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Abstract

This study was carried out at the Department of Crop Science, University of Nigeria, Nsukka to investigate growth response
of Ceiba pentandra to organic and inorganic fertilizers under field conditions. The treatments consisted of six fertilizer
application rates (No fertilizer, 5 t ha' PM + 200 kg ha! NPK, 10 t ha' PM, 20 t ha* PM, 450 kg ha' NPK and 20 t ha' PM + 100
kg ha! NPK). The experiment was laid out in a randomized complete block design (RCBD) with four replications. Data were
collected on plant height, number of leaves, stem girth and number of branches at 2, 3, 4, 5, 6 and 7 months after transplanting
(MAT). The result of the analysis of variance indicated significant (p<0.05) variation among the fertilizer combinations used
with respect to morphological parameters evaluated. Among the fertilizer treatments, sole application of PM at 20 t ha
consistently and positively influenced plant height, number of leaves, stem girth and number of branches of Ceiba across the
months. Suggesting that the application rate provided adequate nutrients for growth and development of Ceiba. However, sole
application of NPK at 450 kg ha and other PM rates in combination with NPK resulted in decrease in some growth attributes
probably due to acidification of the rhizosphere. Sole application of PM at 20 t ha! improved growth traits of Ceiba pentandra
and is recommended for the production of Ceiba in the study area.

KeyWOI‘dS: Ceiba Pentandra; Growth; Fertilizer Rates; Poultry Manure; NPK Fertilizer

J

Introduction
5-8 entire-margined leaflets.
Ceiba pentandra is a tropical tree of order Malvales and the

[4]- The leaves are alternate and palmately compound with

family Malvaceae. It is the largest African forest tree reaching
as high as 60 m and severally known among some Nigerian
ethnic groups as Araba ogungun (Yoruba), Akpu ogwu (Igbo),
Rimi (Hausa) and Bamtami (Fulani) [1]. The tree is also
known as the Java cotton, Hara kapok, Silk cotton or Ceiba [2].
Their thick columnar trunks often have large buttresses [3].
The young trunks and branches are armed with thick conical
spines and are often green due to photosynthetic pigment

Early Growth Response of Ceiba Pentandra to Organic and Inorganic Fertilizers under Field Conditions

in Southeastern Nigeria

The leaves of Ceiba pentandra have been reported to
have both nutritional and medicinal properties. In Nigeria,
the leaves are cooked in form of slurry sauce comparable
to Okra. The young leaves or the shoots are normally used
for soup (sausage). A powder prepared from dried leaves is
used to prepared sauce during the dry season [5]. The leaves
of C. pentandra can also be used as livestock fodder [6]. The
seeds, leaves, bark and resin are used to treat fever, asthma,
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dysentery and kidney disease [7]. The seed oil which has
antimicrobial activity is used for making soap, the residue
is used as fertilizer and cattle feed [8]. Presently, Ceiba
pentandra has high value in plywood manufacturing but can
also be used for making boxes and crates, and for lightweight
joinery [9]. Formerly, it was best known for the fibre
produced by its fruit. The floss derived from the inner fruit
wall is used for stuffing cushions, pillows and mattresses,
and for insulation, absorbent material and tinder [9-12].

In spite of the numerous benefits of C. pentandra,
particularly the leaves in diet, it has never been under
regular cultivation like the other indigenous vegetable
species in Nigeria due to some factors such as low soil
fertility, pests, extreme temperatures, erratic rainfall
pattern and long drought. Yield of any crop is determined
by its nutritional requirements and sustaining the yield and
quality of a new crop requires appropriate crop management
practices, especially soil fertility management [13,14]. Soil
nutrients could be supplied in organic or inorganic form
(chemical fertilizers and lime) and in combinations [15]. A
continuous use of chemical fertilizers alone cannot, however,
sustain crop yields on the strongly weathered soils of the
tropics [16]. Thus, organic soil amendments are needed on
such soils to replenish the lost nutrients and improve the
physicochemical and biological properties for sustained crop
production. It has been established that soil amendments
using both organic and inorganic sources (otherwise
known as integrated plant nutrition system) supports the
best crop performance [17,18]. The combined application
of manure with mineral fertilizers supports the prompt
release of applied nutrients to satisfy crop nutrient demand
[19]. Meanwhile, the quality of any agricultural produce is
predetermined by the prevailing growth environment of
which soil fertility variables are major determinants [20,21].
However, to the best of our knowledge, this is the first
report on deliberate cultivation of Ceiba pentandra under
different fertilizer rates in Nigeria. Therefore, investigations
into Ceiba fertilizer requirement can provide valuable
information that can encourage the domestication of this
wild species for commercial cultivation and prevent it from
going into extinction. This will eventually result in increased
productivity, sustained food and nutrition security with
eco-friendly strategies. There is, therefore, the need to plant
Ceiba in the field to examine its growth response to organic
and inorganic fertilizers. The objective of this study was to
examine response of growth of Ceiba pentandra to organic
and inorganic fertilizers in southeastern Nigeria.

