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ABSTRACT: A field experiment was conducted to evaluate the response of soil microorganisms (bacteria and fungi), to some soil amendments
(organic and inorganic) at site A and site B. The experiments were laid out in a randomized complete block design (RCBD). The treatments
applied were compost (3.4t/ha), poultry manure (4.2t/ha), Tithonia diversifolia (4.8t/ha), NPK (15:15:15) (0.8t/ha) at 120kg N/ha, and the control.
Treatments were replicated three times. Tomato seedlings were raised in the nursery and transplanted to the field after 3weeks with a spacing of
50 X 50cm. Soil microbiomes (Fungi and Bacteria) were isolated using the serial dilution technique. Compost improved both the total number of
fungi by 12%—-178% and diversity by 1.09%-85% compared to the other amendments at both sites, while the diversity of bacteria was increased
more by Tithonia diversifolia (11%—-75%). The total number of bacteria was highest in plots amended with compost at site A. Compost had the
highest percentage of bacteria suppressed compared to other amendments studied at both sites (27.3% and 28.5%, respectively). NPK had
the highest bacteria suppression at site A. The plot amended with NPK had the highest percentage of bacteria enhanced at site A. NPK had the
highest at site B. Poultry had the highest reduction in bacteria at site A. Tithonia diversifolia had the highest percentage proliferation of allochtho-
nous bacteria at both sites with 23.7% and 27.7%, respectively, while compost plots had the least allochthonous bacteria at both sites. At both
sites, the percentage of suppressed fungi was highest in plots amended with poultry manure and control. Compost and T. diversifolia had the
highest percentage of fungus growth reduction in site A (26.3%). At site A, compost had the highest percentage of allochthonous fungi (29%).
Application of compost, poultry manure, and Tithonia diversifolia is recommended for the improvement of soil microbial properties.
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Introduction amounts of inorganic fertilizer for maximum plant growth and

Tomato is one of the most popular and important vegetable
and edible fruit crops widely grown in the world. Tomatoes
play a vital role in the human diet and are a good source of
vitamins and minerals. The fruits can be eaten raw, cooked, or
processed into juice, sauce, ketchup, puree, paste, or powder
(Olaniyi & Ajibola, 2008). According to data from Faostat, the
world produced 186.821 million metric tonnes of tomatoes on
5,051,983 hectares in 2020, achieving an average yield of 37.1
metric tonnes per hectare (mT/ha 1) (Branthome, 2022).
However, in Nigeria, production per hectare was 4.4mT/ha,
which was very much below the world average yield (Branthome,
2022). One of the probable reasons for this poor yield is the
poor fertility status of the soil. A major problem facing crop
production in the Southern Guinea Savanna ecological zone of
Nigeria is the low fertility status of the soil (O. Fawole &
Olowonihi, 2008). This therefore necessitates the use of large

yield (O. B. Fawole & Alori, 2017).

Over the years, the idea of practising intensive agriculture
has been to achieve high productivity; however, this practise
has adversely affected soil health and biodiversity despite the
remarkable increases in overall food production (Tugrul, 2019).
Long-term usage of inorganic fertilizers causes soil, water, and
environmental pollution, food insecurity, the development of
pathogen/pest resistance, residual toxicity towards micro and
macro organisms, and a loss of biodiversity (Ruano-Rosa &
Mercado-Blanco, 2015). This therefore necessitated the need
for environmentally and human health friendly, sustainable,
and alternative farming practises.

Organic farming is a sustainable and affordable system that
strictly prohibits the use of synthetic fertilizers, thereby reduc-
ing the negative effects of chemical fertilization (Ye et al.,
2020). It is one of the oldest ways of practising sustainability in
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agriculture (Faissal et al.,2017). Application of organic amend-
ments such as compost, plant debris, animal manure, peat moss,
and organic mulch increases the organic matter content of the
soil. It is also a major substrate in the management of soil and
plant health as well as the suppression of diseases caused by
soil-borne pathogens. The organic matter content of soil is
used to determine soil health as it governs the physical, chemi-
cal, and biological properties of soil (Gémez-Sagasti et al.,
2018). It has been reported that the presence of soil organic
matter can reduce bulk density and increase water holding
capacity and soil aggregate stability (Gémez-Sagasti et al,,
2018). Organic matter supplies micro-organisms with essential
nutrients (Reeve et al., 2016), which increases the microbial
population, catalyses their activity (Larkin, 2015), and allows
for high biodiversity (Turmel et al., 2015). As stated by
Chandrashekara and Bhatt (2014) and Scotti et al. (2015),
organic matter aids in natural disease suppression and soil fer-
tility, thereby improving soil health.

Compost, as a type of organic amendment, has been known
to improve the growth and yield of plants by improving the
physical and chemical properties of the soil, enhancing nutrient
availability (Chaney & Ramsubhag, 2015). Soil can be enriched
through the incorporation of green manures (Larkin, 2013),
which are an important alternative source of organic fertilizers
(Hafifah et al., 2016). Green manure has a lot of benefits for
the soil, which range from soil organic carbon enhancement,
soil health improvement, high agronomic productivity (Hafifah
et al., 2016), soil microbial biomass enhancement, and activity
enhancement (Larkin, 2013). Tithonia diversifolia from the
Asteraceae family, used as green manure due to its high nutri-
tional composition, has proven effective in improving soil fer-
tility (Hafifah et al., 2016), the physical properties of soil
(Dayo-Olagbende et al., 2020; Hafifah et al., 2016), and crop
yield (Babajide et al., 2012).

The role of microorganisms is vital in the ecosystem; how-
ever, the method of intensive agriculture does not support their
healthy population, which could result in low productivity
(Christopher, 2017). Soil microorganisms are involved in many
biogeochemical processes in the soil. Soil microbes are impor-
tant to life as they play a pivotal role in nutrient cycling and are
responsible for the biological fertility of the soil (Christopher,
2017). They are great determinants for soil performance
through the decomposition of plant materials and residues to
increase the organic matter content of soil, thereby improving
the soil’s quality (Faissal et al., 2017). There has been well doc-
umented information on how organic amendments improve
soil fertility and productivity. More importantly, research
results show that the use of synthetic chemicals (fertilizers,
pesticides, and herbicides) results in toxic residues in food,
enhances environmental pollution, and eliminates non-target
organisms from the ecosystem. There is a need to study the
response of soil microorganisms to some soil organic amend-
ments since soil microorganisms are important energy trans-
formers and nutrient regulators in agro-ecosystems.

This research therefore aimed at assessing the response of
the soil microbial community (bacteria and fungi) to some
organic and inorganic soil amendments in an alfisol (the map-
ping units had accumulation of clay in the B- horizon (argillic
B-horizon) and base saturation by NH,OAc at pH 7.0 >50%
(Adegbite et al., 2020; Adekiya et al., 2022)) soils cropped with
tomatoes. This will confirm the sustainability of the use of the
studied organic materials in agriculture as biofertilizer, noting
the significant roles soil microorganisms play in nutrient
cycling and availability. The effect of inorganic fertilizer and
three organic amendments on some soil physical and chemical
properties and the effect of inorganic fertilizer and three
organic amendments on tomato growth and yield were also
assessed.

Materials and Methods

Experimental Site: The experiment was conducted at the
Teaching and Research Farm and the staff quarters of
Landmark University, Omu-Aran, Kwara State, Nigeria. The
farm is located in the derived savanna ecological zone of
Nigeria (Latitude 08° 9" N and Longitude 05° 61’ E. The coor-
dinates for the staff quarters are Latitude 08° 12107" N and
Longitude 05° 08915” E). These were taking using a handy
GPS. The area’s annual rainfall ranges from 600 to 1,500 mm
(Adekiya et al., 2022). The soil is formed on an undifferenti-
ated basement complex. It is well drained and dry. Presence of
few medium- sized pebbles and quartz stones on the surface.
No evidence of salt and alkali present (Adegbite et al., 2020;
Adekiya et al., 2022).

