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ABSTRACT

The use of both mineral and organic fertilizers is a key agricultural practice with a relevant impact on soil processes
and fertility. This study examined how three organic fertilizers (slurry, cattle manure and mustard as green manure) and
one chemical fertilizer (ammonium nitrate) can affect soil microbial functional diversity and soil biochemical processes. A
short-term experiment was organized under controlled conditions for 30 days. Soil samples were collected every ten days
in order to measure soil pH, N-NH,, N-NO, and microbial activity as a community-level physiological profile (CLPP). The
MicroResp method was used to assess community-level physiological profiles by using 15 different carbon sources and
converting their catabolic activity to CO,. The obtained results showed that cattle manure and slurry have a significant
impact on CLPP and mineralization during the first 10 days while mustard applied as green manure impacted soil
parameters after 10 days. The use of chemical fertilizer had limited effect on CLPP. The organic substrates a-ketoglutaric
acid and oxalic acid gave the highest metabolic activity and drove the pattern use substrate in the experimental soils.

Keywords: community-level physiological profiling, MicroResp, substrate utilization, microbial community, fertilization

REZUMAT

Utilizarea fertilizantilor minerali si organici in agricultura este o practica cu impact semnificativ asupra proceselor
din sol si a fertilitatii acestuia. Studiul prezentat evalueaza efectele a trei ferilizanti organici (dejectiile lichide, gunoiul
de grajd, mustarul ca ingrasdmant verde) si a unui fertilizant chimic (azotatul de amoniu) asupra diversitatii functionale
a comunitatii microbiene a solului si a proceselor biochimice din sol. Un experiment de scurta durata a fost organizat in
conditii controlate pentru o perioada de 30 de zile. La intervale de 10 zile s-au colectat probe de sol pentru cuantificarea
unor caracteristici chimice ale solului si a activitatii metabolice a comunitatii microbiene din sol. Metoda MicroResp a
fost folosita pentru realizarea profilului fiziologic al comunitatii microbiene folosind 15 surse de carbon diferite oferite ca
substrat metabolic. Rezultatele obtinute au aratat ca gunoiul de grajd si dejectiile lichide au un impact semnificativ asupra
CLPP si a mineralizarii in primele zile dupa aplicare, in timp ce mustarul integrat in sol afecteaza semnificativ procesele
biochimice dupa 10 zile de la aplicare. Folosirea fertilizantilor chimici au un impact limitat asupra profilului fiziologic al
comunitatii microbiene. Acidul a-ketoglutaric si acidul oxalic au fost substraturile organice cel mai intens utilizate de
catre comunitatea microbiana din sol.

Cuvinte cheie: profilul fiziologic al comunitatii microbiene, metoda MicroResp, substraturi utilizate, comunitate
microbiang, fertilizare
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INTRODUCTION

Nowadays high amounts of mineral and organic
fertilizers are used in agricultural soils to supplement
or improve the soil capacity to provide nutrients for
crop production (Barabasz et al., 2002). It is considered
that more than half of the world crop yield is attributed
to fertilizers (Stewart et al., 2005) with a total world
commercial fertilizers use of 179 million metric tonnes
of nutrients (Singh and Ryan, 2015). Besides the benefits
of using fertilizers, much consideration is given to the
possible negative effects of their use. Soil organic matter
loss (Herencia et al., 2007; lovieno et al., 2009), water
pollution (Moss, 2008), yield quality (Schipanski et al.,
2014) and soil biodiversity loss (Singh and Ryan, 2015;) are
the most often discussedissues related to the misuse of the
fertilizers. The new approach to agricultural production is
based on more agroecological principles which are able to
provide solutions for the reduction of the environmental
negative impact of agriculture. Related to fertilizers, the
need for sustainable management without compromising
soil health is generally accepted. The improvement of
fertilizer use efficiency is a goal for both researchers and
farmers and soil biota should be considered as a key factor
in assurance of best fertilizer practices. The use of organic
fertilizers and the soil practices that bring organic matter
into the soil are considered beneficial for soil health
due to the improvement of biological processes in the
soil. When organic fertilizers are applied to the soil, the
structure of microbial communities and their metabolic
capabilities will assure the availability of nutrients to
the plants via the mineralization process. Kuzyakov et
al. (2000), described as priming effect of the changes in
soil organic matter decomposition after the addition of
organic or mineral substances to the soil. Blagodatskaya
and Kuzyakov (2008) discuss about apparent priming
effect which is an activation of microbial metabolism not
related to the SOM turnover. When new organic matter is
added to the soil, we can expect an activation of dormant
biomass which becomes metabolically active and starts
to use different organic substrates. The mineralization
process is accelerated and changes in CO, efflux and
nitrogen mineralization rate happen. For a period of

time, the highest amount of nutrients will be released
consistent with the quality of organic matter and climatic
conditions. Different authors reported that the effect can
last between 3 days (Blagodatskaya and Kuzyakov, 2008)
to more than 2 months (Masunga et al., 2016), related to
the quality of organic matter added to soil.

