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ABSTRACT

The increasing demand for sustainable and environmentally friéndly agricultural practices has stimulated interest in the use of
organic bio-fertilizers as alternatives to synthetic fertilizers. This studysevaluated the effects of banana peel and eggshell liquid bio-
fertilizers on the growth and yield of onion (Allium cepa L.) and fluted pumpkin (Telfairiaoccidentalis). The experiment was conducted
at Gombe State University Botanical Garden using a Complétely Randomized Design (CRD) with three replicates. Banana peel
and eggshell liquid bioAfertilizers were applied at 25, 50,475; and 100 mL, alongside an NPK fertilizer treatment and an untreated
control. Growth parameters, chlorophyll contentjibiomass{#yield, and nutrient composition were evaluated, and the data were
analyzed using analysis of variance (ANOVA). Meost meéasured growth and yield parameters showed no statistically significant
differences among treatments (P > 0.05), although, some bioAfertilizer treatments produced numerically comparable responses to
the NPK fertilizer under the conditions ef ‘this study. The findings indicate that banana peel and eggshell liquid bio-
fertilizers may serve as promising organic nutrient sources for vegetable production. However, given the largely non-significant
treatment effects and the controlled sack-etilture conditions of the experiment, further field-based studies with larger sample sizes and
diverse environmental conditions are required before recommending their widespread agricultural use.
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INTRODUCTION

These challenges have stimulated interest in environmentally
Sustainable agricultural production is essential for ensuring friendly nutrient sources capable of sustaining crop
global food security while minimizing environmental productivity while improving soil health. Organic biofertilizers
degradation. Vegetables play a vital role in human nutrition by ~ prepared from agricultural wastes represent one such
supplying essential vitamins, minerals, dietary fibre, and alternative because they recycle nutrients that would otherwise
antioxidants required for healthy living [1,2]. Among contribute to environmental pollution [7,8].
com.monly cultivated Vegetable.s in Nigeria, onion ,(Aumn,l €P% Banana peels and eggshells constitute abundant agricultural
L.) is an important commercial crop valued for its culinary, . . .

wastes that contain plant nutrients capable of supporting crop
growth. Banana peels are rich in potassium, phosphorus,

calcium, magnesium, and other micronutrients, whereas

nutritional, and medicinal properties, while fluted pumpkin
(Telfairiaoccidentalis) is widely consumed as a leafy vegetable
because of its high nutritional value and socio-economic
importance in West Africa [3,4,5]. Improving the productivity
of these crops through sustainable nutrient management
practices remains a major agricultural priority [1].

eggshells serve primarily as a source of calcium carbonate
together with smaller quantities of phosphorus and
magnesium. Previous studies have reported that organic
fertilizers improve soil fertility, nutrient availability, microbial
The intensive use of inorganic fertilizers has contributed activity, and crop performance while reducing reliance on
significantly to increased crop productivity; however, inorganic fertilizers [8]. However, limited information exists
prolonged dependence on synthetic fertilizers has raised regarding the comparative effects of banana peel and eggshell
concerns regarding soil degradation, nutrient imbalance, liquid bioAfertilizers on the growth and vyield of onion and
environmental pollution, and increasing production costs [6].  fluted pumpkin under controlled cultivation conditions.
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Onion and fluted pumpkin were selected because they differ
considerably in their growth characteristics and nutrient
requirements, thereby providing an opportunity to evaluate
whether the two bioAfertilizers produce consistent responses
contrasting vegetable species. Understanding their
responses may contribute to the development of low-cost
nutrient strategies suitable for smallholder

the of biodegradable

agricultural wastes as sustainable fertilizer resources.

acCross

management

farmers and promote utilization

Therefore, this study aimed to evaluate the effects of banana
peel and eggshell liquid bio-fertilizers on the growth and yield
of onion and fluted pumpkin in comparison with NPK
fertilizer under controlled experimental conditions. Specifically,
the study assessed their influence on vegetative growth,
chlorophyll content, biomass production, yield performance,
and selected nutrient compositions of both crops.

MATERIALS AND METHODS

Study Area

The experiment was conducted at the Faculty of Science
Botanical Garden, Gombe State University, Tudun Wada
Campus, Gombe State, Nigeria, located at 10.304483° N
latitude and 11.176344° E longitude. The study area lies at an
elevation of approximately 500 m above sea level within the
Sudan Savannah agroecological zone of northeastern Nigeria.
The
characterized by two distinct seasons: a rainy season (May-
October) and a dry season (November-April). Mean annual
rainfall ranges from approximately 850 to 900 mm, while mean
annual temperature ranges between 26 and 32°C.

area experiences a tropical continental climate

The vegetation is predominantly Sudan Savannah,‘consisting of
grasses interspersed with scattered shrubs and trees (NiMET,
2023). The under
environmental conditions using sack cultivation. to evaluate the
effects of banana peel and eggshell liquid bioAfertilizers on the
growth and yield of onion (Allium cepa L.) and fluted pumpkin
(Telfairiaoccidentalis).

experiment was conducted ambient

Preparation of Banana Peel Liquid Bio-fertilizer

Fresh banana peels were collected from fruit vendors within
Gombe metropolis and thoroughly washed with clean water to
remove adhering dirt and impurities. The peels were chopped
into small pieces, after which 1 kg was transferred into a clean
plastic container. Five litres (5 L) of clean water were added,
and the container was covered with a muslin cloth to minimize
contamination while allowing adequate aeration during
fermentation. The mixture was stirred once daily and allowed
to ferment at room temperature (approximately 25-30°C) for
5-7 days. At the end of the fermentation period, the mixture
was filtered through a fine muslin cloth to obtain the banana
peel liquid bio-fertilizer, which was stored in clean plastic
containers until application.