Figure 1 shows a profile pit at the study area. The chemical
characteristics of the soil are as indicated in Table 1.

Experimental layout and design: The study adopted a two-
by-five factorial design. Two sites (site A, sandy loam, and site
B, sandy soil) and five soil amendments (compost, animal
manure, 7Tithonia diversifolia, inorganic fertilizer (NPK:
15:15:15), and control) Each experimental site consists of 15
plots, each measuring 1 X 1m, with a 0.5m alley separating
each of the plots. The layout of the experiment was a rand-
omized complete block design (RCBD) with three
replications.

Sources of organic amendments: The compost used was
purchased from the Institute of Agricultural Research and
Training (IART) in Ibadan, poultry manure was collected
from the poultry section of Landmark University Teaching and
Research Farm; Tithonia diversifolia was collected from
Landmark University Teaching and Research Farm; and inor-
ganic fertilizer (NPK: 15:15:15) and tomato seeds (Roman
variety) were purchased from the agro-allied store Omu-Aran,
Kwara State.

Land preparation, manure incorporation, seed sowing,
and fertilizer application: Planting beds were made using a
hoe. Experimental sites were laid out in 1 X 1m plot sizes.
Organic amendments were incorporated at a rate of 120kg N/
ha using a hoe to a depth of approximately 20 cm. The weight
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Figure 1. Profile pit at the study area (site A).

Table 1. Initial Properties of Study Sites Prior to Planting.

SOIL PARAMETERS SITEA SITEB
pH in H,0 5.3b 7.3a
pH in CaCl, 5.2b 6.5a
Exchangeable acidity(cmol/ kg) 2.9a 1.6b
Organic carbon (%) 1.1b 1.6a
Organic matter (%) 1.8b 2.8a
Available Phosphorus (mg/kg) 7.6b 24.5a
Calcium (cmol/kg) 3.0a 2.7b
Magnesium (cmol/kg) 1.3b 2.7a
Sodium (cmol/kg) 0.1a 0.01b
Potassium (cmol/kg) 0.12b 0.18a
Bulk density (g/cm3) 1.53a 1.51b
Moisture content (%) 12.0b 14.0a
Porosity (%) 35.5b 36.2a
Particle size distribution
Sand (%) 81.1 90.6
Silt (%) 7.0 4.0
Clay (%) 1.9 5.4
Textural class Sandy loam Sandy

Note. Means in a row under any given treatment followed by the same letter(s)
do not differ significantly at 0.05 level of probability using the Duncan Multiple
Range Test (DMRT).

of each amendment applied was compost (3.4t/ha), poultry
manure (4.2t/ha), Tithonia diversifolia (4.8t/ha), and NPK
(0.8t/ha). Before land preparation, the tomato seedlings
(Roman variety seeds) were raised in the nursery at a tempera-
ture of about 23°C and watered daily. The plots were permitted
for the mineralization of amendments before seedlings were
transplanted. Transplanting was carried out at cool hours of the
day, and each seedling was transplanted with some soil beneath

to reduce damage to the seedling roots. Each seedling was
transplanted at a spacing of 50 X 50cm. NPK fertilizer was
applied 10 cm away from the seedlings a week after transplant-
ing, employing the side placement method. Manual weeding
was done at intervals of 3weeks after transplanting, and the
tomato plants were staked at the fifth week after
transplanting.

Soil sampling and laboratory analysis: Soil samples were
obtained from the study site at 0 to 15cm depth before and
after the experiment. Soil pH was determined with an elec-
tronic soil pH metre (Model 215, Colorado, U.S.A.); soil par-
ticle size was analysed using the hydrometer method (Gee &
Or, 2002); organic matter content was determined using the
wet oxidation method (Shamshuddin et al.,, 1994); and
exchangeable bases (K, Mg, Na, and Ca) were determined by
the ammonium acetate method (Chapman, 1965). Organic
amendment analysis: Samples of organic amendments (com-
post manure, poultry manure, and green manure) were taken
for laboratory analysis. Chemical properties of amendments
used are as stated in Table 2.

Microbial analysis (Plate Count of Cultivable Bacteria
and Fungi): Soil samples were collected after the experiment
into polythene bags at random using a soil auger and trans-
ported to the laboratory for a microbial count. The standard
plate-count agar method was employed. Isolation of bacteria
and fungi was done using Nutrient Agar (NA) and Potato
Dextrose Agar (PDA), respectively. The fungi and bacteria
populations were estimated using the six fold serial dilution
method. The pour plate technique was used to culture fungi
and bacteria from 10-3 to 10-5 soil dilutions, respectively.
Incubation of PDA and NA was done at 37°C for 3 to 5days
and 24 hr at 28°C, respectively. Thereafter, the total number of
cultivable bacteria, and fungi was counted as colony-forming
units. The frequencies of occurrence of isolates were then
calculated.

Morphological Characteristics of Bacteria and Fungi:
Bacteria isolates were identified and enumerated with the aid
of cultural characteristics and cell morphology, which include
size, shape, colour elevation. Cultural morphological character-
istics were also employed in the identification and enumeration
of fungal isolates. These include colour, size, and pigment
secretion. The soil microbial community diversity index was
calculated using the following equation:

Shannon-Wiener index (H) :

s
H =) PilnPi
izl

Pi is the ratio of the activity on a particular isolate to the sum
of activities on all isolates; § is the sum of all isolate in one
sample.

Statistical Analysis: To compare the means of the effects of
the various treatments (independent variables) on the diversity
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Table 2. Chemical Component of the Organic Amendments Used for the Study.

TREATMENTS

PARAMETERS

ORGANIC NITROGEN (%) CALCIUM (CMOL/KG) MAGNESIUM SODIUM (CMOL/KG) POTASSIUM

CARBON (%) (CMOL/KG) (CMOL/KG)
Compost 52.0a 3.5a 2.7a 4.9c 0.01a 0.4a
Poultry Manure 26.4b 2.9b 1.5¢ 5.7b 0.01a 0.3b
Tithonia diversifolia ~ 17.4c 2.5¢ 1.7b 11.3a 0.01a 0.3b

Note. Means in a column under any given treatment followed by the same letter(s) do not differ significantly at the 0.05 level of probability using the Duncan Multiple

Range Test (DMRT).

Table 3. Response of Soil Microbial (Bacteria and Fungi) Diversity and Total Number to Organic and Inorganic Soil Amendments at the Two Study

Sites.
TREATMENTS DIVERSITY  DIVERSITY TOTAL
OF OF NUMBER OF
BACTERIA BACTERIA BACTERIA
(SITEA) (H)  (SITE B) (H) (CFU/G OF
SOIL) (SITE A)
Compost 12 11 2,945
Poultry manure 21 18 740
Tithonia 21 20 1,290
diversifolia
NPK 18 18 964
Control 17 19 159
Initial (Before 8 14 78

Planting)

and population of soil bacteria and fungi (Dependent varia-
bles), collected data were subjected to analysis of variance
(ANOVA) using IBM SPSS a statistical package (IBM Corp.
Released, 2012).

