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Abstract

The application of organic amendments is increasing in intensive modern agriculture. How-
ever, the impacts of organic amendments with distinct quality and quantity on soil mineral
nitrogen (N) dynamics remain unclear. In this study, we performed a laboratory incubation ex-
periment for 90 days to investigate the effects of organic amendments with different carbon-to-
nitrogen ratios (C/N) (7, 119, 506) and application rates (2, 4, 6 g C kg−1) on N mineralization–
immobilization processes in calcareous cropland soil. The study showed that net N mineral-
ization induced by low C/N amendment (rapeseed cake, 7) occurred in this soil. In contrast,
net N immobilization was stimulated by glucose and high C/N organic amendments, in-
cluding maize straw (C/N, 119) and cypress sawdust (C/N, 506). The immobilized N was
in the order of glucose > maize straw > cypress sawdust regardless of application rates,
which was ascribed to the discrepancy of their C availability. Both N mineralization and N
immobilization increased with application rates during the incubation period. The net N
mineralization from these organic amendments was significantly affected by C/N ratios
(p < 0.001), application rates (p < 0.001), and their interaction (p < 0.001). The study indicated
that organic amendments with a higher C/N ratio would promote soil N immobilization,
which was further reinforced by higher application rates, thereby decreasing the risk of
reactive N loss in calcareous soil.

Keywords: nitrogen dynamic changes; organic residues; C/N ratios; input rates

1. Introduction
A significant increase in cereal production, primarily driven by the large-scale use

of synthetic nitrogen (N) fertilizers, has taken place over the past half century to ensure
food security for people worldwide [1–3]. However, excess N fertilizer application in
agriculture has led to a significant buildup of nitrate (NO3

−) [4], which increases N loss
through leaching and denitrification, ultimately leading to a low N retention capacity of
soil [5]. This outcome decreases N fertilizer use efficiency and further triggers various
environmental problems, such as greenhouse gas emissions [2,6,7]. The purple soil widely
distributed in the Sichuan Basin has a higher autotrophic nitrification rate due to its high
pH [8], consequently contributing to a significant accumulation of NO3

− [9,10]. However,
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microbial NO3
− immobilization induced by organic amendments is beneficial for reducing

NO3
− contents [11–13].
Organic amendments alone or together with mineral N are increasingly being ap-

plied in intensively cultivated agricultural systems for preventing nutrient deficiency and
maintaining high productivity [14–16]. In soils, carbon (C) is closely linked to N [15],
which undoubtedly affects the soil N temporary dynamics [14,17]. Microbial-driven N
transformation processes, such as N mineralization or immobilization, are regulated by the
chemical quality of organic amendments and soils [18–20]. A meta-analysis demonstrated
that the soil N immobilization rate increased with soil organic C, total N (TN), phosphorus,
and microbial biomass C but decreased with soil pH [21], a finding consistent with the
results of Li et al. [22]. Additionally, the biochemical composition of plant residues has been
extensively investigated in relation to the dynamics of soil inorganic N and greenhouse
gas emissions following their applications. For example, Song et al. [23] have revealed
that the correlation of carbon dioxide (CO2) emission to net N mineralization strongly
depended on soil labile C and the carbon-to-nitrogen ratios (C/N). Wang et al. [24] pro-
posed that among all biochemical indices, the ratios of aryl/carbonyl, O-aryl/carbonyl, and
(aryl+O-aryl)/carbonyl C exhibited the closest relationships with cumulative C mineraliza-
tion. Among these quality characteristics, the C/N ratio of organic residues is generally
recognized as the key regulator linking C decomposition to N dynamics in cropland soils.