Soil microbial metabolic activity is the driving force
of the soil organic matter mineralization process through
which nutrients are released into the soil (Grayston et
al., 2004; Esperschitz et al., 2007). Community-level
physiological profile (CLPP) is a soil biological parameter
which can be used to assess short-term changes in
functional diversity and activity of microbial community
(Frac et al., 2012; Gartzia-Bengoetxea et al., 2016). CLPP
describes the ability of soil microorganisms to catabolize
arange of different organic substrates and it can provide a
better understanding of microbial roles in the ecosystem
(Lalor et al., 2007; Pignataro et al., 2012; Sradnick et
al., 2013). CLPP can express the functional diversity of
the soil microbial community and its potential metabolic
activity. One method used to assess microbial functional
diversity is the MicroResp method (Campbell et al., 2003),
which measures the CO, produced by the microbial
community during the mineralization of easily available
carbon sources which are similar to root exudates and
other metabolites present in the soil. The method uses 15
carbon sources containing carbohydrates, amino acids,
amino sugars and carboxylic acids, which are usually
dissolvable in water and are selected to be ecologically
relevant (Chapman et al., 2007). The selected substrates
are organic compounds present in root exudates or
formed during litter decomposition. Their presence can
affect soil chemistry, soil microbial diversity and metabolic
activity (Orwin, 2006). Development of agricultural
management strategies which rely on ecosystem self-
regulation by manipulating soil microbial biota to increase
soil biological processes, presents more interest (Bardgett
and McAlister, 1999). In this context, it is essential to
provide more direct insights into the changes in microbial
diversity and activity during the priming effect process.
How different kinds of organic matter will affect the

diversity and activity of the soil microbial community
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and how these changes will influence the soil nutrient
availability are unknown aspects related to organic and
mineral fertilization of agricultural soils.

The present study aimed to investigate the effect of
chemical and organic fertilizers on microbial metabolic
activity and functional diversity in a short-term
experiment. The dynamic of nitrogen mineralization in
relation to microbial metabolic activity was assessed in a
short time period in order to predict nutrient availability

for the plant after fertilizers addition to the soil.
MATERIALS AND METHODS

Experimental design and soil proprieties

A microcosm experiment was conducted under
controlled temperature and humidity conditions by using
Phaeozem soil (clay 44%, silt 28%, and 28%) collected
from an arable field where conventional agriculture
was practised for a long time. Soil pH at the start of the
experiment was neutral (pH - 7.22), while N-NO, and
N-NH, registered 24.5 mg/kg soil, respectively 6.7 mg/kg
soil. Available phosphorus at the start of the experiment
recorded 24.3 mg P,0./100 g soil, while the amount of
available potassium was 66.4 mg K,0O /100 g soil. The soil
was sieved through a 2 mm mesh to remove the large
organic matter and stones. Fifteen pots 25 cm in height
and 6.6 cm in diameter were filled with 2500 cm?® soil to
a bulk density of 1.2 g/cm?3. The water content of the soil
was adjusted to 20% (200 g water for 1000 g dry soil)
and 4 different fertilizers were added to the experimental
pots: cattle slurry (CS), cattle manure (CM), mustard as
green manure (IV) were used as organic fertilizers while
ammonium nitrate was used as mineral fertilizer (M).
The fertilizers were mixed with the first 10 cm of the soil
and the application rate was calculated at 150 kg N/ha
for all treatments (Table 1). Control treatment (Co) did

not receive any fertilizers. All treatments were made in
triplicate (n = 3) and the experimental pots were covered
with 20um fine mesh and maintained at 20 °C and 20%
water content for 30 days. This way the experiment
simulates a period when the root system is not present

and has limited influence on soil processes.

Soil sampling and chemical analysis

Soil samples were collected from each pot after 10,
20 and 30 days of incubation. A small soil corer was used
to extract 150 g of soil from each experimental pot.
Extracted soil was sieved through a 2 cm mesh sieve
and only soil passing the sieve was used for the analysis.
The material retained by the sieve was put back into the
pot. After extraction in each pot, the surface soil was
gently arranged and wetted. Extracted soil was used to
measure pH, N-NO,, N-NO4 and CLPP at each sampling
time. Organic carbon, total nitrogen, available phosphate
and available potassium were measured at the beginning
and end of the experiment. Soil pH was measured
electrochemically in water (1 to 5 ratio), using a Consort
C863 multianalyser. N-NO, and N-NH, were measured
with anion-selective electrode after extraction with CaCl,.
Available phosphorus and potassium were measured
colorimetrically after extraction with ammonium lactate
and C__ and N, were measured by dry combustion with
LECO TruSpec CN.

Community-level physiological profiling

MicroResp multi-SIR method was used to measure the
soil microbial physiological profiles. MicroResp gives a
quick response overview of microbial activity and diversity
by measuring responses after 6 hours of incubation
(Campbell et al., 2003). The soil samples were adjusted to
45% of their water-holding capacity (WHC) and 35 g of
soil was added to 96 deep-well plates in equal quantities

Table 1. Soil and fertilizers' chemical characteristics at the start of the experiment

Parameters Soil Slurry (CS) Manure (CM) Mustard (IV) Mineral (M)
C,, (%) 22 419 35.7 40.7
N, (%) 0.19 2.36 3.36 4.16 33.50
C/N 11.5:1 18.2 10.6 9.7
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by using a specific device. Then 25 ul of fifteen different
carbon source solutions and distilled water were added
to the soil by using a multichannel pipette. The carbon
sources used were deionized water (basal respiration),
4 carboxylic acids (a-ketoglutaric acid, L-malic acid,
citric acid, oxalic acid), 5 carbohydrates (D-galactose,
D-trehalose), 5
aminoacids (y-aminobutyric acid, L-alanine, L-arginine,

L-arabinose, D-fructose, D-glucose,

L-lysine, L-cysteine) and 1 aminosugar (N-acetyl-
glucosamine). Carbon source aqueous solutions were
prepared at 30 mg g™ H,O concentration. The plates were
kept open for 30 minutes to avoid considering abiotic CO,
production in the final calculation (Creamer et al., 2016).
After 30 minutes the detection plates were fixed on the
top of the deep plates and CO, produced in each well
was colorimetrically quantified. The colour development
in the detection plate was measured before and after
six hours of incubation at 25 °C by using a Biotek Epoch
Multipoint Spectrophotometer at 570 nm wavelength.
The detection plate is a system that detects the released
carbon dioxide using cresol as an indicator (Campbell et
al.,, 2010). C-CO, production rate was calculated with a
formula that converts normalized absorbance data (Ai) to
%CO,: %CO, =A+B /(1 +DxAi), where A=-0.2265, B

=-1.606, D = - 6.771 (Campbell et al., 2010).

