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Abstract

Background The purpose of this study is to enhance the growth parameters of three plants (Zea mays, Abelmoschus
esculentus and Cucurbita pepo) with synergistic application of biofertilizers produced with bacteria, forest soils and
Eichhornia crassipes compost.

Materials and methods Soil was collected from selected forests in (Etche, Ogbogoro and Choba) from various

soil horizons (0-15, 15-30 and 30-45 cm) depth. Soils parameters (bacteria count and physicochemical properties)
were analysed, afterwards soils from different depth were pooled together for further analysis. Soil samples from the
three forests were equally mixed to form a single soil in the ratio of 1:1:1 and used to make five treatments as follow:
only mixed soil (control), 2 kg of soil+0.1 kg microbial inoculant (Ml), 2 kg of soil +0.1 kg Water Hyacinth Compost
(WHCQ), 2 kg of soil+0.1 kg MI+0.1 kg WHC, and 2 kg of soil+0.1 kg chemical fertilizer Nitrogen Phosphorus and
Potassium (NPK: 20-10-10). The efficacy of the bacterial inoculant and WHC product, were tested on 3 different plants
(Abelmoschus esculentus, Zea mays and Cucurbita pepo) in different experimental set up.

Results Results of the microbial count ranged from 0.26 +4.50x 10'% to 1.00+2.07 x 10" cfu/g for the Total
Heterotrophic Bacteria (THB), Phosphate Solubilizing Bacteria (PSB) and Nitrogen Fixing Bacteria (NFB). Pseudomonas
sp and Bacillus sp were the abundant PSM and NFB isolated from the soil. There was a significant improvement

in the growth of the plant species as indicated in their shoots, leaves area, total chlorophyll content, germination
rate, height, yield and nutrient absorption rate after 60 days of planting with the best performance recorded in the
treatment with combination of MI+WHC. Also, the content of indole-3-acetic acid (IAA) and gibberellin A, (GA,) in
shoots and leaves of crops was higher in soil treated with combination of MI+WHC than other treatments.

Conclusion These studies have shown that biofertilizer should be adopted in crop production to boost plant growth
parameters, nutrient levels and hormones and that treatment with MI, WHC or combination of MI+WHC offered
better efficiency than the use of NPK fertilizer.
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Introduction

All over the world, there is constant increase in demand
for agricultural products as a result of rapid urbanization
and population increase (Bertrand et al. 2024). Accord-
ing to statistics, the population of people in the world is
anticipated to hit ten billion in the next 50 years (Ber-
trand et al. 2024; Daniel et al. 2022; Mahanty et al. 2017).
In order to address food scarcity and other challenges
caused by continuous rise in global population, farmers
deployed innovative methods for soil preparation and
planting to boost agricultural yield within the shortest
time (Bertrand et al. 2024).

Chemical fertilizers and pesticides have been deployed
by farmers to optimize yield and quality of agricultural
products. Although their continuous reliance and misuse
started raising public concerns in terms of their nega-
tive impact, safety and sustainability (Wang et al. 2023).
Chemical fertilizers must be applied to crops on a regular
basis to replace the nutrients lost during crop growth as
their continuous application degrades agricultural activi-
ties (Ammar et al. 2023). According to Gyaneshwar et
al. (2002), additional application of inorganic fertilizers
in excess cause plant death whereas biological fertilizers
have no negative effects. Also, chemical fertilizers con-
taminate water bodies, degrade soil fertility, and causes
imbalance in the ecosystem equilibrium (Aadesh et al.
2024; Seenivasagan & Babalola 2021). When taken up by
crops, chemical fertilizers can compromise yields which
in turn affect health of man and living organisms (Aadesh
et al. 2024).

The realization of the negative environmental impacts
caused by the overuse and incorrect utilization of chemi-
cal fertilizers has led to a recent surge in interest in the
development and implementation of microbial-based fer-
tilizers and other substitutes (Britannica, 2019; Kumar et
al. 2017). They are live microbial inoculants that include
fungi, bacteria, or algae individually. This resulted from
the immense efforts to identify and select strains of bac-
teria that have the ability to support plant growth, as well
as from a greater knowledge of the relationships that
occur in the roots between plant tissue and soil microbes.
Through biological processes like stabilization of nitro-
gen, phosphate in the solubilization, excretion of sub-
stances that promote plant growth, and biodegradation
in soil, various species of microorganisms may transfer
economically essential compounds from non-useful to
feasible forms, resulting in biofertilizers (Ammar et al.
2023).

Biofertilizers are inexpensive, efficient, and environ-
mentally benign agricultural products that improve plant
growth, output, and soil health, they have been fervently

promoted as the best alternative to chemical fertilizer
use (Ammar et al. 2023). It is widely acknowledged as a
crucial part of the integrated nutrient supply manage-
ment system and has the potential to increase crop yields
by using more ecologically friendly fertilizer sources. By
releasing growth-promoting hormones and converting
complicated nutrients into simple nutrients that plants
can use, biofertilizers increase root proliferation (Ammar
et al. 2023). Although they are free of any residues of toxic
or dangerous substances, they aid in mitigating the nega-
tive impacts of chemical fertilizers. They are also reason-
ably priced, environmentally beneficial and save to use.
Unlike chemical fertilizers, the continuous application
of biofertilizers improves soil structure and crop product
quality, increases agricultural produces by 22-32%, and
replaces inorganic by 27% (Ammar et al. 2023).

The provision of nutrients to crops, promotion of crop
development and enhancement of soil structure and
quality are some of the primary roles of bacteria in the
soil. Bacteria like Pseudomonas species) are among the
microorganisms utilized as biofertilizers (Elemuo et al.
2019). Biological nitrogen fixation (BNF), phytohormone
synthesis, environmental stress alleviation, synergism
with other microbial-plant interactions, inhibition of
plant ethylene synthesis, increased availability of nutri-
ents such as phosphorus, iron, and minor elements, and
growth enhancement by volatile compounds are some
of the microbial mechanisms of plant growth promotion
(Ammar et al. 2023).

Water hyacinth (Eichhornia crassipes), is a free-
floating, perennial hydrophyte that is thought to have
originated in South America. It is a member of the Pon-
tederiaceae family and has been shown to be invasive in
most aquatic environments in Africa (Vincent-Akpu et
al. 2024). According to Ilo et al. (2022), it is considered
an annoyance to aquatic life and activities that can even
reduce biodiversity, ecological benefits, and socioeco-
nomic gains. Because it can outcompete other hydro-
phytes in water and reduce solar radiation penetration,
which in turn affects other living organisms in water and
ultimately lowers the concentration of dissolved oxygen,
it is well known as the “world’s worst weed”. It has been
shown that higher temperatures and minerals like potas-
sium, phosphorus, and nitrogen promote the growth of
water hyacinth (Vincent-Akpu et al. 2024). The aim of
this study is to enhance the growth parameters of three
plants (Zea mays, Abelmoschus esculentus and Cucurbita
pepo) with synergistic application of biofertilizers pro-
duced with bacteria, forest soils and Eichhornia crassipes
compost.
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Materials and methods

Description of the study area

Etche community is between latitudes 4° 04’ 5” North and
5°01” 77 North and longitudes 6° 05’ 5” East and 7° 01’ 7”
East in the north eastern region, of Nigeria. Obio-Akpor
is a local government area located in Rivers State, Nige-
ria, in the city of Port Harcourt; Ogbogoro community is
a neighborhood in the Greater Port Harcourt City area
of Rivers State, Nigeria; while Choba is located at coor-
dinates 4° 89’ 07” North, 6° 90’ 34” East with a total size of
roughly 23.65 square kilometres (Fig. 1).

Sample collection

Soil samples were collected randomly at three different
depths (0-15, 15-30 and 30-45 c¢m) from the various
forests (Etche, Ogbogoro, and Choba) in Rivers state and
Agricultural soil from the Department of Crop and Soil
Science, Faculty of Agriculture, University of Port Har-
court as control with a soil Auger. The three communities
were dominated with forest trees and enriched with soil
nutrients while the choice of control sample was based
on agricultural soil that had no forest vegetation on it.
The Soil Auger used was cleaned with ethanol after each
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collection to reduce contamination between samples.
Each of the soil samples was mixed to form a composite
sample and was sent in sterile containers and transported
to the laboratory for further analysis within 24 h. The
soil samples were sieved through a 5 mm mesh size sieve
and were stored at 4 °C for DNA analysis and others for
physicochemical, soil composition and microbiological
analysis. This was done according to the method of Abu
et al. (2024).

Plant samples: okra (Abelmoschus esculentus), maize
(Zea mays) and pumpkin seeds (Cucurbita pepo) were
purchased from River State Agricultural development
Program (RSADP). These crops were opted for because
of their fast germination which favours this research and
because they are commonly grown within those region.
Water hyacinth plant was gotten from new Calabar River
at Choba. Samples collected from these areas include soil
from different soil horizons. Sampling points were geo-
referenced (coordinates were taken using a GPS device).
Samples were brought to the laboratory for analysis at the
conclusion of the sampling process.
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Fig. 1 Sampled Study Locations in Etche and Choba LGA in Rivers state. This is a composite map showing the geographical locations of soil sample col-

lection points in two different local governments
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Preparation of water hyacinth compost

Exactly 1 kg of water hyacinth was collected by hand
from the New Calabar River from Rivers State. The
recently collected water hyacinth plants were air and sun-
dried at room temperature after being submerged in the
surrounding water to remove any loose material from the
leaves, stems, and roots. A common cutter was used to
shred the dried plants into pieces. It was put through a
250-liter cylindrical bioreactor made of tin plates that
had been galvanized. The bioreactor had baftles that
were connected to a central pipe for inlet of air into the
chamber. The baffles produced mixing effect as the entire
set-up was positioned in a rectangular building with a
corrugated roof that shielded it from the sun and rain.
A suspension of consortia of microorganisms obtained
from cow rumen fluids was used to irrigate the shredded
material inside the bioreactor to 50% (v/w). The chain
and pulley were used for sporadic mechanical spinning
during the sixty-day composting process. A small, motor-
ized industrial grinding mill was used to turn the resul-
tant compost into a coarse powder. To increase the final
product’s solubility, a final grinding was carried out using
a mechanical hand grinder (Abu et al. 2024).

Physicochemical analysis of soil and biofertilizer samples
A portable, handheld, pH meter was used to potentio-
metrically measure the samples’ pH according to Zhao
et al. (2020); soil total nitrogen was analysed in compli-
ance with ecological laws (LY/T 1237-1999 and LY/T
1228-2015); electrical conductivity was measured by
dipping the electrode into the sample in the beaker and
allowing the figures on the conductivity meter screen to
stabilize before taking the conductivity reading (Zhao et
al. 2020); total organic carbon was determined according
to method by Allen 2019); nitrate and total nitrogen were
determined following distillation method (Allen 2019);
soil phosphate was measured using thermospectronic
spectrophotometer; while soil potassium was analysed
following the digestion of HF-HCIO,-HNO;.

Microbiological analysis of soil samples

Preparation of soil sample

To remove the organism from the soil particles, one gram
(1 g) of each soil sample was aseptically added to a sep-
arate test tube that contained nine milliliters of normal
saline and shaken. To achieve varying dilutions up to
107°, 1 ml of each suspension was then serially added to
9 ml diluents.

Enumeration of heterotrophic bacteria

Nutrient agar was plated with duplicate aliquots (0.1 ml)
of serially diluted soil sample using spread plate tech-
niques. The plates were then incubated at 37 °C for 24 h.
After incubation, the colonies were counted using viable
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plate count method to measure the number of colony
forming units (CFU) per gram of soil sample. Discrete
colonies (colonies that clumped together) were chosen
and then sub cultured (Hema et al. 2017).

Screening for phosphate solubilizing bacteria

Each sample had about 2 g of dirt removed from its
source and placed in sterile tubes with 2 ml of sterile
deionized (DI) water. After carefully vortexing each test
tube, 100 pl of each 10-fold dilution was made down to
107°. The dilutions were then plated onto nutrient agar,
and later cultured in both Pikovskaya (PVK) (10 glucose,
0.2 of yeast extract, 0.2 of (NH,),SO,, 0.1 MgSO,.7H,0,
Ca(PO,), 0.2 KCl, 0.002 MnSO ,.2H,0, 0.002 FeSO,.7H,0,
and 15 agar g L™!) and Jensen’s media agar plates (20
sucrose, 0.1 K,HPO, 0.5 MgSO,7H,0, 0.5 NaCl, 0.1
FeSO,.7H,0, 0.005 Na,MoO, 2.0 CaCO; and 15 agar g
L) (Pikovskaya, 1948). To get rid of the soluble phos-
phate impurities, the insoluble Ca(PO,) was centrifuged
at 155 rpm after being cleaned with diluted water. The
wet Ca(PO,) was dried using a vacuum-flask device, and
the supernatant was disposed off. The total number of
rhizospheric bacteria in each plant sample was calculated
from the colonies that developed on the Jensens media
agar plates. In the PVK agar plates, the colonies that gen-
erated clearing zones were separated. For a more thor-
ough examination of clearing zone creation, individual
colonies from the isolation were subsequently cultivated
onto fresh PVK plates. For a maximum of 3 days, all
plates were incubated at 30 °C (Hema et al. 2017).

