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ABSTRACT

Background and Objective: Excessive use of inorganic fertilizers to boost crop yields often leads to
resource wastage, environmental pollution, and long-term soil degradation, necessitating sustainable
alternatives. This study evaluated the effects of organic (Super Gro, poultry manure, pig manure) and
inorganic (NPK) nutrient sources on soil microbial activity and related parameters following incubation
of cultivated soil. Materials and Methods: Soil respiration, microbial metabolic quotient (qCO,), carbon
mineralization quotient (M), microbial biomass carbon to organic carbon ratio (Cmic:Corg), and microbial
carbon change rate quotient (qC) were measured at 3, 6, 9, and 12 days after incubation (DAI). Data
collected from the experiment were subjected to Analysis of Variance (ANOVA), and treatment means
were compared using the Tukey test at a 5% significance level. Results: Results showed that Super Gro
significantly increased soil respiration and cumulative CO,-C production at 3 DAl compared to other
treatments and the control, while NPK recorded the lowest CO, evolution by the experiment's end.
Organic amendments elevated qCO,, indicating microbial stress, and enhanced carbon immobilization,
whereas inorganic fertilizers suppressed microbial activity over time. No significant differences in gM or
Cmic:Corg were observed among treatments by 12 DAI, though organic sources consistently supported
higher microbial activity. Negative qC values at 6 and 9 DAI suggested carbon loss, which diminished by
12 DAI. Conclusion: This study underscores the potential of integrating organic nutrient sources to
enhance soil health and promote sustainable agriculture.
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INTRODUCTION

Farmers often use large amounts of inorganic fertilizers to achieve high crop yields. However, excessive
application of these fertilizers wastes resources and contributes to environmental pollution, including
water contamination. A single application of inorganic fertilizer can boost crop yield and increase soil
nutrient availability. Yet, prolonged overuse may degrade soil quality and lead to nutrient imbalances’.
Adopting scientific methods to optimize fertilizer use can enhance soil quality and support sustainable
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agriculture®. Partially replacing inorganic fertilizers with organic manures supplies crops with essential
trace elements and improves soil properties, such as water retention, nutrient content, aeration,
temperature regulation, and microbial activity’>. These benefits emphasize the critical role of organic
manures in promoting sustainable agricultural practices.

However, microbial populations are highly sensitive to soil conditions and respond quickly to changes in
land use, cropping systems, and fertilizer applications, as evidenced by Zhou and Ding*, Bohme et al’,
Wang et al.’, and Yusuf et al.”. To evaluate soil fertility and quality, researchers employ microbial indicators
such as soil microbial biomass carbon (SMBC), soil microbial biomass nitrogen (SMBN), microbial quotient
(gMB), enzyme activity, and soil respiration®’. Different studies have shown that fertilizer application
practices significantly influence these microbial parameters'®'. Notably, organic fertilizers excel at
enhancing SMBC, SMBN, and soil enzyme activity™. As a result, shifts in microbial communities can serve

as predictors of how organic and conventional management practices impact ecosystems' .

Research further shows that organic amendments improve soil nutrient status, microbial activity, and
productivity, while exclusive reliance on inorganic fertilizers may diminish microbial activity and soil

productivity'”. Organic farming also fosters soil structure formation, boosts biodiversity'*?'

,and mitigates
environmental stress®. Despite these insights, this study aims to specifically assess the effects of organic

and inorganic nutrient sources on soil microbial activity following cultivation.

MATERIALS AND METHODS

Study area: The study duration was three months and was carried out at the Agricultural Development
Programme centre (ADP) in Ibadan and the Federal University of Technology, Akure, Nigeria. The study
started in December, 2020 and ended in February, 2021. This study was conducted in the Laboratory of
Crop, Soil, and Pest Management at the Federal University of Technology, Akure. The soil used was
collected from the field after the cultivation of black sesame at the Agricultural Development Programme
(ADP) in Ibadan, Nigeria. It is located at 7°30'N and 3°54'E, 168 m with an annual temperature of 21 to
32°C, and a mean relative humidity from 61 to 83%%.