Statistical analysis

The results presented in the table are mean values
and standard error for each treatment and sampling
time (n = 3). ANOVA was used to analyze the effect of
fertilizer type and sampling time on soil parameters.
Data analysis was performed with RStudio (R Core Team.
2024.), version 2024.04.0+735. Basic statistics were
extracted with “psych” package formulas (Revelle, 2024),
from which means and standard errors were extracted.
The differences between fertilizers treatments and
sampling dates were assessed with the post-hoc LSD test
(at P < 0.05), with formulas from “agricolae” package (de
Mendiburu, 2023). Pearson correlations were calculated
to show relationships between soil parameters and

specific metabolic activity in different fertilized soils and

at different times. Results were presented as correlograms
designed with a "corrplot® package (Wei and Simko,
2021).

RESULTS AND DISCUSSION
Soil chemical proprieties

The type of fertilizers and sampling date affected
significantly all the soil parameters. The most important
factor was sampling time (F = 30,25, P < 0,01), followed
by type of fertilizers (F = 9.3, P < 0,01) and combination
of both factors (F = 4.1, P < 0,01).

The presence of organic and mineral fertilizers in
the soil during the first 10 days of incubation led to a
significant increase of N-NO, in all treatments (Table 2).
The highest value was reported in manure treatment (201
mg/kg soil), while the lowest increase was recorded for
control (55.12 mg/kg soil). The increase of soil N-NO, was
associated with a decrease of soil N-NH, in all treatments
where organic amendments were used. Only for mineral
treatment, a significant increase of N-NH, was measured
after the first 10 days of incubation reaching the value of
45.29 mg/kg soil.

After 20 days of incubation, N-NO, showed the
highest values for most of the treatments. The high
N-NO, production rate was more evident for green
manure treatment (149.1 mg/kg soil) and reached the
maximum value for mineral treatment (352.6 mg/kg)
(Table 2). For slurry and control treatments the measured
values were not significantly different from the values
recorded at the first sampling time. Manure treatment
showed a significant decrease of N-NO, compared with
the first sampling date, but the recorded values were still
high indicating an intense nitrification process in the soil.
After 20 days of incubation, N-NH, showed the highest
values measured in all treatments, excluding minerals,
but the increase was not significantly different compared
with other values (Table 2). For the mineral treatment soil,
a significant decrease of N-NH, was reported compared

to the previous measurement.
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Table 2. Soil chemical parameters measured during the experiment

Treatment Sampling N-NO, (mg/kg soil) N-NH, (mg/kg soil)
Co 10 days 7.49 +0.04° 55.12 + 5.49' 0.32+0.02°
20 days 7.18 +£0.01¢ 48.38 + 6.86¢" 1.77 £0.18°
30 days 7.51 £0.02° 13.90 £ 0.28 1.66 + 0.30°
CS 10 days 7.36 £ 0.04¢ 56.12 +7.59% 0.61+0.02°
20 days 7.26 £0.01« 52.13 + 3.06f 3.25+0.45°
30 days 7.55 £ 0.09° 25.78 + 438" 1.32 £ 0.44°
CM 10 days 7.51 +£0.05° 201.1 £13.95° 2.33+0.52°
20 days 7.51+£0.04° 58.50 + 0.73¢f 497 +0.22°
30 days 7.80 +0.042 46.29 +4.21f 2.33+£0.63°
\% 10 days 7.20 £ 0.02¢ 73.22 £ 6.81%f 342 +0.24°
20 days 6.99 + 0.04¢ 149.12 + 16.05¢ 2.76 £ 0.04°
30 days 7.19 +0.07¢ 60.76 + 2.26°f 1.56 +0.14°
M 10 days 7.90 +£0.032 80.65 + 11.15¢% 45.29 £ 9.52°
20 days 6.46 +0.01f 352.67 + 12.342 5.45+1.28°
30 days 7.02 £ 0.06¢ 95.74 +7.22¢ 417 +1.10°

Data are mean * S.E. Values followed by the same letter are not significant (P < 0.05)

At the end of the experiment (after 30 days) a
decrease of both N-NO, and N-NH, was reported for
all treatments (Table 2). The decrease was more evident
for N-NO, while N-NH, showed similar values with
the second sampling date. Control treatment recorded
the lowest concentration of soil N-NO, and N-NH, at
each sampling date compared with other treatments.
Short-term changes in nitrogen mineralization in soil
treatments were affected by the type of fertilizers used
and the time of sampling. The obtained results showed
that nitrogen mineralization started immediately after
fertilizer application and reached the highest value after
10 days for slurry and manure treatments and after 20
days for green manure treatments. Previous studies with
different organic fertilizers applied to the soil have shown
that nitrogen mineralization depends on the C: N ratio of
the organic material (Sandor et al., 2011; Cordovil et al.,
2005; Mohanty et al., 2011) and the metabolic activity
of the microbial community (Manojlovic et al., 2010;
Sradnick et al., 2013). Cattle manure and green manure