Screening for nitrogen fixing abilities

Five milliliter of Jensens media were used to inoculate the
48-hour-old cultures. The incubation period was 48 h and
50 ml of semi-solid medium was inoculated with 1 ml of
Jensens media. It was then incubated for fifteen days.
Nitrogen estimate was performed using 10 ml of this cul-
ture and the conventional Jensens approach (Hema et al.
2017).

Experimental design
According to Vincent-Akpu et al. (2024), the various soil
treatments were loaded in pot according to pot experi-
mentation procedure to give the following experimental
set up. The soil samples from the various forests depth
were mixed to form a single soil in the ratio of 1:1:1 and
used to make five treatments as follow:

Only mixed soil (control).

2 kg of Soil + 0.1 kg Microbial inoculant.

2 kg of Soil + 0.1 kg Water Hyacinth Compost.

2 kg of Soil + 0.1 kg Microbial inoculant + 0.1 kg Water
Hyacinth Compost.

2 kg of Soil+0.1 kg Nitrogen Phosphorus and Potas-
sium (NPK).
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Analysis of crop growth parameters

Seed variable test

Using the “flotation method” in seed processing, which
is essentially a straightforward technique to test seed
viability by using their density difference in water, viable,
heavier seeds sink to the bottom while less viable, lighter
seeds float to the top. This allows for the separation and
selection of high-quality seeds for planting.

Pot culture experiment

Zea mays maize, Abelmoschus esculentus okro and
Cucurbita pepo pumpkin seeds were grown in a pot
culture experiment to test the effectiveness of the treat-
ments (MS= Mixed soil, MI=Microbial Inoculant,
WHC =Water Hyacinth Compost, NPK=Nitrogen,
Phosphorus, Potassium Fertilizer). To determine whether
the various prepared treatments improved plant growth,
they were utilized in combination and ratio. The experi-
ment was set up using several treatments. Plants were
used in each treatment, and the entire procedure was
repeated thrice. Sterile distilled water was used to revive
0.1 kg of the substrate, which was subsequently combined
with 0.1 kg of the different substrate in an aseptic setting.
The seeds were subjected to viability testing before they
were planted straight into their containers. Forest mixed
soil weighing 0.2 kg was placed in each pot. For 60 days
with various treatments the plants’ phenotypic character-
istics are measured every five days. At the Green house
across from the Basic Science building, the plants were
housed in a poly house with a humidity level between 70
and 80%. The green house’s temperature fluctuates based
on local conditions and is not controlled (max: 32 °C,
min: 15 °C) (Akintokun et al. 2019).

Determination of shoot length

Mid-line tracking method which counts the number of
points on the stem to determine shoot length was used.
However, we found that the stem was often invisible dur-
ing the plant’s early growth stage when the shoot was
quite short. Furthermore, the plant’s shoot system may
curve under natural circumstances, therefore a precise
estimate of the actual shoot length using meter rule was
equally done.

Determination of plant height

This was done with meter rule measuring from the base
of the crop to the top in cm according to Krzynanowski
et al. (2020).

Determination of leaves area

After, rule was used to measure the width, (at the wid-
est point) of the lead and length from the lead apex. The
readings of three leaves were taken (both width and
length). The leaf area was as follows:

(2026) 50:31

Page 5 of 20

(LxW) +1.66

Where leaf=L=length of leaf, W= width of Ileaf.
1.66 = constant (Suma and Srimathi 2014).

Determination of leaf chlorophyll contents

Contents of leaf chlorophyll (mg.100 g~* fresh weight): A
representative fresh leaf sample from the middle of the
shoots was collected in order to perform a calorimet-
ric study of the chlorophyll content. The manufacturer’s
instructions were followed when calibrating the equip-
ment. Five plants or replications of each species were
then selected at random to determine the first ten mature
leaves. Ten SPAD-502 measurements on average were
used to determine each leaf (Konica Minolta Sensing,
Inc., Sakai, Osaka, Japan). It measured the transmittance
of leaves in the infrared (940 nm) and red (650 nm) por-
tions of the electromagnetic spectrum. The transmittance
measurements were converted into a relative SPAD-
502 m value (from 0 to 99), which was proportionate to
the sample’s chlorophyll concentration (Soil Plant Analy-
sis Development (SPAD) Markwell et al. 1995).

Determination of germination rate (%)

To measure the germination rate with fluorescent light-
ing, four replicates of one hundred seeds were planted in
sand medium and maintained at room temperature and
relative humidity. The sand medium was prepared using
clean, coarse (horticultural) sand sterilised at 82 °C for
30 min. The sand was allowed to cool completely, and
then single sheet of paper was placed at the bottom of the
pot to allow drainage and retain sand. The sand is moist-
ened via bottom-watering to allow seed germination
before seeds was planted at equidistant rows. The normal
seedlings were counted after the seven-day test period,
and the mean values were translated into a percentage of
the total number of seeds planted for germination (Suma
and Srimathi 2014).

Determination of yield

For calculation of crop yield, 16 samples each of maize
cobs, okra pods and pumpkin leaves were picked ran-
domly. The respective crops after topped by hand were
taken to the laboratory in rice bag well-perforated for
air movement. Soil particles and other debris were care-
fully removed prior to weighing on a weighing balance to
avoid error in calculation. The total weight obtained in kg
was noted and utilized for the calculation of crop yield
which was expressed in tonnes per hectare (t ha™?).

Molecular identification

The National Institute for Medical Research (NIMR)
Molecular Biology Laboratory in Yaba, Lagos, Nigeria,
performed DNA extractions, PCR amplification of the
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partial bacterial 16 S rRNA genes, and gel electrophoresis
of the isolates. The European Genome and Diagnostics
Centre, GATC Biotech AG, Jakob Stadier-Platz 7, 78,467
Constance, Germany, received the PCR products for 16 S
rRNA sequencing using the Targeted RNA sequenc-
ing method. Following the manufacturer’s instructions,
a QIAGEN QIAamp DNA extraction kit was used to
extract DNA directly from the samples. The PCR ampli-
fication of the partial 16 S rRNA genes was carried out
using the primer set 27 F-5'-AGA GTTTG ATYMTGG
CTC AG-3/, and 515R 5-TACCGCGGCKG CTGGCA
C-3'. The procedure outlined by Ezebuiro et al. (2015)
was followed for conducting the reaction. The reaction
mixture was made up of 20 ul of 1x PCR buffer (Solis
Biodyne), 1.5 mM magnesium chloride (Solis Biodyne),
0.2 mM of each dNTP (Solis Biodyne), 2 U Taq DNA
Polymerase (Solis Biodyne), 20 pMol of each primer,
and sterile water. The following cycling conditions were
used for doing PCR in an Eppendorf Nexus heat cycler:
a 5-minute initial denaturation step at 95 °C, 30 cycles of
denaturation at 95 °C for 30 s, annealing at 55 °C for 45s,
and extension at 72 °C for 1 min. A final extension was
then performed for 10 min at 72 °C. Following the PCR,
a 1.5% agarose gel was used to separate the PCR prod-
ucts. Solis Biodyne’s 150 base-pair (bp) DNA ladder was
employed as a measure of DNA molecular weight. The
gel was examined under UV light following ethidium
bromide staining, and electrophoresis was carried out at
80 V for one hour and thirty minutes.

Methods of phylogenetic tree construction and analysis
The Neighbor-Joining approach was used to infer the
evolutionary history. The ideal tree is displayed. Next to
the branches is the proportion of duplicate trees where
the related taxa are clustered together in the bootstrap
test (500 repetitions). With branch lengths in the same
units as the evolutionary distances used to deduce the
phylogenetic tree, the tree was scaled. The Jukes-Cantor
technique was used to calculate the evolutionary dis-
tances which were measured in base substitutions per
site. MEGA11 was used to perform evolutionary analysis
(Ezebuiro et al. 2015).

Determination of plant hormones

Purchase of hormone standards

Analytical standards of four plant hormones were pur-
chased from commercial stores as stated. Santa Cruz
Biotechnology, Inc. (CA, USA) supplied gibberellin A,
(GA,), Tokyo Kasei Kogyo Co. (Tokyo, Japan) provided
abscisic acid (ABA), Wako Pure Chemical Industries Ltd.
(Osaka, Japan) provided indole-3-acetic acid (IAA), and
Santa Cruz Biotechnology, Inc. supplied cis-Zeatin (cZ).
Tochu Co. (Aichi, Japan) provided the quartz sand.
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Preparation of crop samples

the procedure previously described by Simura et al.
(2018) was used for the sample preparation and plant
hormone extraction. In short, a TissueLyser II (Thermo
Fisher Scientific) was used to individually homogenize
the leaves, roots, and stems in liquid nitrogen. A total of
one milliliter of cold 50% acetonitrile was used to extract
fifty milligrams of the substance. After that, the extract
was purified using an Oasis HLB cartridge (Waters) on
a non-selective reversed-phase solid-phase extraction
(RP-SPE). 100% methanol and ultrapure water were used
to activate the column, and 50% acetonitrile was used
to equilibrate it. After loading the sample onto the car-
tridge, the flow-through was recorded. One milliliter of
30% acetonitrile was then used to elute the target hor-
mone residues. The flow-through and eluted fractions
were combined, evaporated for three hours in a vacuum
concentrator, and the dried residues were dissolved in
100 pl of 30% acetonitrile. Standard addition was used
to quantify plant hormones (Cheng et al. 2017; Garcia-
Rodriguez et al. 2014). Standard solutions were fortified
with samples at concentrations ranging from 1.0 ng/ml
to 250.0 ng/ml. To create matrix calibration curves in
the range of 1.0 ng/ml to 250.0 ng/ml to equalize matrix
effects among samples, actual samples were diluted (dilu-
tion factor 1.05). The same matrix was used to create cali-
bration curves for every phytohormone for every analyte.
The peak areas of A and B were then used to calculate
matrix effects (ME=A—B/A*100), where A was recog-
nized as an analyte peak area in a standard solution and
B as an analyte peak area in a matrix (Zhou et al. 2017).
The sample was analyzed in advance, and the peak area of
an analyte derived from the sample was subtracted from
B. By comparing the peak areas of each phytohormone
found in the sample spiked before SPE and the sample
spiked after SPE, the recovery rate was determined. The
signal-to-noise ratios of 3:1 and 10:1 were used to define
the limits of detection (LOD) and quantification (LOQ),
respectively.