Generally, high C/N residues are considered to be more effective at minimizing
mineral N accumulation and enhancing N immobilization than low C/N ratios [25–28].
Nevertheless, some studies have shown that residues with a lower C/N ratio can cause
more soil mineral N immobilization [18,29]. Zhao et al. [30] found a stronger stimulation
effect of rice straw on microbial N immobilization than sugarcane bagasse despite a lower
C/N ratio of rice straw. Bonanomi et al. [31] also suggested that, despite similar C/N
ratios, cellulose stimulated N immobilization within 3–10 days, whereas this was apparent
after 100 days of incubation in sawdust-added soils. Moreover, the effects of application
rates on soil N mineralization or the N immobilization process after organic amendments
return to soils have also been reported. Moreno-Cornejo et al. [32] described that net N
immobilization was generated after low pepper residue input, while net N mineralization
was stimulated following high residue incorporation. Cheng et al. [33] also suggested
that microbial N immobilization could be stimulated when an input of simple C sources
was greater than 0.5 g C kg−1. These studies focused solely on the effects of C/N ratios
or the application rates of organic amendments on soil N mineralization–immobilization
processes. However, few studies have investigated the two factors simultaneously and
their combined effects. In addition, there are fewer available studies on decreasing NO3

−

loss and consequently enhancing soil N retention capacity by adding organic amendments
in calcareous purple soils. Therefore, with distinct quantity and quality, the impact that
organic amendments will have on the soil N mineralization or N immobilization process
needs to be further explored.

The objectives of this study were to investigate the effects of C/N ratios and appli-
cation rates on soil N dynamic changes from organic amendments. We hypothesized
that the quality and quantity of amendments could affect the soil N mineralization and
immobilization processes. With high C/N residue addition, soil N immobilization would
be enhanced and reinforced by higher application rates, thus decreasing the risk of reactive
N loss in calcareous soil.
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2. Materials and Methods
2.1. Soils

The studied soil, collected from the Yanting Agro-Ecological Station of the Chinese
Academy of Sciences in Sichuan Province (31◦16′ N, 105◦28′ E), is classified as Pup-Orthic
Entisols using Chinese soil taxonomy and as Eutric Regosols using FAO soil classifica-
tion [34]. Local cropping is typical of winter wheat (Triticum aestivum) and summer maize
(Zea mays). Five cores were taken from the plow layer (0–20 cm) and pooled together to
form a composite sample. The soil samples were sieved (<2 mm) to remove visible organic
debris and then split into two subsamples, with one for the organic addition incubation ex-
periment (stored at 4 ◦C) and another for the analysis of edaphic properties after air-drying
(kept in a sealed plastic bag). The soil had a pH of 8.3 (at a soil/water ratio of 1:2.5 (w/v)), a
water-holding capacity of 48.04%, an organic C content of 8.03 g kg−1, a TN concentration
of 0.77 g kg−1, a C/N ratio of 10, and an inorganic N concentration (NH4

+ and NO3
−) of

33.48 mg kg−1, mainly in the form of NO3
−, accounting for 97%.

2.2. Organic Amendments

Rapeseed cake, maize straw, and cypress sawdust were selected as amendments
according to their varying C/N ratios. Glucose was an easily decomposable C source and
was purchased online. Maize straw came from the remains of the crops after harvest, while
rapeseed cake was collected from local farmers and cypress sawdust was obtained from a
wood mill.

These amendments were dried at 50 ◦C for 48 h, milled to <2 mm, and mixed thor-
oughly. The chemical properties of these organic amendments are shown in Table 1.

Table 1. Composition of organic amendments for the incubation experiment (dry-weight basis).

Organic Amendments TOC (g kg−1) TN (g kg−1) C/N Ratio

Glucose 399.64 0.00 -
Rapeseed cake 489.66 66.34 7

Maize straw 447.85 3.76 119
Cypress sawdust 516.26 1.02 506

TOC, total organic carbon; TN, total nitrogen; C/N Ratio, carbon-to nitrogen ratio.

