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ABSTRACT

Amaranthus is a fast-growing vegetable affected by inadequate soil nutrient supply due to
intensive cultivation. Inorganic fertiliser application reduces vegetable quality, thus, farm waste
such as Cocoa pod husk (CPH) was encouraged as organic fertiliser. However, limited information
is available on CPH powder or its combination with urea on amaranthus performance. Therefore,
the response of amaranthus to CPH and urea fertiliser was investigated. In a replicated 3 x 3 factorial
experiment, CPH powder at 0, 30, and 60 kg N ha™ and urea fertiliser at 0, 30, and 60 kg N ha™
were evaluated in a randomised complete block design with five replicates using 4 kg soil. Data
collected were subjected to ANOVA and significantly different means were separated at p<0.05.
The results indicated that the control (0 kg CPH) had better growth than the CPH-treated plants at
both plantings. Applying 60 kg N ha' urea significantly increased the number of leaves and shoot
biomass compared to the other treatments in both plantings. The CPH x urea interactions resulted
in significant variations in amaranthus height, number of leaves and shoot biomass among the
treatments. The growth parameters observed at 0 kg CPH x 60 kg N ha’ urea were significantly
higher than other treatments but not different from CPH at 60 kg N ha™ x 60 kg N ha™ urea and CPH
at 30 kg N ha™ x 30 kg N ha™ urea applications in both plantings. Consequently, CPH powder at 30 kg
N ha' with urea at 30 kg N ha™ was considered appropriate for sustainable amaranthus production.

Keywords: Amaranthus, cocoa pod husk, urea fertiliser, sustainable production, shoot biomass.

INTRODUCTION

Amaranthus hybridus L. is a widely cultivated
leafy vegetable in Africa, with over 60 species
grownfortheirleaves, seeds,and ornamental value
(Schippers, 2000). Amaranth is recognised for its
exceptional nutritional profile, characterised by
high protein content, fibre, vitamins, and minerals
like iron and calcium. Schippers (2000) reported
its potential as an anti-inflammatory, anti-cancer,
and antioxidant agent. It may also contribute to
lowering blood pressure and cholesterol levels.

Beyond its nutritional and agricultural benefits,
amaranth holds cultural significance across
various regions, particularly in South America,
where it is used in religious ceremonies and
festivals, underscoring its importance beyond
its nutritional value (Adhikary et al., 2020). It is
also used in the poultry industry to reduce the
amount of cholesterol in eggs (Rodriguez-Rios et
al., 2020).

The most common amaranthus species in
Nigeria is A. hybridus (L.), a traditional vegetable
grown in tropical Africa (Ogwu, 2020). This plant
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is remarkably resilient and grows very well in
different soil types. However, the growth and
development of amaranthus can be influenced
by soil conditions such as nutrient availability,
pH levels, and drainage (Sharma et al., 2023).
Amaranthus requires moderate nitrogen,
phosphorus, and potassium levels for optimal
growth. However, the continual cultivation of
the crop depletes soil nutrients and changes
microbial composition resulting in low yield over
time (Alami et al., 2021). Consequently, fertiliser
must be applied to maintain or improve yield.
Fertilisers are commonly used to improve soil
fertility and crop yield. They provide essential
plant nutrients such as nitrogen, phosphorus, and
potassium, that are deficient in soils (Bartog et al.,
2022). However, fertilisers can also significantly
impact soil quality and ecosystem health (Alami
et al., 2021; Bartog et al., 2022). The effect of
fertiliser applications in amaranthus production
is vital for rapid growth and high yield. The use
of inorganic fertiliser for the improvement in
amaranthus growth has been reported (Akamine
et al., 2020; Ortikov et al., 2023). According to
research by Akamine et al. (2020), Amaranthus
requires moderate levels of 400 kg ha for NPK
at a ratio of 1:1:1, respectively. However, the
consistent reports of the detrimental effects of
inorganic fertilisers on soil health, aside from
the reduction in vegetable quality call for a more
sustainable approach to improve soil conditions
for crop production (Krasilnikov et al., 2022).
Thus, farm waste such as CPH was encouraged
as organic fertiliser.

Cocoa pod husk is the by-product of cocoa after
extracting the cocoa beans from the pod (Mariatti
et al., 2021). The pods are used to produce soap
and the like. CPHs are reported to be rich in
hemicellulose (such as xylan, glucuronoxylan,
arabinoxylan, glucomannan, and xyloglucan),
cellulose, raw energy, potassium, and many
other minerals considered useful in improving
soil health (Suharyatun et al., 2024). Applying
different forms of CPH as a soil amendment for
improving crop performance is well documented
(Adeosun et al, 2019; Oluleye et al., 2023;
Suharyatun et al, 2024). However, varying
recommendations have been made regarding the
level of application for appreciable yield in crops.
Adeosun et al. (2019) reported the application of
CPH at 300 kg N ha™ for a substantial response for
tea [Camellia sinensis (L.) O. Kuntze], while Kekong
(2023) recommended CPH in combination with
other organic sources at 10 t ha™ to optimise okra
production. The recommendations for different
crops also differ. The level of CPH application
to soil for crop improvement depends on several
factors, including the quality of the CPH as