Preparation of Eggshell Liquid Bio-fertilizer

Eggshells were collected from domestic sources and thoroughly
washed with clean water to remove adhering organic materials.
The shells were oven-dried at approximately 100°C for 10-15
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min to remove surface moisture before being ground into a fine
powder. One kilogram (1 kg) of the powdered eggshells was
soaked in 5 L of clean water and maintained at room
temperature for 5-7 days with daily stirring. The suspension
was subsequently filtered through a muslin cloth to obtain the
aqueous eggshell extract used as the liquid bioAfertilizer
throughout the experiment.

Experimental Design and Treatment Application

Two independent experiments were conducted simultaneously,
one using onion (Allium cepa L.) and the other using fluted
pumpkin (Telfairiaoccidentalis Hook. f.). Each experiment was
arranged in a Completely Randomized Design (CRD)
consisting of 10 treatments with three replicates.

The treatments were:

¢ Control (no fertilizer application);

e Banana peel liquid bio-fertilizer at 25, 50, 75, and 100 mL;
e Eggshell liquid bio-fertilizer at 25, 50, 75, and 100 mL; and
¢ NPK fertilizer (15:15:15).

For each crop, each replicate consisted of one planting sack
containing one (transplanted seedling, giving a total of 30
experimental units (30 sacks) per crop. Since onion and fluted
pumpkin were evaluated independently, the study comprised
60 experimentalunits (60 sacks).

Seeds of both crops were initially raised in nursery beds. After
successful germination and seedling establishment, healthy and
uniform seedlings were transplanted individually into planting
sacks containing the 5kg of the experimental soil. Treatments
were assigned randomly to the experimental units to minimize
experimental bias.

The respective fertilizer treatments were applied bi-weekly (once
every two weeks) throughout the experimental period according
to the designated application volumes.

Determination of Growth Parameters

Data on the growth parameters including plant height and
number of leaves were recorded bi-monthly (at the interval of
two weeks). The plant height was measured using measuring
tape and all the leaves were counted to determine the number
of leaves of each plant. At harvest, yield-related parameters were
measured. For onion, bulb diameter was measured using
measuring tape and bulb fresh weight were recorded using
weighing balance, while for fluted pumpkin, leaf size, fresh leaf
weight, fresh plant biomass and dry plant biomass were
measured. Chlorophyll content was also determined using a
chlorophyll meter.

Statistical Analysis

Data obtained from the onion and fluted pumpkin
experiments were analyzed separately using one-way analysis of
variance (ANOVA) in IBM SPSS Statistics version 21 (IBM
Corp., Armonk, NY, USA). Where significant treatment effects
were detected, treatment means were separated using Duncan's

Multiple Range Test (DMRT) at the 5% probability level (P <
0.05) (Duncan, 1955).
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RESULTS

Nutrient Composition of Planting Soil, Banana Peel, and
Eggshell Bio-fertilizers

Table 1 shows that the planting soil contained 0.17 = 0.01%
total N, 44.50 = 0.70 mg/kg POs, 2152.00 £ 13.20 mg/kg Na,
1143.50 + 8.70 mg/kg K, 5836.00 + 35.00 mg/kg Ca, and
449.00 + 3.20 mg/kg Mg. The banana peel bio-fertilizer

OPEN 8 ACCESS Freely available online

recorded the highest total N (0.97 + 0.01%) and PO4 (728.52 +
2.73 mg/kg), while the eggshell biofertilizer contained 0.15 +
0.00% total N and 128.03 + 0.61 mg/kg POa. For the cations,
the soil contained the highest Na, K, Ca, and Mg
concentrations compared with both bio-fertilizers. Among the
biofertilizers, banana peel extract contained higher N, POsa,
Ca, and Mg than the eggshell extract, whereas the eggshell
extract contained higher Na and K concentrations.

Minerals Soil Banana Peel Bio-fertilizer Eggshell Bio-fertilizer
Total N (%) 0.17+0.01 0.97+0.01 0.15+0.00

PO4 (mg/kg) 44.50+0.70 728.52+2.73 128.03+0.61

Na (mg/kg) 2152.00£13.20 82.66+0.94 653.32£2.95

K (mg/kg) 1143.50+8.70 15.39+0.15 124.45+0.74

Ca (mg/kg) 5836.00+35.00 860.33+1.88 38.29+0.17

Mg (mg/kg) 449.00+3.20 743.53+2.37 512.68+1.05

Table 1: Nutrient Composition of Planting Soil, Banana Peel,
And Eggshell Bio-Fertilizers

Effect of Liquid Fertilizers on Plant Height and Chlorophyll
Content of Onion

The effects of banana peel biofertilizer, eggshell bioAfertilizer,
and NPK fertilizer on plant height and chlorophyll content of
onion are presented in Table 2. No significant differences (P >
0.05) were observed among treatments for plant height at 2, 4,

6, 8, and 10 weeks after transplanting (WAT). Plant height
varied numerically among treatments throughout the study. At
10 WAT, the BP100 mL treatment recorded the highest mean
plant height (42.33 + 0.57 cm), while the control recorded the
lowest value (29.00 + 16.82 cm). Likewise, chlorophyll content
varied numerically among treatments, ranging from 34.33 *
30.47 to 59.76 + 9.50 SPAD units, but these differences were
not statistically significant (P = 0.339).