Differences between significant means were separated by
the Duncan multiple range test at the 0.05 level of probability.
DMRT is a powerful tool that can be used to identify signifi-
cant differences between means. However, it is important to
note that it is also a conservative test, which means that it is less
likely to find significant differences than other post hoc tests.
This is because DMRT is designed to protect against Type 1

errors (false positives)

Results
Response of soil microbial (bacteria and fungi)

diversity and total number to organic and inorganic
soil amendments

Table 3 shows that, at site A, poultry manure had 21 diversity
of bacteria, the same as Tithonia diversifolia (21), NPK (18),
control (17), and compost had the lowest (12). However, at site
B, Tithonia diversifolia had the highest bacteria diversity (20),
followed by control (19), poultry manure (18), and compost,

TOTAL DIVERSITY  DIVERSITY  TOTAL TOTAL
NUMBER  OFFUNGI  OF FUNGI NUMBER NUMBER
OF (SITEA) (H) (SITEB)(H)  OF FUNGI OF FUNGI
BACTERIA CFU/G OF CFU/G OF
(CFU/G SOIL (SITE ~ SOIL (SITE
OF SOIL) A) =)

(SITE B)

368 37 19 350 215

1,406 24 18 127 146

228 20 17 171 125

868 29 21 127 165

991 20 16 75 101

319 8 16 16 76

which had the lowest diversity (11). The order of total number
of bacteria at site A is compost (2,945) > Tithonia diversifolia
(1,290) >NPK (964) > poultry manure (740) > control (159),
while at site B the total bacteria is in the order poultry manure
(1,406) > control (991) >NPK (868) > compost (368) > ini-
tial (319) > T diversifolia. For fungi, at site A, compost had the
highest fungi diversity (37) followed by NPK (29), poultry
manure (24), Tithonia diversifolia (20), and control (20).
Compost also had the highest number of fungi (350), Tithonia
diversifolia had (171), poultry manure and NPK had the same
number of fungi (127) and control had the lowest (75), but the
number of fungi at site B was compost (215) >NPK (165) >
poultry manure (146), Tithonia diversifolia (125) > control
(101) and the diversity of fungi at site B was in the order of
NPK (21) > compost (19) > poultry manure (18) >7. diversi-
Jfolia (17) > control (16) = initial (16).

Response of soil bacteria to the organic and
inorganic amendments

Figure 2 shows the response of bacteria to the amendment
applied at the study sites. The order of bacteria suppressed at
site A is compost=NPK (30%) > control 20% > poultry
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Figure 2. Response of soil bacteria to the organic and inorganic amendments: (a) % organisms suppressed, (b) % organisms enhanced, (c) % organisms

reduced, and (d) % allochthonous organisms.

Note. Comp = compost; PM=poultry manure; TD = Tithonia diversifolia; CON = control.

manure = 7. diversifolia, but at site B, the order of bacteria sup-
pressed is compost 25.8% > T diversifolia (22.6%) > control
(19.4%) >NPK (16.1%) =PM (16.1%). The percentages of
bacteria species whose growth was enhanced by the amend-
ments were highest at plots amended with NPK (25%), com-
post, 1. diversifolia, poultry manure and control were equal
(18.8%) at site A, but at site B the order was 7. diversifolia
(25%) > compost =poultry manure = control (20%) >NPK
(15%) For bacteria species whose growth was reduced by the
amendments, at site A, Poultry manure = 7. diversifolia
(28.6%), and this was followed by control (21.4%), followed by
compost (14.5%), and NPK had the least (7.1%). However, at
site B, NPK (31.6%) had the highest percentage of bacteria
species reduced, followed by poultry manure (26.3%), followed
by control (21.1%), and compost = T diversifolia (10.5%). The
percentage of organisms that were not indigenous to the study
site A was highest at plots amended with poultry manure and
T. diversifolia (23.7%), followed by NPK (22%), followed by
control (18.6%), and compost had the least (11.9%), but the
order in site B is as follows: 7. diversifolia (27.7%) > control
(23.4%) > Poultry manure=NPK (19.1%) > compost (10.6%).

Suppressed organisms are organisms present in the soil at
the commencement of the experiment but no longer present at

the end of the experiment. Enhanced organisms are organisms
whose population at the end of the experiment increased com-
pared to their population at the commencement of the experi-
ment. Reduced organisms are organisms whose population at
the end of the experiment is reduced compared to their popula-
tion at the commencement of the experiment. Allochthonous:
these are organisms not present at all at the commencement of
the experiment but present at the end of the experiment.

Response of soil fungi to the organic and inorganic
amendments

According to Figure 3, the order of fungi suppressed in site A
is: poultry manure =control (29.4%), >NPK (17.6%) > com-
post = T diversifolia (11.8%), while, the order of fungi sup-
pressed at site B is: 7" diverfolia (28.2%) > poultry manure =
control (23.1%) >NPK (12.8%) = compost (12.8%). The per-
centage of fungi enhanced at site A follows the following order:
Compost = T diversifolia = NPK = control (25%) > poultry
manure (0%) while at site B it is as follows: compost (33.3%) =
control > T diversifolia (16.7%) >NPK (11.1%) > poultry
manure (5.6%). At site A, the percentage of fungi organisms
whose growth was reduced is in the order of compost = T
diversifolia (26.3%) >NPK (21.1%) > poultry manure (15.8%)
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Figure 3. Response of soil fungi to the organic and inorganic amendments: (a) % organisms suppressed, (b) % organisms enhanced, (c) % organisms

reduced, and (d) % allochthonous organisms.

Note. Comp = compost; PM=poultry manure; TD = Tithonia diversifolia; CON = control.

> control (10.5%), while at site B it is in the order of poultry
manure (26.1%) >NPK = control = compost (21.7%) >1.
diversifolia (8.7%). The percentage of Allochthonous fungi
organisms follows the order of compost (26.9%) > control
(23.8%) > poultry manure (22.5%) >T. diverfolia (16.7)
>NPK (0%) while at site B it follows the order of poultry
manure = 7. diversifolia (25.5%) >NPK (21.3%) > control
(15.1%) > compost (8.5%).

Suppressed organisms are organisms present in the soil at
the commencement of the experiment but no longer present at
the end of the experiment. Enhanced organisms are organisms
whose population at the end of the experiment increased com-
pared to their population at the commencement of the experi-
ment. Reduced organisms are organisms whose population at
the end of the experiment is reduced compared to their popula-
tion at the commencement of the experiment. Allochthonous:
these are organisms not present at all at the commencement of
the experiment but present at the end of the experiment.

Effect of organic and inorganic amendment on
growth parameters of tomato at the two study sites

The effect of amendments on the number of leaves on two soil
types is shown in Table 4. The result shows that the number of