organic fertiliser to use, type of crop, soil type
and the level of soil nutrient depletion (Vanlauwe
et al., 2023). The differences in these factors lead
to variations in the level of CPH application
to effectively improve soil conditions and
increase crop yield, thus meeting the demand
for food. Applying organic fertilisers at the
right time and amount prevents nutrient loss
and ensures optimal effectiveness. However,
the reported low N in CPH as fertiliser have
necessitated complementing this organic source
with inorganic N to improve crop nutrition
(Ouattara et al., 2021). Nitrogen-based fertilisers
can increase soil nitrogen levels, thus enhancing
plant growth and productivity (Barlédg, 2023).
However, their excessive application can also
lead to nitrogen pollution, which can cause water
and air pollution and negatively impact human
and environmental health (Barlég, 2023).

The influence of inorganic or organic fertilisers
on the soil and its microbial community is complex
and depends on many factors like fertiliser type,
application rate, and soil properties (Vanlauwe
et al., 2023). Vanlauwe et al. (2023) reported
that careful fertiliser management practices
considering soil nutrient status, crop nutrient
requirements, and environmental impacts are
essential to ensure sustainable cotton production
while maintaining soil health and ecosystem
functioning. Some studies have shown that
excessive fertiliser use can reduce soil microbial
diversity and abundance, leading to changes in
soil nutrient cycling and reduced plant growth
(Dinca et al., 2022; Bhattacharyya and Furtak,
2023). Nevertheless, appropriate fertiliser
application can enhance soil microbial activity and
diversity, improving soil health and ecosystem
functioning. However, limited information on
CPH powder application or its combination with
urea on the performance of short-duration crops
like amaranthus is available. This is important in
obtaining high crop yield without compromising
the nutrient composition of amaranthus or soil
health. Consequently, this will boost amaranthus
production, manage cocoa production waist
and improve the small-scale farmer’s income.
Therefore, this study aimed to determine
the effects of CPH powder and urea on the
performance of amaranthus.

MATERIALS AND METHODS

Experimental site

The experimental setup occurred within the
screen house at the Department of Agronomy,
Faculty of Agriculture, University of Ibadan,
Oyo State, Nigeria. The specific coordinates of
the experimental field are latitude 7276" N and



302 s: Chilean J. Agric. Anim. Sci., ex Agro-Ciencia (2025) 41(2):300-311.

longitude 3'5346" E, at an elevation of 210 m
above sea level.

Experimental design and treatments

The experiment was a3 x 3 factorial arrangement
in a randomised complete block design with five
replicates. The treatments involved the application
of CPH powder) at 0, 30, and 60 kg N ha' and urea
fertiliser at 0, 30, and 60 kg N ha™. The treatment
interactions were 0 CPH x 0 urea (C,U ), 0 CPH x
30kg N ha' urea (C U, ), 0 CPH x 60 kg N ha™ urea
(C,U,), CPH at 30 kg N ha x 0 urea (C,U,), CPH
at 30 kg N ha' x urea at 30 kg N ha* (C, U, ), CPH
at 30 kg N ha' x urea at 60 kg N ha* (C, U, ), CPH
at 60 kg N ha™ x 0 urea (C U ), CPH at 60 kg N ha™!
x urea at 30 kg N ha* (C U, ) and CPH at 60 kg N
ha x urea at 60 kg N ha™ (C_U,).

Materials sources and collection

The National Horticultural Research Institute,
Ibadan, Nigeria, supplied the amaranthus
seeds, while the Department of Agronomy
provided the dried CPH and black polythene
bags. Additionally, the urea fertiliser used in the
study was purchased from a retailer in Ibadan.

Planting and establishment in pots

The soil used for planting was obtained from
the Agronomy experimental field at the University
of Ibadan, Ibadan, Nigeria. Perforated polythene
bags were filled with 4 kg of soil using a Camry
dial scale. Amaranthus seeds were sowed in each
pot at a depth of 2 cm at the centre of each pot on
April 25 and July 14, 2023, for the first and second
sowing, respectively. A light irrigation with water
followed the sowing. The pots were subsequently
irrigated every fortnight in the evening to ensure
enough moisture for the healthy emergence and
development of the amaranthus plant. Each
pot received an equal amount of water from the
watering can when watering. The polythene
bags that contained the different treatments
were labelled accordingly and positioned on iron
benches within the screenhouse. For optimum
plant growth and ease of data collection, the pots
were spaced properly before the sowing of seeds.