The initial chemical properties of the soil showed that the soil was acidic with a pH (H,O) value of 4.52.
Furthermore, the organic matter contents of the soil (1.32 g/kg), organic carbon (0.77), nitrogen (0.08),
available phosphorus (4.98 ppm), exchangeable Potassium (0.16), and Calcium (4.00 cmol/kg), while
Magnesium contents (2.00 cmol/kg).

Experimental treatments and design: The treatments consisted of soil amended with chicken manure,
pig manure, NPK (20:10:10), Super Gro (Neolife liquid organic fertilizer), and control (no soil amendment).
In the laboratory soil sample was passed through a 2 mm sieve and adjusted to 60% water holding
capacity (WHC). They were then stabilized at room temperature. The 500 g of the stabilized soil samples
was transferred into glass jars. The jars were then made airtight and incubated at room temperature for
12 days. The moisture condition of the soils was maintained at 60% of maximum water holding capacity
by the addition of sterile distilled water at periodic intervals throughout the incubation period. To achieve
this, the initial weights of the jars were determined and recorded at the beginning of incubation. These
weights were confirmed from time to time, and any deviation, which indicated moisture loss, was
corrected by adding water to arrive at the original weight. The experiment was set up as a Completely
Randomized Design (CRD) and each treatment was replicated three times.

Soil respiration measurements: Soil basal respiration was determined using the alkali sorption and
titration method as described by Anderson and Domsch®. Three days before sampling, a 10 mL
solution of 0.5 M NaOH was dispensed into a 50 mL beaker and placed inside the glass jars containing
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the treated soil to trap CO, evolved from the soil. On the third day, 5 mL of 1.0 M BaCl, was added to the
NaOH solutions from the jars to precipitate carbonate (as BaCO;), enabling the measurement of CO,
evolution (expressed as g CO,-C/g soil) from the treated soil. The evolved CO,-C was quantified by
titration. Using phenolphthalein as an indicator, the NaOH solution was titrated against 0.5 M HCI. Two
soil-free blanks were included to determine the amount of CO, trapped in the absence of soil samples.

Determination of Eco-Physiological indices (qCO,, qM, qD/qC, and Cmic:Corg): At the end of the
incubation period, eco-physiological indices, including qCO, (Community respiration per biomass unit,
or metabolic quotient), gM (Mineralization quotient), and Cmic:Corg, were calculated. The qCO, was
determined as the ratio of cumulative CO,-C (g CO,-C/g soil) to soil microbial biomass carbon, while gM
was calculated as the ratio of CO,-C (g CO,-C/g soil) to soil organic carbon (mg/g soil). The Cmic:Corg
ratio was derived from soil microbial biomass carbon and total organic carbon.

The microbial biomass change rate quotient (qC), which expresses the daily enrichment or loss of soil
microbial carbon, was calculated based on the death rate quotient (qD) as reported by Anderson and
Domsch* and Adejoro et al.”®. The C-loss quotient (unit C-loss/unit Cmic residual/h) was calculated based
on total microbial carbon loss after the incubation period, using the following equation:

qD = ((Cmid)t, (CMi)t,/(Cmi)t,)/(t,-t,)

The qC was preferred over the gD of Anderson and Domsch® because the treatments resulted in both
carbon loss and enrichment.

Data analysis: Data collected from the experiment were subjected to Analysis of Variance (ANOVA), and
treatment means were compared using the Tukey test at a 5% significance level.

RESULTS

The effects of various treatments on soil respiration from 3 to 12 days after incubation (DAI) are
depicted in Table 1. Significant changes in soil respiration were observed only on the 3rd day after
incubation (3 DAI). At 3 DA, soil treated with Super Gro exhibited a significantly greater increase in soil
respiration (43.50) compared to other treatments. From the 6th DAl until the end of the experiment, none
of the treatments significantly (p<0.05) altered soil respiration. By the end of the incubation period, all
treatments slightly reduced soil CO,-C production, though these reductions were not statistically
significant. Among the treatments, NPK recorded the lowest (61.80) CO, evolution at this stage.