Treatments PH2 PH4 PH6 PHS8 PH10 Chlo
Control 42.33+2.51a 29.00£6.92a 37.33+5.68a 27.00£23.43a 29.00£16.82a 59.76+9.50a
BP25 mL 42.66+3.51a 36.00+4.58a 36:50+1.32a 39.33+3.78a 39.661.15a 46.96+10.87a
BP50 mL 40.16+2.46a 32.00£2.62a 36.33+5.39a 37.66£6.65a 38.33+2.08a 35.53£17.55a
BP75 mL 43.33+2.51a 31.3349.0la 30.00£10.44a 30.66+9.29a 34.33+8.96a 34.33+30.47a
BP100 mL 37.66+4.50a 22.50+8.26a 36.83+1.60a 40.66%1.15a 42.33£0.57a 45.40+5.03a
ES25 mL 40.00+4.35a 25.33+5.34a 31.66£5.13a 34.33+4.04a 36.00+1.00a 49.86+11.65a
ES50 mL 39.16+3.40a 26.50+0.86a 31.00+3.60a 34.66+1.52a 38.66+1.52a 40.53+3.98a
ES75 mL 34.00+5.56a 30.50+4.58a 31.33+4.72a 33.33+3.05a 37.33+2.08a 57.13£7.90a
ES100 mL 37.66£5.68a 30.00£3.60a 33.00£2.59a 34.66+2.51a 38.00+2.64a 50.5616.11a
NPK50 mL 43.66+6.82a 29.00+6.08a 38.66+4.50a 40.33+0.65a 36.66x1.15a 51.03+5.34a
Mean 40.06 29.21 34.26 35.26 37.03 41.11

S.D 4.68 5917 5.24 8.43 6.18 13.66

P-Value 0.225 0.292 0.379 0.669 0.484 0.339

Note: PH = Plant Height, 2,4,6,8 & 10 = Number of Weeks,
Chlo = Chlorophyll, BP = Banana Peel, ES = Egg Shell,
NPK=Nitrogen-Phosphorus-Potassium, S.D=Standard
Deviation. No Significant Difference Among the Treatments

(P>0.05)

Table 2: Effect Of Liquid Fertilizers on Plant Height
and Chlorophyll Content of Onion

Number of Leaves, Bulb Diameter, and Bulb Weight of Onion

The fertilizer treatments did not significantly influence the
number of leaves, bulb diameter, or bulb weight of onion
during the study period. Although numerical variations were

observed among treatments, the absence of statistically
significant differences indicates that the tested application rates
of banana peel biofertilizer, eggshell bioAfertilizer, and NPK
fertilizer produced comparable effects on onion growth and
yield under the prevailing experimental conditions.

The BP50 mL treatment recorded the highest numerical values
for bulb diameter and bulb weight, suggesting that a moderate
application rate of banana peel bio-fertilizer may have provided
a favourable nutrient balance for bulb development. However,
because these differences were not statistically significant, this
observation should be interpreted with caution and cannot be
regarded as evidence of superior performance over the other
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treatments. The relatively good performance of the banana peel
treatments may nevertheless be associated with the availability of
essential nutrients, particularly nitrogen and phosphorus,
identified in the nutrient analysis of the bio-fertilizer (Table 1),
which are known to support vegetative growth and bulb formation.

Likewise, the eggshell bio-fertilizer treatments produced bulb
diameter and bulb weight values comparable to those obtained
with the NPK fertilizer treatment. This finding suggests that the

OPEN 8 ACCESS Freely available online

aqueous eggshell extract supplied sufficient nutrients to
maintain normal plant growth, although its effect was not
significantly different from either the banana peel biofertilizer
or the untreated control. The lack of significant treatment
effects may have resulted from the relatively high nutrient status
of the planting soil, the gradual nutrient release associated with
organic bioAfertilizers, and the inherent biological variability
among the experimental units.

Treatments |NL2 NL4 NL6 NL8 NL10 OBD OBW
Control 5.33+0.57a 5.66x1.15a 4.66+0.57a 4.00£3.46a 7.00£1.73a 14.00£2.00a  |23.33+2.00a
BP25 mL 6.00+1.00a 5.33+0.57a 5.33+0.57a 5.33+0.57a 8.00£1.73a 12.33+1.52a | 11.66£1.52a
BP50 mL 6.33+0.57a 4.33+0.57a 5.33+0.57a 5.33+0.57a 8.33t1.52a 15.33+2.08a  |23.66+2.08a
BP75 mL 6.00+1.00a 4.66+1.52a 4.66t1.52a 5.00£1.73a 4.33+4.04a 8.00+7.00a 13.00+7.00a
BP100 mL 5.3320.57a 4.66%1.52a 4.66+0.57a 5.66x1.52a 6.33+0.57a 14.66£0.57a  |20.33+0.57a
ES25 mL 5.3320.57a 2.66£1.52a 4.00£0.00a 5.00£1.00a 5.66x1.15a 12.33+0.57a | 11.66+0.57a
ES50 mL 5.00£1.00a 4.00£0.00a 5.00+0.00a 5.33+0.57a 6.66+1.52a 13.00£1.00a | 13.00%1.00a
ES75 mL 5.00+0.00a 5.33t1.52a 4.66+1.15a 5.66+0.57a 7.00£1.00a 13.00+¢2.00a  |20.00+2.00a
ES100 mL 5.66+0.57a 4.66x1.15a 4.33+0.57a 6.33+1.52a 6.33+1.15a 12.00+1.00a | 11.33+1.00a
NPK50 mL 6.00+1.00a 4.66x1.52a 4.33+0.57a 5.33+0.57a 5:66+1.52a 14.00+1.73a  |20.00+1.73a
Mean 5.60 4.60 4.70 5.30 6.53 12.86 12.86

S.D 0.77 1.30 0.74 1.36 1.88 2.93 2.93

P-Value 0.376 0.244 0.489 0.872 0.334 0.137 0.137

Note: NL = Number Of Leaves, 2,4,6,8 & 10 = Number
Of Weeks, OBS = Onion Bulb Size, OBW = Onion Bulb
Weight, BP = Banana Peel, ES = Egg Shell, NPK=Nitrogen-
Phosphorus-Potassium,  S.D=Standard  Deviation.  Means
With The Same Alphabet Down The Column Are Not
Significant Statistically At 0.05.