Treatment applications

The CPH and urea fertiliser treatments were
weighed with an electronically sensitive scale
in the soil laboratory of the Department of Soil
Resources Management, University of Ibadan,
Ibadan, Nigeria. In all the selected pots for the CPH
treatments, the powder was mixed into the soil
one week before planting, while urea was applied
to the side of the plants after two weeks of planting
where needed. The properties of the CPH used in
the study includes 14.80% of organic carbon, 0.84%

total N and 0.14% total P. The Ca, Mg, K and Na
were 0.53, 0.23, 2.06 and 0.40, respectively.

Maintenance

A week after planting, thinning was carried
out to reduce competition among the amaranthus
plants for resources such as space, light, nutrients,
and water. The healthiest and most vigorous plant
stands were selected to remain in the experimental
pots, ensuring optimal growth and development.
Regular manual weed removal was conducted
weekly to eliminate unwanted plants that could
compete with the amaranthus plants for available
resources.

Data collection

Throughout  the  experiment,  regular
observations were made at 2, 3, 4 and 5 weeks
after sowing (WAS) to assess various growth
characteristics of the plants. The observations
included plant height, stem diameter, number of
leaves per plant, and the fresh and dry biomass
of the plants. A flexible metre ruler was used to
measure plant height, while a Vernier calliper
measured stem diameter. At maturity, the plants
were harvested for fresh weight. Subsequently, the
harvested plants were oven-dried, and their dry
biomass was measured using a precision scale.

Statistical analysis

Data for the qualitative and quantitative
observations were analysed using GenStat 8.1 and
MS-Excel 2016. The means of significantly varied
agronomic parameters were separated using
Duncan’s Multiple Range Test at a 5% probability
level.

RESULTS

Chemical and particle size analysis of the soil

The chemical properties of the soil indicated
a neutral pH of 7.09. The total nitrogen content,
potassium and available phosphorus levels in
the soil were 3.3 g kg, 0.29 cmol kg* and 16.10
mg kg, respectively (Table 1). The values of the
exchangeable bases in the soil were 0.36, 0.83,
0.29 and 2.71 cmol kg' for K, Mg, Na and Ca,
respectively. The values for the soil physical
parameters present in the soil were as indicated in
Table 1, and the textural classification was loamy
sand.

Effects of CPH and urea fertiliser on amaranthus
plant height

The height of amaranthus plants was not
significantly affected by the different levels
of CPH powder throughout the observation
period in the first cropping (Table 2). However,
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Table 1. Chemical and physical properties of the experimental soil.

Parameters Value
Organic C (g kg™) 30.08
Total N (g kg™) 3.3
Available P (mg kg™) 16.1
pH (H,0) 7.09
Exchangeable bases (cmol kg™)

K 0.36
Mg 0.83
Na 0.289
Ca 2.71
Exchangeable acidity (cmol kg™) 0.4
Physical properties (g kg™)

Sand 800

Silt 130
Clay 70
Textural class Loamy sand

Table 2. Influence of cocoa pod husk, urea and their interactions on amaranthus plant height (cm) at
different observation periods.

First planting (WAP) Second planting (WAP)
Treatment 2 3 4 5 2 3 4 5
CPH (kg N ha™)

0 16.53 27.53 30.73 38.53 16.78 27.89 31.22 37.22
30 16.27 27.73 29.93 37.20 16.67 27.89 28.89 37.44
60 15.20 25.87 30.27 36.93 15.33 27.00 30.33 36.44
SE 0.56 1.22 1.72 1.89 0.71 1.80 2.73 2.80
Urea (kg N ha')

0 15.33 23.00b 25.93b 32.60b 16.11 23.67b 26.44 33.67
30 16.93 29.40a 31.80a 38.53a 16.89 30.56a 32.00 38.22
60 15.73 28.73a 33.20a 41.53a 15.78 28.56ab 32.00 39.22
SE 0.56 1.22 1.72 1.89 0.71 1.80 2.73 2.80
Interactions
C,U, 16.40ab 24.80b-d  27.67ab 33.00bc 18.33ab  27.00a-c 29.00 34.33
C,U3, 16.20ab 26.80a-d 31.80ab 38.00a-c  15.33b 26.00a-c 30.67 34.33
CU, 17.00ab 31.00ab 32.80a 44.67a 16.67ab  30.67ab 34.00 43.00
Cc,U, 15.00b 23.67cd 27.67ab 36.00a-c  14.67b 23.67bc 27.33 37.00
C,U, 18.67a 32.67a 31.00ab 38.67a-c  20.00a 33.33a 31.00 41.00
C,U, 15.20b 27.00a-d 31.20ab 37.00a-c  15.33b 26.67bc 28.33 34.33
C.U, 14.67b 20.67d 22.67b 28.80c 15.33b 20.33¢ 23.00 29.67
(GRU 16.00ab 28.80a-c 32.67a 39.00a-c  15.33b 32.33ab 34.33 39.33
CoUy 15.00b 28.20a-c 35.60a 43.00ab 15.33b 28.33a-c 33.67 40.33
SE 0.97 2.12 2.99 3.28 1.23 3.13 4.72 4.85