leaves was not significantly different from each other at the
two study sites at week 2. However, site A was significantly
lower (45-0) than site B (264-1068.33) across the sampling
weeks. The ANOVA response of amendments shows that the
effect of the treatments applied on the number of leaves was
significantly different across the weeks of sampling; however,
there was no significant interaction between the study sites and
the amendment used across the weeks. At week 2 after trans-
planting, control had a significantly higher number of leaves
than other treatments. However, from weeks 4 to 8, compost
had the highest significant number of leaves, followed by poul-
try manure, NPK, control, and Tithonia diversifolia. The table
also shows the effects of amendments on the plant height of
tomatoes planted at two sites. The analytical result shows that
there was a significant difference at weeks 2 and 4 between the
sites, with site B having a higher mean value (2.93-8.76 cm)
than site A (2.24-0.00 cm) across weeks of sampling. The over-
all mean effect of amendments shows that there was a signifi-
cant difference across the weeks of sampling. A significant
difference was also observed in the sites and treatments inter-
actions at 2 and 4 WAT. Among the amendments, Tithonia
divversifolia was significantly different from all other treatments
at 2 WAT; compost was significantly different from poultry
manure; and poultry manure was significantly different from
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NPK and control; however, NPK and control were not signifi-
cantly different from each other. As observed from the table,
Tithonia diversifolia had the highest value in weeks 2 and 4,
followed by compost, poultry manure, NPK, and control.
Tithonia diversifolia was significantly different from all other
treatments except compost at week 4. Compost was not signifi-
cantly different from poultry manure but from NPK and con-
trol. At week 6, compost and Tithonia diversifolia are
significantly different from control but not significantly differ-
ent from poultry manure and NPK, with Tithonia diversifolia
having the highest value and control having the lowest. At 8
WAT, poultry manure was significantly higher than other
treatments, while compost, Tithonia diversifolia, NPK, and
control were not significantly different from each other. The
effect of amendments on leaf area of tomatoes at 2,4, 6, and 8
WAT in two sites is also presented in the table. The result
showed that no significant difference was observed at 2WAT
in the soil types, while a significant difference was observed
from weeks 4 to 8. At weeks 6 and 8, significant differences
were observed among the amendments used. However, there
was no significant interaction between the sites and treatments
used. The result also indicated that at week 2, all treatments
were not significantly different from each other, with compost
having the highest leaf area. At week 4, all the treatments were
significantly different from the control, with compost and
poultry manure having the highest differences. At 6 WAT,
compost is significantly different from other treatments except
poultry manure, while poultry manure is not significantly dif-
ferent from all other treatments. At week 8, NPK had the
highest value and it was significantly different from all other
treatments, 7ithonia diversifolia was the second highest but not
significantly different from compost, poultry manure, or con-
trol; however, control was the lowest. The mean value of yield
also shows that site B has a significantly higher yield than site
A. Among the treatments, compost had the maximum yield,
while the lowest yield was recorded in control. Figure 4 shows
tomato plant at both sites.

Effect of organic and inorganic amendment on soil
chemical properties at the two study sites

Table 5 shows the effect of amendments on the chemical prop-
erties of the study sites. The chemical components of the study
sites are significantly different from each other, as is the inter-
action between the soil types and amendments at p<<(.05)
except for Calcium (Ca), Magnesium (Mg), and Phosphorus
(P). Site B has higher components of OC, Ca, Mg, K, and P
than site A, showing that site B is more fertile than site A.
However, site A is higher than site B in Na and exchangeable
acidity. The table further shows significant differences between
the amendments used. The amendments increased the value of
organic carbon in the soil. The values for organic carbon show
that compost, poultry manure, and NPK are significantly

Figure 4. Tomato Crop at the study sites: (a) tomato crop at site A and
(b) tomato crop at site B.

different from Tithonia diversifolia, with the initial plot
amended with compost having the highest value (1.83%). The
table also shows that calcium content in the soil increased after
amendment application and planting. The Ca content of all
amended plots was significantly different from the initial value,
with plots amended with compost having the highest value.
The mean values for magnesium (Mg) show that Tithonia
divversifolia is significantly different from all other treatments
except initial and compost. All the treatments significantly
increased the sodium content of the soil compared to the initial
The mean value of potassium (K) shows that all the treatments
increased the potassium content of the soil compared to the
initial value. Compost and poultry manure significantly
increased the available phosphorus (P) content of the soil, with
compost having the highest available phosphorus. The applica-
tion of amendments significantly reduced the exchangeable
acidity of the soil. Site A is acidic in CaCl, (4.74) to slightly
acidic in water (5.68), while site B is slightly acidic in CaCl,
(6.49) to alkaline in water (7.44). The mean values of compost,
poultry manure, and Tithonia diversifolia moderately increased
the acidity of the soil, while NPK and control reduced the acid-
ity of the soil.

Discussion

Compost had the highest number of bacteria at site A and
highest number and diversity of fungi at both sites this corrobo-
rate the findings of (Zhen et al., 2014), who stated that compost
manure significantly increase the amount of cultivable microor-
ganism. The increase in microbial diversity is beneficial for soil
quality, noting that soil microorganisms play a key role in soil
nutrient cycling. The highest number of cultivable and diversity
of fungi in compost amended plots could be attributed to the
significantly higher organic carbon of compost compared to
other amendments, as shown in Table 2. All treatments increased
both diversity of organisms and total numbers of organisms
compared to the initial and control treatments. Organic amend-
ments enhance the organic matter of soil, thereby providing
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nutrients and energy to the soil, which make the soil a favoura-
ble environment for crop growth and microorganism prolifera-
tion (Ansari R. A et al., 2019). Poultry litters are important for
the functional and structural diversity of microbial populations
(Mierzwa-Hersztek et al., 2018). Application of poultry manure
increased the microbial biomass and significantly influenced the
activity of nitrifying bacteria in the soil (Mierzwa-Hersztek et
al., 2018). Control, despite not being amended, increased the
number of bacteria and their diversity, which shows that the
crop planted had a beneficial effect on the bacterial community
through root exudates. Olanrewaju et al. (2019) further stressed
that root exudates are an important factor that serves as a food
source for soil microbes and plays a pivotal role in the interac-
tion between plant and soil microbe.

The amendments affected the diversity and number of fungi
present at study sites. The biotic and abiotic characteristics of
compost in soil are indicators of high soil quality (Liu et al.,
2009). According to Luo et al. (2022), most bacteria and fungi
were detected after the incorporation of compost. High fungi
diversity in poultry manure and Tithonia diversifolia-treated
plots is a result of organic matter richness. In addition, changes
in fungi were noticed when soil was amended with poultry
manure (Abdullahi et al., 2013). Fungi diversity in NPK treated
plots is highest, and this shows that fungi are sensitive to min-
eral fertilizer because it has the highest diversity in the study
site. This result correlates with Zhong et al. (2010), who found
higher amounts of fungal PLFA in NPK-treated soil. Soil
microbial biomass and different community structures will
increase with organic fertilization (Francioli et al., 2016). A
higher nutritional component of compost has been reported by
various researchers, which can support the growth of the
encountered organisms (Antoniou et al., 2017).

The treatments suppressed the growth of some organisms,
which could be associated with the antagonistic effect of the
treatments and tomato plant root exudate (Shaji et al., 2021),
indicating that microorganisms that grow from compost are
either disease-suppressing organisms or beneficial organisms
(Bahramisharif & Rose, 2019). The growth of some patho-
genic fungi can be reduced in the soil during the mineralization
of fresh poultry manure, which results in high heat production
through ammonia. Some organisms were enhanced in the
treated and control plots that were not present in the initial
sample. This is in agreement with Farrell et al. (2010), who
reported that compost addition had promoted enhanced
microbial diversity. This was further corroborated by Strachel
et al. (2017), who stated that compost application led to micro-
bial growth intensification and increased biochemical activity
in the soil as early as 2weeks after compost application. This
could be due to microbial and plant exudates, or they could be
slow-growing organisms whose growth was only enhanced by
treatment and root exudates, or they could be foreign organ-
isms introduced by the treatments. According to Corning et al.
(2016), organic amendments release organic matter into the

soil, thereby increasing the microbial biomass, microbial activ-
ity, and production of polysaccharides in the soil. Plant root
exudates are crucial for plant growth by releasing nutrients,
changing soil pH, and enhancing some microbial diversity and
activities (Antoniou et al., 2017). Some organisms occurred
only in the initial samples. This could be as a result of nutrient
consumption by the plant in control and/or as a result of micro-
bial and plant exudates. This could also imply that all the treat-
ments and the tomato plant do not support the growth and
proliferation of these organisms. Some organisms occurred
only during treatment. The occurrence of different organisms
in these treatments could be a result of the different chemical
compositions of the treatments. For instance, it was stated in
Zhong et al. (2010) that fungi are sensitive to mineral fertiliz-
ers. Some organisms occurred only in control, and this shows
that root exudates support the growth of microorganisms in
the soil. According to Shaji et al. (2021), plant root exudates are
important for plant growth and improving soil quality by
releasing nutrients, changing soil pH, and enhancing some
microbial diversity and activities.

