d | 34.5¢c |61.1g |81.2de|99.3e |118.2d
T7 33.8bc|55.9b |67.1b|77.0b |131.0b|36.8bc |82.9b |100.8b|118.9b |137.1b
T8 455a |63.3a |73.1a|94.2a |148.6a|44.0a |95.4a |109.5a|136.6a|157.8a
T9 372b |503c |6lic |69.6c |1203c |413ab |705d |895c |1113c |128.6¢
T10 3l.1cd |425¢f |56.1d |633de |1185c |354c |632fg |914c |1102c |128.7C
Ti1 260ef |420ef |549d |666cd |79.3e |27.1d |430h |632f |77.4f |869¢

Means followed by the same letters within the same column are not significantly different at
p<0.05, using DMRT.

TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea +
25% Tithonig;

T3 = 50% Urea + 50% Tithonia; T4 = 25% Urea + 75% Tithonia; TS5 = 100% Tithonia
(Recommended rate);

T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia +

25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25%
Tithonia+ 75% Urea + Azospirillum; T11 = Azospirillum alone
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Table.4 Number of leaves of sesame as influenced by bio-organo-chemical fertilizer
integration at different WAS at Ogbomoso and [badan

Treatments Ogbomoso Ibadan

6 8 10 12 14 6 8 10 12 14
TO 1559 |23.6i |3L4f [39.0g [20.1h [14.7g [22.1i [23.6f [33.6h [20.2g
T1 26.6de (36.4gh |54.1d |60.9e |46.5g |35.5d [43.8e |49.3d |67.0e |43.6f
T2 24.8¢ef |40.2fg |52.7d |61.9e |47.6g |26.9ef |35.69 |42.8e |61.0f |50.2e
T3 30.1cd |42.0ef |53.6d |61.9e |50.4fg |28.7e |38.4f |48.6d |67.2e |5l.1e
T4 39.7b |45.7de |56.9d |63.9ed |56.8ef [39.8c (50.3c |57.2c |75.3c |70.2d
T5 39.7b |489cd [56.7d |67.4cd |54.8ef |40.5c |51.9bc |59.2c |76.9c |77.3bc
T6 37.3b |42.1ef |57.0d |64.3de |63.9cd (38.4c |54.2b |64.5b |82.0b |50.9¢
T7 472a |55.9b |67.1d |77.0b |74.1b |43.3b |53.9b (64.2b |82.5b |82.4b
T8 49.6a |63.3a |73.1a [924a |94.2a |55.0a [65.7a |84.0a [103.7a |108.0a
T9 38.2b |50.3c |61l.1c |69.6c |67.3c |40.7c |51.3c |60.9bc |79.0bc |73.9cd
T10 33.1c |42.5ef |56.1d (63.3de |60.2de |35.6d |46.6d |57.0c |71.7d |49.1le
T11 21.4f |33.1h |43.7e |51.7f 53.0fg |26.1f [33.1h |46.0de |57.0g |53.2e

Means followed by the same letters within the same column are not significantly different at
p<0.05, using DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended

rate);

T2 = 75% Urea + 25% Tithonia; T3 = 50% Urea + 50% Tithonia; T4 = 25% Urea + 75%
Tithonia; T5 = 100% Tithonia (Recommended rate);

T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia +Azospirillum;

T8 = 75% Tithonia + 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea +
Azospirillum; T10 = 25% Tithonia + 75% Urea + Azospirillum; T11 = Azospirillum aone
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Table.5 Stem circumference (cm) of Sesame as influenced by bio-organo-chemical fertilizer
integration at different WAS at Ogbomoso and [badan