Measurement of plant hormones
Ultra-high performance liquid chromatography coupled
with high resolution mass spectrometry (LC-MS/MS)
was used to analyze plant hormones. Purified extracts
were separated, in short, using a linear methanol gradient
of 1-100% for 10 min at a flow rate of 0.5 ml/min and a
column oven set at 40°C on a 2.6 pm Accucore C18 LC
column (150 mm x 2.1 mm) (Thermo Fisher Scientific).
Using an electrospray ionization Orbitrap Q-Exactive
(Thermo Fisher Scientific) connected to an UltiMate 3000
RSLC (Thermo Fisher Scientific), MS data were obtained
in targeted selected ion monitoring (t-SIM) mode.
Polarity, positive and negative ionization modes, spray
voltages of 3.5 kV and 2.0 kV, sheath gas flow rate of 50,
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Table 1 Total heterotrophic bacterial (THB) count (cfu/qg)

Soil depth Control soil Etche forest Ogbogoro forest Choba forest
0-15cm 0.75+1.30x 10" 007+350x10'"® 1.00+2.07x10'"¢ 007+8.88x10'""
15-30 cm 0.05+4.00x10'"® 006+7.50x10'"° 081+1.37x10'' 0.06+8.14x10'"®
30-45 cm 0.03+2.08x10'" 0.04+350%x10'"® 0.04+7.09%10'"° 0.04+351x10'®

Values are mean +standard deviation (M £S.D) of triplicate determinations (n=3)

Values bearing different superscript alphabets “a, b, ¢” across the rows differ significantly (p <0.05)

Table 2 Total hydrocarbon utilizing bacterial (THUB) count (cfu/q)

Soil depth Control soil Etche forest Ogbogoro forest Choba forest

-15cm 3.52+6.08x10'% 0.32+152x10'% 0.55+550%10'% 044+321x10'%
15-30cm 044+953%x10'% 036+1.15x10'%® 044+5.13%10'% 042+250%x10'%
030-45 cm 0.32+100x10'% 033+264x10'% 034+360x10'% 0.35+4.50x10'%

Values are mean + standard deviation (M +S.D) of triplicate determinations (n=3)

Values bearing different superscript alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

Table 3 Phosphate solubilizing bacterial (PSB) count (cfu/g)

Soil depth Control soil Etche forest Ogbogoro forest Choba forest

0-15cm 500+4.58%10'% 0.34+4.10x10'% 069+4.35x10'% 0.37+6.65%x10'%
15-30 cm 0.38+9.16x10'% 0.34+4.93x10'% 038+11.00%10'% 0.35+7.23%x10'%
30-45 cm 0.32+2.08x10'% 033+321x10'% 036+2.51x10'%® 0.32+340x10'%

Values are mean * standard deviation (M£S.D) of triplicate determinations (n=3)

Values bearing different superscript alphabets “a, b, ¢” across the rows differ significantly (p <0.05)

Table 4 Nitrogen fixing bacterial (NFB) count (cfu/g)

Soil depth Control soil Etche forest Ogbogoro forest Choba forest

0-15cm 320+3.50%10'% 0.27+2.03x10'% 0.30+520%10'% 040+1.00x10'%
15-30 cm 030+250x10'% 030+493x10'% 0.27+3.50x 10'% 035+520x10'%
30-45 cm 0.28+220%10'% 023+321x10'%® 0.26+4.50%10'% 031+330%10'%

Values are mean *standard deviation (M £S.D) of triplicate determinations (n=3)

Values bearing different superscript alphabets “a, b” across the rows differ significantly (p <0.05)

auxiliary gas of 10, sweep gas of 0, heated capillary tem-
perature of 380°C, S-lens RF level of 50, and auxiliary
gas heater temperature of 350°C were the conditions
for mass spectrometry. Then, 70,000 was chosen as the
resolution and 5E4 was the AGC objective. For all plant
hormones, the isolation window was 10 m/z, and the
maximal ion injection period was 200 ms.

Data analysis

The software utilized was the Statistical Package for the
Social Sciences (SPSS) Inc. 21.0.For physicochemical
and microbiological parameters tracked over the study
period, mean values (M) +SD computed were then sub-
jected to two-way analysis of variance (ANOVA) for
multiple comparison to find out whether there are any
notable difference between the different soil horizons
and the physicochemical properties of the soil, as well
as between the different production substrates of soil
amendments of plant growth parameters, nutrient levels
and plant hormones. Means were separated using Dun-
can’s tool while a value (P) was deemed statistically sig-
nificant if it was less than 0.05. i.e., P<0.05.

Results and discussion

Results

Microbial count

Tables 1 and 2 showed the total heterotrophic bacterial
(THB) count and total hydrocarbon utilizing bacterial
(THUB) of soil bacteria in the forest soils. The THB in
the soil ranged from 0.03 x 10! — 1.00x 10'! cfu/g while
THUB in the soil ranged from 0.32x 10 — 3.52x10'°
cfu/g. There was a significant difference (P<0.05) in the
THB count in the three forest soils obtained at 0-15 cm,
15-30 cm and 30-45 cm when compared to their con-
trols (Table 1). Similarly, all the THUB in the three forest
soils except Etche forest soil obtained at 30-45 cm dif-
fered significantly (P<0.05) when compared to their con-
trols (Table 2).

The number of total phosphate solubilizing bacteria
(PSB) and nitrogen fixing bacteria (NFB) suggest abun-
dance with the highest population of NFB and PSB as
showed in Tables 3 and 4. There was a significant dif-
ference (P<0.05) in the PSB count in the three forest
soils at 0—15 cm, Etche and Choba forest at 15-30 cm,
and Ogbogoro forest at 30—45 cm when compared to
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Table 5 Physicochemical characteristics of the various forest soils

Parameter Control soil Etche forest Ogbogoro forest Choba forest
pH 7.23+0.05° 585+0.02° 6.58+0.07 520+0.11°
E/C (us/cm) 11746 +0.05% 104.65+0.02° 108.38+0.06° 121.52+0.15¢
Nitrate (mg/kg) 2.70+0.17° 3.79+0.58° 3.13+0.03° 3.64+0.26°
Potassium (mg/kg) 0.38+0.05° 0.74+0.02° 0.84+0.05° 168+008°
Total organic carbon (%) 2.78+0.11° 3.87+0.02° 263+0.16° 3.80+001°
Total organic matter (%) 3.62+0.08° 476+0.06° 5.45+0.23¢ 5.38+0.08°
Phosphate Po,~*(mg/kg) 0.38+0.05? 1.24+002° 1.84+0.05P 1.68+0.08°
Magnesium (mg/kg) 1.23+050° 1.90+1.00° 140+0.50° 155 +0.0.50
Calcium(mg/kg) 06040012 0.20+0.01° 0.20+0.00° 0.20+0.00°
Sodium(mg/kg) 040+0.01 0.30+0.01? 0.10+0.00? 0.20+0.00?
Zinc (mg/kg) 254+031° 263+006° 148+0.05° 193+0.04°
Manganese (mg/kg) 030+0.01° 0.60+001° 0.50+0.00P 0.20+0.00°
Iron (mg/kg) 145+0.12° 2.89+0.06° 267+0.78 2.23+0.05°
Mercury (mg/kg) 0.01+0.00° 0.10+0.00° 001001 0.01+0.00°
Lead (mg/g) 0.50+0.21 0.55+0.19° 045+0.30° 0.70+0.01°
Copper (mg/kg) 0.20+0.05° 0.10+0.06° 045+0.50° 0.15+0.49°
Values are mean +standard deviation (M £S.D) of triplicate determinations (n=3)

Values bearing different superscript letters “a, b, c” are significantly different (p <0.05) when compared to control

Table 6 Physicochemical properties of soil before and after adding the various treatments

Before treatment After adding substrates

Parameters MS MI WHC MI+WHC NPK

pH 6.50+0.02° 8.10+002° 960+0.03° 9.90+0.03° 5004003
E/C (us/cm) 112.00+0.10° 115.00+0.10° 113.0+0.06° 114.00+0.03 123.00+0.03
Nitrate (mg/kg) 7.00+0.01° 250+0.03° 280+003° 37.0+003° 220+003°
Potassium (mg/kg) 6.10+0.03° 200+0.02° 18.10+0.00° 24.20+0.05° 19.90+0.05°
Total organic carbon (%) 350+001° 400+001° 6.90+0.00° 9.00+0.04 6.30+0.02?
Total organic matter (%) 3.68+0.13 6.84+0.23° 7.15+0.14° 0.94+0.26° 5.15+0.02¢
Phosphate Po, *(mg/kg) 6.20+0.01° 1320+0.02° 16.00+0.01° 2020+003° 1450+0.02°
Magnesium (mg/kg) 2.10+0,03? 2.90+0.02° 10040012 2.30+0.03? 3.00+0.02?
Calcium(mg/kg) 120+0.03° 870+001° 10.10+0.01° 2730+003° 860+0.02°
Sodium(mg/kg) 3.50+0.02° 3.50+0.02° 1.10+0.01° 1.10+0.03" 160+0.02°
Zinc (mg/kg) 2.10+0,02° 3.50+0.02° 3.10+0.02? 6.50+0.02° 2.50+0.02°
Manganese (mg/kg) 15040022 3.00+0.02° 2.90+0.02° 550+0.02° 3.50+0.02°
Iron (mg/kg) 0.50+0.02? 1.10+0.00P 0.10+0.00? 0.10+0.00? 0.10+0.02?
Mercury (mg/kg) 0.10+0.02? 0.10+0.00° 0.20+0.02? 0300012 0.10+0.03?
Lead (mg/q) 0.10+0.02° 0.00+0.00° 0.00+0.00° 0.10+0.05° 0.10+0.01°
Copper (mg/kg) 0.00+0.00° 0.10+0.02° 0.00+0.00° 0.10+0.20° 0.10+0.02°

MS Mixed soil, MI Microbial Inoculant, WHC Water Hyacinth Compost, NPK Nitrogen, Phosphorus, Potassium Fertilizer. Values bearing different superscript letters “a,

b, ¢, d” are significantly different (p <0.05) when compared to mixed soils

their control (Table 3). Also, aside Ogbogoro forest
soil at 0-15 ¢cm and 30-45 c¢m, and Etche forest soil at
15-30 cm, the remaining forest soils had significantly dif-
ferent (P<0.05) NFB count when compared to their con-
trols (Table 4).

Physicochemical properties

The physicochemical analysis of the various soil samples
and soil treatments (after pooling them together and
after adding soil amendments) are shown in Tables 5 and
6 respectively. In Table 5: pH of the various forest soils
ranged from 5.20 to 7.23 while- electrical conductivity

ranged from 104.65 to 121.52 pS/cm. From trace ele-
ments, mercury is the least with 0.01 mg/kg in all the soil
samples tested.

Table 6 showed the physicochemical characteristics of
the soils in the proportion mixture of 1:1:1 with various
substrates (MS, MI, WHC, NPK Fertilizer) before and
after adding the treatments. The pH of all soils treat-
ment were alkaline except soil treated with NPK fertilizer
(5.80£0.11); there was a significant difference (p<0.05)
in all the physicochemical parameters of soil treatments
using various amendments when compared with mixed
soil.
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Table 7 Shoot length in (cm) of plants after 60 days planting

Plants Ccs Mi WHC MI+WHC NPK

Zea mays 5.20+0.05° 540+0.07° 7.90+0.04° 15.90+0.09° 6.40+0.02¢
Abelmoschus esculentus 2.90+0.06° 4.60+0.03° 6.20+0.07¢ 11.20+0.12¢ 490+0.06°
Cucurbita pepo 3.90+0.05° 4.90+0.04° 6.70+0.00° 13.40+0.03¢ 6.84+0.02¢

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript

alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

Table 8 Leave area in (cm?) of plants after 60 days planting

Plants (& MI WHC MI+WHC NPK

Zeamays 1122.00+0.00° 1233.00+0.24° 1222.00+0.00° 1343+0.03¢ 1314+0.16
Abelmoschus esculentus 1120.00+£0.20° 1240.00+0.22° 1212.00£1.20¢ 1338+0.36¢ 1311+247¢
Cucurbita pepo 1152.00+£042° 1234.00+0.43° 1312.00£3.16° 1385 +2,05¢ 1345+3.68°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript

alphabets “a, b, ¢, d, e” across the rows differ significantly (p <0.05)

Table 12 Yield in (t ha™") of plants after 60 days planting

Plants cs M WHC MI+WHC NPK

Zeamays 550.00+45.40° 650,00+ 75.60° 825.00+50.70° 1100.00+40.40° 670.00+60.50°
Abelmoschus esculentus 660.40+90.00° 720.00+80.40° 880.00+70.80° 1080.00+80.60° 730.00+70.90°
Cucurbita pepo 520.60+85.50° 610.00+60.90° 625.00+85.00 980.00+70.90° 615.20+65.60°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript

alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

Table 9 Total chlorophyll content in (mg.100 g~ ') of plants after 60 days planting

Plants cs M WHC MI+WHC NPK

Zea mays 303642237 3143+155° 3340+194° 3667+141° 33.23+204°
Abelmoschus esculentus 31.34+240° 30.34+1.48° 31.27+1.06° 3745+1.86° 32.24+2.14°
Cucurbita pepo 302042.12° 3230+1.83° 32.10+0.76° 35.15+1.35° 34.12+2.06°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK
alphabets “a, b” across the rows differ significantly (p < 0.05)

Table 10 Germination rate in (%) of plants after 60 days planting

fertilizer= Nitrogen, Phosphorus, Potassium. Values bearing different superscript

Plants cs M WHC MI+WHC NPK

Zea mays 50.00+0.00° 60.00+5.00° 80.00+4.50° 100,00+ 2.50¢ 60.00+3.50°
Abelmoschus esculentus 60.00+0.00° 50.00 +4.00° 70.00+2.50° 90.00+ 3.00¢ 60.00+4.00°
Cucurbita pepo 40.00+0.00° 50.00+0.00° 50.00 +4.00° 95.00+2.00° 50.00+2.50°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript

alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

Effect of biofertilizers on crop growth parameters

Table 7 showed significant increase (P <0.05) in the shoot
length of the three crops planted in all the soil treatments
except Z. mays planted on MI when compared with
control soil. Similarly, there was a significant increase
(P<0.05) in the leave area and yield of the three crops
planted in all the soil treatments when compared with
the control soil (Table 8 and 12 respectively). The chlo-
rophyll content significantly increased (P<0.05) in the
three crops only on MI+WHC and in C. pepo planted on
MI and NPK fertilizer when compared with control soil
(Table 9). The germination rate was significantly higher
(P<0.05) in the three crops grown on all the soil treat-
ments except A. esculentus planted on NPK fertilizer
when compared with control soil (Table 10). Also, there
was a significant increase (P<0.05) in the height of the

three crops grown on all the soil treatments except Z.
mays planted on MI and A. esculentus planted on NPK
fertilizer when compared with control soil (Table 11).
The crop growth parameters of the three crops were
highest on MI+ WHC treatment when compared to oth-
ers Table 12.