Materials and Methods

Experimental Site: The experiments were conducted
at the Department of Crop Science Teaching and Research
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Farm, Faculty of Agriculture, University of Nigeria, Nsukka
(07 °29’ N, 06 °51’ E and 400 m above sea level). Nsukka
is characterized by lowland humid tropical conditions with
bimodal annual rainfall distribution that ranges from 1155
mm to 1955 mm with a shift in the second peak of rainfall
from September to October, a mean annual temperature of
29°C to 31°C and a relative humidity that ranges from 69 %
to 79 % [22].

Collection of Ceiba Germplasm: Dried pods of Ceiba
were collected from Unosi in Ajaokuta Local Government
Area of Kogi State, North Central Nigeria in June, 2020. The
seeds were extracted from the pod and planted in nursery
bags of size 48 x 38.5 filled with cured saw dust in July
2020 and placed under banana plantation to provide shade.
Regular watering was done to accelerate emergence. A
month after seedling emergence, seventy-two uniformly
sized seedlings were transplanted to the field. Organic and
inorganic fertilizers were applied as split doses and at the
required quantity one month after transplanting to the field,
40 % of the required quantity was applied as first dose in
September, 2020 and the second dose (60 %) was applied
in November, 2020 with heavy watering. Weeding was done
with the use of glyphosate at 4 weeks interval.

Experimental Design and Field Layout: The treatments
consisted of six fertilizer application rates (No fertilizer, 5 t
ha! PM + 200 kg ha' NPK, 10 t ha'' PM, 20 t ha' PM, 450 kg
ha! NPKand 20 tha* PM + 100 kg ha'* NPK). The experiment
was laid out in a Randomized Complete Block Design (RCBD)
with four replications. The plants were spaced at an inter-
row distance of 3 m and intra-row distance of 2 m on a single
row plot of 3 plants. Planting holes (35 cm x 35 cm x 35 cm
dimension) were dug according to the marked plant spacing.
An alleyway of 3.0 m separated each block. The experiment
was carried out between July 2020 to February 2021.

Data Collection: Data were collected on plant height
(height of each plant was measured in cm from the ground
to the apex with the use of measuring tape and the average
recorded), number of leaves (the leaves of each plant were
counted and the average recorded), stem girth (the stem of
each plant was measured round at 5 cm above ground level
using measuring tape and the average recorded) and number
of branches (the branches of each plant were counted and
the average recorded). All the data were taken at 2, 3,4, 5, 6
and 7 months after transplanting (MAT).

Statistical Analysis: Data collected from this study were
subjected to analysis of variance (ANOVA) following the
procedure for RCBD using GENSTAT [23]. Means separation
to detect the effect of manure and accession was by least
significant difference (LSD) at 5 % probability level.
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Results

Physicochemical Properties of Soil of the
Experimental Site (Prior Transplanting) and
the Poultry Manure Sample Used in the Study

The physicochemical properties of the soil from the
experimental site before transplanting indicated that the soil
was not fertile (Table 1). The percent nitrogen was very low
(0.098 mg/100g) and the available phosphorus (12.59 ppm)
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was also low. The potassium content was (0.10 mg/100g).
The cation exchange capacity was (10.80 mg/100g), the base
saturation was (51.48 %), organic carbon and organic matter
were 1.857 % and 3.201%, respectively indicating that the
soil was low in fertility. The soil was classified as sandy loam.

The poultry manure (PM) utilized was very high in
organic matter (85.12 %), nitrogen (1.315 %), potassium
(0.18) and sodium (0.0155 %). The pH of the PM in water
was strongly alkaline (8.5).

Mechanical properties

Soil Particle size Poultry manure

Clay (%) 17 -
Silt (%) 9 -
Fine sand (%) 35-
Coarse sand (%) 39-
Textural class Sandy loam
Chemical properties
pH in water 4.88.5
pH in Kcl 3.88.1
Organic carbon (%) 1.857 58.905
Organic matter (%) 3.20185.12
Total nitrogen (%) 0.098 1.315

Phosphorus (ppm)

12.59 0.52 (%)

Exchangeable base

Sodium (Na+) cmol/kg

0.06 0.0155 (%)

Calcium (Ca2+) cmol/kg

4.20 6.8 (%)

Potassium (K+) cmol/kg

0.10 0.18 (%)

Magnesium (mg2+) cmol/kg

1.20 5.12 (%)

CEC 10.80 -

Base saturation (%) 51.48 -
Exchangeable acidity in me/ 100 g soil

Aluminium (Al3+) 0.80 -

Hydrogen (H+) 2.40 -

Table 1: Physicochemical properties of soil of the experimental site (prior transplanting) and the poultry manure sample used

in the study.