Treatments Ogbomoso | ] |badan

6 8 10 12 14 6 8 10 12 14
TO 03e |04h [0.7e |1.4h |23h |0.3g 0.4f 0.6g |09 1.1
T1 05c |0.7de | 29c | 3.7e | 4.6e | 0.5cde | 0.7cd | 2.8cd | 3.9ed | 4.8de
T2 04c |0.7de | 2.2d | 29f |3.8f | 0.5cde | 0.7bcd | 2.2f | 3.2fg | 4.2fg
T3 0.4cd | 0.6ef | 2.1d | 3.0f |3.9f | 04ef | 0.6d 2.0f |3.2g 4.19g
T4 04cd | 0.6f |23d |29 |3.7f | 0.5cd |0.7bc | 2.3de | 3.5efg | 4.3fg
T5 0.4c | 0.6ef |28c | 3.7e |4.7e |05cd |0.7bc | 2.5de | 3.7ef | 4.6ef
T6 0.6b |09 |32c |4.1de|51d|0.7b |0.7d 3.1bc | 4.1d | 4.9de
T7 0.5bc | 09b |3.1c |4.4d |6.5b | 0.5cd | 0.7b 3.1bc | 4.1d 5.2d
T8 08a |13a |46a|74a |7.8a|0.8a 1.2a 47a |7.0a |7.8a
T9 0.5bc | 0.8c |3.7b | 6.0b | 6.3b | 0.5 0.7bc | 34b |52b 6.2b
T10 04cd | 09b |3.2c |55c |5.7c [05de |0.7cd |3.1bc | 4.8c 5.7c
T11 0.3de |04g |1lle |19g |28g |0.4f 0.5e 1.0g | 2.0h 3.1h

Means followed by the same letters within the same column are not significantly different at
p<0.05, using DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended

rate);

T2 = 75% Urea + 25% Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75%
Tithonia; T5 = 100% Tithonia (Recommended rate); T6 = 100% Urea + Azospirillum; T7 =
100% Tithonia+ Azospirillum;

T8 = 75% Tithonia + 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea +
Azospirillum; T10 = 25% Tithonia + 75% Urea + Azospirillum; T11 = Azospirillum aone
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Figure.1 Number of branches of sesame at Ogbomoso and | badan as influenced by
bio-organo-chemical fertilizer integration
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Means followed by the same letters within the same column are not significantly different at p<0.05, using
DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea + 25%
Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75% Tithonia; TS5 = 100% Tithonia
(Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia
+ 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25% Tithonia + 75% Urea
+ Azospirillum; T11 = Azospirillum alone

Figure.2 Effect of bio-organo-chemical fertilizer integration on total seed yield of
sesame at Ogbomoso and |badan
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Means followed by the same letters within the same column are not significantly different at p<0.05, using
DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea + 25%
Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75% Tithonia; TS5 = 100% Tithonia
(Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia
+ 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25% Tithonia + 75% Urea
+ Azospirillum; T11 = Azospirillum alone
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Table.6 Influence of bio-organo-chemical fertilizer integration on yield parameters of
sesame at Ogbomoso and |badan

Treatments Ogbomoso | | |badan
No of Capsules | Weight of 1000 | OQil content | No of Capsules | Weight of 1000 | Oil content

Plant™ Seeds () (%) Plant™ Seeds (q) (%)
T0 22.5f 2.39 43.90d 21.99 2.3f 44.50e
Tl 77.9b 2.5cd 46.00d 77.2bc 2.5bc 46.83e
T2 74.0bc 2.5cd 46.27d 73.7cde 2.5bc 46.40e
T3 75.0bc 2.4de 51.60bcd 74.3cd 2.5bc 54.43d
T4 78.4b 2.5de 56.43abc 72.1de 2.5bc 58.63c
T5 79.4b 2.5cd 59.77ab 77.9bc 2.5cd 61.23b
T6 77.3bc 2.6b 50.43bcd 80.5b 2.6b 46.20e
T7 77.6bc 2.6b 57.90abc 79.3b 2.5bc 64.47a
T8 98.7a 2.8a 63.80a 100.8a 2.7a 63.67ab
T9 71.7cd 2.5bc 61.83a 71.7de 2.5bc 61.30b
T10 68.1d 2.4¢f 49.80cd 69.2e 2.3¢ef 45.87e
T11 34.7e 2.4f 46.53d 2.4ed 629.2e 46.83e

Means followed by the same letters within the same column are not significantly different at p<0.05, using
DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea + 25%
Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75% Tithonia; T5 = 100% Tithonia
(Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia
+ 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25% Tithonia + 75% Urea
+ Azospirillum; T11 = Azospirillum alone