CPH = Cocoa Pod Husk, WAP: Weeks After Planting; C,= CPH at 0 kg N ha; C, = CPH at 30 kg N ha; C, = CPH at
60 kg N ha'; U =Urea at 0 kg N ha’; U, = Urea at 30 kg N ha”; U, = Urea at 60 kg N ha''; Mean values within the same
column and with similar letter(s) are not significantly different at probability level of 0.05, as determined by Duncan's

Multiple Range Test.
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the plants under the control treatment had the
highest height at 2, 4 and 5 WAP, while CPH at 60
kg N ha treatment had the lowest plant heights
at 2, 3 and 5 WAP. In the second planting, the
height of amaranthus plants was similar for all
the treatments across the observation periods.
However, the CPH at 60 kg N ha' treated plants
were consistently taller than the other treatments,
except at 4 WAP, while the control had taller
plants at 2 and 4 WAP.

Plant height under urea fertiliser application
was similar for all the treatments at 2 WAP in the
first planting (Table 2). However, urea fertiliser
application significantly increased amaranthus
heights at 3, 4 and 5 WAP compared to the
control, with the CPH at 60 kg N ha™ having the
tallest plants at 4 and 5 WAP. A similar trend was
observed for plant height in the second planting,
except that the heights were not significantly
different throughout the observation periods.

The interactions of CPH and urea fertiliser
further improved the height of amaranthus in
the first and second plantings (Table 2). In the
first planting, plants treated with C, U, had
significantly taller plants at 2 and 3 WAS, while
the C, U, treatment had the shortest plants. At 4
WAS, the CU,, C U, and C, U, treated plants
had significantly taller plants than C U, while
the other treatments were similar. The plant
height observed for the control (C,U) and C, U,
were significantly shorter than the C U treated
plants at 5 WAS. Plants treated with C, U, were
significantly taller than those treated with C, U,
and C, U, at 2 WAS in the second planting. At
3 WAS C U, and C, U, treatments significantly
increased amaranthus heights compared to C, U,
and C U, but similar with the other treatments.
Amaranthus heights were not significantly
different at 4 and 5 WAS, however, the heights
ranged from 34.33 (C,U,) to 23.00 (C, U) and
(C,,U,,) to (C, U,)), respectively.

Effect of fertiliser on amaranthus stem diameter

The influence of CPH on the stem diameter
of amaranthus varies among treatments in the
two plantings (Table 3). The plants under control
treatment had a significantly higher stem diameter
value than the CPH applied at 30 kg N ha' at
2 WAS in the first planting. At 3, 4 and 5 WAS,
no significant difference was observed among
the treatments but the plants under the control
had higher stem diameters. In contrast, CPH
application at 60 kg N ha' had the lowest stem
diameter. In the second planting, no significant
variation was observed among the treatments
for stem diameter throughout the observation
period. However, the control (CPH at 0 kg) had
a higher stem diameter across the observation

period than the other treatments.

Amaranthus plants treated with urea (0,
30 and 60 kg N ha') displayed a significant
variation among treatments for stem diameter
in the first plantings (Table 3). The influence of
urea fertiliser was not significant at 2 WAS but
varied significantly at 3, 4 and 5 WAS. The higher
the level of urea application, the higher the stem
diameter values. Applying urea fertiliser at 30
and 60 kg N ha'! significantly increased the
stem diameter of amaranthus compared to the
control. The application of urea fertiliser did not
significantly increase amaranthus stem diameter
across the observation period but increased with
the application level, except at 3 WAS.

The influence of CPH and urea fertiliser
interactions were similar for stem diameter
in the first planting (Table 3). The C U, and
C,U,, interactions significantly increased the
stem diameter of amaranthus compared to sole
CPH treatments (C,)U, and C U, while other
treatment interactions were at par at 3 WAS. At
4 WAS, C U -treated plants had significantly
higher stem diameters than C, U -treated plants,
while the others were similar.

At 5 WAS, the C U treated plants had
significantly lower stem diameter than other
treatments, except C U, C, U, and C, U, In the
second planting, the C U, treated plants had
significantly higher stem diameters than C, U,
and C, U, but at par with the other treatments
at 2 WAS. The C U, and C, U, interactions
significantly ~ improved amaranthus stem
diameter than C U, while others were similar at
3 WAS. Stem diameters of amaranthus at 4 and 5
WAS were not significantly different but ranged
from 0.55 (C,,U,) to 0.68 cm (C,U,) and 0.70

(C,,U,) to 0.89 cm (C U, ), respectively.