Effects of biofertilizer on nutrient levels

The nitrogen, phosphorus and potassium levels in the
three crops grown on all the soil treatments were signifi-
cantly higher (P<0.05) when compared with control soil
(Tables 13, 14 and 15 respectively). There was a signifi-
cant increase (P<0.05) in the zinc level of the three crops
planted on all the soil treatments except Z. mays and C.
pepo planted on NPK fertilizer, and A. esculentus planted
on WHC and NPK fertilizer when compared with control
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Table 11 Height in (cm) of plants after 60 days planting

Plants cs M WHC MI+WHC NPK

Zea mays 48.00+0.007 50.50+0.45° 5840+0.40° 65.00+0.00° 56.00+0.60°
Abelmoschus esculentus 47.80+150° 65.50+1.00° 68.60+1.80° 75.00+0.00° 51.00+046°
Cucurbita pepo 40.80+0.40° 49.40+0.50° 50.10+1.10° 5460+ 140° 51.40+080°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, c” across the rows differ significantly (p <0.05)

Table 13 Nitrogen level in (mg/kg) of plants after 60 days planting

Plants cs Mi WHC MI+WHC NPK

Zea mays 3.50+0.607 14.80+2.30° 1630+2.91° 18.20+2.50° 1320+1.72°
Abelmoschus esculentus 3.00+0.70° 9.00+1.60° 8.80+0.80P 13.20+2.07° 9.10+1.60°
Cucurbita pepo 3.10+045 9.00+1.80° 8.70+0.66° 13.80+2.04° 840+045°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, c” across the rows differ significantly (p <0.05)

Table 14 Phosphorus level in (mg/kg) of plants after 60 days planting

Plants cs M WHC MI+WHC NPK

Zea mays 3.00+0.722 8.20+0.95° 9.10+1.20° 1540+242° 8.10+081°
Abelmoschus esculentus 3.00+0.80° 8.20+1.04° 10.30+0.63¢ 1140+1.17¢ 7.60+0.80°
Cucurbita pepo 3.00+0.26% 8.20+145P 9.00+1.02° 1450+ 1.74° 9.15+0.34°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, c” across the rows differ significantly (p <0.05)

Table 15 Potassium level in (mg/kg) of plants after 60 days planting

Plants cs M WHC MI+WHC NPK
Zea mays 3.60+0.88° 9.70+1.25° 1030+ 2.40° 1240+ 2.60° 9.30+1.42°
Abelmoschus esculentus 3.30+0.75° 9.50+1.50° 840+143° 1630+1.37° 9.35+1.30°
Cucurbita pepo 3.20+0.58° 985+1.67° 890+1.52° 13.30+ 145 9.50+0.98°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, c” across the rows differ significantly (p <0.05)

Table 16 Zinc level in (mg/kg) of plants after 60 days planting

Plants (&) MI WHC MI+WHC NPK

Zeamays 1.20+0.24° 2.20+0.85° 1.90+0.60° 3.50+0.92° 1.50+0.31°
Abelmoschus esculentus 1.00+0.62° 2.00+0.44° 1.00+043° 330+0.27¢ 1.20+040°
Cucurbita pepo 1.00+£0.20° 2.10+0.52° 1.30+0.35¢ 3.00+0.544 1.00+£0.24°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

Table 17 Manganese level in (mg/kg) of plants after 60 days planting

Plants cs M WHC MI+WHC NPK

Zea mays 0.90+0.32° 1704035 130£041° 3.00+062¢ 168+054°
Abelmoschus esculentus 1.20+043° 1.20+0.24° 1.20+043° 3.00+047° 1.21+0.30°
Cucurbita pepo 1004037 1104037 110+0.22° 2.80+0.94° 1.1040.12°

CS=control soil MI=Microbial Inoculant, WHC=Water Hyacinth Compost, NPK fertilizer=Nitrogen, Phosphorus, Potassium. Values bearing different superscript
alphabets “a, b, ¢, d” across the rows differ significantly (p <0.05)

soil (Table 16). Similarly, there was a significant increase =~ Molecular characteristics of isolates

in the manganese level of Zea mays planted on all the soil =~ Four bacteria strains were isolated from the Genbank
treatments and on both A. esculentus and C. pepo planted ~ characteristics as shown in Table 18 while Fig. 2 reveal
on MI+WHC treatment when compared with the con-  the 16 S rRNA PCR bands from the isolates (see supple-
trol soil (Table 17). The nutrient levels of the three crops  mentary file for further explanation).

were highest on MI+ WHC treatment when compared to

others.



Akwukwaegbu et al. Bulletin of the National Research Centre (2026) 50:31 Page 11 of 20

e
Table 18 Genbank characteristics (strain, name of organism, ¢
closest GenBank, percentage identity and accession number) of a - o %
the bacterial isolates A e R AN
S/N Strain Organisms Closest GenBank  Simi- Acces- %
(isolated) Match larity sion No g o o 3
(%) SS|l. 38 & X3S
() v E N — 2~ |8
1 PA4 Bacillus cereus  Bacillus cereus strain 99.64  OR105044 g o< G 209 -'g“
JCM 2152 £ E 5 223 5
2 PAG Bacillus cereus  Bacillus cereus strain 100 OR105045 £ &8s % § § % E
IAM 12,605 ég“
3 PA7 Bacillus Bacillus fungorum ~ 99.64 OR105046 ey A
fungorum strain 17 SMS-01 £ 2
4 PA11 Bacillus Bacillus paramycoi-  99.64  OR105047 g Z 5
paramycoides  des strain ° - 5
€=
MCC 1A04098 g 2039 3E
—_— ©
£ =]
[} o
LADDER 1 T 5 E’ s
= g = ) £
9] Q S o o o o C”7
o}
~ o]
— o~ N © S
- 220 528 3|t
| e £
N o
1500 bp WA s e v == 165 (RNA §A 2 562
c Q — ¥ A
— gene :E R EEITN E
— (~1500 bp) SO T 4 4+ H[4
-_— ED 2 RBRQ
s = N 0 O =
- 288 5 88 S|E
9 g
| =] =
1 = S5
2 go
. R § 8 Slo o= n Ei
Fig. 2 PCR amplification image of the 16 S rRNA gene. (1: PA4; 2: PA6; 3: ¢l o E - o olaz
PA7; 4:PA11). The DNA 1 kb molecular ladder is given in the first lane 2 .E z
2|~ ]
o| @ SE
[ o S
Impact of biofertilizers on plant hormones To = £ 2
; o = n oMo NSy
The IAA in the leaves and shoot of the three crops A e
grown on all the soil treatments were significantly higher 5 é
(P<0.05) when compared with control soil (Table 19 2;\3 o £ § N
. . . . =~ x
and 23 respectively). There was a significant increase S
(P<0.05) in GA, in the leaves and shoot of the three g Py ‘gg
crops grown on MI+ WHC, leaves of A. esculentus grown g 238353 %‘-8
PN O — — 3
on NPK and shoot of Z. mays grown on WHC when SN 4 HH AT
. . . wv 2
compared with control soil. GA, was below detection 9 g gL g e '?\} g 54
wn - =
limit in the leaves of Z. mays planted on WHC (Table 20 3 [T SR =E,
~ o
and 24 respectively). There was a significant increase & - g8
(P<0.05) in ABA in the leaves and shoot of the three g g i%
crops grown in MI, WHC and MI+WHC and a signifi- 2 g Zlo o unmy s
- N S S -~ L
cant decrease (P<0.05) in ABA in the leaves and shoot = - I -
. . = = Q
of the three crops grown in NPK when compared with Qe g2
. . (2] b=
control soil (Table 21 and 24 respectively). There was no 2| glE =8
significant difference in the cis-zeatin levels in the leaves “g 88— «~ — —|8 £
K PINIJ E|c o oo 3|5
and shoot of the three crops when compared with one bk =
another (Table 22 and 26). Tables 23 and 25. 3 2 g
£l 38
£ 25
2§ Y |£2
w| € = g =
— U] ] £
23 O - A B
lF 0=z=zZ0z



Akwukwaegbu et al. Bulletin of the National Research Centre (2026) 50:31 Page 12 of 20

fresh

Discussion

Microbial analysis of samples

Soil recorded highest THB count within the range of
0.03x 10" -1.00x10'cfu/g. The outcome demon-
strates that the native bacterial genus can flourish and
proliferate in the environment. Ibiene et al. (2011) and
Eze and Okpokwasili (2011) both made a similar find-
ing. The THB count and THUB in the present study are
higher than values reported by Douglas (2018), The val-
ues for NFB and PSB for Control soil, Etche, Ogbogoro
and Choba soils respectively is in the ranged of values
obtained by Widawati and Suliasih (2001) in their study
of population of nitrogen fixing bacteria and phosphate
solubilising bacteria in the rhizosphere.

These organisms’ capacity to repair atmospheric nitro-
gen is suggested by its development on nitrogen-free
substrates. The species of bacteria found in this study
using 16 S RNA gene sequencing are members of the
phosphate-solubilizing. This data supports the argument
made by Ikuesan and Fajolu (2022) that bacteria can
be categorized as both nitrogen-fixing and phosphate-
solubilizing due to the elevated levels of the enzymes;
nitrogenase and 1l-aminocyclopropane-1-carboxylate
deaminase (ACC deaminase), which lowers ethylene pro-
duction in plants.
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]
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Physicochemical composition of the soil

The physicochemical parameters of a forest soil as shown
in Table 5 indicates that a tropical moist forest soils have
a low value of Electrical Conductivity (EC); The amount
of accessible nutrients in the soil is measured by know-
ing the amount of electrical conductivity involved. The
ability of the soil water to transport an electrical charge is
shown by the soil EC value. The soil’s EC level is a reliable
gauge of how much nutrition is available for crop uptake.
An ideal EC level is greater than 100puS/cm. Any soil with
EC level below 100 indicates that the plant is not getting
adequate nutrients, and it may also indicate a sterile soil
with limited microbial activity (Jennifer 2016). The forest
soil used in this experiment fall within a good range of
EC value which means the soil is highly fertile. The soil
pH slightly varies from 5.60 to 7.23. Control soil has a
moderate neutral range while Ogbogoro soil has a slightly
neutral range, Choba and Etche forest have a moderate
acidic soil, and thus the pH shows acidic in nature. As
a result, the soil is neither too alkaline nor acidic, but
rather has an average degree of alkalinity that promotes
microbial development. This pH result differs from that
of Horsfall et al. (2015), who concluded that forest soils
are extremely productive but defined them as having
a mean pH range of 4.5, which is acidic. All soil treated
samples had alkaline pH which supports microbial activi-
ties except soil treated with NPK (Table 6). This find-
ing is in line with the report of Zhang et al. (2023) who

LOQ (ng/
]
0.6
3
04
0.4
0.5
Nitrogen, Phosphorus, Potassium, LOD

Abelmoschus esculentus

LOD (ng/
ml)
0
0.5
03
0.2
02

RSD
(%)

4.5
52
256
287
74

21230+9.54°
214.44+10.50°

690.30+8.95¢
187.40+6.92¢
Water Hyacinth Compost, NPK fertilizer

Hormone conc
(pmol/g FW)
98.20+4.53°

LOQ (ng/
ml)

0.6

1

0.5

0.3

0.6

Zea mays
LOD (ng/

ml)
0
04
0.2
0
0
Microbial Inoculant, WHC

control soil MI
weight. Values bearing different superscript alphabets “a, b, ¢, d” down the columns differ significantly (p <0.05)