used in our experiment had low values of C: N ratio (10.6,
respectively 9.7) which conducted an intense nitrification
process during the first days of incubation. The process
was rapid for manure treatments during the first 10
days, while for green manure was more intense between
days 10 and 20 of incubation. The presence of cellulose,
hemicelluloses and other phenolic compounds in green
manure can slow nitrogen mineralization (Calderén et al.,
2005). That can explain the high nitrogen mineralization
rate during the first 10 days of incubation in slurry
and cattle manure treatments, while for green manure
treatment, mineralization was more intense after 10 days.
The decrease of N-NO, and N-NH, between day 20 and
day 30 of the experiment resulted as a consequence of
the reduction of easily mineralized organic N compounds
that were rapidly mineralized during the first 20 days
of incubation. Cordovil et al. (2005) reported similar
results for composted pig manure and pointed out that
N stable recalcitrant compounds resulted after 35 days
of incubation.
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We assume that the release of N-NO, and N-NH, in
mineral treatment was mainly related to the solubilization
process and not to microbial metabolic activity. The
high solubility of ammonium nitrate resulted in a high
release of N-NO, and N-NH, during the first 20 days of
the experiment, followed by a reduction of soil mineral

nitrogen during the last part of the experiment.

Soil pH changes measured during the experiment
were related to the type of fertilizers and sampling date.
The range of soil pH varied between 6.99 measured in
green manure treatment and 7.90 measured in mineral
treatment (Table 2). During incubation, an increase in soil
pH was observed for cattle manure and slurry treatments
while for green manure treatment, pH values did not
change significantly. In mineral treatment, a significant
increase was measured after 10 days of incubation
followed by a significant decrease after 20 days and 30
days of incubation. It was suggested by others (Sradnick
et al., 2013; Kemmit et al., 2006) that small changes in
soil pH can affect mineralization and microbial metabolic
activity of the soil. Contrary, Adams and Adams (1983)
reported no effects of soil pH on basal respiration. In most
of the cases, the reported values of pH in our experiment
were close to the neutrality point (pH = 7) which has a
limited impact on soil chemical and biological processes.
Similar to the results presented by Curtin et al. (1998), we
did not observe a direct effect of pH on mineralization
and microbial activity in the experimental soils.

Soil microbial community physiological profile

A community-level physiological profile was used
to assess changes in microbial metabolic activity in
experimental treatments. Four groups of organic
substrates were used for this assessment: carbohydrates,
carboxylic acids, amino sugars and amino acids. C-CO,
released from the soil without any added organic
substrate was considered soil basal respiration. The total
respiration rate, calculated as the mean respiration rate
for all specific substrates and water, was higher for green
manure treatments, followed by manure, slurry, control

and mineral treatments (data not shown).

The addition of organic fertilizers boosted metabolic
activity in all treatments, which resulted in a high rate of
carbon and nitrogen mineralization. This result was visible
after 10 days of incubation but reached the maximum
level after 20 days of incubation (Table 3, 4, 5, 6). After 30
days of incubation metabolic activity decreased indicating
that the peak of metabolic activity was passed. When
mineral fertilizer was added to the soil total respiration
rate had similar values to control treatment. The addition
of minerals to the soil did not increase easily mineralizable
compounds so catabolic activity was limited (Table 3, 4, 5,
6).

Soil basal respiration ranged from a minimum of 0.28
ug/g/h CO,-Crecorded in mineral treatment after 10 days
ofincubation toamaximumof 1.21 ug/g/h CO,-Cinslurry
treatment measured after 20 days of incubation (Table 6).
Overall, the results showed a clear trend of increasing
CO, production from the beginning to the end of the
experiment with the highest values recorded after 20
days of incubation for both mineral and organic fertilized
soils. A positive correlation was reported between basal
respiration and specific substrate respiration (Figure 1).
These results indicate that microbial biomass increased in
all treatments during the first 20 days of the experiment.
Other studies concluded also that the addition of organic
fertilizers enhances microbial biomass which starts
to mineralize organic compounds with an increase in
CO, production (Ge et al., 2013; Heitkamp et al., 2009;
Ekelund et al., 2005). However, after 30 days of intense
metabolic activity, the reduction of soil N-NO, has a
negative effect on soil basal respiration (Figure 1).

During the experiment, for all treatments, an increase
in specific substrates utilization was reported for most
of the used substrates (Table 3, 4, 5, 6). The highest
respiration rate was recorded for a-ketoglutaric acid
(7.44 pg/g/h CO,-C) in green manure treatments (Table
3), while the lowest respiration rate was measured for
arginine in mineral treatments (0,05 ug/g/h CO,-C) (Table
5). Creamer et al. (2016) suggest that a-ketoglutaric acid
and citric acid are better catabolized in soils with higher
pH.
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Table 3. Mean catabolic respiration rate (ug/g/h CO,-C) for specific carboxylic acid substrates in experiment treatments

Treatment Sampling Oxalic acid Ketoglutaric acid Citric acid L-malic acid
Co 10 days 1.68 £0.11° 497 £0.492 456 +0.05° 1.57 £ 0.05¢"
20 days 1.60 +0.032 3.90+0.41* 3.52+0.15° 1.79 £ 0.10f"
30 days 1.99 £0.15% 6.36 + 0.30% 4.54 +0.42%® 2.57 + 0.14¢bcde
CS 10 days 1.65 +0.34¢ 4.88 +0.27* 4.40 + 0.13%¢ 2.38 + 0.09bcdef
20 days 2.13 +£0.11b« 4.47 £+ 0.06" 3.81 +0.172¢ 2.60 + 0.083
30 days 1.81 + 0.09< 445 +0.36« 3.41 +0.332d 2.16 +0.17¢defe
CcM 10 days 2.57 + 0.17cdef 7.03 + 0.52¢d 5.09 + 0.43bcde 3.10 £ 0.81°
20 days 2.50 + 0.09<defe 6.40 + 0.58¢% 4.82 + 0.49bcdef 2.88 + 0.15%¢
30 days 1.74 + 0.06%fe 3.76 + 0.30¢%f 3.03 + 0.08cdef 2.13 + 0.22¢fen
\% 10 days 2.84 +0.22¢f 7.44 + 0.49%f 5.19 + 0.294f 2.90 £ 0.12
20 days 2.17 £ 0.12¢f 5.94 + 0.11¢%f 4.02 £ 0.36%f 2.57 £ 0.092b
30 days 1.52 £ 0.09¢f 3.55 + 0.43¢%f 3.23 + 0.05¢f 1.86 + 0.09¢feh
M 10 days 1.62 +0.11f 4.33 + 0.56%f 3.46 + 0.37¢ 1.43 +0.15"
20 days 2.04 + 0.06¢ 4.20 + 0.34¢ 3.92 £ 0.16¢f 2.26 + 0.15bcdefe
30 days 1.91 +0.02¢ 4,73 £ 0.36f 3.62 £ 0.55F 2.02 + 0.22¢¢feh