Number of amaranthus leaves affected by cocoa
pod husk and urea fertiliser

The application of CPH reduces the number of
leaves produced with the increase in application
level across the observation period, except at 5
WAS (Table 4). The control treatment (CPH at
0 kg) differed significantly from the response
observed for CPH at 60 kg N ha' in the number
of leaves at 2 WAS. The number of leaves at 3 and
4 WAS were not significantly different but ranged
from 11.93 (CPH at 60 kg N ha™) to 12.73 (control)
and 13.13 (CPH at 30 kg N ha) to 13.40 (control),
respectively. At 5 WAS, the number of leaves
was similar for all treatments. The influence
of CPH on the amaranthus number of leaves
in the second planting was comparable to the
trends observed in the first planting. However,
the control treatments had the highest values at
2, 3 and 4 WAS, while CPH at 30 kg N ha' had
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Table 3. Influence of cocoa pod husk, urea and their interactions on the amaranthus stem diameter

(cm).
First planting (WAP) Second planting
Treatments 2 3 4 5 2 3 4 5
CPH (kg N ha')

0 0.34a 0.48 0.63 0.84 0.34 0.48 0.63 0.82
30 0.31b 0.47 0.60 0.83 0.30 0.47 0.58 0.81
60 0.32ab 0.44 0.62 0.81 0.32 0.45 0.61 0.81
SE 0.01 0.02 0.02 0.02 0.01 0.03 0.04 0.03
Urea (kg N ha)

0 0.33 0.39b 0.55b 0.77b 0.33 0.40 0.55 0.76
30 0.32 0.50a 0.63a 0.84a 0.31 0.51 0.64 0.83
60 0.31 0.50a 0.65a 0.87a 0.31 0.49 0.64 0.84
SE 0.07 0.01 0.02 0.02 0.01 0.03 0.04 0.03
Interactions
cU, 0.35a 044a-c  059ab  078ab  037a  047ab 059 0.77
CU, 0.32a 0.45ab 0.64ab 0.84a 0.31ab 0.44ab 0.64 0.80
CU, 0.34a 0.54a 0.65ab 0.90a 0.33ab 0.53a 0.68 0.89
c,U, 0.30a 0.40bc 0.56ab 0.82ab 0.29b 0.40ab 0.55 0.81
(GO 0.32a 0.56a 0.61ab 0.84a 0.31ab 0.58a 0.62 0.85
C,U, 0.30a 0.46ab 0.62ab 0.82ab 0.29b 0.44ab 0.57 0.78
C.U, 0.33a 0.33¢ 0.51b 0.71b 0.34a 0.34b 0.51 0.70
C.Y, 0.32a 0.5ab 0.64ab 0.85a 0.31ab 0.50ab 0.67 0.86
C.Uy 0.30a 0.50ab 0.70a 0.88a 0.31ab 0.50ab 0.66 0.85
SE 0.01 0.03 0.04 0.03 0.02 0.06 0.07 0.06

CPH = Cocoa Pod Husk, WAP: Weeks After Planting; C; = CPH at 0 kg N ha; C, = CPH at 30 kg N ha™; C,, = CPH

7 30 7 60

at 60 kg N ha'; U = Urea at 0 kg N ha'; U, = Urea at 30 kg N ha'; U, = Urea at 60 kg N ha; Mean values within
the same column and with similar letter(s) are not significantly different at probability level of 0.05, as determined

by Duncan's Multiple Range Test.

the highest value at 5 WAS. The CPH at 60 kg N
ha? had the lowest number of leaves at 2, 3 and
4 WAS, while the lowest value at 5 WAS was in
the control.

The effect of urea fertiliser application did not
significantly improve the amaranthus number of
leaves at 2 WAS but increased with the application
level in the first planting (Table 4). At 3 and 4
WAS, the effects of urea fertiliser at 30 and 60 kg
N ha?, respectively, increased the amaranthus
number of leaves compared to the controls. At
5 WAS, 30 and 60 kg N ha' treated plants had
a significantly higher number of leaves than the
control. In the second planting, no significant
variation was observed among the treatments,
except at 3 WAS, where the 30 kg N ha? treated
plants varied significantly from the control.

Variation in number of leaves was significant
for the CPH x urea fertiliser interactions in the
first planting (Table 4). At 2 WAS, the C, U, -
treated plants had a significantly higher number

of leaves than plants treated with C, U, C, U, and
C, Uy, Plants treated with C U,

had a significantly higher number of leaves
than C U, C,)U,and C U, at 3 WAS. The number
of leaves observed at C U, was significantly
higher than C, U, at 4 WAS. Similarly, at 5 WAS,
the C U, treated plants had a significantly

higher number of leaves than C U, and C U

In the second planting, the interaction of C;())U:U
significantly increased the number of amaranthus
leaves compared to the other treatments at 2
WAS except the control. The C U, treatment
significantly increased the number of leaves in
amaranthus compared to C, U, C, U, and C U,
applications at 3 WAS. No significant variation
was observed for the number of leaves at 4
and 5 WAS. However, the number of leaves of
amaranthus ranged from 10.67 (C U to 15.00
(C,U,) and 10.33 (C,U) to 14.33 (C, U, ) at 4 and