2.3. Laboratory Incubations

The soil samples were pre-incubated in a controlled incubator at 25 ◦C for one day to
stimulate microbial activity and stabilize microbial populations. The soil sample (20 g of
soil on a dried basis) was thoroughly mixed with ground rapeseed cake, maize straw, or
cypress sawdust in a 250 mL wide-mouth glass bottle. These amendments were applied at
2, 4, and 6 g C kg−1 soil, respectively. Then, a 2 mL KNO3 solution was applied uniformly
on the soil surface with a pipette. The control treatment was soil without amendments but
KNO3. According to the conventional practices of local agricultural production, KNO3 was
added at a rate of 100 mg N kg−1, equivalent to about 280 kg N ha−1, into the 0–20 cm soil
layer. Glucose was dissolved in a KNO3 solution and then applied to the soils. The soil was
brought to 60% water-holding capacity with distilled water, and meanwhile, the weight of
each bottle was measured. To maintain aerobic conditions, all bottles were covered with
plastic film that had been perforated with a needle. They were then kept in a laboratory
incubator for 90 days at 25 ◦C in the dark. During the incubation period, distilled water
was supplied every five days to keep the soil moisture constant by weighing the bottles.
Destructive sampling of the soil samples was performed at 0.02, 1, 3, 7, 15, 30, 60, and
90 days after KNO3 addition.

In order to detect soil respiration, gas samples were gathered at 1, 3, 7, 15, and 30 days
for CO2 analysis. The bottles were opened for 1 h to renew the atmosphere inside. Then,
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50 mL of gas samples were collected from the headspace of the bottle with a medical syringe
after the bottle had been closed with a silicone stopper and incubated for 6 h. At the same
time, another 50 mL of gas was taken from the air around the bottle as the background
value of CO2. All gas samples were measured within 24 h after sampling. Finally, three
replicate bottles containing the soil and organic amendments were selected for subsequent
extraction after the gas sampling. Furthermore, a mixture without gas collection can be
immediately extracted with the 2 M KCl solution after its incubation. The experiment
treatments consisted of four organic amendments, three application rates, and one con-
trol, performed in triplicate for each of the eight sampling dates, resulting in a total of
312 soil samples.

2.4. Analyses

The soil pH was detected with a DMP-2 mV/pH detector (Quark Ltd., Nanjing, China)
at a soil/water ratio of 1:2.5 (w/v). The organic C and total N (TN) of soils and organic
amendments were measured with an elemental analyzer (vario MACRO cube, Elementar,
Analysensysteme GmbH, Langenselbold, Germany). The incubated soils were extracted
with a 2 M KCl solution at a soil/solution ratio of 1:5 (w/v), and they were shaken on a
250 rpm mechanical shaker for 1 h at 25 ◦C. Then, the extract was filtered and analyzed
for the concentration of NH4

+ and NO3
− by a continuous-flow analyzer (AA3, Bran

Luebbe, Norderstedt, Germany). A gas chromatograph (Agilent 7890, Agilent Technologies,
Santa Clara, CA, USA) equipped with a flame ionization detector was used for CO2

concentration detection.

2.5. Calculation and Statistics

The influences of organic amendments on the mineral N dynamics were calculated
using the following equation [35,36]:

NetN = Mtreat − Mcont (1)

where NetN is the net N mineralization (mg N kg−1); Mtreat is the mineral N content from
soils treated with organic amendments (mg N kg−1); and Mcont is the mineral N content
from soils treated with no organic amendments (mg N kg−1). When NetN > 0, it indicates
that the soil is predominated by N mineralization. When NetN < 0, it indicates that the
soil is predominated by N immobilization.

The CO2 emission was calculated using the following equation [30]:

F = ρ × V
W

× ∆c
∆t

× 273
273 + T

(2)

where F is the CO2 emission flux (mg C kg−1 d−1); ρ is the CO2 density under stan-
dard conditions (kg m−3); V is the valid volume of the glass bottle (m3); W is the oven-
dry weight of the soil (g); ∆c

∆t is the change in CO2 concentration; and T is the incu-
bation temperature (◦C). The cumulative CO2 emissions over the entire incubation pe-
riod were calculated by linear interpolation of the daily fluxes between the two closest
sampling dates.

Statistical analysis was conducted using the SPSS 26.0 statistical package (SPSS Inc.,
Chicago, IL, USA). Significant differences in maximum N immobilization between treat-
ments were analyzed by a one-way ANOVA followed by the least significant difference
at the p < 0.05 level. A two-way ANOVA was used to determine the effects of C/N ratios,
application rates, and their interaction with net N mineralization. Repeated-measures anal-
yses were applied to measure the net N mineralization, with “time” as the within-subject
factor and “treatments” as the between-subject factor. The Bonferroni-adjusted pairwise
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comparisons for “time” and the “time × treatment” interaction were used to identify the
differences among treatments at each time. Figures were created with Origin 2018.