Data are mean * S.E. Values followed by the same letter are not significant (P < 0.05)

Table 4. Mean catabolic respiration rate (ug/g/h CO,-C) for specific carbohydrate substrates in the experiment treatments

Treatment Sampling Trehalose Galactose Arabinose D-Glucose D-Fructose
Co 10 days 0.55 + 0.06#" 0.50 +£0.012 0.77 £ 0.05° 0.56 £ 0.06* 0.74 £0.10?
20 days 0.63 + 0.02¢" 0.55 + 0.04* 0.77 £ 0.01* 0.76 £ 0.032 0.83+0.112
30 days 1.41 £ 0.08" 1.58 £ 0.12% 1.73 £0.11%¢ 147 £0.13° 1.79 £ 0.08*
CS 10 days 1.01 £0.17¢% 0.89 + 0.06* 1.22 +0.15%¢ 1.58 + 0.32" 1.47 £ 0.20"
20 days 1.95+0.14° 1.79 £ 0.06* 2.03 +£0.18" 2.67 +0.20« 2.29 +0.17
30 days 1.25+0.11« 1.34 £ 0.14b 1.48 £ 0.14« 1.61+0.07« 1.63+0.11«
CM 10 days 0.72 £ 0.03f 0.77 £ 0.07« 0.88 = 0.04¢ 0.99 +0.07¢ 1.05 + 0.08¢¢
20 days 1.44 + 0.20" 1.58 + 0.32 1.81 £ 0.20% 2.05 + 0.409%f 1.69 + 0.20c¢
30 days 0.96 £ 0.03¢f 0.93 £ 0.03¢ 1.00 + 0.07¢%f 1.24 + 0.13¢%f 1.16 + 0.07¢%
v 10 days 1.60 +0.14° 1.58 £ 0.14¢ 1.64 +0.02¢ 2.61 +0.1%f% 2.41 +0.16%f
20 days 2.09 £ 0.06° 1.57 £0.19¢% 1.99 £ 0.15¢ 2.13 £ 0.05¢f 2.07 +0.14¢f
30 days 1.11 £ 0.05% 1.08 + 0.08°%f 1.22 £ 0.10¢f 1.23 £ 0.02f" 1.45 £ 0.06f"
M 10 days 0.39 £0.01" 0.42 + 0.04¢f 0.52 +£0.05% 0.48 + 0.06#" 0.62 + 0.06#"
20 days 1.16 + 0.01<d 1.08 £ 0.02f¢ 1.08 +0.32f 1.25+0.11" 1.40 +0.01"
30 days 0.97 £ 0.06° 0.96 + 0.06# 1.11 £ 0.04¢ 1.11 £ 0.05' 1.38 £ 0.04'
Data are mean + S.E. Values followed by the same letter are not significant (P < 0.05)
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Table 5. Mean catabolic respiration rate (ug/g/h CO,-C) for specific aminoacids substrates in the experiment treatments

Treatment Sampling L-arginine Aminobutyric acid L-lysine L-alanine L-cysteine
Co 10 days 0.08 £ 0.00f 0.42 £0.01 0.47 £0.01¢ 0.54 £ 0.05" 0.68 £ 0.03¢
20 days 0.66 £ 0.04¢ 0.53 £ 0.03" 0.76 £ 0.16¢f 0.55 + 0.02" 0.64 +0.03¢
30 days 0.46 + 0.064 1.26 +0.05 1.28 +0.05% 1.33 +0.08 1.44 +0.02*
CS 10 days 0.07 + 0.00f 0.66 + 0.09¢" 0.62 + 0.06' 0.95 + 0.07¢f 0.70 £ 0.02¢
20 days 0.31 £ 0.06¢ 1.52 +0.142 1.32+0.11% 1.78 £0.122 1.34 + 0.08%¢
30 days 0.37 £ 0.02¢% 0.96 + 0.04%f 1.05 £ 0.03« 1.20 + 0.03« 1.28 £ 0.12%
CcM 10 days 0.12 £ 0.01f 0.68 + 0.03¢" 0.80 + 0.02¢ 0.73 £ 0.03¢" 1.03 £ 0.05¢%
20 days 1.40 £ 0.09° 1.40 £ 0.09* 1.42 +0.082 142 £0.15° 1.56 £0.022
30 days 0.31£0.01¢ 0.77 £ 0.02f¢ 0.82 £ 0.04¢f 1.02 + 0.10¢%f 1.11 + 0.07<
\% 10 days 0.15 £ 0.00f 1.04 £ 0.03% 0.84 + 0.02¢f 1.20 + 0.15b« 1.02 £ 0.03¢%
20 days 1.66 £0.10° 1.49 £0.10° 1.17 £0.12% 1.70 £ 0.02° 1.29 +0.18%
30 days 0.41 + 0.04% 0.85 + 0.04<f 0.76 £ 0.01¢f 0.99 + 0.06%f 0.94 + 0.03¢f
M 10 days 0.05 + 0.00f 0.36 +0.01 0.48 £ 0.03¢ 0.50 + 0.03 0.75+0.11"
20 days 0.30 £ 0.02¢ 1.07 +£0.13« 0.97 +0.15¢%e 1.12 + 0.09< 1.17 +£0.11«
30 days 0.38 + 0.03¢% 0.82 £ 0.05" 0.86 +0.03¢% 0.88 £ 0.03f¢ 1.04 £ 0.06%