Table 23 Indole-3-acetic acid (IAA) in crop shoot

Treatments
s

Ml

WHC
MI+WHC
NPK

CS
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s
= 2 reported improvement of acidity to alkalinity in biofertil-
% - é izer treated soils used in cultivating spinach. According
g |25 o w o to Zhang et al. (2023), acidic soil has adverse effect on
g 2 planted crops as it suppresses growth and increase pro-
S E N duction of reactive oxygen species which negatively affect
— 00 N —
G 2 plant metabolism.
g gls ¢ g % e Additionally, the soils’ organic carbon values range
m o o
T8 v v & « g from 2.63% to 3.87% (0—15% and above) (Table 5), sug-
= g gesting that their organic content is naturally fruitful
E kS and this finding is comparable to Horsfall et al. (2015),
o = whose results range from 2.40% to 3.0%. Generally, soil
o2 18233 3|2 treated with combination of microbial inoculant and
Q. b . . .
g = S water hyacinth compost had highest pH, nitrate, potas-
S %, E sium, phosphate, calcium, zinc and manganese levels
o] ] .
5 § g when compared to other treatments The electrical con-
v
38 Is2ssSs ‘:: ductivity, organic matter, total organic carbon, nitrogen,
- 5 phosphorus, zinc and manganese concentrations were
Y oo § significantly improved in soils treated with biofertilizers
¥ |50 %25 than soils without biofertilizer (Table 6). The results on
y EQ the physicochemical analysis of soil samples agree with
] E N other studies (Anli et al. 2020; Bertrand et al. 2024) who
[} Mmoo O O O Q . . . o1e . .1
so22 2 F 3 = all reported that soil prior to biofertilization were acidic
Eg iyt HEs and had poor mineral nutrients which does not support
S 5loon~ S aFe ;
T Sjwnn 0o R growth and performance of date palm and okra cultivars
o 9 .
.| T =7 respectively.
= S E
gD 5%
2 g s é The effect of biofertilizer on growth parameters
<~ g . . -
219 |823 s 8|&2 The effects of 0.1 g substrate of various biofertilizer treat-
3= E;E ments on growth parameters of C. pepo, Z. mays and
2 \E, g A. esculentus are shown in Tables 7, 8, 9, 10, 11 and 12.
% g i 3 Results showed significant increase in the shoot length,
28 |csooog i leaves areas, total chlorophyll contents, germination rate,
. g° height and yield in these three crops planted in biofertil-
S 2 . . I :
5 ° § 2 izer treated soils than control. This implies that the bio-
2 |2 3993 g5 fertilizer treatments deployed in this study enhanced
o gg growth parameters positively. Generally, biofertilizer
S s E 2 treatment with combination of microbial inoculum and
v o o |5 .
eillh ® @ HE g water hyacinth compost gave the best results on the
g% E E E 3 2t growth parameters followed by treatment with water
9 E§9S 2SR sg hyacinth alone while treatment with microbial inoculum
=l m Z 0 m|gE
o | E gave the least effect on growth parameters of the three
L = c . . .
z | E § E planted crops. The efficiency displayed by the combined
- £ s treatment of microbial inoculant and water hyacinth
8 8 © 0 molS3 compost could be linked to high organic matter content
= S — S o o8> . . . . . e 1l
£ 23 in soil treated with it as well to availability and accessibil-
3; w E z g ity of soil nutrients such as nitrogen, phosphorus, potas-
= g g g3 sium, and magnesium that are required for growth of
cls|Q | _ |3 vegetative parts (Djoufack et al. 2025). Even while chemi-
=| 9| O - YN = = g p )
N e e e e Eg cal fertilizers offer easily accessible nutrients (Ano and
(] o .
2 2 £ Ekefan 2023), a sizable amount may be lost as a result of
Ol ., g § rainfall, which could cause leaching and lower the effi-
QIS Y | T< ciency of nutrient uptake. Chemical fertilizers have the
[
% % U % e potential to impede soil compaction by decreasing soil
e E vs=s2lez porosity. Furthermore, although having a high nutritional
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=
= g content, inorganic fertilizers lack the growth-promoting
o . 2 substances found in water hyacinth compost and micro-
2 (3T =R < bial inoculant, which are what increase fertility and pro-
o ‘§ duction (Sanwal et al. 2007). The growth performance
§ SRR § of these three crops increased steadily with increase
A N I B in period of planting with best growth performance
g HEEEERIE obtained after 60 days,.A. esculentus had the best perfor-
2 E. EIOT 3 mance from the biofertilizer treatments which probably
= = tells of its excellent response to soil nutrients (Djoufack
£ i et al. 2025).
g = This result agrees with the study of Al-Hadethi et al.
9 S 18233832 (2017), Zhang et al. (2023) and Anli et al. (2020) who
g g £ reported significant increase in the growth parameters
% e s (leaves area, chlorophyll contents, plant height, leaf
5 g N4 length, shoot length and stem diameter) of Peento peach
38 |s2s53s S|t cultivar, spinach and date palm respectively cultivated
s g with different soil biofertilizer treatments when com-
a ~ o |2 pared with control. Both of them equally reported that
o o— y y O
2 R85 2835 combination of biofertilizer treatments produced better
° % results on the growth parameters of Peen to peach culti-
Ssln e s BT var and spinach plant. The result further aligns with the
SR ] K] = 2|8 . ;
g 'E, R £ findings by Al-Hadethi (2015), Kumar et al. (2013), Ebra-
£ g g3 89 I himi et al. (2023) and Dawood et al. (2019) who reported
H ~N Y o o O
28~ T ooz S significant increase in stem diameter, leaves areas, shoot
| g length and germination rate of apricot trees, peartrees,
2 ) é Zygophyllum eurypterum and flax cultivars respectively
S P ig cultivated in biofertilized soils. Chlorophyll is the green
v s <
219 &3 z 2l5¢ pigment that facilitates photosynthesis (Dawood et al.
3 2 gl s 2019). The significant increase in chlorophyll contents of
25 £ % the three crops treated with biofertilizer could be because
% g g€ of bio-regulator role which altars photo-respiratory and
29 |22 oEd photosynthetic balance in plants (Olaiya 2010). More so,
z . . o
3 = high chlorophyll contents contribute to delay in aging of
e ol . . . .
g |, Len |2 é leaves while supporting RNA and protein synthesis (Sha-
2 |v o &8 ~ES laby and EI-Nady 2008).
g9 C z d A. esculentus have all sh
Y . pepo, Z. mays, and A. esculentus have all shown a
§§ e e 5 ‘gg notable increase in height, which indicates that their
é Ly A g wnd §'-8 responses vary based on the fertilization regime used.
23 § % E § § 2T This could be attributed to a substantial and essential
s Eanta 2lge supply of nutrients, including nitrogen, which the plant
A= %E can directly absorb for vegetative growth, and other
% %, £ £ nutrients (potassium, phosphorus, magnesium, etc.) that
% g i = are involved in root development.
el 19 |g=2=2a2yg §§ T.he type of crop anq the quantit.y of f?rtilizer used ar,e
<l = £5 typically correlated with production yield. The study’s
<l g \E’ g z findings demonstrated that the three crops’ produc-
% g § TEE g tion yield varied, which may have been caused by physi-
Gl 3le |- = o = = |3E ological reactions brought on by variations in the genetic
o | NI © © © o o 5T . . . . .
kY g information in their genomes that ensured their growth
g %E and development by absorbing nutrients from the soil
<| o 28 and responding favorably to climatic constraints. Its
NS Y g s greater ability to adapt to climatic circumstances, its effi-
% % Y % .| 8 % cient photosynthesis, and its improved nutrient assimila-
S| & UsSsSz=z|0¢ tion may be the reasons for the increased output yield of
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Q5lon~ 28 jé Z. mays and A. esculentus treated with a mix of microbial
EE|NF = 2 inoculant and water hyacinth compost. In reality, Z. mays
. ug' and A. esculentus would have more readily absorbed the
SSle m s o, ‘§ nutrients from the soil treatments than C. pepo, as nitro-
“g’ "'\5, i % % % a % gen, phosphorus, potassium, and water are the limiting
E9 - oo als factors in achieving high yields (Agbede et al. 2017). Our
5 E|le® 0N oo . . . .
TLB8383 3 IS findings are consistent with a study by Djoufack et al.
= g (2025) that found that the use of organic fertilizers pro-
\g, 5 duced the highest production yield values.
g g According to Barker and Pilbeam (2007), the better
ol |23 v e performance of crop planted on biofertilizer treated soil
§ = é could be attributed to cumulative impact of biofertilizers
g \i £ applied which in turn enhanced biochemical processes
g g s and photosynthesis in planted crops by enabling them to
2% zs2cz:s3sls utilize plant nutrients like potassium, nitrogen and phos-
= £ phorus through the help of enzymes. The second possible
% N g reason for the significant increase in growth parameters
g |59y 3s of these crops by biofertilized treated soils might be
_§ because of presence of micro and macro nutrients, pro-
§ _ g teins, vitamins, and plant growth regulators that facilitate
AR R the building up of dried matter in plants (Mirabal-Alonso
é %" E E E 3 E £ et al. 2008). Biofertilizers equally promote the release and
3 ElS S 33234 availability of soil nutrients in treated soils thereby facili-
i =} tating physiological processes and all the biochemical
9 E g procedures (Yu et al. 2014).
2 g
é § © m < ¥ o § Effect of biofertilizers on nutrient content and absorption
g | S — o S o g by crops
g ':é % The nutrient levels in soil samples after 60 days of plant-
e 2 £ ing period are shown in Tables 13, 14, 15, 16 and 17.
22 |- g Results showed that the concentrations of N, P, K, Zn
</d4 | o oo o8 and Mn were generally lower in soils planted these three
S IZJ crops after 60 days of planting period which implies that
2 o o E 5 v % Fhe E}rlOPS mufst have UtﬂTZed theseltnutrients‘tin 1?0915t-
3y ing their performance. These results are quite similar
o §-’§ with earlier reports (Aadesh, et al., 2024); Demir et al.
§ Sl v 2 3 o, g g 2023; Al-Hadethi et al. 2017; Sundari and Gandhi 2017;
“g’ "'\5, AEERSEI R §'§ Kumar et al. 2017; Radhakrishnan and Lee 2016; Kumar
£ g 5 (;vrzw § S % ;’ E et al. 2013; Dutt et al. 2013; Sharma et al. 2008) who all
28 53R §§ reported higher levels of nutrients in crops planted on
= £ biofertilized soils. The mechanism of action of biofertil-
\E, g g izers include restoration of nutrient cycles in soil, fixation
4 g ﬁ % of nitrogen, solubilization of phosphorus and supporting
8 |19 [8§2383 8|z g the synthesis of plant growth promoting factors through
g = Eé the help of organisms present in them which leads to
°ls 5 g g :C:lei;f il: riutzr(;ir;; aAbIsorpti‘(:n (Aadesc}ll el‘i al. }21024; Al-
= E|S Z5 adethi et al. . Also, nitrogen and phosphorus are
g/ E § SIS S é % made available for better utilization through the help of
= £% biofertilizers (Regar et al. 2018) with the help of bacte-
N 1z ria like Azotobacter, Bacillus, Pseudomonas and Rhizo-
S| 5 ; bium organism which aid in dissolving phosphate. These
a3 g Q ° £ organisms are capable of converting non-absorbable
% % U % g %% phosphorus into forms that can be absorbed (Tosi’c, et
S| E us=s25¢ al., 2016). According to Chen et al. (2006), these bacteria



Akwukwaegbu et al. Bulletin of the National Research Centre (2026) 50:31 Page 16 of 20

fresh

can breakdown up to 50% of non-absorbable phospho-
rus in the soil. Bacillus and Pseudomonas sp found in the
control and test soils utilized in this study might have
converted phosphorus into absorbable forms for easy
uptake by crops thereby diminishing their concentrations
in soils after period of planting.

More so, the metabolism of carbohydrates, the pro-
motion of growth and early root development, and the
quickening of plant maturity, fruiting, and development
are all aspects of plant growth that depend on phospho-
rus. However, after being absorbed by the plant, nitrogen
is needed for optimal growth because it is transformed
into nitrate ions, which act as a substrate for assimilation
and signalling molecules that partially control the pattern
of growth and development by regulating the expression
of different genes (Ali et al. 2003; Takei et al. 2002).

(%)
3.8
12.5
18.0
2

RSD
4.7

(pmol/g FW)
6.82+0.73°
6.88+0.57°
6.91+061°
12.77+0.54°
6.83+0.34°

relative standard deviation, FW

LOQ (ng/ml) Hormone conc

0.6
04

Cucurbita pepo
limit of quantification, RSD

RSD (%) LOD (ng/ml)
1
86

7.3
6.0

Molecular identification of functional gene

The species identified Lane 1 PA4 Bacillus cereus
(OR105044), Lane 2: PA6 Bacillus cereus (OR105045),
Lane 3 PA7 Bacillus fungorum (OR105046) and Lane
4 6A11 Bacillus paramycoides (OR105047) as shown in
(Table 18) are excellent selections for biofertilizers that
increase plant growth, promote soil health, and lessen
dependency on chemical fertilizers for environmen-
tally friendly farming because they develop vital rela-
tionships with root systems, improving nutrient cycling
(N-fixation, P/K solubilization) and protection.This
agree with the findings of Amal and Heba (2023) and
Agu et al. (2021) who screened and identified species
as Bacillus cereus (OP970172) and Bacillus lichenifor-
mis (OP970169), to be useful in enhancing plant growth
through mineralization such as solubilization of phos-
phate and nitrogen fixation in biofertilizer production
study.