3. Results
3.1. CO2 Emission

The CO2 emissions from soils treated with organic amendments were significantly
higher compared with CK except for cypress sawdust (Figure 1). For rapeseed cake, CO2

production declined rapidly during the first 15 days and gradually remained relatively
stable till the end. The CO2 emitted from glucose and maize straw-added soils increased
from the start of incubation, peaked on the third or seventh day, and dropped sharply with
incubation time. The soils incorporated with cypress sawdust had a similar CO2 dynamic
to CK, keeping a constant level throughout the entire incubation period. As for cumulative
CO2 emissions, they were highest in glucose and lowest in cypress sawdust (Figure 2).
The cumulative CO2 emissions among different application rates were 1047.75–3450.75,
628.81–1879.02, 665.39–1646.71, and 148.33–206.27 mg C kg−1 in soils treated with glucose,
rapeseed cake, maize straw, and cypress sawdust, respectively, at the end of incubation.
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Figure 1. Carbon dioxide (CO2) emission from soils treated with various organic amendments
with different application rates during the 30-day incubation experiment. Note: CK, soil without
amendments; GL, glucose; RC, rapeseed cake; MS, maize straw; CS, cypress sawdust. (a–c) Organic
amendments applied at 2, 4, and 6 g C kg−1, respectively. Error bar represents standard error of the
mean (n = 3).

3.2. Soil Mineral Nitrogen

The soil NH4
+ concentration showed little change during incubation when soil was

amended with maize straw, cypress sawdust, and glucose regardless of application rates
(Figure 3). In rapeseed cake treatments, NH4

+ concentration increased sharply from
the start of the experiment, peaked on the third day, and decreased dramatically with
incubation time. And its NO3

− concentration was greater than CK from the third day and
persistently increased with time (Figure 4). Compared to the CK treatment, increases in
NO3

− concentration of 123.07, 230.82, and 324.07 mg N kg−1 under 2, 4, and 6 g C kg−1,
respectively, were observed at the end of incubation. However, the NO3

− concentrations
from maize straw and glucose were lower than CK for the incubation periods. Glucose-
induced NO3

− concentration dropped sharply and gradually increased from the 15th day
onwards. The soils treated with maize straw exhibited a similar trend to glucose. At the
end of the experiment, decreases in NO3

− concentration were shown to be 51.39, 82.4, and
120.47 mg N kg−1 for the 2, 4, and 6 g C kg−1 maize straw-added soils compared to CK. In
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addition, NO3
− concentration from cypress sawdust had no significant change throughout

the entire incubation (Figure 4).

0 10 20 30
0

1000

2000

3000

4000

0 10 20 30 0 10 20 30

Time (days)

  CK  
  GL  
  RC
  MS  
  CS

b

C
u

m
u

la
ti

ve
 C

O
2
 e

m
is

si
o

n
 (

m
g

 C
 k

g
-1

)

a c

Figure 2. Cumulative CO2 emissions from soils treated with various organic amendments with differ-
ent application rates during the 30-day incubation experiment. Note: CK, soil without amendments;
GL, glucose; RC, rapeseed cake; MS, maize straw; CS, cypress sawdust. (a–c) Organic amendments
applied at 2, 4, and 6 g C kg−1, respectively. Error bar represents standard error of the mean (n = 3).
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Figure 3. Changes in ammonium (NH4
+) concentration in soils treated with various organic amend-

ments with different application rates during the 90-day incubation experiment. Note: CK, soil
without amendments; GL, glucose; RC, rapeseed cake; MS, maize straw; CS, cypress sawdust.
(a–c) Organic amendments applied at 2, 4, and 6 g C kg−1, respectively. Error bar represents standard
error of the mean (n = 3).