Source: Department of Soil Science Laboratory, Faculty of Agriculture, University of Nigeria, Nsukka, laboratory.

As shown in Table 2, fertilizer application rates
significantly (p<0.05) influenced Ceiba height across the
months. Highest plant height (64.3,132.7,199.6,262.3,300.8
and 324.7 cm) was produced by plants that received 20 t ha!
of PM at 2, 3, 4, 5, 6 and 7 months after transplanting (MAT),
respectively. The lowest height (15.4 cm) was obtained from
plants that received no PM at 2 MAT while at 3, 4, 5, 6 and
7 MAT, the least height (16.8, 29.1, 43.9, 60.9 and 68.1 cm)
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was attributed to the plants that received 450 kg ha' NPK,
this implies that inorganic fertilizer may not be suitable for
growing Ceiba as sole application of PM at rate 20 t ha' PM
gave the tallest plants. The results on comparison between
organic and inorganic fertilizers with respect to plant height
at the sixth months after planting was in the following order
20tha?PM>10tha'PM>20tha'PM+ 100 kgha! NPK>5
tha!PM + 200 kg ha! NPK > No fertilizer > 450 kg ha' NPK.
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Fertilizer rates Plant height (cm) in months after transplanting
2 3 4 5 6 7
No fertilizer 15.4 27.7 52.2 78.8 92.3 123.8
5tha!PM + 200 kg hat NPK 37.8 78.3 130.1 1721 194.3 2171
10 t ha! PM 55.4 123.4 195.3 252.4 289.9 322.1
20 tha' PM 64.3 132.7 199.6 262.3 300.8 324.7
20 tha' PM + 100 kg ha'! NPK 45.9 100.7 158.9 181.4 251.2 287.5
450 kg ha NPK 16.1 16.8 29.1 43.9 60.9 68.1
LSD (0.05) 16.1 25.8 38.4 45.2 46.4 51.2

Table 2: Effect of fertilizer rates on plant height (cm) of Ceiba pentandra at 2, 3, 4, 5, 6 and 7 months after transplanting.

Number of leaves of Ceiba was significantly (p<0.05)
influenced by the application of organic and inorganic
fertilizers (Table 3). Number of leaves increased with the
application of 20 t ha! of PM at 2, 3, 4, 5, 6 and 7 MAT with
respective values of 21.8, 59.5, 129.6, 237.8, 298.3 and 495.0.
Decrease in number of leaves (7.3, 5.3, 9.4, 19.2, 18.9 and
28.0) was observed in plants treated with 450 kg ha'* NPK at
2,3,4,5, 6 and 7 MAT, respectively. Plants that received 10 t

ha! of PM was superior to plants grown with 20 t ha' PM +
100 kg ha'* NPK, 20 t ha* PM+ 100 kg ha* NPK was superior
to5tha?PM + 200 kgha NPK, 5 tha® PM + 200 kg ha NPK
was superior to No fertilizer while No fertilizer was superior
to 450 kg ha! in number of leaves. This indicated that values
obtained from the application of fertilizers that possesses
NPK were lower compared to the control and that of organic
fertilizer with respect to number of leaves.

. Number of leaves in months after transplanting
Fertilizer rates
2 3 4 5 6 7
No fertilizer 7.7 10.7 16.2 25 30.7 54
5tha-1 PM + 200 kg ha-1 NPK 12.5 27.4 70.6 150.6 152.2 267
10 tha-1 PM 18.4 51.6 101.8 168.9 255.6 398
20 tha-1 PM 21.8 59.5 129.6 237.8 298.3 495
20 tha-1 PM+ 100 kg ha-1 NPK 16.3 39.2 90.3 181.2 203.2 336
450 kg ha-1 NPK 7.3 5.3 9.4 19.2 18.9 28
LSD (0.05) 4.8 15.8 31.4 54.4 63.5 101.4

Table 3: Effect of fertilizer rates on number of leaves of Ceiba pentandra at 2, 3, 4, 5, 6 and 7 months after transplanting.

2 MAT while at 3 MAT, plants grown with no PM and plants
treated with sole application of NPK had the least (1.7 cm).
At 4,5, 6 and 7 MAT, sole application of 450 kg ha'* NPK gave
the least stem girth (2.2, 3.7, 3.8 and 5.9 cm).