5 WAS, respectively.
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Table 4. Number of leaves of amaranthus as affected by cocoa pod husk, urea fertiliser and their

interactions.
First planting (WAP) Second planting (WAP)
Treatment 2 3 4 5 2 3 4 5
CPH (kg N ha™)

0 8.27a 12.73 13.40 12.27 8.33a 13.22 13.78 11.89
30 8.00ab 12.47 13.13 12.73 8.44ab 1244 13.00 12.78
60 7.20b 11.93 13.33 12.67 7.22b 11.78 12.89 12.56
SE 0.36 0.35 0.58 0.54 0.40 0.49 0.88 0.83
Urea (kg N ha)

0 7.33 11.27b 12.20b 11.40b 7.89 11.44b 12.11 11.33
30 8.53 13.33a 13.47ab 13.20a 8.44 13.56a 13.56 13.22
60 7.60 12.53ab 14.20a 13.07a 7.67 12.44ab 14.00 12.67
SE 0.36 0.35 0.58 0.54 0.40 0.49 0.88 0.83
Interactions
cy, 8.40ab 11.40cd 12.40ab 11.80bc  9.67ab  12.00a-c  12.67 11.67
CU,, 8.00ab 13.60a 13.80ab 13.00a-c  7.33c 14.33a 13.67 12.00
CU,, 8.40ab 13.20ab 14.00ab 12.00a-c ~ 8.00bc  13.33ab 15.00 12.00
C,Y, 7.00b 11.80b-d 12.80ab 12.00a-c  7.00c 11.67bc 13.00 12.00
C,U,, 9.60a 13.40ab 13.00ab 13.60ab  10.67a  14.00ab 13.33 14.33
C,,Uq, 7.40b 12.20a-d 13.60ab 12.60a-c  7.67bc  11.67bc 12.67 12.00
C,Y, 6.60b 10.60d 11.40b 10.40c 7.00c 10.67c 10.67 10.33
C,Us 8.00ab 13.00a-c 13.60ab 13.00a-c  7.33c 12.33a-c = 13.67 13.33
CUs 7.00b 12.20a-d 15.00a 14.60a 7.33c 12.33a-c = 14.33 14.00
SE 0.62 0.61 1.01 0.94 0.70 0.85 1.53 1.44

CPH = Cocoa Pod Husk, WAP: Weeks After Planting; C; = CPH at 0 kg N ha; C, = CPH at 30 kg N ha; C_ = CPH at
60 kg N ha; U = Urea at 0 kg N ha”; U, = Urea at 30 kg N ha”; U, = Urea at 60 kg N ha'; Mean values within the same
column and with similar letter(s) are not significantly different at probability level of 0.05, as determined by Duncan'’s

Multiple Range Test.

Effect of fertiliser on fresh biomass and dry
biomass at harvest

The first and second plantings indicated
significant variations among the CPH treatments
for fresh biomass accumulation in amaranthus
(Table 5). Application of CPH at 30 and 60 kg
N ha' resulted in a significant reduction in
fresh biomass in both plantings. However,
applying CPH at 60 kg N ha' increased the fresh
biomass of amaranthus by 19.77 and 25.75%
compared to 30 kg N ha' in the first and second
plantings, respectively. Urea fertiliser application
significantly increased the fresh biomass of
amaranthus with an increase in the application
level in the first planting. During the second
planting, the variation was insignificant (Table 5).
However, 60 kg N ha' improved fresh biomass
by 13.21% compared to the 30 kg N ha™.

The results of the interactions between CPH
and urea fertiliser indicated significant variations
among the treatments in the first planting (Table

5). The fresh biomass observed in the plants
treated with C U, was significantly higher than
in the other treatments. However, the C, U,
application was at par with the C U, for fresh
biomass. In the second planting, the C U, and
C,U,, treatments gave significantly higher fresh
biomass than the others but were comparable to
C601130 and C60U60'

During the first planting, the control treatment
had significantly higher dry biomass weight than
the CPH treatment at 60 kg N ha (Table 5). In
the second planting, the differences among the
treatments were not significant. However, the
highest and lowest dry biomass weight values
were 3.00 and 2.04 for the control and CPH at 60
kg N ha’, respectively.

Urea applications at 30 and 60 kg N ha'
significantly increased dry biomass weight in
amaranthus compared to the control in the
first planting (Table 5). Applying 60 kg N ha™
increased amaranthus dry biomass weight by
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Table 5. Effect of cocoa pod husk, urea fertiliser and their interactions on amaranthus fresh and dry

biomass (g plant™).