Data are mean + S.E. Values followed by the same letter are not significant (P < 0.05)

Table 6. Mean catabolic respiration rate (ug/g/h CO,-C) for N-acetylglucosamine and water (basal respiration) in the experiment
treatments

Treatment Sampling N-acetylglucosamine Water

Co 10 days 0.47 +0.02" 0.29 +0.01"
20 days 0.57 £ 0.04" 0.36 £ 0.00¢"
30 days 1.37 £ 0.01 1.00 £ 0.10°

CS 10 days 1.12 + 0.22¢%f 0.36 + 0.04¢"
20 days 1.61 +0.092 1.21+0.16*
30 days 1.24 + 0.04<e 0.80 + 0.08<

CM 10 days 1.02 + 0.04¢fe 0.57 £ 0.06¢
20 days 1.54 £ 0.06® 1.10 £ 0.06*
30 days 0.85 £0.07¢ 0.63 + 0.02¢%f

\% 10 days 1.31 +0.08b« 0.52 £0.01f
20 days 1.53 £0.10*® 0.94 + 0.09*
30 days 1.04 £ 0.03¢f 0.55+0.01¢f

M 10 days 0.37 £ 0.02" 0.28 +0.01"
20 days 1.07 + 0.00¢f 0.74 + 0.06¢%
30 days 0.96 £0.11f 0.69 + 0.06%f

Data are mean * S.E. Values followed by the same letter are not significant (P < 0.05)
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Figure 1. Soil correlogram showing the relationship between soil parameter (pH, N-NO,, N-NH,) and substrate utilization after 10,

20 and 30 days of incubation

Contrary to this result, even if the measured pH
was above 7, a negative effect of pH was revealed
by correlogram after 10 days of incubation. We only
speculate that this result was obtained as a consequence
of high pH variation in treatment experiments after
the addition of fertilizers to the soil (Figure 1). This
negative effect was not present after the first sampling
measurements. Kemmit et al. (2006) indicated nutrient
availability as a driver for increasing metabolic activity
and Rutgers et al. (2016) reported a strong correlation of
carboxylic acids with arable soils. Romaniuk et al. (2011)
suggest that r-strategy microorganisms can metabolise
a-ketoglutaric acid and other carboxylic acids indicating
that the presence of high C: N organic matter in soil
favours the development of this group.

The catabolic response pattern for all treatments was
similar, with the greatest metabolic activity recorded for
carboxylic acids, followed by carbohydrates, amino sugars
and amino acids. Correlation indices were mainly positive
for each sampling date showing that variables have a
positive effect on microbial community metabolism.
Similar results were presented by Esperschiitz et al. (2007)
who reported also a more diverse and metabolically active
community in the organic fertilizer system. These results
are similar to the results obtained in our experiment where
the pH of the soil was slightly basic and the availability of

nitrogen was high.

CONCLUSIONS

Our results showed that microbial metabolic activity
was affected by the type of fertilizers and date of
analyses. The use of organic amendments has an overall
positive influence on the catabolic rates, with the mean
C-CO, released from soil having the highest value for
green manure, followed by cattle manure, slurry manure,

control and mineral treatments.

The microbial physiological responses were more
sensitive to cattle manure application during the first
part of the experiment and to green manure (mustard)
presence after 10 days of incubation. As a consequence,
soil nitrogen mineralization follows the same trends
with high quantities released during the first 10 days in
the case of slurry and cattle manure treatments. When
green manure was used as organic amendments nitrogen
mineralization was more intense between 10 and 20
days of incubation. The presence of mineral fertilizers
in soil caused a decrease in microbial metabolic activity
with
suggest that fertilizer applications should consider the

limited effect on mineralization. These results

mineralization potential of different organic amendments
and microbial metabolic activity to avoid soil nutrient loss
and to improve soil fertility.

JOURNAL

Central European Agriculture
ISSN 1332-9049

1182


https://doi.org/10.5513/JCEA01/25.4.4456

Original scientific paper

DOI: /10.5513/JCEAQ1/25.4.4456

Dascilu et al.: Short-term changes of soil microbial functional diversity induced by mineral...

REFERENCES

Adams, T.M., Adams, S.N. (1983) The effects of liming and soil pH
on carbon and nitrogen contained in the soil biomass. Journal of
Agricultural Science, 101, 553-558.

Barabasz, W., Albinska, D., Jaskowska, M., Lipiec, J. (2002) Biological
Effects of Mineral Nitrogen Fertilization on Soil Microorganisms.
Polish Journal of Environmental Studies, 11 (3), 193-198.

Bardgett, R. D., McAlister, E. (1999) The measurement of soil fungal:
bacterial biomass ratios as an indicator of ecosystem self-regulation
in temperate meadow grasslands. Biological Fertility of Soils, 29,
282-290. DOI: https:/doi.org/10.1007/s003740050554

Blagodatskaya, E., Kuzyakov, Y. (2008) Mechanisms of real and apparent
priming effects and their dependence on soil microbial biomass and
community structure: critical review. Biological Fertility of Soils 45,
115-131. DOI: http:/dx.doi.org/10.1007/s00374-008-0334-y

Calderdn, F.J., McCarty, G.W., Reeves lll, J.B. (2005) Analysis of manure
and soil nitrogen mineralization during incubation. Biological
Fertility of Soils, 41, 328-336.