Significant variations in cumulative soil respiration among treatments were observed on the 3rd day after
incubation (Table 2). The presence of treatments significantly increased cumulative soil respiration
compared to the control on 3 DAI. Throughout the incubation period, soil treated with Super Gro
consistently produced the highest cumulative CO,-C at each sampling time, while the control treatment
exhibited the lowest cumulative soil respiration. From 6 DAl until the termination of the experiment, none
of the treatments significantly altered cumulative soil respiration.

Table 1: Treatment effects of organic and inorganic sources on basal soil respiration
Days after incubation

Treatment 3 6 9 12

Chicken manure 30.60° 61.20° 67.50° 65.70%
Pig manure 26.70° 63.90* 69.90° 64.80*
N:P:K (20:10:10) 25.80° 65.10% 69.00° 61.80%
Super Gro 43.50° 64.50* 68.10° 66.00*
Control 25.20° 64.80% 69.30° 63.30°

Means in the same column with different superscript are significantly different using Tukey at (p<0.05)
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Fig. 2: Effect of fertilizer application on carbon mineralization quotient (qM)
Table 2: Treatment effects on the cumulative soil respiration
Days after incubation
Treatment 3 6 9 12
Chicken manure 30.60° 91.80° 159.30° 225.00°
Pig manure 26.70° 90.60° 160.50° 225.30°
N:P:K (20:10:10) 25.80° 90.90° 159.90° 221.70°
Super Gro 43.50° 108.00° 176.10° 242.10°
Control 25.20° 90.00° 159.30° 222.60°

Means in the same column with different superscript are significantly different using Tukey at (p<0.05)

All treatments increased the microbial metabolic quotient (qCO,) compared to the control at 3
DAl (Fig. 1). Soil treated with Super Gro showed the highest increase in qCO,, followed by pig
manure-treated soil, with both differing significantly (p<0.05) from the control. Super Gro maintained an
elevated qCO, until the end of incubation, followed by NPK. Significant differences were observed
between 3 DAI and 12 DAI The trend from 6 DAI to the end of incubation was as follows: Super
Gro>NPK>Poultry manure>Pig manure>Control.

The rate of change in soil carbon mineralization (qM) among treatments was assessed at 3 DAI (Fig. 2).
No significant differences were observed between the treatments and the control at this time. However,
differences among treatments were evident, though their effects on the carbon mineralization quotient
(gM) at the end of incubation were minimal. All treated soils exhibited an increase in the carbon
mineralization quotient.
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Fig. 4: Effect of fertilizer application on microbial biomass change rate

The effect of treatments on the ratio of biomass C to organic C is presented in Fig. 3. This parameter
increased in the following order: Pig manure>Chicken manure>Super Gro>NPK>Control. The observed
differences were not statistically significant (p<0.05). The trend remained unchanged from 6 DAl until the
end of the experiment.

As shown in Fig. 4, the microbial carbon change rate quotient (qC) was evaluated on the 6th, 9th,
and 12th days after incubation. At 6 DAI, negative qC values were recorded in both treated and untreated
soils. Carbon loss was significantly (p<0.05) lower for control, NPK, Super Gro, chicken manure, and pig
manure-treated soils compared to the other conditions. At 9 DAI, negative qC values persisted in treated
soils, except for those treated with chicken manure and NPK, as well as the untreated soil. At 6 and 9 DA,
a death quotient (gqD) scenario was observed across all treatments, including the control, with the
percentage of C loss relative to untreated soil following the order: The NPK>Super Gro>Chicken
manure>Pig manure. Furthermore, at 12 DAI, the trend shifted, with carbon loss becoming negligible for
control, Super Gro, and NPK treatments. No carbon loss was recorded in any treatment by the end of this
period.