Table 3: Effect of Liquid Fertilizers on Number of Leaves,
Bulb Diameter, And Bulb Weight of Onion

Effects of liquid bio-fertilizers on Plant Height, Number of
Leaves, and Chlorophyll Content of Fluted Pumpkin

The effects of banana peel bio-fertilizer, eggshell bioAfertilizer,

plant height at 2, 4, 6, 8, and 10 weeks after transplanting. Plant
height varied numerically among treatments throughout the
experimental period. At 2 weeks after transplanting, the highest
mean plant height was recorded in the NPK 50 mL treatment
(31.00 £ 1.00 cm), whereas the ES100 mL treatment recorded the
lowest value (9.66 + 16.74 cm). By 10 weeks after transplanting,
the control treatment recorded the highest mean plant height
(36.33 + 0.57 cm), while the BP25 mL treatment recorded the
lowest mean value (10.66 + 18.47 cm). However, these numerical
differences were not statistically significant (P = 0.477).

Similarly, chlorophyll content varied numerically among
treatments, ranging from 14.60 + 25.28 in the BP100 mL

and NPK fertilizer on the plant height and chlorophyll content treatment to 51.10 £ 3.67 in the control treatment.
of fluted pumpkin are presented in Table 4. No significant Nevertheless, statistical analysis showed no significant
differences (P > 0.05) were observed among treatments for differences among treatments (P = 0.948).

Treatments PH 2 (cm) PH 4 (cm) PH 6 (cm) PH 8 (cm) PH 10 (cm) CHLOR

Control 28.83t4.25a 31.33+3.05a 32.66+1.52a 34.66x0.57a 36.33+0.57a 51.10+3.67a
BP25ml 28.83+4.25a 7.33+3.00a 9.00+5.58a 10.00+17.32a 10.66£18.47a 17.83+30.88a
BP50 mL 17.00+16.52a 19.33+19.33a 24.66£22.81a 28.00£25.53a 29.33+26.35a 33.10£30.47a
BP75 mL 22.50+19.50a 25.33+21.93a 30.66+26.72a 32.33+28.21a 33.66+29.26a 33.26£29.24a
BP100 mL 11.66%20.20a 13.00£22.50a 13.00£22.51a 13.33£23.09a 14.00+24.24a 14.60£25.28a

ES 25 mL 13.66+12.34a 16.00+13.85a 23.00+£20.42a 26.66+24.44a 28.33+25.96a 32.80+28.40a

ES 50 mL 11.00£19.05a 11.33+£19.62a 11.00+£19.05a 13.33£23.09a 14.00+24.24a 17.90+31.00a

ES 75 mL 20.16£13.13a 20.33+18.77a 26.00£22.51a 26.66+24.44a 33.33+28.88a 30.36+27.07a

ES 100 mL 9.66+16.74a 11.00£19.05a 13.00+22.51a 13.33£23.09a 14.33+24.82a 16.16%28.00a
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NPK 50 mL 31.00+1.00a 19.26£16.82a 47.16+2.75a 50.00£4.35a 26.56+22.76a 50.9627.15 a
Mean 18.11 19.26 23.01 25.26 26.56 29.81

S.D 14.37 16.82 19.86 21.75 22.19 25.96

P value 0.676 0.476 0.386 0.456 0.477 0.948

Table 4: Effect of Different Fertilizers on Plant Height (PH)
And Chlorophyll Content of Fluted Pumpkin

Number of Leaves, Fresh Biomass, and Dry Biomass of
Fluted Pumpkin

The effects of banana peel bio-fertilizer, eggshell bioAfertilizer,
and NPK fertilizer on the number of leaves, fresh biomass, and
dry biomass of fluted pumpkin are presented in Table 5. No
significant differences (P > 0.05) were observed among
treatments for the number of leaves at 2, 4, 6, 8, and 10 weeks

after transplanting. At 10 weeks after transplanting, the NPK 50
mL treatment recorded the highest mean number of leaves
(13.00 + 2.64), whereas the BP25 mL treatment recorded the
lowest value (2.00 + 3.46). Fresh biomass ranged from 21.00 +
36.37 g in the BP100 mL treatment to 63.00 = 8.18 g in the
NPK 50 mL treatment, while dry biomass ranged from 11.00
19.05 g in the BP25 mL treatment to 32.33 + 8.32 g in the NPK
50 mL treatment. However, statistical analysis showed that
neither fresh biomass nor dry biomass differed significantly
among treatments (P = 0.613 and P = 0.900, respectively).

Treatment NL2 NL 4 NL 6 NL 8 NL 10 FB DB

Control 7.00+3.60a 10.004#4.35a | 10.33£3.21a  |8.66+1.52a 12.3344.50a | 57.33+11.59a | 26.00+6.55a
BP25 mL 1.33£3.51a 2.0043.46a 2.00£3.46a 2.00£3.46a 2.00£3.46a 26.00+45.03a | 11.00+19.05a
BP50 mL 4.66+0.42a 6.66+8.32a 8.33+9.71a 9.0049.53a 8.33+8.50a 48.33+42.00a |26.66+23.62a
BP75 mL 5.00£5.00a 6.66+8.32a 6.66+6.50a 7.33+6.65a 7.33%6.65a 44.66+38.78a [26.66+23.11a
BP100 mL 3.00+5.19a 4.33+7.50a 4.66+8.08a 4.66+8.08a 3.66+6.35a 21.00+36.37a  |12.00£20.78a
ES 25 mL 2.33%2.51a 4.00+3.60a 4.33+4.04a 5.33+4.72a 4.33+3.78a 53.33447.25a |27.33+23.69a
ES 50 mL 5.66%9.81a 6.66+11.54a | 6.66+11.54a  [6.33£10.96a  |4.66+8.08a 28.66%49.65a | 16.66+28.86a
ES 75 mL 6.00+4.00a 6.00£6.00a 7.00+7.00a 6.66%5.85a 6.66+5.85a 41.33+36.29a | 23.00+20.66a
ES 100 mL 4.33+7.50a 5.66%9.81a 7.00+12.12a 7.00£12.12a 6.33+10.96a  |26.66+46.18a |17.33+30.02a
NPK 50 mL  |8.33+2.51a 10.33+3.05a | 12.66+4:16a 13.33£2.88a | 13.00+2.64a |63.00+8.18a  [32.33£8.32a
Mean 4.96 6.23 6.98 7.03 6.86 41.03 21.90

S.D 4.88 6.29 7.00 6.78 6.45 35.13 19.33

P value 0.948 0.920 0878 0.863 0.548 0.613 0.900

Note: NL=Number of leaves, 2,4,6,8 & 10 = Number of
Weeks, BP = banana peel, ES = egg shell, NPK=Nitrogen-
Phosphorus-Potassium, ~ S.D=Standard  Deviation.
with the same alphabet down the
significant statistically at 0.05.