3.3. Net N Mineralization

The mineral N content was generally in NO3
− form in the soils; consequently, net

N mineralization followed the same trend as NO3
− concentration. Statistical analysis

showed that soil net N mineralization from these organic amendments was significantly
affected by C/N ratios (p < 0.001), application rates (p < 0.001), and their interaction
(p < 0.001) (Table 2). Two different and distinct N mineralization patterns were produced
after organic amendments were added (Figure 5). The soils with rapeseed cake (C/N,
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7) showed a continuous increase in N mineralization over the incubation time. On the
contrary, N immobilization was stimulated by glucose, maize straw (C/N, 119), and cypress
sawdust (C/N, 506) from the onset of the experiment.
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Figure 4. Changes in nitrate (NO3
−) concentration in soils treated with various organic amendments

with different application rates during the 90-day incubation experiment. Note: CK, soil without
amendments; GL, glucose; RC, rapeseed cake; MS, maize straw; CS, cypress sawdust. (a–c) Organic
amendments applied at 2, 4, and 6 g C kg−1, respectively. Error bar represents standard error of the
mean (n = 3).

Table 2. Two-way ANOVA analysis showing the effects of C/N ratios and application rates on soil
net N mineralization after 90 days of incubation.

Source of Variance df MS F p

C/N ratio 2 245,079.57 2964.30 <0.001
Application rate 2 3498.49 42.32 <0.001

C/N ratio × application rate 4 15,314.07 185.23 <0.001
Error 18 82.68
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Figure 5. Net N mineralization of added organic amendments with different application rates during
the 90-day incubation experiment. Note: GL, glucose; RC, rapeseed cake; MS, maize straw; CS,
cypress sawdust. (a–c) Organic amendments applied at 2, 4, and 6 g C kg−1, respectively. Error bar
represents standard error of the mean (n = 3).
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The repeated-measures analysis (Figure 6) indicated that the net N mineralization
from rapeseed cake was significantly different among application rates at each sampling
date, except on the third day (p < 0.05). At the end, net N mineralization from 6 g C kg−1

was 323.82 mg N kg−1, which is 1.4 times and 2.6 times higher than the 4 and 2 g C kg−1,
respectively. The net N immobilization from glucose-added soils increased dramatically
and reached the maximum on the seventh day; however, there was no significant difference
between 4 and 6 g C kg−1 (p > 0.05) (Table 3). Then, a continuous decrease in N immo-
bilization was observed for the rest of the incubation time. The maize straw exhibited a
similar tendency to glucose, with its respective maximum N immobilization at 2, 4, and
6 g C kg−1 being 51.73, 91.31, and 120.78 mg N kg−1. The net N immobilization was not
affected by application rates in cypress sawdust for the initial 30 days, with a maximum of
26 mg N kg−1 immobilized compared to unamended soils. However, net N immobilization
varied significantly with application rates in the last 60 days.

-100

0

100

200

300

400

500

-160

-120

-80

-40

0

40

0 1 2 3
-80

-40

0

40

0 1 2 3

-120

-60

0

60

0 20 40 60 80 100
-160

-120

-80

-40

0

40

0 20 40 60 80 100
-60

-40

-20

0

20

40

0 1 2 3

-40

-30

-20

0 1 2 3
-30

-25

-20

-15

-10

c
c c

c cb

b
b

b b

a

a a

a
a

a a
a

a a

b
b b

b
b

b
b c

b c

a a a
a

a
b

b b
b

b

c

c c c c

a

aab

a
b

b

Time ´ Treatment, p = 0.012Time ´ Treatment, p < 0.001

Time ´ Treatment, p = 0.001Time ´ Treatment, p < 0.001

d

c

b

a

  2 g C kg-1

  4 g C kg-1

  6 g C kg-1

ab

a
a

bb

ab
ns

ns

nsns

c
c

bb
aa

a

a
a

ns

dc

ba

b

a
b

b
b

b

Time (days)Time (days)

N
e
t 

N
 m

in
e
ra

liz
a
ti

o
n

 (
m

g
 N

 k
g

-1
)

ns

ns

ns

Figure 6. Net N mineralization with different application rates from (a) rapeseed cake, (b) glucose,
(c) maize straw, and (d) cypress sawdust during the 90-day incubation. Differences between treat-
ments over time (repeated-measures analysis) are also indicated. Different letters indicate a significant
difference between application rates at each sampling date (p < 0.05); ns, no significant difference.
The small figures on the right represent the regions with a black dotted line and show the significance
among application rates during the first 3 days. Error bar represents standard error of the mean
(n = 3).