Significant (p<0.05) difference was observed among the
fertilizers on stem girth (Table 4). Widest stem girth (3.7,
7.8, 11.0, 15.6, 23.5 and 25.4 cm) was associated with the
application of 20 t ha! of PM across the months. The least
girth (1.4 cm) was obtained in plants that received no PM at

Fertilizer rates Stem girth (cm) in months after transplanting
2 3 4 5 6 7
No fertilizer 1.4 1.7 3.29 4.9 6.1 7.4
5tha-1 PM + 200 kg ha-1 NPK 2.2 4.1 6.8 10.2 13.1 14.1
10 t ha-1 PM 3.2 6.7 10.4 14.3 17.2 19
20 tha-1 3.7 7.8 11 15.6 23.5 25.4
20 tha-1 PM+ 100 kg ha-1 NPK 29 6.5 9.3 129 14.9 17.7
450 kg ha-1 NPK 1.6 1.7 2.2 3.7 3.8 5.9
LSD (0.05) 0.8 1.8 2 2.7 6.2 6.5

Table 4: Effect of fertilizer rates on stem girth of Ceiba pentandra at 2, 3, 4, 5, 6 and 7 months after transplanting.
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of PM at 2, 3,4, 5, 6 and 7 MAT, respectively while the least (0,
0, 0.2, 2.2, 3.0 and 4.2) was recorded in plants that was not

Number of branches differed significantly (p<0.05) due
to the application of organic and inorganic fertilizers (Table

5). Greater number of branches (11.4, 20.2, 22.6, 29.15, 37.6

and 48.4) was obtained with the sole application of 20 t ha!

treated with any fertilizer.

Number of branches in months after transplanting
Fertilizer rates
3 4 5 6 7
No fertilizer 0 0.2 2.2 3 4.2
5tha!PM + 200 kg ha’ NPK 3.8 9.6 10.1 14.7 15.9 23.7
10 tha' PM 8.5 15.5 17.3 19.5 23.1 30.9
20 that 11.4 20.2 22.6 29.1 37.6 48.4
20 tha' PM+ 100 kg ha* NPK 6 12 13.1 16.3 22.7 29.2
450 kg ha' NPK 1.4 1.4 3 4 4.5 5.1
LSD (0.05) 2.2 3.7 6.1 6.2 9.2 13.1

Table 5: Effect of fertilizer rates on number of branches of Ceiba pentandra at 2, 3, 4, 5, 6 and 7 months after transplanting.

-

Figure 1: Ceiba fruits Ceiba seeds planted in pot.

Figure 2: Transplanting of Ceiba seedlings to the field Watering of the transplanted seedlings.
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Figure 3: Ceiba plant at 2 weeks after transplanting Preparation for fertilizer application.

o

( N\

Figure 4: Ceiba plant at 2 months after transplanting Ceiba at 3 months after transplanting.

- J

Figure 5: Ceiba plant at 4 months after transplanting.
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Figure 6: Ceiba plants at 6 months after transplanting.

Discussion

The results obtained in this study revealed that organic
and inorganic fertilizers significantly influenced growth of
Ceiba pentandra. The increase in growth of Ceiba with the
sole application of poultry manure at 20 t ha* of PM indicated
that this rate provided adequate nutrients which the roots
of the plants were able to absorb and used for growth and
development. Husseini, et al. [24] also found that organic
manure increased growth and leaf yield of Adansonia digitata
seedlings. Mukhtar [25] reported that organic manure
improved early growth of A. digitata. Adebayo, et al. [26]
found that organic amendment increased both the vegetative
and dry matter yield of M. oleifera. Poultry manure and other
organic fertilizers increase the nutrient status of most soils
and boost crop productivity [27,28]. Stevens, et al. [29]
reported that application of organic manure significantly
influenced growth and leaf yield of Moringa oleifera. Sole
application of NPK at 450 kg ha! and other treatment
combinations to which NPK was applied resulted in decrease
in some growth attributes of Ceiba plants in comparison with
the control. This clearly shows that although Ceiba may thrive
in marginal soils, it does better with the application of PM.
Husseini, et al. [24] reported that Baobab seedlings without
soil treatment showed positive effect than when NPK was
applied while organic manure enhanced early growth and
leaf yield. Failure of NPK to increase growth of Ceiba could
be due to acidification of the rhizosphere. Husseini, et al. [24]
observed that NPK gave relatively low growth and leaf yield
of Baobab. Qaswar, et al. [30] reported that NPK application
decreased soil pH and increased soil acidification, whereas
organic matter addition buffered acidification. For certain
reasons, organic manure is preferred to inorganic fertilizers.
Apart from adding nutrients to the soil [31], it also improves
soil structural properties [32] and acts as a liming material
by reducing soil acidity [33].
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Conclusion

Improving the soil nutrients with poultry manure
increased growth attributes of Ceiba pentandra. It was
evident that sole application of PM at 20 t ha! could support
the growth performance of Ceiba. Therefore, 20 t ha! of PM
is recommended for the production of Ceiba pentandra in the
study area.
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