Means
column are not

Table 5: Effect of Different Fertilizers of Number of Leaves,
Fresh Biomass (FB) And Dry Biomass (DB) Of Fluted Pumpkin

DISCUSSION

Effect of Liquid Fertilizers on Plant Height and Chlorophyll
Content of Onion

The application of banana peel bio-fertilizer, eggshell bio-
fertilizer, and NPK fertilizer did not produce statistically
significant differences (P > 0.05) in onion plant height
throughout the experimental period. Although numerical
differences were observed among treatments, these differences
were insufficient to demonstrate a significant treatment effect
under the experimental conditions. The reduction in plant
height observed at four weeks after transplanting across most
treatments was likely associated with transplant shock, during
which the transplanted onion seedlings experienced temporary

leaf bending, senescence, and shedding of older leaves before
becoming established and producing new vegetative growth
[16]. Following recovery, plant height generally increased across
all treatments until harvest.

The absence of significant differences among treatments may
be attributed to several factors. First, the planting soil
contained appreciable amounts of essential nutrients (Table 1),
which may have supplied adequate nutrients for onion growth
and thereby reduced the observable response to the applied bio-
fertilizers (Brady & Weil, 2017). Secondly, the relatively short
experimental period and the gradual release of nutrients from
the bioAfertilizers may have limited the expression of significant
treatment effects. Furthermore, the inherent variability among
individual plants, as reflected by the relatively large standard
deviations observed in some treatments, may have reduced the
statistical power to detect treatment differences.

Although the 100 mL banana peel bio-fertilizer (BP100 mL)
recorded the highest mean plant height at 10 weeks after
transplanting, this numerical advantage should be interpreted
with caution because it was not statistically different from the
other treatments. This observation nevertheless suggests that
higher application rates of banana peel bioAfertilizer may
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provide sufficient nutrients to support vegetative growth,
particularly because banana peels are known to contain
appreciable quantities of nitrogen, phosphorus, potassium, and
other essential mineral elements that contribute to plant
development.

Similarly, chlorophyll content did not differ
significantly among treatments, indicating that the fertilizer
applications did not substantially chlorophyll

accumulation in onion leaves under the conditions of this

influence

study. Since chlorophyll synthesis depends largely on adequate
nitrogen availability and overall plant nutritional status, the
similarity in chlorophyll content among treatments suggests
that the nutrients available from both the soil and the applied
sufficient  to normal  leaf

fertilizers were maintain

physiological activity throughout the experiment [16-19].

Effect of Liquid Fertilizers on Number of Leaves, Bulb Size,
And Bulb Weight of Onion

The application of banana peel biofertilizer, eggshell bio-
fertilizer, and NPK fertilizer did not produce statistically
significant differences (P > 0.05) in the number of leaves, bulb
diameter, or bulb weight of onion. Although numerical
differences were observed among the treatments, these
differences were insufficient to demonstrate a significant effect
of fertilizer application on onion growth and yield under the
conditions of the present study.

The BP50 mL treatment produced the highest numerical values
for bulb diameter and bulb weight, while BP25 mL and ES25
mL recorded the lowest bulb weights. Although these
observations may suggest that moderate application rates.of
banana peel biofertilizer favoured bulb development, the
absence of statistical significance indicates that these numerical
differences should be interpreted cautiously. Consequently, it
cannot be concluded that the BP50 mL treatment was superior
to the other fertilizer treatments [8].

The comparable performance of the banana peel and eggshell
biofertilizers with the NPK fertilizer treatment suggests that
both organic fertilizers were capable of supporting onion
growth and bulb development to levels comparable with those
obtained using inorganic fertilizer. Similar observations have
been reported by Adekiya, who found that organic nutrient
sources can sustain vegetable growth and productivity while
improving soil quality [8]. Likewise, Khanyile reported that
fermented banana peel fertilizer contains appreciable quantities
of nitrogen, phosphorus, and other mineral nutrients capable
of supporting crop growth [9]. The relatively higher nitrogen
and phosphorus concentrations recorded in the banana peel
biofertilizer may have enhanced vegetative growth and
assimilate production required for bulb development. Although
the eggshell
concentrations of soluble nutrients, it also maintained bulb

biofertilizer =~ contained  relatively lower
development comparable to that obtained with NPK fertilizer,
suggesting that it supplied sufficient nutrients to sustain

normal plant growth [10].

The lack of significant treatment effects may also be explained
by the relatively fertile nature of the planting soil, as indicated

OPEN 8 ACCESS Freely available online

by its appreciable mineral nutrient content (Table 1). Under
such conditions, the contribution of the applied fertilizers may
have been supplementary rather than sufficient to produce
statistically detectable improvements in growth and vyield.
Similar findings have been reported by Agegnehu, who
observed that the response of crops to organic nutrient
amendments is often less pronounced in soils with moderate to
high native fertility [11]. Furthermore, the gradual
mineralization and slow nutrient release associated with
organic fertilizers may delay nutrient availability compared with
readily soluble inorganic fertilizers [12]. The relatively large
variability observed among treatments may also have reduced
the statistical power to detect significant differences.

Overall, these findings indicate that the liquid banana peel and
eggshell bioAfertilizers performed comparably to NPK fertilizer
in supporting onion growth and bulb production. This

agrees with recent studies showing that bio-fertilizers

prepared from biodegradable  agricultural =~ wastes can
partially substitute  inorganic fertilizers while
promoting  environmentally sustainable crop production and

waste recycling [13-15].