3

limit of detection, LOQ

not detected. Values bearing different superscript alphabets “a, b, c” down the columns differ significantly (p <0.05)

(pmol/g FW)
724+127°
7.72+0.97°
78042212
1210+2.15°
7.81+2.05

05
Nitrogen, Phosphorus, Potassium, LOD

Abelmoschus esculentus
RSD (%) LOD (ng/ml) LOQ (ng/ml) Hormone conc
0.6
3
0.4

0.1
0.5
03
0.2
0.2

45
52
256
287
74

Effect of biofertilizer on plant hormones

In the field of agricultural production, plant growth
regulators have become widely used because they may
effectively influence crop growth and development while
improving crop output and quality (Jiang et al. 2020). The
findings showed that IAA was evenly distributed in shoot
and leaf of the three crops, GA, and cis-zeatin were found
more in shoot than leaf while ABA were mostly higher
in leaf than shoot of crops which suggest the presence of
plant hormones capable of regulating activities within
the tissues of these crops (Tables 19, 20, 21, 22, 23, 24, 25
and 26). Additionally, the study showed that the content
of IAA and GA, in crop shoots and leaves was higher in
soil treated with a combination of MI and WHC than in
other treatments (Tables 19, 20, 21, 22, 23, 24, 25 and 26).
Consistent with earlier research, it was clear that apply-
ing organic soil treatments increased the amounts of GA,
and IAA while lowering ABA (Shi et al. 2022). However,

(pmol/g FW)
517+052°
5.34+0.68°
11.32+0.72¢
520+043°
Water Hyacinth Compost, NPK fertilizer

264+083°

LOQ (ng/ml) Hormone conc

0.6

0.6

Microbial Inoculant, WHC

Zea mays
LOD (ng/ml)
04

0.1
0.2
0.

0.1

=control soil MI
weight. N.D=

Table 24 Gibberellin A, (GA,) in crop shoot

Treatments
cs

Ml

WHC
MI+WHC
NPK

(@
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=
S % as compared to other groups, the NPK-treated group had
a - o = higher levels of ABA in both the crop’s leaves and shoots
2 |33 =2l ug' (Tables 21 and 25). Djoufack et al. (2025) obtained simi-
o ‘§ lar results. This is not surprising having stated some of
§ Sh55 % § the negative impact of chemical fertilizers on crop and
glm o @y ns man. Considering ABA to be a potent growth inhibi-
€389 % 2 Qs tor, it implies cell division and elongation will be mark-
sEnansee edly inhibited in the three crops due to their high levels.
= %;_;; This may hinder the growth of leaves, embryos, embryo
% & sheaths, stems, hypocotyls, and roots, among other plant
g % elements. Additionally, ABA promotes stomatal closure
g S g3 23 and dormancy, which further suppresses plant growth
g = £ (Chen et al. 2018).
£ \i s According to earlier studies, elevated IAA levels speed
< é‘: N4 up organ abscission and promote the synthesis of eth-
é S |[s2:s3Ss3S g ylene (Mao et al. 2014). According to Zhu’s research,
= & growth hormone increases GA production, which in turn
°E ~ o S stimulates the creation of fiber (Zhu et al. 2022). Similar
2 [P ne®3|s to the findings of Djoufack et al. (2025), soil treatments
o % had no discernible impact on the amount of cis-ZT. This
§ Sltas s % ensures ?ell Viabqity ‘and dfalays plant senescence when
g TOT Y T|E applied in combination (Jiang et al. 2020). Together,
€38 298 I these findings imply that different plant growth regula-
:B:E; T8 33 5|9 tor compounds are essential in regulating the growth
= g and development of C. pepo, Z. mays, and A. esculentus
é \i é 60 days after planting by enhancing GA, and IAA levels,
2 g S8 lowering ABA content, and preventing these crops from
é g |gmzx I ;32 senescence.
2|5, £ onclusion
% g gg This study have shown that the type of soil treatment had
2% |22y g g a significant impact on growth performance parameters,
g ! £ yield, nutrient levels and hormones of C. pepo, Z. mays
o o~ |2 é and A. esculentus after 60 days of planting. The study
g2 |$888%g:3 equally discovered species with biofertilizing poten-
o §é tials. The addition of the soil with NPK chemical fertil-
& SRHBLD ‘é < izer 1ncreasefi leave area and ggrmlnatlon rat‘e in crops;
gRLlc @~ o £ it however increased the acidity of the soil and soil
23 SIS ;’3 nutrients from NPK was lost rapidly than in other soil
g E_ HRAN D549 treatments which can be detrimental to the microbial
= Ty activities and health.
g \i - % Therefore, it is recommended that in order to increased
i g i,—% food security, create jobs, and strengthen the coun-
el 18 |g=21 33 §§ try’s agro-economy, the Nigerian government and pri-
<l = € vate investors should collaborate in the industrialization
<la %, Tg%' of biofertilizer manufacturing and application since it
<|gl<E =4 has proven efficient at reducing side effects associated
% E a SS9 s s g% with chemical fertilizer usage and cost while increasing
9 £ 2 growth benefit.
N 22
S £ I o|E;
-_— S <
23 - T XXIID
lF O====z|0z
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Table 26 cis-Zeatin (cZ) in crop shoot

Treatments

Cucurbita pepo

LOD (ng/ml)

Abelmoschus esculentus

LOD (ng/ml)

Zea mays
LOD (ng/
ml)

RSD
(%)
38

4.7

Hormone conc
(pmol/g FW)
65.70+2.70°
67.92+3.50°
67.97+2.32°
68.25+3.25°
68.10+4.10°

LOQ (ng/
ml)

0.6

RSD
(%)
73
3.1

Hormone conc
(pmol/g FW)
64.50+8.16°

LOQ (ng/
ml)

RSD

(%)
4.5
52

Hormone conc
(pmol/g FW)

85.60+341°

LOQ (ng/
ml)

0.1

0.6

0.6
1.8
0.5

03

0.1

cs

13
04
0.5
04

0.3

6592+7.21°

0.5

8720+263°
86.90+3.25°
88.12+4.15°

86.30+3.36
Water Hyacinth Compost, NPK fertilizer =Nitrogen, Phosphorus, Potassium, LOD= limit of detection, LOQ=limit of quantification, RSD =relative standard deviation, FW

04
0.2

Ml

125

0.1

16.2
38.6
6.0

65.80+8.22°
67.64+7.12°

04
0.4

0.5

0.3

256

WHC

18.0

0.1

0.2

287
74

0.1

MI+WHC
NPK
Cs

0.1

65.45 +3.60°

0.2

0.6

0.1
Microbial Inoculant, WHC

fresh

control soil MI
weight. There was no significant difference (p <0.05) in the comparisons made
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Abbreviations

Ml Microbial Inoculant
WHC  Water Hyacinth Compost
ABA Abscisic acid

IAA Indole-3-acetic acid

GA, Gibberellin

cZ Cis-Zeatin

PSB Phosphate solubilizing bacteria
THB Total heterotrophic bacteria count

THUB  Total hydrocarbon utilizing bacteria
NFB Nitrogen fixing bacteria
NPK Nitrogen, phosphorus, potassium

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/542269-026-01403-0.

[ Supplementary Material 1 ]

Acknowledgements

We are thankful to the microbiology section staff at the University of Port
Harcourt Choba, Rivers State, Nigeria for their help accessing the data in the
laboratory information system and laboratory registers. The authors equally
appreciate the management of the National Institute for Medical Research
(NIMR) Molecular Biology Laboratory in Yaba, Lagos, Nigeria, for assisting with
DNA extractions, PCR amplification of, and gel electrophoresis of the isolates.

Institutional review board
Not applicable.

Author contributions

RNA, PIA and HOS developed the study’s concept and design. RNA and PIA
participated in data collection. RNA, PIA and GOA performed data cleaning,
analysis, and interpretation. RNA, PIA, GOA and IFV drafted the manuscript.
All authors reviewed the manuscript and agreed to the final version of the
manuscript.

Funding
This work was supported by Tertiary Education Trust Fund (TETFUND), Nigeria
[NRF/SETI/NRT/00031].

Data availability
The datasets used during the current study are available from the
corresponding author upon reasonable demand.

Declarations

Ethics approval and consent to participate
Not applicable.

Informed consent
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Microbiology, Faculty of Science, University of Port
Harcourt, Port Harcourt 500004, Rivers State, Nigeria

’Department of Basic Science Directorate, Faculty of Computing Science,
Claretian University of Nigeria, Nekede, Imo State, Nigeria

Department of Animal and Environmental Biology, Faculty of Science,
University of Port Harcourt, Port Harcourt 500004, Rivers State, Nigeria

Received: 18 September 2025 / Accepted: 27 January 2026
Published online: 02 March 2026


https://doi.org/10.1186/s42269-026-01403-0
https://doi.org/10.1186/s42269-026-01403-0

Akwukwaegbu et al. Bulletin of the National Research Centre

References

Aadesh RS, Jadoun SS, Tomar A, Parmar K (2024) Effect of rate of biofertilizers on
growth and development of spinach (Spinacia Oleracea L.). Bio Web of Con-
ferences 110: 04006. https://doi.org/10.1051/bioconf/202411004006

Abu GO, Vincent-Akpu IF, Akwukwaegbu RN, Stanley HO, Udume OA (2024) Labo-
ratory production and testing of biocompost from water hyacinth (Eichhornia
Crassipes) for bioremediation of crude Oil-Impacted agricultural soil. Int J Res
Technopreneurial Innovations 1(1):85-91. https://www.researchgate.net/pub
lication/389598076_Laboratory_Production_and_Testing_of_Biocompost_fr
om_Water_Hyacinth_EichhorniaCrassipes_for_Bioremediation_of_Crude_Oi
I-_Impacted_Agricultural_Soil

Agbede TM, Adekiya AO, Eifediyi EK (2017) Impact of poultry manure and NPK
fertilizer on soil physical properties and growth and yield of Carrot. J Hortic
Res 25(1):81-88. https://doi.org/10.1515/johr-2017-0009

Agu GC, Ejigbo AE, Ezaka E (2021) Isolation and characterization of bacteria with
biofertilizer potential. FUW Trends Sci Technol J 6(2):348-351. https://www.re
searchgate.net/publication/355043919_ISOLATION_AND_CHARACTERIZATIO
N_OF_BACTERIA_WITH_BIOFERTILIZER_POTENTIAL

Akintokun AK, Ezaka E, Akintokun PO, Shittu OB, Taiwo LB (2019) Isolation,
screening and response of maize Toplant growth promoting rhizobacteria
innoculants. Scientia Agricola Bot (Pant Science) 50:181-190. https://doi.org/
10.2478/sab-2019-0025

Al-Hadethi MEA (2015) Effect of different fertilization sources and the growth regu-
lator (Brassinosteroids) on growth and yield of apricot trees. Ph D Dissertation
Coll Agric Univ Baghdad 153. https://doi.org/10.13140/RG.2.2.25758.04168

Al-Hadethi MEE, Al-Dulaimi AAL, Almashhadani BMK (2017) Influence of biofertil-
izers on growth and leaf mineral content in Peach transplants. IOSR J Agric
Veterinary Sci (IOSR-JAVS) 10(9):90-93. https://doi.org/10.9790/2380-10090
19093

Ali A, Hossain MA, Mondal F, Faroque AM (2003) Effect of nitrogen and potassium
on yield and quality of Carrot. Pak J Biol Sci 6(18):1574-1577. https://doi.org/1
0.3923/pjbs.2003.1574.1577

Allen VB (2019) Fertilizers. Editor(s): Paul Worsfold, Colin Poole, Alan Townshend &
Manuel MirA. Encyclopedia of Analytical Science (Third edition), Academic
Press,134-144

Amal EA, Heba AKI (2023) Evaluating the effect of biofertilization in improving
growth and productivity of Soya bean under QantraSharq conditions. Egypt J
Desert Res 73(2):367-394. https://doi.org/10.21608/ejdr.2023.198051.1129