Figure.2 Effect of bio-organo-chemical fertilizer integration on total seed yield
of sesame at Ogbomoso and |badan
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Means followed by the same letters within the same column are not significantly different at p<0.05,
using DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75%
Urea + 25% Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75% Tithonia; T5 = 100%
Tithonia (Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia +
Azospirillum;T8 = 75% Tithonia + 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea +
Azospirillum; T10 = 25% Tithonia + 75% Urea + Azospirillum; T11 = Azospirillum alone
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Figure.3 Effect of bio-organo-chemical fertilizer integration on total biomass production of
sesame at Ogbomoso and |badan
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Means followed by the same letters within the same column are not significantly different at p<0.05, using
DMRT. TO = Zero Application (Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea + 25%
Tithonia; T3 = 50% Urea + 50% Tithonia;, T4 =25% Urea + 75% Tithonia; TS5 = 100% Tithonia
(Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia
+ 25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25% Tithonia + 75% Urea

+ Azospirillum; T11 = Azospirillum aone

Azospirillum at Ogbomoso (Table 7). At
Ibadan, uptakes of N and Cu were
significantly (p < 0.05) higher under such
integration. Sole application of urea at
recommended N-rate significantly (p <
0.05) improved uptake of al the micro
nutrients (Fe, Cu, Mn and Zn) at the two
locations (Table 7). However, at the two
experimental locations, sole inoculation of
Azospirillum significantly (p < 0.05)
improved uptake of all the macro and
micro nutrients studied, compared to the
control (Table 7). Azospirillum
inoculation significantly enhanced nutrient
uptake particularly nitrogen (N) at both
locations (Table 7). These results
supported the findings of Akanbi, (2002);
Ghosh et al., 2004; Ananthanaik, 2006;
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Ananthanaik et al., 2007; Chukwuka and
Omotayo, (2009) and Babagjide et al., 2012
who reported variation in nutrient uptakes
and the percentages of nutrient
concentrations in different cropplants,
depending on the prevailing soil nutrition
status, as well as the nutrient sources,
application rates and farming techniques
involved. Also, these results corroborated
the findings of Indu and Savithri (2003)
and El-Habbasha e al (2007) who
reported that  Azospirillum  strains
improved nutrient uptake in sesame.

Sesame responded well to improved soil
nutrition at both experimental locations.
Adequate supply of nutrients is therefore
recommended for improved sesame
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Table 7: Effect of Bio-organo-chemical nutrient management approach on nutrient uptakes of sesame at Ogbomoso and

Ibadan
Ogbomoso Ibadan
Trt N P ‘ K Ca ‘ Mg Na Fe ‘ Cu ‘ Mn ‘ Zn ‘ N ‘ P ‘ K ‘ Ca ‘ Mg ‘ Na ‘ Fe ‘ Cu Mn ‘ Zn
(g kg-'dw) (mgkg-'dw) (g kg-'dw) (mgkg-'dw)