Effect of Liquid Fertilizers on Growth Parameters of Fluted
Pumpkin

The application” of banana peel bio-fertilizer, eggshell bio-
fertilizer, and NPK fertilizer did not significantly influence the
plant  height or chlorophyll content of fluted pumpkin
throughout the experimental period. Although numerical
differences were observed among treatments, these differences
were not statistically significant (P > 0.05), indicating that the
fertilizer treatments produced comparable vegetative responses
under the conditions of the study. Similar findings have been
reported by Adekiya and Agegnehu, who observed that organic
nutrient sources often produce growth responses comparable to
inorganic fertilizers, particularly where soil nutrient availability
is already adequate [11, 13].

The numerical variation in plant height among treatments may
have reflected differences in plant establishment, nutrient
availability, and natural biological variability rather than
treatment effects. Furthermore, mortality of a few experimental
plants due to rodent damage during the course of the
experiment contributed to reductions in treatment means and
increased variability within some treatments. Such losses
inevitably reduce experimental precision and statistical power,
making it more difficult to detect significant treatment effects,
especially when the number of replicates is limited [14]. Similar
reductions in statistical sensitivity due to field losses and
environmental variability have been reported in vegetable
fertilizer experiments.

Similarly, chlorophyll content remained statistically comparable
across all treatments, suggesting that the nutrient supply from
the banana peel biofertilizer, eggshell biofertilizer, NPK
fertilizer, and the planting soil was sufficient to maintain
normal chlorophyll synthesis and leaf physiological activity.
Chlorophyll concentration is closely associated with plant
nitrogen status and photosynthetic efficiency and therefore
serves as a reliable indicator of crop nutritional condition [15].
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The comparable chlorophyll values observed in the present
study suggest that none of the fertilizer treatments substantially
altered the photosynthetic capacity of fluted pumpkin, a finding
that agrees with reports by Adekiya and Khanyile, who observed
comparable leaf chlorophyll levels among plants supplied
with organic nutrient sources.

The absence of significant treatment effects may also be
associated with the relatively high nutrient status of the
planting soil, which contained appreciable concentrations of
essential mineral elements (Table 1). Consequently, the applied
bioAfertilizers likely served as supplementary nutrient sources
rather than producing measurable improvements in vegetative
growth. Furthermore, the gradual mineralization and slow
release of nutrients characteristic of organic fertilizers may have
limited their short-term effects on plant growth compared with
[11,12].  Similar

observations have been reported in studies evaluating organic

readily available inorganic fertilizers
nutrient amendments in vegetable production, where soil
fertility status strongly influenced crop response to fertilizer

application.

The findings indicate that banana peel and eggshell bio-
fertilizers supported the vegetative growth of fluted pumpkin to
a level comparable with the NPK fertilizer. These results
demonstrate the potential of biodegradable household wastes
as alternative nutrient sources capable of sustaining vegetable
production while reducing dependence on synthetic fertilizers.
Their

sustainable waste recycling and improved soil health, which are

utilization also  contributes to  environmentally
increasingly promoted as important components of sustainable

agricultural systems [9,11,12].

Number of Leaves, Fresh Biomass, and Dry Biomass. of
Fluted Pumpkin

The application of banana peel biofertilizer, ‘eggshell bio-
fertilizer, and NPK fertilizer did not significantly affect the
number of leaves, fresh biomass, or dry biomass of fluted
pumpkin. Although numerical differences were observed
among treatments, the absence of statistically significant
differences indicates that the fertilizer treatments produced
comparable effects on vegetative growth and biomass
production under the conditions of this study. Similar
observations have been reported in studies evaluating organic
nutrient sources in vegetable production, where improvements
in vegetative growth and biomass were often numerically
evident but not statistically significant, particularly under
conditions of adequate soil fertility and limited experimental
duration.

The NPK 50 mL treatment recorded the highest numerical
values for the number of leaves, fresh biomass, and dry
biomass. However, these values were not significantly different
from those obtained with the banana peel and eggshell bio-
fertilizer treatments. Consequently, the numerical differences
should be interpreted cautiously and cannot be regarded as
evidence of superior fertilizer performance. Similar findings
have been reported by Chandini, who noted that organic
fertilizers frequently produce crop growth responses comparable
to inorganic fertilizers because of their gradual nutrient release
and sustained nutrient availability.

OPEN 8 ACCESS Freely available online

The comparable biomass production observed among
treatments suggests that both banana peel and eggshell bio-
fertilizers supplied nutrients sufficient to support normal
vegetative growth and biomass accumulation. This finding is
consistent with the nutrient composition of the bio-fertilizers
(Table 1), particularly the relatively higher nitrogen and
phosphorus contents of the banana peel bioAfertilizer, which are
expansion, chlorophyll formation,
photosynthesis, and dry matter accumulation [9]. Likewise,
although  the eggshell bioAfertilizer
concentrations of soluble nutrients, it maintained biomass
production comparable to the other treatments, suggesting that
it contributed to maintaining adequate plant nutrition
throughout the experimental. These findings agree with reports

that organic fertilizers derived from agricultural wastes can

essential  for leaf

contained  lower

effectively support vegetative growth while improving nutrient
use efficiency and promoting sustainable crop production.

The lack of significant treatment effects may be attributed to
the relatively high fertility of the planting soil, which likely
provided an adequate supply of essential nutrients throughout
Furthermore, the gradual
mineralization and slow nutrient release associated with
together with the relatively high
variability among. experimental units, may have reduced the

the experimental period.

organic bio-fertilizers,
ability to_detect statistically significant differences among
treatments. In the present study, variability was further
increased by the loss of some fluted pumpkin plants due to
rodent damage during the experiment, which influenced the
treatment means because all experimental units were retained
in the statistical analysis. Such field losses reduce experimental
precision and statistical power, particularly in studies with
relatively few replicates [14].