Poultry manure had the least suppressed bacteria at both
sites. This is in agreement with the findings of Sha et al. (2023),
who reported that poultry manure is the best way to maintain
an abundance of microorganisms. Poultry manure significantly
improved soil microbial diversity (Minkina et al.,2022). Poultry
manure mediates microbial richness because it confers the
cycling of carbon, nitrogen, and sulphur, along with key soil
enzymes such as dehydrogenases and catalase carbohydrate-
active enzymes. Both soils influence the growth and yield of
tomatoes differently (Table 4) because the soils differ in both
physical and chemical properties. The soil from site B is sig-
nificantly less bulky and less acidic compared to site A and also
consists of significantly higher organic matter content, availa-
ble phosphorus, and potassium. (Minkina et al., 2022).

Tithonia diversifolia produced the fewest leaves. This low
performance of Tithonia diversifoliar can be due to its allelopa-
thy attributes, which impose inhibitory effects on tomato leaf
number. Allelochemicals released from allelopathy-attributed
plants can be released through leaching, root exudation, volatili-
zation, residue decomposition, and other processes in both nat-
ural and agricultural systems (Ferguson et al., 2013). As reported
in Kato-Noguchi (2020), leaf residues of Tithonia diversifoliar
causing inhibition of plant growth may be a result of unidenti-
fied allelopathic substances released into the soil by the decom-
position of the leaf residues of Tithonia diversifoliar. O. O.
Otusanya et al. (2007) studied the susceptibility of Amaranthus
crutusen Linn to the phytotoxic effects of Tithonia diversifoliar
and reported that the germination, growth parameters, and
fresh and dry matter production of Amaranthus crutusen were
retarded by all aqueous extracts applied. O. Otusanya and Ilori's
(2012) results revealed that the germination and growth of the
juvenile seedlings of test crops were significantly inhibited by
the methanolic and water extract doses of Tithonia diversifolia.
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More importantly, its low value may be due to its low organic
matter content compared to compost and poultry manure
(Table 2).

Among the treatments applied, compost significantly influ-
enced the growth and yield parameters of tomatoes, followed
by poultry manure. This could be due to their high nutrient
composition (Table 2). The impact of organic and inorganic
amendments on the growth of tomatoes has been reported by
several researchers. Compost supplemented with Jatropha cake
significantly increases the number of leaves of maize compared
to NPK and control in a degraded soil (Olowoake et al., 2018).
O. Fawole et al. (2016) studied the evaluation of two composts
for the improvement of crop yield and reported that the com-
posts improved the plant heights of tomatoes. This result is in
line with the findings of Yagoub et al. (2012), who also reported
that compost increased the plant height of soybeans. The
application of compost increased the leaf area of fluted pump-
kin, as reported by Umekwe (2020). In an experiment con-
ducted by Musyimi et al. (2012), their result revealed that the
aqueous shoot of Tithonia diversifolia increased the leaf area of
the spider plant. O. Fawole et al. (2016) findings stated that
compost improved the yield of tomatoes significantly. In the
study of Yagoub et al. (2012), compost and other inorganic fer-
tilizers were used to improve yield significantly.

From Table 5, it can be deduced that soil A has higher
exchangeable acidity than site B making it more acidic than
soil B. According to Stewart-Wade (2020), sodium concentra-
tion in a healthy and productive soil should be <1.0 meq/100g.
The two soils are of moderate sodium concentration although;
soil A is a bit higher than soil B which implies more salt con-
centration in soil A than soil B. Compost significantly increased
the organic carbon of soil and this could be as a result high
organic matter value of compost as recorded in Table 2. Goldan
et al. (2023) reported that compost significantly increased the
organic content of soil under field condition. Soil organic car-
bon promotes soil biological properties such as nutrient cycling
and microbial enhancement as well as soil structure, aeration,
water drainage and retention there by reducing soil risk to ero-
sion and nutrient leaching (Corning et al., 2016). This also
explains why compost had the highest significant value of total
bacteria in study site A, total fungi in study sites A and B and
diversity of fungi in site A as shown in Table 3. Application of
poultry manure and NPK increased the organic carbon of the
soil, which also corroborated results in Adekiya et al. (2020),
and Adeyemo et al. (2019). The data obtained from Adeleye et
al. (2010) indicated that poultry manure increased the organic
matter of the soil. Hence, poultry manure has the highest bac-
teria diversity in study site A, total bacteria in study site B, and
NPK has the highest diversity of fungi in the study site B.

Among all treatments, only Tithonia diversifolia increased
the magnesium content of the soil, while others reduced it.
This could be due to tomato plant’s utilization of the nutrient.
It was stated in research conducted by Quddus et al. (2021)

that little or no magnesium results in low-quality tomato pro-
duction. According to Kim et al. (2020), importance of magne-
sium in tomatoes ranges from vegetative growth to flowering
to fruit ripening. The increase in Tithonia diversifolia could be
attributed to its high Magnesium content, as shown in Table 2.
All the treatments increased the potassium content of the soil,
with control having the least, which could be due to plant
uptake. The result from the table showed that all treatments
increased the exchangeable bases. This result correlates with
the findings of Adeleye et al. (2010), Ayeni and Ezeh (2017),
Kobierski et al. (2017), Dayo-Olagbende et al. (2020), and
Adekiya et al. (2020) who stated that the application of amend-
ments increases the exchangeable bases in the soil. The appli-
cation of amendments significantly reduced the exchangeable
acidity of the soil. This result is in line with the findings of
Becerra-Agudelo et al. (2022), and Onwuka et al. (2016). An
increase in soil phosphorus content was supported by the
reports of Adeleye et al. (2010), and Adekiya et al. (2020). The
moderate increase in acidity of the soil can be a result of organic
acids released during decomposition which further explains the
enhancement of microbial population and diversity as shown
in Table 3.

The increase in moisture content of the soil by all amend-
ments could be due to an increase in organic matter, as shown
in Table 5. Li et al. (2021) reported that the increase in fertility
as a result of amendment application improved the moisture
content of the sampled soil. This result is also corroborated by
the findings of Mujdeci et al. (2019).

The soil bulk density prior to the start of the experiment
was high; however, the application of treatments reduced the
bulk density and hence increased the porosity of the soil. In a
study conducted by Khalid et al. (2014), results showed that
poultry manure reduced the bulk density and consequently
increased the porosity of soil, as well as improving its stability.
Bulk density reduction and porosity increase were observed in
the experiment carried out by Agbede and Adebayo (2008).
Adeleye et al.’s (2010) investigations on soil physico-chemical
properties using poultry manure show that poultry manure
reduced soil bulk density, temperature, and total porosity and
increased soil moisture retention capacity. This trend was
noticed in Agbede et al. (2013) and Kranz et al. (2020)

Conclusion

Compost improves both the total number and diversity of
fungi better than other amendments, while the diversity of bac-
teria was improved more by poultry manure and Tithonia
diversifolia than the other amendments studied. Plant exudates
from tomatoes improved the growth of some soil microorgan-
isms and reduced the growth of some other microorganisms.
Effects of organic or inorganic amendments on soil microor-
ganisms depend on the soil’s physical and chemical properties.
According to Minkina et al. (2022), chicken manure applica-
tion significantly increased soil bacterial abundance under the
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nitrogen fertilization of 135 and 225kg hm™, increased soil
fungal abundance under the nitrogen fertilization of 135kg
hm=2, but decreased soil fungal abundance under the nitrogen
fertilization of 180 and 225 kg hm. To improve the microbial
properties of soil, compost, poultry manure, and 7Tithonia diver-
sifolia are recommended.