Table 3. Maximum N immobilization from added organic amendments with different application
rates during the 90-day incubation.

Application Rates (g C kg−1 Soil)

Organic Amendments 2 4 6

Glucose 90.48 ± 12.70 Ab 126.98 ± 4.15 Aa 122.88 ± 4.75 Aa
Maize straw 51.73 ± 3.74 Bc 91.31 ± 1.11 Bb 120.78 ± 0.55 Aa

Cypress sawdust 26.77 ± 1.73 Cb 26.29 ± 1.18 Cb 34.24 ± 1.73 Ba
Different lowercase letters indicate a significant difference between treatments in each organic amendment
(p < 0.05). Different uppercase letters indicate a significant difference between treatments at the same application
rate (p < 0.05).
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4. Discussion
Our research has demonstrated that the quality and quantity of organic amendments

could significantly influence soil N mineralization–immobilization processes. The appli-
cation of organic amendments with a high C/N ratio and high application rate is more
conducive to increasing soil N immobilization, thereby reducing the risk of reactive N loss
through leaching.

The application of these amendments induced two distinct N mineralization patterns.
A net N mineralization process was stimulated by rapeseed cake with a C/N of 7; on the
contrary, the increase in net N immobilization occurred in soils amended with high C/N
maize straw (C/N, 119) and cypress sawdust (C/N, 506). The low C/N organic residue
(rapeseed cake) contained a high N content (66.34 g kg−1) and thus could release amounts
of N when applied to soils; however, the high C/N residues with a low N availability
(maize straw, 3.76 g kg−1, cypress sawdust, 1.02 g kg−1) could not meet the microbial
demand for N and thus would assimilate available mineral N from soils (Table 1) [25,26].
Therefore, N immobilization rather than N mineralization occurs when soils are amended
with high C/N organic residues. The C/N ratios of added amendments have usually
been regarded as an important factor for regulating soil N mineralization–immobilization
processes [19,37], which can serve as a reliable indicator for assessing the N dynamic
changes following their incorporation into soils. To meet the demands of agricultural
management, suitable organic amendments can be selected for either providing N fertilizer
for crops with low C/N residues or enhancing N retention capacity in soils with high
C/N amendments.

Our investigations have shown that glucose can immobilize more mineral N than
maize straw and cypress sawdust regardless of application rates, and this is consistent with
the findings of Qiu et al. [38], who noted that amendment with glucose increased NO3

−

immobilization by 2.65 times compared to maize straw at the end of their experiment.
The reason for this consequence is probably related to the discrepancy of C availability in
organic amendments, which can be indirectly proved by total CO2 emissions (Figure 2),
being significantly highest in glucose-amended soils. Glucose, an easily decomposing
C source containing no cellulose or lignin, can provide significant amounts of available
C for microorganisms, thus retaining more N in soils [39]. However, a recalcitrant C
source with high lignin content, like cypress sawdust, was highly resistant to microbial
decomposition because of its complicated structure and consequently had less stimulation
on N immobilization [40]. Although cypress sawdust was applied at 6 g C kg−1, its
maximum N immobilization was merely 34.24 mg N kg−1, accounting for 1/4 of maize
straw with the same C content addition (Table 3). Therefore, organic amendments with a
high C/N ratio and high C availability should be selected when applied in fields to increase
N retention capacity.