DOI: http://dx.doi.org/10.1007/s00374-005-0843-x

Campbell, C., Chapman, S., Davidson, M. (2010) MicroResp Technical
Manual. Macaulay Scientific Consulting Ltd, Scotland UK.

Campbell, C. D., Chapman, S. J., Cameron, C. M., Davidson, M. S., Potts,
J. M. (2003) A Rapid Microtiter Plate Method To Measure Carbon
Dioxide Evolved from Carbon Substrate Amendments so as to
Determine the Physiological Profiles of Soil Microbial Communities
by Using Whole Soil. Applied and Environmental Microbiology,
3593-3599.

DOI: https://doi.org/10.1128/AEM.69.6.3593-3599.2003

Chapman, S. J., Campbell, C. D., Rebekka, R. E. (2007) Assessing CLPPs
using MicroResp™, a comparison with Biolog and multi-SIR. Journal
of Soils Sediments, 7 (6), 406 - 410.

DOI: https://doi.org/10.1065/jss2007.10.259

Cordovil, C.M.d.S., Coutinho, J., Goss, M., Cabral, F. (2005) Potentially
mineralizable nitrogen from organic materials applied to a sandy
soil: fitting the one-pool exponential model. Soil Use Manage, 21,
65-72. DOI: https://doi.org/10.1111/j.1475-2743.2005.tb00108.x

Creamer, R. E., Stone, D., Berry, P, Kuiper, I. (2016) Measuring
respiration profiles of soil microbial communities across Europe
using MicroResp™ method. Applied Soil Ecology, 97, 36-43.

DOI: https:/doi.org/10.1016/j.aps0il.2015.08.004

Curtin, D., Campbell, C.A,, Jalil, A. (1998) Effects of acidity on
mineralization: pH-dependence of organic matter mineralization in
weakly acidic soils. Soil Biology & Biochemistry, 30, 57- 64.

DOI: https://doi.org/10.1016/50038-0717(97)00094-1

de Mendiburu F. (2023) Agricolae: Statistical Procedures for Agricultural
Research. R package version 1.3-7.

Ekelund, F., Olsson, S., Jzohansen, A. (2005) Changes in the succession
and diversity of protozoan and microbial populations in soil
spiked with a range of copper concentrations. Soil Biology and
Biochemistry, 35, 1507-1516.

DOI: https://doi.org/10.1016/50038-0717(03)00249-9

Esperschtz, J., Gattinger, A., Mader, P., Schloter, M., FlieRbach, A. (2007)
Response of soil microbial biomass and community structures to
conventional and organic farming systems under identical crop
rotations. FEMS Microbiology Ecology, 61, 26-37.

DOI: https://doi.org/10.1111/j.1574-6941.2007.00318.x
Frac, M., Oszust, K., Lipiec, J. (2012) Community Level Physiological

Gartzia-Bengoetxea, N., Kandeler, E., Martinez de Arano, |., Arias-
Gonzalez, A. (2016) Soil microbial functional activity is governed by
a combination of tree species composition and soil properties in
temperate forests. Applied Soil Ecology, 100, 57-64.
DOI: https://doi.org/10.1016/j.aps0il.2015.11.013

Ge, T, Chen, X, Yuan, H., Li, B., Zhu, H., Peng, P., Li, K., Jones, D. L.,
Wau, J. (2013) Microbial biomass, activity, and community structure
in horticultural soils under conventional and organic management
strategies. European Journal of Soil Biology, 58, 122-128.
DOI: https://doi.org/10.1016/j.ejsobi.2013.07.005

Grayston, S. J., Campbell, C. D., Bardgett, R. D., Mawdsley, J. L., Clegg,
C. D, Ritz, K., Griffiths, B. S., Rodwell, J. S., Edwards, S. J., Davies,
W. J,, Elston, D. J., Millard, P. (2004) Assessing shifts in microbial
community structure across a range of grasslands of differing
management intensity using CLPP, PLFA and community DNA
techniques. Applied Soil Ecology, 25, 63-84.
DOI: https://doi.org/10.1016/50929-1393(03)00098-2

Heitkamp, F., Raupp, J., Ludwig, B. (2009) Impact of fertilizer type and
rate on carbon and nitrogen pools in a sandy Cambisol. Plant Soil,
319, 259-275.
DOI: http:/dx.doi.org/10.1007/511104-008-9868-x

Herencia, J. F., Ruiz-Porras, J. C., Melero, S., Garcia-Galavis, P. A.,
Morillo, E., Maqueda, C. (2007) Comparison between Organic and
Mineral Fertilization for Soil Fertility Levels, Crop Macronutrient
Concentrations, and Yield. Agronomy Journal, 99, 973-983.
DOI: https://doi.org/10.2134/agronj2006.0168

lovieno, P.,, Morra, L., Leone, A., Pagano, L., Alfani, A. (2009) Effect of
organic and mineral fertilizers on soil respiration and enzyme
activities of two Mediterranean horticultural soils. Biological
Fertility of Soils, 45, 555-561.
DOI: https://doi.org/10.1007/s00374-009-0365-z

Kemmitt, S. J., Wright, D., Goulding, K. W. T., Jones, D. L. (2006) pH
regulation of carbon and nitrogen dynamics in two agricultural soils.
Soil Biology & Biochemistry, 38, 898-911.
DOI: https://doi.org/10.1016/].s0ilbio.2005.08.006