Second planting

Fresh biomass

Dry biomass

First planting
Fresh biomass Dry biomass
CPH (kg N ha')

0 24.28a
30 15.07b
60 18.05b
SE 1.34
Urea (kg N ha)

0 13.45¢
30 19.41b
60 24.54a
SE 1.34
Interactions
Cy, 14.06¢cd
C,U,, 25.88b
CU, 32.90a
C,U, 15.22¢d
C,U,, 13.32¢cd
C,U,, 16.66¢cd
C,U, 11.06d
C,U,, 19.04bc
C,Us, 24.06b
SE 2.33

3.10a 23.18a 3.00
2.32ab 13.63b 2.40
2.22b 17.14b 2.04
0.28 1.98 0.33
1.51b 12.14 1.48b
2.85a 19.61 3.21a
3.27a 22.20 2.76a
0.28 1.98 0.33
1.48¢ 13.57bc 1.63¢
3.28ab 26.87a 3.40ab
4.54a 29.10a 3.97a
1.74bc 12.77bc 1.40c
3.14ab 12.07bc 4.03a
2.08bc 16.07bc 1.77bc
1.32¢ 10.10c 1.40c
2.14bc 19.90a-c 2.20bc
3.20ab 21.43ab 2.53a-c
0.48 3.43 0.58

CPH = Cocoa Pod Husk, WAP: Weeks After Planting; C, = CPH at 0 kg N ha”; C,; = CPH at 30 kg N
ha'; C,, = CPH at 60 kg N ha'; U = Urea at 0 kg N ha"; U, = Urea at 30 kg N ha’; U = Urea at 60 kg
N ha’; Mean values within the same column and with similar letter(s) are not significantly different at
probability level of 0.05, as determined by Duncan's Multiple Range Test.

14.74% compared to the response observed at
30 kg N ha of urea. A similar response to urea
fertiliser application was observed in the second
planting for dry biomass weight. The 30 and 60
kg N ha™ treated plants had significantly higher
dry biomass than the control. However, the urea
treatment at 30 kg N ha' had 16.30% higher dry
biomass than the 60 kg N ha™ treated plants.

Dry biomass weight in amaranthus varied
significantly among the treatments for CPH
and urea interactions in both plantings (Table
5). The C U, treated plants had significantly
higher dry biomass than other treatments, but
were comparable to C,)U, and C U, . The C U,

30730 60 ~ 60
and C U, treated plants had significantly lower

60— 0
dry biomass among the treatments. In the second
planting, the interaction of C, U, was comparable
to the C U, application rate but had significantly

higher dry biomass than other treatments.

DISCUSSION

The nutrient composition in the soil indicated
a low fertility status as Ahmed et al. (2021)
recommended for optimum crop performance.
The total nitrogen in the soil falls below the
critical range of 4-5 g kg'! recommended for
optimal amaranth production. This implies that
a positive response from amaranthus plants
could be obtained by applying either inorganic
or organic fertilisers (such as cocoa farm waste).
Crop growth is related to the extent of nutrient
availability in the soil for plant root uptake. Crop
performance, however, is affected by the adequacy
of all required essential nutrients, without which
crop growth is limited (Ahmed et al., 2023). The
results of this study revealed similar trends for the
growth parameters throughout the observation
periods in the first and second plantings, except
for the magnitude of variations. Crop growth
and development are related to the magnitude of
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available nutrients in the soil and the synchrony
of nutrient release with crop needs (Ayamba et
al., 2023). The contribution of different forms of
CPH in improving soil conditions for enhanced
crop performance is supported by Oluleye et al.
(2023) and Suharyatun et al. (2024). The responses
observed in the two plantings for the plant height,
stem diameter, and number of leaves revealed a
similar pattern as the control treatments (0 kg N
ha' CPH) performed better than the other CPH
treatments. Despite the low initial soil nutrient
status, the continued better performances from
the control over the CPH treatments at 2, 3
and 4 WAS suggest the inability of the crop to
acquire nutrients from the soil. This may be due
to the slow nutrient release rate of CPH in the
soil, which limited the availability of nutrients
for rapid growth in short-duration crops like
amaranthus (Ouattara et al., 2021; Bartog, 2023).
Furthermore, the reduction in the growth
parameters observed at the higher CPH
application could be the effect of further
decomposition of CPH powder or excessive
application. Even though the applied CPH could
release the nutrients available in the material, the
continued decomposition process may restrict the
release of nutrients (Rodriguez-Espinosa et al.,
2023). They reported that the increase in microbial
activities resulting from organic manure addition
immobilises the availability of nutrients during
the degradation of organic materials. This was
attributed to the energy required for rebuilding
the soil microbial community before commencing
nutrient release to the plant root. This is probably
because the CPH was applied in powder form
after the pods were dried before decomposition.
Although the CPH powder was applied before
planting, the material could require further
decomposition to synchronise nutrient release
with the plant’s nutrient needs. This assertion
is true in that after 4 weeks of sowing, the CPH
treatments improve the parameters observed
compared to the control. Moreover, the CPH
powder is a better source of K than N nutrient
(Kone et al., 2020), consequently, the ability
of the amendment to supply N that was also
limiting is restricted. The results for fresh and dry
biomass weights are the outcome of the plant’s
ability to acquire nutrients for the development
and moisture content of the plant at the final
stage. In both planting periods, the higher CPH
application produced higher fresh biomass but
lower dry biomass. The higher application of
organic materials promotes soil water-holding
capacity, thus increasing soil moisture for plant
root uptake (Wang et al., 2023). This affirms that
the higher values for fresh biomass at 60 kg N
ha' CPH were most likely due to higher moisture