The findings indicate that banana peel and eggshell liquid bio-
fertilizers supported leaf production and biomass accumulation
at levels comparable to those obtained with NPK fertilizer.
These results demonstrate that biofertilizers prepared from
biodegradable household wastes have considerable potential as
environmentally friendly nutrient sources for fluted pumpkin
cultivation. Their use may contribute to reducing dependence
simultaneously promoting
health, and

environmentally sustainable agricultural production.

on synthetic fertilizers while

sustainable waste recycling, improved soil

CONCLUSION

The present study evaluated the effects of banana peel and
eggshell liquid bio-fertilizers on the growth and yield of onion
(Allium cepa L) and fluted pumpkin (Telfairiaoccidentalis
Hook. f.) wunder field Although numerical
variations were observed among fertilizer treatments, most
growth and vyield parameters did not differ significantly (P >
0.05). Nevertheless, the banana peel and eggshell bio-fertilizers
supported plant growth and yield at levels comparable to those
obtained with the NPK fertilizer treatment, indicating their
potential as alternative nutrient sources for sustainable crop

conditions.

production.

The nutrient analysis demonstrated that the banana peel bio-
fertilizer contained relatively higher concentrations of nitrogen
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and phosphorus than the eggshell biofertilizer, which may have
contributed to its generally higher numerical performance in
growth and the
relatively fertile planting and the gradual release
of nutrients from the organic biofertilizers likely
reduced the magnitude of treatment differences observed
during the experiment.

some yield parameters. However,

soil

Overall, the findings suggest that liquid biofertilizers prepared
from banana peels and eggshells have potential for recycling
biodegradable household wastes into environmentally friendly
fertilizers capable of supporting onion and fluted pumpkin
production. Their use could contribute to reducing dependence
on inorganic fertilizers while promoting sustainable agricultural
practices and waste management.

different
improved

Further studies involving larger sample

soil types, additional
protection against field losses are recommended to better

sizes,

application rates, and
establish the agronomic efficiency and longterm benefits

of these bio-fertilizers.

REFERENCES

1. Fao FA. Food and agriculture organization of the United Nations.
Rome, 2018;403.

2. World Health Organization. (2023). World health statistics 2023:
Monitoring health for the Sustainable Development Goals (SDGs).
World Health Organization.

3. Brewster JL. Onions and other vegetable alliums. CABI; 2008.

4. Gateri M, Nyankanga R, Ambuko ], Muriuki A. Growth, yield and
quality of onion (Allium cepa L.) as influenced by nitrogen and time
of topdressing. International Journal of Plant & Soil Science.
2018;23(3):1-3.

5. Alaribe FN, Maepa M], Mkhumbeni N, Motaung SC. Possible roles
of Eucomis autumnalis in bone and cartilage regeneration: A review.
Tropical Journal of Pharmaceutical Research. 2018;17(4): 741-9.

6. Panotra N, Ashaq M, Mohanty LK, Saji S, Waghmare P, Kumar M,
et al. Impact of Organic Farming Practices on. Crop Productivity and
Soil Health: A Review. Archives of Current Research International.
2026;26(4):152-70.

7. Macik M, Gryta A, Frac M. Biofertilizers in agriculture: An overview
on concepts, strategies and effects on soil microorganisms. Advances

in agronomy. 2020;162:31-87.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

OPEN 8 ACCESS Freely available online

. Agbede TM, Odoja AS, Bayode LN, Omotehinse PO, Adepehin 1.

Effects of biochar and poultry manure on soil properties, growth, yield
and quality of cocoyam (Xanthosoma sagittifolium Schott) grown in
sandy soil. Communications in Soil Science and Plant Analysis.

2020;51(7):932-47.

. Khanyile, M., Dlamini, P., & Mthembu, T. (2024a). Banana peel

compost and soil potassium availability. Journal of Soil Science
and Plant Nutrition, 24(1), 77-89.

Aliyu, M., Abdullahi, S., & Ibrahim, A. (2024). Utilization of
eggshell waste as liquid organic fertilizer for sustainable crop
production. Nigerian Journal of Agricultural Science, 29(1), 55-
63.

Agegnehu G, Srivastava AK, Bird MI. The role of biochar and
organic amendments in improving soil fertility and crop productivity.
Soil Research. 2019;57(5):405-20.

Kumar R, Kumar R, Prakash O. Chapter-5 the impact of chemical
fertilizers on our environment and ecosystem. Chief Ed. 2019;35(69):
1173-89

Ani OA, Uzoejinwa BB, Ezeama AO, Onwualu AP, Ugwu SN,
Ohagwu CJ. Overview of soil-machine interaction studies in soil bins.
Soil and Tillage Research. 2018;175:13-27.

Gomez KA, Gomez AA. Statistical procedures for agricultural
research. John wiley & sons; 1984.

Taiz L, Zeiger E4Plant physiology and development.

Hartmann HT, Kester DE. Plant propagation: principles and
practices. 1983.

Marschner H, editor. Marschner's mineral nutrition of higher plants.
Academic press; 2011.

Brady NC, Weil RR. The Nature and Properties of Soils, 15th Edn
(eBook).

Ori AK. A review of the uses of poultry eggshells and shell
membranes. International Journal of Poultry Science. 2011;10(11):

908-12.