Understanding the specific effects of organic and inorganic
amendments on individual microbial species can be challeng-
ing due to the complexity of soil microbial communities. The
response of soil microbial communities to amendments can
depend on several factors, such as climate, agricultural manage-
ment practises, and the specific type and amount of amend-
ment used. Thus, results from one location or under specific
conditions may not be directly applicable to other situations.

Authors Contributions

ETA conceptualized the research, supervised the research and
wrote the main text. FTO carry out the research and wrote part
of the main text. AOA co- supervised the research. AJ and
KAA co-supervised the research. Al constructs the figures and
tables. COA and OOB reviewed and supervised the writing of
the manuscript.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Data Availability Statement
All data are included in this manuscript.

ORCIDiD
Elizabeth Temitope Alori
0291-4773

https://orcid.org/0000-0003-

REFERENCES

Abdullahi, R., Sheriff, H. H., & Lihan, S.; Department of Soil Science, University of
Maiduguri, Nigeria. (2013). Combine effect of bio-fertilizer and poultry manure
on growth, nutrients uptake and microbial population associated with sesame
(Sesamumindicum L) inNorth-eastern Nigeria. IOSR Journal of Environmental
Science Toxicology and Food Technology, 5(5), 60—65.

Adegbite, K. A., Adekiya, A. O., Adebiyi, O. T. V., Alori, E. T., Ejue, W. S., Olayanju,
A., & Aremu, C. (2020). Baseline fertility status of a gravelly Alfisol in a derived
savannah agro-ecological zone of Nigeria. Open Agriculture, 5, 573-581.

Adekiya, A. O., Adegbite, K. A., Aremu, C., Adebiyi, O. T., Alori, E. T., Ayorinde,
B. B., Olaniyan, F., Makun, B., & Ajayi, G. (2022). Land use capability and suit-
ability classifications of a plinthic Alfisol of a derived savannah ecology of Nige-
ria. The Open Agriculture Journal, 16, €187433152204220.

Adekiya, A. O., Ejue, W. S., Olayanju, A., Dunsin, O., Aboyeji, C. M., Aremu, C.,
Adegbite, K., & Akinpelu, O. (2020). Different organic manure sources and
NPK fertilizer on soil chemical properties, growth, yield and quality of okra. Sci-
entific Reports, 10, 16083-22020. https://doi.org/10.1038/s41598-020-73291-x

Adeleye, E., Samuel, A., & Ojeniyi, S. (2010). Effect of poultry manure on soil
physico-chemical properties, leaf nutrient contents and yield of yam (Dioscorea

rotundata) on Alfisol in western Nigeria. American Journal of Science, 6(10),
871-878.

Adeyemo, A. J., Akingbola, O. O., & Ojeniyi, S. O. (2019). Effects of poultry manure
on soil infiltration, organic matter contents and maize performance on two con-
trasting degraded alfisols in southwestern Nigeria. International Journal Of Recy-
cling of Organic Waste in Agriculture, 8(S1), 73-80. https://doi.org/10.1007/
s40093-019-0273-7

Agbede, T. M., & Adebayo, A. (2008). Effect of poultry manure on soil physical and
chemical properties, growth and grain yield of Sorghum in southwest, Nigeria.
American-Eurasian Journal of Sustainable Agriculture, 2(1), 72-77.

Agbede, T. M., Adekiya, A. O., & Ogeh, J. S. (2013). Effects of Chromolaena and
Tithonia mulches on soil properties, leaf nutrient composition. Growth and Yam
Yield. West African Journal of Applied Ecology, 21(1), 15-29.

Ansari, R. A, Sumbul, A, Rizvi, R, & Mahmood, I. (2019). Organic soil amendments:
potential tool for soil and plant health. In Ansari, R., & Mahmood, I. (Eds.),
Plant health under biotic stress (pp. 1-35). Springer.

Antoniou, A., Tsolakidou, M. D., Stringlis, I. A., & Pantelides, I. S. (2017). Rhizo-
sphere microbiome recruited from a suppressive compost improves plant fitness
and increases protection against vascular wilt pathogens of tomato. Frontiers in
Plant Science, 8, 2022. https://doi.org/10.3389/fpls.2017.02022

Ayeni, L. S., & Ezeh, O. S. (2017). Comparative effect of NPK 20:10:10, organic and
organo-mineral fertilizers on soil chemical properties, nutrient uptake and yield of
tomato (Lycopersicon esculentum). Applied Tropical Agriculture, 22(1), 111-116.

Babajide, P. A., Akanbi, W. B., Olabode, O. S., Olaniyi, J. O., & Ajibola, A. T. (2012).
Influence of pre- application handling techniques of Hemsl. Tithonia diversifolia
(Hemsl. A. Gray) residues on sesame, in south- western Nigeria. Journal of Ani-
mal and Plant Sciences, 15(2), 2135-2146.

Bahramisharif, A., & Rose, L. E. (2019). Efficacy of biological agents and compost on
growth and resistance of tomatoes to late blight. Planta, 249(3), 799-813.
Becerra-Agudelo, E., Lépez, J. E., Betancur-Garcia, H., Carbal-Guerra, J., Torres-
Hernindez, M., & Saldarriaga, J. F. (2022). Assessment of the application of two
amendments (lime and biochar) on the acidification and bioavailability of Ni in a Ni-

contaminated agricultural soils of northern Colombia. Heliyon, 8(8), ¢10221.

Branthome, F. X. (2022). Worldwide (total fresh) tomato production exceeds 187 mil-
lion tonnes in 2020. News. Retrieved November 07, 2023, from https:/www.
tomatonews.com/en/worldwide-total-fresh-tomato-production-exceeds-
187-million-tonnes-in-2020_2_1565.htm]l.

Chandrashekara, C., & Bhatt, J. C. (2014). Suppressive soils in plant disease manage-
ment in. In Singh, V. K., & Singh, Y. (Eds.), Eco-friendly innovative approaches in
plant disease management, chapter (Vol. 14, pp. 241-256). International Book
Distributors.

Chaney, C. G. S., & Ramsubhag, A. (2015). Potential of compost for suppressing plant
diseases in. In Vadivel, K., Ganesan, S., & Jayaraman, . (Eds.), Natural products
Jfor sustainable crop disease management (pp. 345-388). CABIL.

Chapman, H. D. (1965). Cation exchange capacity. In Black, C. A. (Ed.), Methods of
soil analysis part 2 (pp. 891-901). USA American Society of Agronomy Inc.
Christopher, J. (2017). Living soils: The role of microorganisms in soil health. Future

Directions International (pp. 1-7).

Corning, E., Sadeghpour, A., Ketterings, Q., & Czymmek, K. (2016). The carbon
cycle and soil organic carbon. Cornell University Cooperative Extension Nutrient
Management Spear Program. http://nmsp.cals.cornell.edu.

Dayo-Olagbende, O. G., Akingbola, O. O., Afolabi, G. S., & Ewulo, B. S. (2020).
Influence of Tithonia diversifolia on maize (Zea mays L.) yield, fertility and infil-
tration status of two clay varied soils. International Annals of Science, 8(1),
114-119.