content rather than assimilate accumulation.
This result confirmed that the CPH at 30 kg N
ha'! had higher dry biomass than the higher
application level. However, the positive effect of
CPH powder application at 5 WAS suggested an
improvement in the plant’s nutrition and, thus
the growth parameters compared to the control.
However, the delay in the supply of nutrients
to the plants at an earlier stage of development
through CPH application could not match the
nutrients accumulated over time in the control
treatment. Consequently, the sudden increase
through CPH did not result in higher biomass
accumulation.

There was consistency in the trends observed
for plant height, stem diameter, and number of
leaves, which showed that the application of
urea fertiliser improved the growth and yield
of amaranthus. The soil used for the study was
deficient in N, consequently, the supply of N
through urea favoured the development of
amaranthus in both plantings. Similar observation
was reported on radish response to urea
application (Akinrinola and Ojo, 2024). Swify et
al. (2024) reported that urea fertiliser application
supplies the required N and enhances crop
nutrient use efficiency, consequently improving
crop growth and development. In amaranth, as
with other crops, an adequate nitrogen supply
is essential for cell initiation and multiplication
(Westerik et al., 2023). The response observed
at 60 kg N ha'! indicated that the level is not
higher than the crop can tolerate. The improved
nutrition and water uptake at higher N levels of
urea increased the accumulation of dry matter
through the enhanced photosynthetic ability of
the plant. Thus, increased fresh and dry biomass
at 60 kg N ha™.

The effectiveness of combining organic (CPH)
and inorganic (urea) fertilisers in promoting
amaranthus productivity over their sole
application is well documented. The application
of the two fertilisers often referred to as IPNM
(Integrated  Plant Nutrient Management)
militates the deficiencies in each, thus providing
a more efficient nutrient management strategy
for improving yield (Mariyono, 2020; Paramesh
et al., 2023; Kushwah et al., 2023). The organic
component reduces soil bulk density, improves
soil porosity, enhances water-holding capacity
and raises microbial diversity. The inorganic
fertiliser ensures the adequate availability of
nutrients to the plant root. The amaranthus
plants treated with the combination of CPH at 60
kg N ha' with urea at 30 kg N ha' and CPH at
60 kg N ha' with urea at 60 kg N ha exhibited
better growth characteristics. These treatments
were not different from the CPH at 30 kg N ha™
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with urea at 30 kg N ha for height, leaf numbers,
stem diameter, and fresh and dry biomass.
Although these applications were comparable
to the observed responses for the sole 60 kg N
ha' urea, the aftermath effects of urea on soil
and crop quality did not make it a better choice.
Furthermore, the higher levels of CPH powder at
60 kg N ha' with urea at 60 kg N ha' or CPH
powder at 60 kg N ha' with urea at 30 kg N ha™
did not support the IPNM strategy in that the
judicious management of resources for increase
yield and improve soil health for long term
sustainability (Kushwah et al., 2023). According
to Swify et al. (2024), CPH application in
combination with urea could have controlled the
release process, thus synchronising the nutrient
release with the crop need. The CPH powder at
30 kg N ha' with urea at 30 kg N ha treatment
gave comparatively higher dry biomass weight
than the other combinations in both plantings.
Also, despite the lower growth observed for
sole CPH application, its combination with urea
enhanced amaranthus performance.

CONCLUSIONS

The study revealed that applying CPH powder
as a soil amendment reduced amaranthus growth
at the early stage of development. Subsequently,
the CPH application led to enhanced amaranthus
performance. Plants treated with urea at 60
kg N ha' performed better across all growth
parameters than 30 kg N ha® urea. For CPH and
urea fertiliser interactions, plants treated to both
CPH at 60 kg N ha' with urea at 60 kg N ha™
showed better performance. However, similar
observations were made for CPH at 60 kg N ha™
with urea at 30 kg N ha' and CPH at 30 kg N ha™
with urea at 30 kg N ha™.

Considering the cost of additional urea
fertilisers and the difference in yield, it was
concluded that intergrating CPH at 30 kg N ha™
with urea at 30 kg N ha' was the most effective
approach for sustaining amaranthus production.
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