Journal of Plant Science and Biotechnology

J. Plant Sci. Biotechnol, Vol.1 Iss.2, August (2026), pp:81-88


https://openknowledge.fao.org/bitstreams/33a53e2f-0a8d-4d1d-93b3-780fdd7f338b/download
https://www.who.int/publications/i/item/9789240074323
https://www.who.int/publications/i/item/9789240074323
https://books.google.co.in/books?hl=en&lr=&id=eW_TiZ1jHCkC&oi=fnd&pg=PR5&dq=Brewster,+J.+L.+(2008).+Onions+and+other+vegetable+alliums+(2nd+ed.).+CAB+International&ots=SJHiWH2rf5&sig=pEtY6y09gTgt-s9MiPUp_ADcbEs&redir_esc=y
https://journalijpss.com/index.php/IJPSS/article/view/21
https://journalijpss.com/index.php/IJPSS/article/view/21
https://journalijpss.com/index.php/IJPSS/article/view/21
https://www.ajol.info/index.php/tjpr/article/view/170536
https://www.ajol.info/index.php/tjpr/article/view/170536
https://hal.science/hal-05561502/
https://hal.science/hal-05561502/
https://www.sciencedirect.com/science/article/pii/S0065211320300274?__cf_chl_rt_tk=i2mlBN_1x2Awd_82YX6QKWbYmInTkl3_jqDBj4Qko6g-1784200050-1.0.1.1-HiXZ_TahuORNZkGpJhzTJHriUqKRXVtzbaE1Cy1MpnY
https://www.sciencedirect.com/science/article/pii/S0065211320300274?__cf_chl_rt_tk=i2mlBN_1x2Awd_82YX6QKWbYmInTkl3_jqDBj4Qko6g-1784200050-1.0.1.1-HiXZ_TahuORNZkGpJhzTJHriUqKRXVtzbaE1Cy1MpnY
https://www.tandfonline.com/doi/abs/10.1080/00103624.2020.1744621
https://www.tandfonline.com/doi/abs/10.1080/00103624.2020.1744621
https://www.tandfonline.com/doi/abs/10.1080/00103624.2020.1744621
https://ui.adsabs.harvard.edu/abs/2017AppSE.119..156A/abstract
https://ui.adsabs.harvard.edu/abs/2017AppSE.119..156A/abstract
https://www.researchgate.net/profile/Randeep-Kumar/publication/331132826_The_Impact_of_Chemical_Fertilizers_on_our_Environment_and_Ecosystem/links/5c66ebe492851c1c9de446eb/The-Impact-of-Chemical-Fertilizers-on-our-Environment-and-Ecosystem.pdf
https://www.researchgate.net/profile/Randeep-Kumar/publication/331132826_The_Impact_of_Chemical_Fertilizers_on_our_Environment_and_Ecosystem/links/5c66ebe492851c1c9de446eb/The-Impact-of-Chemical-Fertilizers-on-our-Environment-and-Ecosystem.pdf
https://www.sciencedirect.com/science/article/pii/S0167198717301447?__cf_chl_rt_tk=htJZG6ZcA8zorISOEqN4uEzxRlofkKchldPpkrQaaVI-1784194383-1.0.1.1-lYrmrKH69F3WX0z4QARILXsh_PPhf.9xqS4Xb0DM7cA
https://books.google.co.in/books?hl=en&lr=&id=PVN7_XRhpdUC&oi=fnd&pg=PA1&dq=Gomez,+K.+A.,+%26+Gomez,+A.+A.+(1984).+Statistical+procedures+for+agricultural+research+(2nd+ed.).+John+Wiley+%26+Sons&ots=Htb95ortm5&sig=QMr-eFFTovxSlJyWmOmg1ZR3mr4&redir_esc=y
https://books.google.co.in/books?hl=en&lr=&id=PVN7_XRhpdUC&oi=fnd&pg=PA1&dq=Gomez,+K.+A.,+%26+Gomez,+A.+A.+(1984).+Statistical+procedures+for+agricultural+research+(2nd+ed.).+John+Wiley+%26+Sons&ots=Htb95ortm5&sig=QMr-eFFTovxSlJyWmOmg1ZR3mr4&redir_esc=y
https://is.muni.cz/publication/1666742
https://www.cabidigitallibrary.org/doi/full/10.5555/19830315441
https://www.cabidigitallibrary.org/doi/full/10.5555/19830315441
https://books.google.co.in/books?hl=en&lr=&id=yqKV3USG41cC&oi=fnd&pg=PP1&dq=Marschner,+P.+(Ed.).+(2012).+Marschner%27s+mineral+nutrition+of+higher+plants+(3rd+ed.).+Academic+Press&ots=VdaHU8zXGm&sig=i8x9HX9ckzBkfHfyB1ryCCIv2cs&redir_esc=y
https://www.pearson.com/en-us/subject-catalog/p/nature-and-properties-of-soils-the/P200000000825/9780137516933?srsltid=AfmBOopNP_mvdniTFVHz5AcC6U2rZwya3KlmmgTU77S-nqLDh5_neZAL
https://www.pearson.com/en-us/subject-catalog/p/nature-and-properties-of-soils-the/P200000000825/9780137516933?srsltid=AfmBOopNP_mvdniTFVHz5AcC6U2rZwya3KlmmgTU77S-nqLDh5_neZAL
https://ijpsjournal.org/index.php/ijps/article/view/1723
https://ijpsjournal.org/index.php/ijps/article/view/1723

	Contents
	Comparative Effects of Banana Peel and Eggshell Liquid Bio-fertilizers on the Growth and Yield of Onion (Allium cepa L.) and Fluted Pumpkin (Telfairiaoccidentalis)
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Study Area
	Preparation of Banana Peel Liquid Bio-fertilizer
	Experimental Design and Treatment Application
	Determination of Growth Parameters
	Statistical Analysis

	RESULTS
	Nutrient Composition of Planting Soil, Banana Peel, and Eggshell Bio-fertilizers
	Effect of Liquid Fertilizers on Plant Height and Chlorophyll Content of Onion
	Number of Leaves, Bulb Diameter, and Bulb Weight of Onion
	Effects of liquid bio-fertilizers on Plant Height, Number of Leaves, and Chlorophyll Content of Fluted Pumpkin
	Number of Leaves, Fresh Biomass, and Dry Biomass of Fluted Pumpkin

	DISCUSSION
	Effect of Liquid Fertilizers on Plant Height and Chlorophyll Content of Onion
	Effect of Liquid Fertilizers on Number of Leaves, Bulb Size, And Bulb Weight of Onion
	Effect of Liquid Fertilizers on Growth Parameters of Fluted Pumpkin
	Number of Leaves, Fresh Biomass, and Dry Biomass of Fluted Pumpkin

	CONCLUSION
	REFERENCES