Kuzyakov, Y., Friedel, J. K., Stahr, K. (2000) Review of mechanisms and
quantification of priming effects. Soil Biology & Biochemistry, 32,
1485-1498. DOI: https://doi.org/10.1016/50038-0717(00)00084-5

Lalor, B. M., Cookson, W. R., Murphy, D. V. (2007) Comparison of two
methods that assess soil community level physiological profiles in a
forest ecosystem. Soil Biology & Biochemistry, 39, 454-462.
DOI: https://doi.org/10.1016/].s0ilbio.2006.08.015

Manojlovi¢, M., Cabilovski, R., Bavec, M. (2010) Organic materials:
sources of nitrogen in the organic production of lettuce. Turkish
Journal of Agriculture and Forestry, 34, 163-172.
DOI: https://doi.org/10.1016/].s0ilbio.2006.08.015

Masungaa, R, Uzokweb, V. N, Mlaya, P. D, Odehc, I., Singhd A.,

Buchane, D., De Nevee, S. (2016) Nitrogen mineralization dynamics
of different valuable organic amendments commonly used in
agriculture. Applied Soil Ecology, 101, 185-193.
DOI: https://doi.org/10.1016/j.aps0il.2016.01.006

Mohanty, M., Reddy, S.K., Probert, M.E., Dalal, R.C., Rao, S.A., Menzies,
N.W. (2011) Modelling N mineralization from green manure and
farmyard manure from a laboratory incubation study. Ecological
Modelling, 222, 719-726.
DOI: https://doi.org/10.1016/j.ecolmodel.2010.10.027

Profiles (CLPP), Ch terizati 4 Microbial Activity of Soil Moss, B. (2008) Water pollution by agriculture. Philosophical
Aro eds q 'thb - a;ac erlzaSIOZ anS lcrollg 32(;3\/'326% ol Transactions of the Royal Society B, 363, 659-666.
menged with Lalry Sewage SIUage. Sensors, 12, 9208 DOI: https:/doi.org/10.1098/rsth.2007.2176
DOI: https://doi.org/10.3390/5s120303253
JOWRNAL 1183

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/25.4.4456

Original scientific paper

DOI: /10.5513/JCEAQ1/25.4.4456

Dascilu et al.: Short-term changes of soil microbial functional diversity induced by mineral...

Orwin, K.H., Wardle, D.A., Greenfield, L.G. (2006) Ecological
consequences of carbon substrate identity and diversity in a
laboratory study. Ecology, 97, 580-593.

DOI: https://doi.org/10.1890/05-0383

Pignataro, A., Moscatelli, M. C., Mocali, S., Grego, S., Benedetti, A. (2012)
Assessment of soil microbial functional diversity in a coppiced
forest system. Applied Soil Ecology, 62, 115-123.

DOI: https://doi.org/10.1016/j.aps0il.2012.07.007

Revelle, W. (2024) _psych: Procedures for Psychological, Psychometric,
and Personality Research_. Northwestern University, E lllinois. R
package version 2.4.3.

Romaniuk, R., Giuffré L., A. Costantini, P. Nannipieri (2011) Assessment
of soil microbial diversity measurements as indicators of
soilfunctioning in organic and conventional horticulture systems,
Ecological Indicators, 11, 1345-1353.

DOI: https://doi.org/10.1016/j.ecolind.2011.02.008

Rutgers, M., Wouterse, M., Drost, S., Breure, T., Mulder, C., Stone, D.,
Creamer, R. E., Winding, A., Bloem, J. (2016) Monitoring of soil
bacterial communities with community-level physiological profiles
in the Netherlands and Europe using Biolog ECO-plates. Applied
Soil Ecology, 97, 23-35.

DOI: https://doi.org/10.1016/j.aps0il.2015.06.007

Sandor, M., T. Brad, A. Maxim, C. Toader (2011) The influence of selected
meteorological factors on microbial biomass and mineralization of
two organic fertilizers. Notulae Botanicae Horti Agrobotanici Cluj
Napoca, 39, 107-113.

DOI: https://doi.org/10.15835/nbha3915579

Schipanski, M. E., Barbercheck, M., Douglas, M.R., Finney D.M., Haider
K., Kaye J.P., Kemanian A.R., Mortensen D.A., Ryan M.R., Tooker J.,
White C. (2014) A framework for evaluating ecosystem services
provided by cover crops in agroecosystems, Agricultural Systems,
125, 12-22. DOI: https://doi.org/10.1016/j.agsy.2013.11.004

Singh, B., Ryan, J. (2015) Managing Fertilizers to Enhance Soil Health.
First edition, IFA, Paris, France.

Sradnick, A., Murugan, R., Oltmanns, M., Raupp, J., Joergensen, R.
G. (2013) Changes in functional diversity of the soil microbial
community in a heterogeneous sandy soil after long-term fertilization
with cattle manure and mineral fertilizer. Applied Soil Ecology, 63,
23-28. DOI: https://doi.org/10.1016/j.aps0il.2012.09.011

Stewart, W.M., DW. Dibb, A.E. Johnston, T.J. Smyth (2005) The
contribution of commercial fertilizer nutrients to food production.
Agronomy Journal, 97, 1-6.

DOI: https://doi.org/10.2134/agronj2005.0001

Wei, T, Simko, V. (2021) R package 'corrplot': Visualization of a
Correlation Matrix (Version 0.92). Available at: https:/github.com/
taiyun/corrplot

JOURNAL

Central European Agriculture
ISSN 1332-9049

1184


https://doi.org/10.5513/JCEA01/25.4.4456
http://www.tcpdf.org