Net N mineralization or immobilization following the incorporation of these amend-
ments increased with the increase in application rates. These results indicated that the
increase in organic application could intensify soil N mineralization or the N immobiliza-
tion process, which has been reported in previous studies [19]. Higher rates of application
from Gliricidia increased more mineral N in the soil compared with a lower application,
and more available N was also immobilized by higher farmyard manure addition [41].
However, an inconsistent result was shown by Cheng et al. [33], who found that animal
manure addition did not stimulate microbial N immobilization regardless of the amount of
manure input. The reason for this contradiction could probably be related to the low C/N
of manure with high N content. Hence, N mineralization rather than N immobilization
occurred in soils amended with animal manure [42,43]. Enhancing the intensity of these
N transformation processes may be associated with soil microorganisms, such as fungi
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and bacteria. Some reports have suggested that their N immobilization activities would
increase with the organic addition rate. With the increase in SOC content in soils, both fungi
and bacteria can immobilize more NO3

− [22]. This can be demonstrated by the cumulative
CO2 emission in our study (Figure 2). A higher application of organic amendments can
provide enough C sources to stimulate microorganism growth, thus enabling them to more
effectively participate in N transformation processes [44].

Our results showed that there was no significant difference in the maximum N im-
mobilization between 4 and 6 g C kg−1 in glucose treatments. This was because the N
substrate had almost been consumed in the soil. As shown by the depletion of NO3

− at
day 7 (Figure 4b,c) and the continuous increase in cumulative CO2 emissions after day 7
(Figure 2b,c), more mineral N can be immobilized if sufficient NO3

− substrate is supplied.
The low availability of mineral N under a higher application of organic amendments prob-
ably hindered microbial N immobilization. A similar result was mentioned in Mohanty
et al.’s study [41], who found that a higher application of farmyard manure would immobi-
lize more N if there was enough mineral N existing in soils. Ma et al. [45] proposed that
the incorporation of starch into soil could not reach its N immobilization potential, and
significant N immobilization would occur if there was available inorganic N for microbes.
The present investigation indicated that N immobilization may be limited by mineral N
availability in soils in addition to the application rates of organic amendments.

The application of cypress sawdust with different application rates had few effects
on net N immobilization during the first 30 days, which could be verified by similar CO2

emissions from these treatments. This result contradicted the widespread view that a
stronger stimulation of microbial N immobilization was associated with higher application
rates [12]. This inconsistent consequence may be ascribed to the high lignin content
in sawdust, likely highlighted by the relatively high aromatic fraction observed in the
13C-CPMAS NMR spectra [31], which is resistant to microbial decomposition and has a
slower nutrient release. However, a significant difference in net N immobilization was
observed among application rates during the final 60 days. An explanation can be obtained
from the report of Reichel et al. [40], who found that no clear decomposition trend occurred
in the spruce sawdust amendment treatment until 49 days. An adequate experimental
period with organic residue may be in favor of the regulation of recalcitrant organic sources
on microbial N immobilization by changing the microbial community structure [46], which
can shift from bacteria using labile substrates to fungi that can decompose recalcitrant
sources [47,48].

The influence of organic amendment application on inorganic N dynamics (net N
mineralization or immobilization) was calculated by the difference between the amount
of inorganic N in the amended and unamended soils [20,49]. This methodology gives no
information with regard to gross N mineralization and immobilization processes. Future
research should focus on the various mineral N dynamic changes with more novel methods,
such as 15N-labeled technology and acetylene inhibition methods. Microbes, including
fungi and bacteria, are important participants in soil N mineralization–immobilization
processes [44,50,51]. Given the distinct physiologies of fungi and bacteria, their respective N
immobilization may respond differently to organic amendments [52,53]. New technologies
such as high-throughput sequencing and AS-SIP should be used in subsequent studies
to explore the roles of microbes in the N mineralization–immobilization process as much
as possible.

5. Conclusions
The C/N ratios of organic amendments could be an indicator for assessing the N

dynamic changes following their incorporation into soils. The results have revealed that
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the application of low C/N organic amendments (e.g., rapeseed cake) could stimulate net
N mineralization, whereas net N immobilization would be induced by the amendments
with a high C/N ratio (e.g., maize straw and cypress sawdust). Higher application rates
could reinforce these N transformation processes in calcareous cropland soil. Organic
amendments with a high C/N ratio and high C availability should be selected when
applied in fields to increase N retention capacity. In addition, mineral N availability
should be considered for promoting soil N immobilization under a higher application of
organic amendments.
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