Ammar EE, Rady HA, Khattab AM, Amer MH, Mohamed SA, Elodamy NI, AL-Farga
A, Aioub AA (2023) A comprehensive overview of Eco-friendly Bio-fertilizers
extracted from living organisms. Environ Sci Pollut Res 30:113119-113137. htt
ps://doi.org/10.1007/511356-023-30260-x

Anli M, Baslam M, Tahiri A, Raklami A, Symanczik S, Boutasknit A, Ait-El-Mokhtar M,
Ben Laouane R, Toubali S, Ait-Rahou Y, Ait-Chitt M, Oufdou K, Mitsui T, Hafidi
M, Meddich A (2020) Biofertilizers as strategies to improve photosynthetic
apparatus, growth, and drought stress tolerance in the date palm. Front Plant
Sci 11:516818. https://doi.org/10.3389/fpls.2020.516818

Ano QU Ekefan E (2023) Rabbit wastes and its potential to boost agricultural
productivity: a synoptic review in sweet potato farming. Niger Agric J
54(2):345-353

Barker AV, Pilbeam DJ (2007) Plant Nutrition. CRC Press is an imprint of Taylor &
Francis Group, an Informal business

Bertrand GN, Patrice NM, Souleymane S, Pacéme KN, Gilchrist KEY, Patrick DJ, Fatim
KDS, Daouda K, Sorho F (2024) Effect of biofertilizers on the agromorphologi-
cal parameters of three Okra cultivars in Southern Céte d'ivoire. Agric Sci
1(15):408-422. https://doi.org/10.4236/as.2024.154024

Britannica T, Editors of Encyclopaedia (2019) Forest. Encyclopedia Britannica. https://
www.britannica.com/science/forest

ChenF, Qian Q Wang T, Dong A, Qi X, Zuo J, Yang S, Lin R, Xiao L, Gu H, Chen Z,
Jiang L, Bai Y, Kong H, Chong K (2018) Research advances in plant science in
Chinain 2017. Chin Bull Bot 53(4):391-440. https://doi.org/10.11983/CBB18
177

Cheng S-Y,Ng-A-Qui T, Eng B, Ho J (2017) Detection of cathinone and
mephedrone in plasma by LC-MS/MS using standard addition quantification
technique. J Anal Sci Technol. https://doi.org/10.1186/540543-017-0128-7

Chen J (2006) The combined use of chemical and organic fertilizer and or bio-fer-
tilizer for crop growth and soil fertility. International Workshop on sustained
management of the Soil-rhizosphere system for efficient crop production
and fertilizer use, pp 37-43. https.//www.researchgate.net/publication/23755
1520_The_combined_use_of_chemical_and_organic_fertilizers_andor_biof
ertilizer_for_crop_growth_and_soil_fertility

(2026) 50:31

Page 19 of 20

Daniel Al, Fadaka AO, Gokul A, Bakare OO, Aina O, Fisher S, Burt AF, Mavumeng-
wana V, Keyster M, Klein A (2022) Biofertilizer: the future of food security and
food safety. Microorganisms 10:1220. https://doi.org/10.3390/microorganis
ms10061220

Dawood MG, Sadak MS, Abdallah MMS, Bakry BA, Darwish OM (2019) Influence of
biofertilizers on growth and some biochemical aspects of flax cultivars grown
under sandy soil conditions. Bull Natl Res Cent 43(81):1-13. https://doi.org/10
1186/542269-019-0122-x

Demir H, Sénmez I, Ugan U, Akglin IH (2023) Biofertilizers ~ improve the plant
growth, yield, and mineral concentration of lettuce and broccoli. Agronomy
13:2031. https://doi.org/10.3390/agronomy 13082031

Djoufack MMT, Kouam EB, Anoumaa M, Foko EMK, Meli GRL, Kaktcham PM,
Zambou FN (2025) Chicken manure, chemical fertilizer and their com-
bination affect yield and post-harvest shelf-life of carrot (<Emphasis
Type="Italic">Daucus carota</Emphasis> L.). Academia Biology (2):3. https://
doi.org/10.20935/AcadBiol 7670

Douglas SI (2018) Effect of illegally refined crude oil (Kpo-Fire) residue on soil fungi.
Int J Curr Microbiol Appl Sci 7(12):3309-3316. https://doi.org/10.20546/ijcm
as.2018.712.382

Dutt S, Sharma SD, Kumar P (2013) Inoculation of apricot seedlings with Indig-
enous arbuscular mycorrhizal fungi in optimum phosphorus fertilization for
quality growth attributes. J Plant Nutr 36(1):15-31. https://doi.org/10.1080/0
1904167.2012.732648

Ebrahimi N, Kaboli SH, Rejalii F, Zolfaghari AA (2023) Effect of biofertilizers (rhizo-
bacteria and mycorrhizal fungi) on growth characteristics of Zygophyllum
eurypterum L. J Agricultural Sci Technol 25(6):1417-1429. https://doi.org/10.2
2034/jast.25.6.1417

Elemuo NG, Ikienskikimama SS, Ubani CE, Egwim EC, Osuoha JO (2019) Production
and characterization of lipase enzyme expressed by crude oil contaminated
soil isolates. Univers J Microbiol Res 7(1):1-6. https://doi.org/10.13189/ujmr.
2019.070101

Ezebuiro V, Ogugbue CJ, Oruwari B, Ire FS (2015) Bioethanol production by an
ethanol-tolerant Bacillus cereus strain GBPS9 using sugarcane Bagasse and
cassava peels as feedstocks. J Biotechnol Biomaterial 5:213. https://doi.org/10
4172/2155952X.1000213

Eze VIC, Okpokwasili GC (2011) Microbial and other related changes in a Niger
sediment receiving industrial effluents. J Microbiol 4:15-24. https://doi.org/1
0.5281/zenod0.823808

Garcia-Rodriguez A, Sagrista E, Matamoros V, Fontas C, Hidalgo M, Salvado”V
(2014) Determination of pharmaceutical compounds in sewage sludge using
a standard addition method approach. Int J Environ Anal Chem 94:1199-
1209. https://doi.org/10.1080/03067319.2014.921292

Gyaneshwar P, Naresh KG, Parekh LJ, Poole PS (2002) Role of soil microorganisms in
improving nutrition of plants. Plant Soil J 245:89-93. https://doi.org/10.1023/
A:1020663916259

Hema C, Rao A, Savalgi VP (2017) Isolation and screening of nitrogen fixing endo-
phytic bacterium Gluconacetobacter diazotrophicus GdS25. Int J Curr Micro-
biol Appl Sci 6(3):1364-1373. https://doi.org/10.20546/ijcmas.2017.603.158

Horsfall DE, Tano DA (2015) Physico-chemical Analysis of Otuoke Soils. Depart-
ment of Geography and Environmental Management, Niger Delta University
(NDU), Bayelsa State, Nigeria. J Environ Earth Sci 5(2):197-205. https.//www.iis
te.org/Journals/index.php/JEES/article/viewFile/19603/20000

Ibiene AA, Orji FA, Orji-Nwosu EC (2011) Microbial population in crude oil-polluted
soils in the Niger Delta. Nigeria J Agricul Food Environ 7(3):8-13

Ikuesan FA, Fajolu MO (2022) Water hyacinth (Eichhornia crassipes) as an inoculum
carrier for biofertilizer. Sci World J 17(1). https://www.scienceworldjournal.org
/article/view/22697

llo OP, Simatele MD, Nkomo SPL, Mkhize NM, Prabhu NG (2022) The benefits of
water hyacinth (Eichhornia crassipes) for Southern africa: A review. Sustain-
ability 12(21):9222. https://doi.org/10.3390/s5u12219222

Jennifer C (2016) Soil biological fertility. Department of Agriculture and Food, The
University of Western Australia, p 7

Jiang C, Dai J, Han H,Wang C, Zhu L, Lu C, Chen H (2020) Determination of
thirteen acidic phytohormones and their analogues in tea (Camellia sinensis)
leaves using ultra high performance liquid chromatography tandem mass
spectrometry. J Chromatogr B 1149:122144. https://doi.org/10.1016/j.jchrom
b.2020.122144

Kumar MPN, HariomSah R, Pratibha | (2013) Effect of biofertilizers on growth, yield
and fruitquality in low-chill Pear CVGola. Agricultural Sci Digest 33(2):114—
117. https//www.cabidigitallibrary.org/doi/pdf/ https.//doi.org/10.5555/20
133341527


https://doi.org/10.1051/bioconf/202411004006
https://www.researchgate.net/publication/389598076_Laboratory_Production_and_Testing_of_Biocompost_from_Water_Hyacinth_EichhorniaCrassipes_for_Bioremediation_of_Crude_Oil-_Impacted_Agricultural_Soil
https://www.researchgate.net/publication/389598076_Laboratory_Production_and_Testing_of_Biocompost_from_Water_Hyacinth_EichhorniaCrassipes_for_Bioremediation_of_Crude_Oil-_Impacted_Agricultural_Soil
https://www.researchgate.net/publication/389598076_Laboratory_Production_and_Testing_of_Biocompost_from_Water_Hyacinth_EichhorniaCrassipes_for_Bioremediation_of_Crude_Oil-_Impacted_Agricultural_Soil
https://www.researchgate.net/publication/389598076_Laboratory_Production_and_Testing_of_Biocompost_from_Water_Hyacinth_EichhorniaCrassipes_for_Bioremediation_of_Crude_Oil-_Impacted_Agricultural_Soil
https://doi.org/10.1515/johr-2017-0009
https://www.researchgate.net/publication/355043919_ISOLATION_AND_CHARACTERIZATION_OF_BACTERIA_WITH_BIOFERTILIZER_POTENTIAL
https://www.researchgate.net/publication/355043919_ISOLATION_AND_CHARACTERIZATION_OF_BACTERIA_WITH_BIOFERTILIZER_POTENTIAL
https://www.researchgate.net/publication/355043919_ISOLATION_AND_CHARACTERIZATION_OF_BACTERIA_WITH_BIOFERTILIZER_POTENTIAL
https://doi.org/10.2478/sab-2019-0025
https://doi.org/10.2478/sab-2019-0025
https://doi.org/10.13140/RG.2.2.25758.04168
https://doi.org/10.9790/2380-1009019093
https://doi.org/10.9790/2380-1009019093
https://doi.org/10.3923/pjbs.2003.1574.1577
https://doi.org/10.3923/pjbs.2003.1574.1577
https://doi.org/10.21608/ejdr.2023.198051.1129
https://doi.org/10.1007/s11356-023-30260-x
https://doi.org/10.1007/s11356-023-30260-x
https://doi.org/10.3389/fpls.2020.516818
https://doi.org/10.4236/as.2024.154024
https://www.britannica.com/science/forest
https://www.britannica.com/science/forest
https://doi.org/10.11983/CBB18177
https://doi.org/10.11983/CBB18177
https://doi.org/10.1186/s40543-017-0128-7
https://www.researchgate.net/publication/237551520_The_combined_use_of_chemical_and_organic_fertilizers_andor_biofertilizer_for_crop_growth_and_soil_fertility
https://www.researchgate.net/publication/237551520_The_combined_use_of_chemical_and_organic_fertilizers_andor_biofertilizer_for_crop_growth_and_soil_fertility
https://www.researchgate.net/publication/237551520_The_combined_use_of_chemical_and_organic_fertilizers_andor_biofertilizer_for_crop_growth_and_soil_fertility
https://doi.org/10.3390/microorganisms10061220
https://doi.org/10.3390/microorganisms10061220
https://doi.org/10.1186/s42269-019-0122-x
https://doi.org/10.1186/s42269-019-0122-x
https://doi.org/10.3390/agronomy13082031
https://doi.org/10.20935/AcadBiol7670
https://doi.org/10.20935/AcadBiol7670
https://doi.org/10.20546/ijcmas.2018.712.382
https://doi.org/10.20546/ijcmas.2018.712.382
https://doi.org/10.1080/01904167.2012.732648
https://doi.org/10.1080/01904167.2012.732648
https://doi.org/10.22034/jast.25.6.1417
https://doi.org/10.22034/jast.25.6.1417
https://doi.org/10.13189/ujmr.2019.070101
https://doi.org/10.13189/ujmr.2019.070101
https://doi.org/10.4172/2155952X.1000213
https://doi.org/10.4172/2155952X.1000213
https://doi.org/10.5281/zenodo.823808
https://doi.org/10.5281/zenodo.823808
https://doi.org/10.1080/03067319.2014.921292
https://doi.org/10.1023/A:1020663916259
https://doi.org/10.1023/A:1020663916259
https://doi.org/10.20546/ijcmas.2017.603.158
https://www.iiste.org/Journals/index.php/JEES/article/viewFile/19603/20000
https://www.iiste.org/Journals/index.php/JEES/article/viewFile/19603/20000
https://www.scienceworldjournal.org/article/view/22697
https://www.scienceworldjournal.org/article/view/22697
https://doi.org/10.3390/su12219222
https://doi.org/10.1016/j.jchromb.2020.122144
https://doi.org/10.1016/j.jchromb.2020.122144
https://www.cabidigitallibrary.org/doi/pdf/
https://doi.org/10.5555/20133341527
https://doi.org/10.5555/20133341527