DISCUSSION

The results from the research showed that organic and inorganic nutrient sources has effects on soil
microbial activity and soil health in a cultivated soil. Soil respiration, an indicator of microbial activity,
serves as a key measure of soil health®®. In this study, the observed increase in soil respiration in
rhizosphere soil amended with super Gro and chicken manure suggests that the nutrients supplied by
these fertilizers stimulated the activity of native soil microorganisms. This finding aligns with previous
research by Goyal et al.*’ and Fontaine et al.*®, which demonstrated that the addition of organic manures
from plant and animal sources enhances soil respiration. Because of the breakdown of these integrated
wastes, organic matter has been added to the soil, which is responsible for the notable rise in soil
microbial biomass. Based on their research on manure boosting larger microbial biomass under tobacco

https://doi.org/10.3923/tasr.2025.48.55 | Page 52



Trends Appl. Sci. Res., 20 (1): 48-55, 2025

growing, Ye et al® confirmed this by stating that residue amendments can encourage the massive
reproduction of soil microorganisms and supply appropriate organic nutrition. One possible explanation
for inorganic fertilizer inhibiting microbial activity is a decline in microbial respiration brought on by a
dwindling microbial population. Conversely, organic materials such as animal manure, green manure, and
crop residues improved soil nutrient status, microbial activity, and biodiversity. These observations are
consistent with findings from multiple studies reporting that chemical fertilizers diminish soil productivity
and microbial activity'"".

Soils amended with organic and inorganic sources exhibited higher microbial metabolic quotients (qCO,)
compared to the control. According to Anderson and Domsch** and Adejoro et al.®*, a rise in qCO, may
indicate that more carbon is lost in the form of CO, but it also indicates high microbial activity and can
be interpreted as a positive property. A high qCO, is a clear indication of high maintenance carbon
demand, and microbial biomass must decline if the carbon lost through respiration cannot be replenished
within the soil system. The increase in qCO, indicates that the indigenous microbial population expended
more energy in the decomposition of the organic and inorganic sources.

Regarding the percentage of soil organic carbon mineralized, differences among treatments were
minimal. Nonetheless, all treatments influenced carbon mineralization, as evidenced by the carbon
mineralization quotient (QM). The ratio of microbial biomass carbon to organic carbon (Cmic:Corg)
represents the capacity of soil microorganisms to mineralize and immobilize carbon. An increase in this
ratio in the presence of both organic and inorganic amendments suggests that the soil microbiome
immobilized more carbon, leading to greater biomass production. The carbon enrichment observed in
soils amended with both organic and inorganic sources likely stems from the presence of easily
mineralizable carbon in organic amendments, which soil microbes rapidly immobilize.

Microbial carbon loss, often expressed as the microbial death quotient (qD), was evident in this study and
aligns with descriptions by Anderson and Domsch* and Adejoro et al.”>. This loss may result from the
depletion of available carbon in the incubated soil samples over time.

CONCLUSION

The soil microbiological indicator was highly responsive to changes in soil processes triggered by the
addition of organic and inorganic nutrient sources. Observations revealed a general increase in both
microbial biomass and activity in the soil amended with organic and inorganic nutrient sources as
compared to the control (non-amended). Moreover, results obtained under laboratory conditions suggest
that the decomposition of organic and inorganic nutrient sources can be fairly predicted. Thus, the
biological condition of the soil can be improved and the ecological balance of soil microbes supported
by adding organic manure as a source of organic matter.

SIGNIFICANCE STATEMENT

The research aims to compare the effects of organic and inorganic nutrient sources on soil microbial
activity and soil health. Organic nutrients improve the soil and help maintain microbial activity compared
to inorganic nutrients. Farmers are employed to use organic nutrient sources to maintain their soil health
and microbial activity for adequate, sustainable agriculture.
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