TO | 3.80e 1.00f 0.65e 050d | 055d | 045e [ 78.25c 1.25b | 65.50abc | 11.40ab | 4.67h | 1.30f | 1.03g 0.80g | 0.83g | 0.73e | 83.70f 150e | 66.90d | 12.37d
T1 | 18.90d 3.63¢f 10.10d 1.23cd | 1.26bc | 0.80cd | 153.73a | 3.87a | 75.67a | 18.07ab | 28.90e | 523d | 1827 | 1.90e | 243e | 1.63d | 186.17a | 553a | 85.97b | 23.33a
T2 | 31.50bc | 5.23de | 15.47bcd | 1.77c 1.63abc | 1.03abc | 177.33a | 5.07a | 69.00abc | 19.63a | 34.90c | 5.73d | 23.97cd | 2.43d | 2.67cd | 2.10bc | 172.40abc | 5.00bc | 66.27d | 19.63c
T3 | 31.70bc | 7.13abcd | 19.60ab | 2.30ab | 1.80abc | 0.90c 147.40ab | 4.80a | 46.00c 17.33ab | 32.30d | 8.57b | 25.50bc | 2.90bc | 2930 | 1.70cd | 143.67d 5.00bc | 44.97hi | 16.20d
T4 | 3343bc | 8.17abc | 20.20ab | 253ab | 2.03ab | 1.30abc | 137.07ab | 4.80a | 47.00c 11.90sb | 35.23c | 8.13b | 26.53bc | 3.13b | 3.00b | 2.67a | 140.07de | 4.97bc | 50.63fg | 11.07de
T5 | 37.30ab | 8.80a 2167a8b | 273a | 223a | 1.20ab | 150.07ab | 4.90a | 4550c | 9.57b | 40.87b | 9.67a | 29.00a | 3.63a | 337a | 2.57a | 159.87bcd | 5.00bc | 47.50gh | 9.17e
T6 | 26.73bcd | 5.67cde | 18.20abc | 2.00bc | 1.87abc | 1.23a | 170.00a | 4.90a | 67.20abc | 16.60ab | 24.67f | 4.27e | 23.17d | 2.67cd | 2.80bc | 2.37ab | 178.83ab | 4.83c | 81.53c | 21.57ab
T7 | 30.00bcd | 7.23abcd | 21.67ab | 2.40ab | 2.13a | 1.03abc | 129.87ab | 4.97a | 52.10bc | 13.70ab | 34.87c | 9.30a | 2853a | 347a | 2.60cde | 2.40ab | 121.90e 5.27ab | 44.07i | 10.87e
T8 | 4437a | 843ab 2303a | 220ab | 2.00ab | 0.90c 136.50ab | 5.13a | 48.10c | 9.50b | 49.80a | 8.43b | 2557bc | 243d | 2.80bc | 1.90cd | 138.43de | 5.37ab | 53.17f | 9.10e
T9 | 37.50ab | 8.33ab 21.70ab | 2.40ab | 230a | 0.87c 148.43ab | 5.30a | 53.50abc | 10.10b | 31.77d | 850b | 24,77cd | 353a | 3.50a | 2.10bc | 153.83cd | 5.07bc | 60.07e | 11.63d
T10 | 27.53bcd | 6.90bcd | 17.87abc | 2.03abc | 1.97ab | 0.97bc | 148.23ab | 5.03a | 73.40ab | 17.77ab | 27.83e | 5.87c | 1897e | 247d | 257de | 2.10bc | 154.73cd | 5.00bc | 90.40a | 21.33b
T11 | 2333cd | 440de | 12.37cd | 1.23cd | 1.17cd | 0.60de | 100.93bc | 4.03a | 59.27abc | 10.60b | 21.40g | 4.33e | 13.73f | 1.50f | 1.73f 0.60e | 84.80f 327d | 49.87g | 6.73f

Means followed by the same letters within the same column are not significantly different at p<0.05, using DMRT. TO = Zero Application
(Control); T1 = 100% Urea (Recommended rate); T2 = 75% Urea + 25% Tithonia; T3 = 50% Urea + 50% Tithonia; T4 =25% Urea + 75%
Tithonia; T5 = 100% Tithonia (Recommended rate); T6 = 100% Urea + Azospirillum; T7 = 100% Tithonia + Azospirillum; T8 = 75% Tithonia +
25% Urea + Azospirillum; T9 = 50% Tithonia + 50% Urea + Azospirillum; T10 = 25% Tithonia + 75% Urea + Azospirillum; T11 = Azospirillum
alone
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performance. Azospirillum inoculation
significantly enhanced nutrient uptakes
particularly nitrogen (N) at both locations.
Hence, Azospirillum inoculation may be
beneficial for improved biologica
nitrogen fixation and performance of non-
leguminous  plants  like  sesame,
particularly when grown on low fertile
soils. Integration of 75 % green Tithonia +
25 % urea + Azospirillum significantly
improved growth and yield parameters, as
well as the determined inherent phyto-
chemicals or nutrient compositions of
sesame. Thus, careful bio-organo-chemical
fertilizer integration, which ensures
adequate and regular maintenance of soil
organic matter (with little or no chemical
fertilizer inputs), is a worthwhile
technology and therefore recommended
for improved sesame performance and soil
quality in the tropical savanna vegetation
zones, where the soils are marginal and
grossly characterized by missing topsoil
layer.
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