Akwukwaegbu et al. Bulletin of the National Research Centre

KumarV, Saikia J, Barik N (2017) Influence of organic, inorganic and biofertilizers
on growth, yield, qualityand economics of okra [Abelmoschus esculentus(L.)
Moench] under Assam condition. Int J Curr Microbiol Appl Sci 6(12):2565-
2569. https://doi.org/10.20546/ijcmas.2017.612.297

Mahanty T, Bhattacharjee S, Goswami M, Bhattacharyya P, Das B, Ghosh A, Tribedi P
(2017) Biofertilizers: a potential approach for sustainable agriculture develop-
ment. Environ Sci Pollut Res 24:3315-3335. https://doi.org/10.1007/511356-0
16-8104-0

Mao L, Zhang L, Zhao X, Liu S, van der Werf W, Zhang S, Spiertz JHJ, Li Z (2014)
Crop growth, light utilization and yield of relay intercropped cotton as
affected by plant density and a plant growth regulator. Field Crops Res
155:67-76. https://doi.org/10.1016/j.fcr2013.09.021

Markwell J, Osterman JC, Mitchell JL (1995) Calibration of the Minolta SPAD-502
leaf chlorophyll meter. Photosynth Res. https://doi.org/10.1007/bf00032301

Mirabal-Alonso L, Kleiner D, Ortega E (2008) Spores of the mycorrhizal fungus-
glomus mosseae host yeasts that solubilize phosphate and accumulate
polyphosphates. Mycorrhiza 18:197-204. https://doi.org/10.1007/500572-0
08-0172-7

Olaiya CO (2010) Presowing bioregulator seed treatments increase the seedling-
growth and yield of tomato (Lycopersicon esculentum). J Plant Growth Regul
29:349-356. https://doi.org/10.1007/500344-010-9142-3

Radhakrishnan R, Lee 1J (2016) Gibberellins producing Bacillus Methylotrophicus
KE2 supports plant growth and enhances nutritional metabolites and food
values of lettuce. Plant Physiol Biochem 109:181-189. https://doi.org/10.1016
/j.plaphy.2016.09.018

Regar OP, Sharma M, Ola AL, Shivran BC (2018) Effect of mulching and bio fertilizers
on quality characteristics of sprouting broccoli (Brassica Oleracea var. Italica L).
JPharmacognosy Phytochemistry 7:181-184. https://www.phytojournal.com
/archives/2018/vol7issue2/PartC/7-1-321-518.pdf

Sanwal SK, Laxminarayana K, Yadav RK, Rai N, Yadav DS, Bhuyan M (2007) Effect
of organic manures on soil fertility, growth, physiology, yield and quality of
turmeric. Indian J Hortic 64(4):444-449. https://www.cabidigitallibrary.org/do
i/full/ https://doi.org/10.5555/20083008708

Seenivasagan R, Babalola OO (2021) Utilization of microbial consortia as biofertil-
izers and biopesticides for the production of feasible agricultural product.
Biology 10(1111):1-22. https://doi.org/10.3390/biology 10111111

Shalaby ME, EI-Nady MF (2008) Application of Saccharomyces cerevisiae as
abiocontrol agent against fusarium infection of sugar beet plants. Acta
BiolSzeged 52:271-275. https//www.researchgate.net/publication/24 188685
1_Application_of_Saccharomyces_cerevisiae_as_a_biocontrol_agent_again
st_Fusarium_infection_of_sugar_beet_plants

Sharma A, Parmar DK, Kumar P, Singh Y, Sharma RP (2008) Azotobacter soil
amendment integrated with cow manure reduces need for NPK fertilizers in
sprouting broccoli. Int J Veterinary Sci 14:273-285. https://doi.org/10.1080/1
9315260802165209

ShiF, Li N, Khan A, Lin H, Tian Y, Shi X, Li J, Tian L, Luo H (2022) DPC can inhibit
cotton apical dominance and increase seed yield by affecting apical part
structure and hormone content. Field Crops Res 282:108509. https://doi.org/
10.1016/j.fcr.2022.108509

(2026) 50:31

Page 20 of 20

Simura J, Antoniadi |, Siroka” J, Tarkowska D, Strnad M, Ljung K, Novék O (2018)
Plant hormonomics: multiple phytohormone profiling by targeted metabolo-
mics. Plant Physiol 177:476-489. https.//doi.org/10.1104/pp.18.00293

Suma N, Srimathi P (2014) Water flotation technique on seed and seedling quality
characteristics of sesamum indicum. IOSR J Agric Veterinary Sci 7(1):51-53. ht
tps://doi.org/10.9790/2380-07825153

Sundari US, Gandhi A (2017) Effects of microbial inoculants on growth and yield of
Bhendi [Abelmoschus esculentus(L.) Moench] in field trial. Int J Adv Res Biol Sci
4(4):82-88. https;//doi.org/10.22192/ijarbs.2017.04.04.024

Takei K, Takahashi T, Sugiyama T, Yamaha T, Sakakibara H (2002) Multiple routes
communicating nitrogen availability from roots to shoots: a signal transduc-
tion pathway mediated by cytokinin. J Exp Bot 53(370):971-977. https://doi.o
rg/10.1093/jexbot/53.370.971

Tosi‘c |, Goli‘c Z, Radosavac A (2016) Effects of the application of biofertilizers
on the microflora and yield of lettuce (Lactuca sativa L). Acta Agric Serb
21:91-98. https://doi.org/10.5937/aaser1642091t

Vincent-Akpu IF, Abu GO, Stanley HO, Akwukwaegbu RN (2024) Microbial valoriza-
tion of water hyacinth (Eichhornia crassipes) into compost as a cost-effective
biofertilizer. Scientia Afr 23(5):255-270. https://doi.org/10.4314/sa.v23i5.21

Wang S, Xie X, Che X, Lai W, Ren Y, Fan X, Hu W, Tang M, Chen H (2023) Host- and
virus-induced genes silencing of HOG1-MAPK cascade genes in Rhizophagus
irregularis inhibit arbuscule development and reduce resistance of plants to
drought stress. Plant Biotechnol J 21:866-883

Widawati S, Suliasin T (2001) The population of nitrogen fixing bacteria and phos-
phate solubilizing bacteria in the rhizosphere from Gunung Halimun National
park. Berita Biologi 5(6):691-698. https://media.neliti.com/media/publication
5/68994-EN-the-population-of-nitrogen-fixing-bacter.pdf

Yu X, Liu X, Zhu T (2014) Walnut growth and soil quality after inoculating soil
containing rock phosphate with phosphate-solubilizing bacteria. ScienceAsia
40(1):21-27. https://doi.org/10.2306/scienceasial513-1874.2014.40.021

Zhang B, Zhang H, Lu D, Cheng L, Li J (2023) Effects of biofertilizers on the growth,
leaf physiological indices and chlorophyll fluorescence response of spinach
seedlings. PLoS One 18(12):0294349. https://doi.org/10.1371/journal.pone
0294349

Zhao R, Yang X, Tian Q Wang X, Liao C, Li C-L, Liu F (2020) Soil microbial commu-
nity structure, metabolic potentials and influencing factors in a subtropi-
cal mountain forest ecosystem of China. Environ Pollutants Bioavailab
32(1):69-78. https://doi.org/10.1080/26395940.2020.1770628

Zhou W, Yang S, Wang PG (2017) Matrix effects and application of matrix effect
factor. Bioanalysis 9:1839-1844. https://doi.org/10.4155/bio-2017-0214

Zhu L, Jiang B, Zhu J, Xiao G (2022) Auxin promotes fiber elongation by enhancing
gibberellic acid biosynthesis in cotton. Plant Biotechnol J 20:423-425. https://
doi.org/10.1111/pbi.13771

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.20546/ijcmas.2017.612.297
https://doi.org/10.1007/s11356-016-8104-0
https://doi.org/10.1007/s11356-016-8104-0
https://doi.org/10.1016/j.fcr.2013.09.021
https://doi.org/10.1007/bf00032301
https://doi.org/10.1007/s00572-008-0172-7
https://doi.org/10.1007/s00572-008-0172-7
https://doi.org/10.1007/s00344-010-9142-3
https://doi.org/10.1016/j.plaphy.2016.09.018
https://doi.org/10.1016/j.plaphy.2016.09.018
https://www.phytojournal.com/archives/2018/vol7issue2/PartC/7-1-321-518.pdf
https://www.phytojournal.com/archives/2018/vol7issue2/PartC/7-1-321-518.pdf
https://www.cabidigitallibrary.org/doi/full/
https://www.cabidigitallibrary.org/doi/full/
https://doi.org/10.5555/20083008708
https://doi.org/10.3390/biology10111111
https://www.researchgate.net/publication/241886851_Application_of_Saccharomyces_cerevisiae_as_a_biocontrol_agent_against_Fusarium_infection_of_sugar_beet_plants
https://www.researchgate.net/publication/241886851_Application_of_Saccharomyces_cerevisiae_as_a_biocontrol_agent_against_Fusarium_infection_of_sugar_beet_plants
https://www.researchgate.net/publication/241886851_Application_of_Saccharomyces_cerevisiae_as_a_biocontrol_agent_against_Fusarium_infection_of_sugar_beet_plants
https://doi.org/10.1080/19315260802165209
https://doi.org/10.1080/19315260802165209
https://doi.org/10.1016/j.fcr.2022.108509
https://doi.org/10.1016/j.fcr.2022.108509
https://doi.org/10.1104/pp.18.00293
https://doi.org/10.9790/2380-07825153
https://doi.org/10.9790/2380-07825153
https://doi.org/10.22192/ijarbs.2017.04.04.024
https://doi.org/10.1093/jexbot/53.370.971
https://doi.org/10.1093/jexbot/53.370.971
https://doi.org/10.5937/aaser1642091t
https://doi.org/10.4314/sa.v23i5.21
https://media.neliti.com/media/publications/68994-EN-the-population-of-nitrogen-fixing-bacter.pdf
https://media.neliti.com/media/publications/68994-EN-the-population-of-nitrogen-fixing-bacter.pdf
https://doi.org/10.2306/scienceasia1513-1874.2014.40.021
https://doi.org/10.1371/journal.pone.0294349
https://doi.org/10.1371/journal.pone.0294349
https://doi.org/10.1080/26395940.2020.1770628
https://doi.org/10.4155/bio-2017-0214
https://doi.org/10.1111/pbi.13771
https://doi.org/10.1111/pbi.13771

	﻿Enhancing plant growth parameters with synergistic application of biofertilizing bacteria from forest soil and ﻿Eichhornia crassipes﻿ compost
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Description of the study area
	﻿Sample collection
	﻿Preparation of water hyacinth compost
	﻿Physicochemical analysis of soil and biofertilizer samples
	﻿Microbiological analysis of soil samples
	﻿Preparation of soil sample
	﻿Enumeration of heterotrophic bacteria
	﻿Screening for phosphate solubilizing bacteria
	﻿Screening for nitrogen fixing abilities
	﻿Experimental design


	﻿Analysis of crop growth parameters
	﻿Seed variable test
	﻿Pot culture experiment
	﻿Determination of shoot length
	﻿Determination of plant height
	﻿Determination of leaves area
	﻿Determination of leaf chlorophyll contents
	﻿Determination of germination rate (%)
	﻿Determination of yield

	﻿Molecular identification
	﻿Methods of phylogenetic tree construction and analysis
	﻿Determination of plant hormones
	﻿Purchase of hormone standards
	﻿Preparation of crop samples
	﻿Measurement of plant hormones

	﻿Data analysis
	﻿Results and discussion
	﻿Results
	﻿Microbial count


	﻿Physicochemical properties
	﻿Effect of biofertilizers on crop growth parameters
	﻿Effects of biofertilizer on nutrient levels
	﻿Molecular characteristics of isolates
	﻿Impact of biofertilizers on plant hormones
	﻿Discussion
	﻿Microbial analysis of samples
	﻿Physicochemical composition of the soil
	﻿The effect of biofertilizer on growth parameters
	﻿Effect of biofertilizers on nutrient content and absorption by crops
	﻿Molecular identification of functional gene
	﻿Effect of biofertilizer on plant hormones

	﻿Conclusion
	﻿References