Faissal, A., Ouazzani, N., Parrado, J. R., Dary, M., Manyani, H., Morgado, B. R.,
Barragin, M. D., & Mandi, L. (2017). Impact of fertilization by natural manure
on the microbial quality of soil: Molecular approach. Saudi Journal of Biological
Sciences, 24(6), 1437-1443.

Farrell, M., Griffith, G. W., Hobbs, P. J., Perkins, W. T., Jones, D. L., & Jones, D. L.
(2010). Microbial diversity and activity are increased by compost amendment of
metal-contaminated soil. FEMS Microbiology Ecology, 71(1), 94-105. https://doi.
0rg/10.1111/j.1574-6941.2009.00793.x

Fawole, O., Alori, E., & Ojo, O. (2016). Evaluation of two composts for the improve-
ment of crop yield using tomato (Lycopersicon esculentum) as test crop. Hans
Journal of Agricultural Sciences, 61(1), 37-44.

Fawole, O. B., & Alori, E. T. (2017). Impact of chemical inputs on arbuscular mycor-
rhiza spores in soil: Response of AM spores to fertilizer and herbicides. A/banian
Journal of Agricultural Science, 16(1), 10-13.

Fawole, O., & Olowonihi, E. (2008). Distribution of fungiBacteria and in the soils of
the University of Ilorin Teaching and Research farm. Journal of Agricultural
Research and Development, 4, 218-227.

Ferguson, J. J., Rathinasabapathi, B., & Chase, C. A. (2013). Allelopathy: How Plants
Suppress Other Plants. UF/IFAS Extension (pp. pp 1-5). http://edis.ifas.ufl.edu
/hs186. https://doi.org/ 10.32473/edis-hs186-2013

Francioli, D., Schulz, E., Lentendu, G., Wubet, T., Buscot, F., & Reitz, T. (2016).
Mineral vs. Organic Amendments: Microbial Community Structure, activity


https://orcid.org/0000-0003-0291-4773
https://orcid.org/0000-0003-0291-4773
https://doi.org/10.1038/s41598-020-73291-x
https://doi.org/10.1007/s40093-019-0273-7
https://doi.org/10.1007/s40093-019-0273-7
https://doi.org/10.3389/fpls.2017.02022
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-exceeds-187-million-tonnes-in-2020_2_1565.html
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-exceeds-187-million-tonnes-in-2020_2_1565.html
https://www.tomatonews.com/en/worldwide-total-fresh-tomato-production-exceeds-187-million-tonnes-in-2020_2_1565.html
http://nmsp.cals.cornell.edu
https://doi.org/10.1111/j.1574-6941.2009.00793.x
https://doi.org/10.1111/j.1574-6941.2009.00793.x
http://edis.ifas.ufl.edu
https://doi.org/ 10.32473/edis-hs186-2013

Alori et al.

13

and abundance of agriculturally relevant microbes are driven by long-term fertil-
ization strategies. Frontiers in Microbiology, 7, 1446.

Gee, W. G., & Or, D. (2002). Particle-size analysis. In Dane, J., & Topp, G. C. (Eds.),
Methods of soil analysis part 4 (pp. 253-293). Soil Science Society of America.

Goldan, E., Nedeft, V., Barsan, N., Culea, M., Panainte-Lehadus, M., Mosnegutu, E.,
Tomozei, C., Chitimus, D., & Irimia, O. (2023). Assessment of manure compost
used as soilamendment—A review. Processes, 11(4), 1167. https://doi.org/10.3390/
pr11041167

Goémez-Sagasti, M. T., Herndndez, A., Artetxe, U., Garbisu, C., & Becerril, J. M.
(2018). How valuable are organic amendments as tools for the phytomanagement
of degraded soils? The knowns, known unknowns, and unknowns. Frontiers in
Sustainable Food Systems, 2. https://doi.org/10.3389/fsufs.2018.00068

Hafifah, S., Maghfoer, M. D., & Prasetya, B. (2016). The potential of tithonia diversifo-
lia green manure for improving soil quality for cauliflower (Brassica oleracea var.
Brotrytis L.). Journal of Degraded and Mining Lands Management, 3(2), 499-506.

IBM Corp. Released (2012). IBM SPSS Statistics for Windows, Version 21.3. IBM
Corp.

Kato-Noguchi, H. (2020). Involvement of allelopathy in the invasive potential of
Tithonia diversifolia. Plants, 9, 766.

Khalid, A. A., Tuffour, H. O., Bonsu, M., & Parker, B. Q. (2014). Effects of poultry
manure and NPK fertilizer on physical properties of a sandy soil in Ghana. Inzer-
national Journal of Scientific Research in Agricultural Sciences, 1(1), 1-5.

Kim, Y. X., Kwon, M. C,, Lee, S., Jung, E. S, Lee, C. H., & Sung, J. (2020). Effects
of nutrient and water supply during fruit development on metabolite composi-
tion in tomato fruits (Solanum lycopersicum L..) grown in magnesium excess soils.
Frontiers in Plant Science, 11, 562399. https://doi.org/10.3389/fpls.2020.562399

Kobierski, M., Bartkowiak, A., Lemanowicz, J., & Piekarczyk, M. (2017). Impact of
poultry manure fertilization on chemical and biochemical properties of soils.
Plant, Soil and Environment/Czech Academy of Agricultural Sciences, 63, 558-563.
https://doi.org/10.17221/668/2017-PSE

Kranz, C. N., McLaughlin, R. A., Johnson, A., Miller, G., & Heitman, J. L. (2020).
The effects of compost incorporation on soil physical properties in urban soils - A
concise review. Journal of Environmental Management, 261, 110209. https://doi.
0rg/10.1016/j.jenvman.2020.110209

Larkin, R. P. (2013). Green manures and Plant Disease Management. CAB Reviews:
Cab Reviews: Perspectives in Agriculture, Veterinary Science, Nutrition and Natural
Resources, 8, 1-10. https://doi.org/10.1079/PAVSNNR 20138037

Larkin, R. P. (2015). Soil health paradigms and implications for disease management.
Annual Review of Phytopathology, 53, 199-221.

Li, D., Zhou, J., Zhang, Y., Sun, T., An, S., & Jia, H. (2021). Effects of amendments
on physicochemical properties and respiration rate of soil from the arid region of
Northwest China. Sustainability, 13, 5332.

Liu, M., Hu, F., Chen, X., Huang, Q,, Jiao, J., Zhang, B., & Li, H. (2009). Organic
amendments with reduced chemical fertilizer promote soil microbial development
and nutrient availability in a subtropical paddy field: The influence of quantity, type
and application time of organic amendments. Applied Soil Ecology, 42(2), 166-175.

Luo, Y., van Veelen, H. P. ], Chen, S., Sechi, V., Ter Heijne, A., Veeken, A., Buisman,
C.J. N, & Bezemer, T. M. (2022). Effects of sterilization and maturity of com-
post on soil bacterial and fungal communities and wheat growth. Geoderma, 409,
115598. https://doi.org/10.1016/j.geoderma.2021.115598

Mierzwa-Hersztek, M., Klimkowicz-Pawlas, A., & Gondek, K. (2018). Influence of
poultry litter and poultry litter biochar on soil microbial respiration and nitrify-
ing bacteria activity. Waste and Biomass Valorization, 9, 379-389.

Minkina, T., Sushkova, S., Delegan, Y., Bren, A., Mazanko, M., Kocharovskaya, Y.,
Filonov, A., Rajput, V. D., Mandzhieva, S., Rudoy, D., Prazdnova, E. V., Elena,
V., Zelenkova, G., & Ranjan, A. (2022). Effect of chicken manure on soil micro-
bial community diversity in poultry keeping areas. Environmental Geochemistry
and Health. https://doi.org/10.1007/s10653-022-01447-x

Mujdeci, M., Simsek, S., & Uygur, V. (2019). The effects of organic amendments on
soil water retention characteristics under conventional tillage system. Fresenius
Environmental Bulletin, 26, 6205-6211.

Musyimi, D. M., Kahihu S. W., Buyela, D. K., & Sikuku, P. A (2012). Allelopathic
Effects of Mexican Sunflower (Tithonia diversifolia (Hemsl) A. Gray) on Germination
and Growth of Spiderplant (Cleome gynandra L.). Journal of Biodiversity and Envi-
ronmental Science, 2( 8), 26 =35.

Olaniyi, J. O., & Ajibola, A. T. (2008). Effects of inorganic and organic fertilizers
application on the growth, fruit yield and quality of tomato (Solanum lycopersi-
cum). Journal of Applied Biosciences, 8(1), 236-242.

Olanrewaju, O. S., Ayangbenro, A. S., Glick, B. R., & Babalola, O. O. (2019). Plant
health: Feedback effect of root exudates-rhizobiome interactions. Applied Micro-
biology and Biotechnology, 103(3), 1155-1166.

Olowoake, A. A., Osunlola, O. S., & Ojo, J. A. (2018). Influence of compost supple-
mented with Jatropha cake on soil fertility, growth, and yield of maize (Zea mays
L. in a degraded soil of Ilorin, Nigeria. International Journal Of Recycling of
Organic Waste in Agriculture, 7, 67-73.

Onwuka, M. I., Ozurumba, U. V., & Nkwocha, O. S. (2016). Changes in soil pH and
exchangeable acidity of selected parent materials as influenced by amendments in
South East of Nigeria. Journal of Geoscience and Environment Protection, 04, 80—
88. https://doi.org/10.4236/gep.2016.45008

Otusanya, O., & Ilori, O. (2012). Phytochemical screening and the phytotoxic effects
of aqueous extracts of Tithonia diversifolia (Hemsl) A. Gray. International Journal
of Biology, 4, 97-101.

Otusanya, O. O., Ilori, J. O., & Adelusi, A. A (2007). Allelopathic effects of Tithonia
diversifolia (Hemsl) A. Gray on germination and growth of Amaranthus cruentus.
Research Journal of Environmental Sciences, 1, 285-293.

Quddus, M. A,, Siddiky, M. A., Hussain, M. J., Rahman, M. A, Ali, M. R,, &
Masud, M. T. (2021). Magenisuim Influence Growth, Yield, Nutrient Uptake,
and Fruit Quality of Tomato. International Journal of Vegetable Science. , 28 (5),
441-464.

Reeve, J. R., Hoagland, L. A, Villalba, J. J., Carr, P. M., Atucha, A., Cambardella, C.,
Davis, D. R., & Delate, K. (2016). Organic farming, soil health, and food qual-
ity: Considering possible links. In Sparks, D. L. (Ed.), Advances in agronomy
(Vol. 137, pp. 319-367). Academic Press, Elsevier Inc.

Ruano-Rosa, D., & Mercado-Blanco, J. (2015). Combining biocontrol agents and
organics amendments to manage soil-borne phytopathogens. In Meghvansi, M.
K., & Varma, A. (Eds.), Organic amendments and soil suppressiveness in plant dis-
ease management (Vol. 46, pp. 457-478). Springer. (Soil Biology book series).

Scotti, R., Bonanomi, G., Scelza, R., Zoina, A., & Rao, M. A. (2015). Organic
amendments as sustainable tool to recovery fertility in intensive agricultural sys-
tems. Journal of Soil Science and Plant Nutrition, 15(ahead), 0-352.

Sha, C., Wy, J., Wy, J., Ye, C., Shen, C., Su, J., & Wang, M. (2023). Effects of differ-
ent fertilizers on soil microbial diversity during long-term fertilization of a corn
field in Shanghai, China. Diversity, 15(1), 78.

Shaji, H., Chandran, V., & Mathew, L. (2021). Chapter 13. Organic fertilizers as a
route to controlled release of nutrients. In Lewu, F. B., Volova, T., Thomas, S., &
Rakhimol, K. R. (Eds.), Controlled release fertilizers for sustainable agriculture (pp.
231-245). Academic Press

Shamshuddin, J., Jamilah, I., & Ogunwale, J. (1994). Organic carbon determination in
acid sulphate soils. Pertanika J Trop Agric Sci, 17, 197-200.

Stewart-Wade, S. M. (2020). Efficacy of organic amendments used in containerized
plant production: Part 1 — Compost-based amendments. Scientia Horticulturae,
266.

Strachel, R., Wyszkowska, J., & Ba¢maga, M. (2017). The role of compost in stabiliz-
ing the microbiological and biochemical properties of zinc-stressed soil. Water,
Air, and Soil Pollution, 228(9), 349. https://doi.org/10.1007/511270-017-3539-6

Tugrul, K. M. (2019). Soil management in sustainable agriculture. In Hasanuzzaman,
M., Filho, M., Fujita, C. M. T., & Nogueira, T. A. R, M. (Eds.), Sustainable crop
production. Intechopen. https://doi.org/10.5772/intechopen.88319

Turmel, M. S., Speratti, A., Baudron, F., Verhulst, N., & Govaerts, B. (2015). Crop
Residue Management and Soil Health: A Systems Analysis. Agricultural Systems,
134, 6-16.

Umekwe, P. N., Eneruvie, B. E., & Okpani, F. M. (2020). Effects of organic manure and
yield of fluted pumpkin. (Telfairia Occidentalis Hook. F.), 9(5),14-17.

Yagoub, S. O., Ahmed, W. M. A., & Mariod, A. A. (2012). Effect of urea, NPK and
compost on growth and yield of soybean (Glycine max L.), in semi-arid region of
Sudan. Agronomy, 2012, 1-6. https://doi.org/10.5402/2012/678124

Ye, L., Zhao, X., Bao, E., Li, J., Zou, Z., & Cao, K. (2020). Bio-Organic fertilizer
with reduced rates of chemical fertilization improves soil fertility and enhances
tomato yield and quality. Scientific Reports, 10, 177.

Zhen, Z., Liu, H., Wang, N, Guo, L., Meng, J., Ding, N., Wu, G., & Jiang, G. (2014).
Effects of manure compost application on soil microbial community diversity
and soil microenvironments in a temperate cropland in China. Plos One,
9(10),e108555. https://doi.org/10.1371/journal.pone.0108555.

Zhong, W., Gu, T., Wang, W., Zhang, B., Lin, X., Huang, Q., & Shen, W. (2010). The
effects of mineral fertilizer and organic manure on soil microbial community and
diversity. Plant and Soil, 326, 511-522.


https://doi.org/10.3390/pr11041167
https://doi.org/10.3390/pr11041167
https://doi.org/10.3389/fsufs.2018.00068
https://doi.org/10.3389/fpls.2020.562399
https://doi.org/10.17221/668/2017-PSE
https://doi.org/10.1016/j.jenvman.2020.110209
https://doi.org/10.1016/j.jenvman.2020.110209
https://doi.org/10.1079/PAVSNNR20138037
https://doi.org/10.1016/j.geoderma.2021.115598
https://doi.org/10.1007/s10653-022-01447-x
https://doi.org/10.4236/gep.2016.45008
https://doi.org/10.1007/s11270-017-3539-6
https://doi.org/10.5772/intechopen.88319
https://doi.org/10.5402/2012/678124
https://doi.org/10.1371/journal.pone.0108555

