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Although soil organic matter (SOM) and microbial biomass pools in flooded paddy soils are generally
larger than they are in upland soils, the processes (i.e., slower mineralisation, other types of C stabili-
zation, and a negative priming effect) underlying higher SOM stocks in paddy soil are unclear. To
elucidate these processes, three 13C labelled low molecular weight organic substances (13C-LMWOS) (i.e.,
glucose, acetic acid, and oxalic acid) were incubated in upland and paddy soils under simulated field
conditions. Within 30 days of incubation, acetic acid exhibited the highest mineralisation in both soils.
The amount of mineralisation of glucose in upland soil was higher than that of oxalic acid (p < 0.05),
whereas the opposite was observed for paddy soil. Mineralisation of all three LMWOS was lower in
paddy soil than that in upland soil (p < 0.05), illustrating that the molecular structure of the LMWOS as
well as soil management determined the mineralisation rate. The priming effect evoked by oxalic acid
and glucose was lower in paddy than in upland soil (p < 0.05). Therefore, the generally weaker miner-
alisation and priming effect of LMWOS observed in paddy soil contributed to higher carbon accumulation
than they did in upland soil. Priming effect was positively correlated with fungal abundance, which was
lower in paddy soil than in upland soil. Thus, slow organic C turnover in paddy soil is partly attributed to
the suppression of fungal activity by flooding.

© 2017 Elsevier Masson SAS. All rights reserved.
1. Introduction

Terrestrial ecosystems play an important role in the global carbon
(C) cycle. Low molecular weight organic substances (LMWOS), e.g.,
sugars, carboxylic acids, and amino acids, are derived from root
exudates [1,2], leached litter products [3,4], microbial residues, and
metabolic products [5]. The rapid mineralisation and turnover of
LMWOS appears to dominate the total CO2 emission of soil, despite
l Agriculture, the Chinese
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erved.
their low concentration of these substances [4,6]. Themineralisation
rates of LMWOS are generally very fast, ranging from minutes to
days [7e9]. For example, in one study [10], 50% of glucose-C was
observed to have been released as CO2 within 20 days (d) in grass-
land soil, andmore than 50% of applied 13C amino acids (alanine and
glutamate) were observed to have been mineralised after 10 d in an
arable soil in another study [11]. Mineralisation is LMWOS-specific,
e.g., a higher proportion of amino acids (19.4% of the total 14C
added) than of glucose (14%) are mineralised to CO2 within 2 d in
arctic tundra soil [12]. Moreover, C in aeCOOH group oxidizes to CO2
faster than C in a eCH3 group [7]. Thus, the eCH3 group contributes
more to the formation of soil organic matter (SOM) than does the
eCOOH group. In short, the chemical nature of LMWOS largely
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determines their mineralisation processes in soil [9].
LMWOS may evoke the priming effect, which could be positive

or negative [13,14]. Microbial activation by LMWOS is one of the
causes of the priming effect, where positive priming could result
from microbial growth and the concomitant increased production
of enzymes that degrade SOM [15,16]. Nobili et al. [17] suggested
that some microorganisms invest low amounts of energy in
maintaining a cellular state of “metabolic alertness”, and they react
more rapidly to substrates than to dormant cells. The input of
LMWOS in soil accelerates the turnover of bacteria, especially that
of r-strategists, thus triggering a positive priming effect [18]. Some
microbial groups that preferentially utilize poorly available sub-
strates from bacterial necromass remain alive after the exhaustion
of easily available organics [19]. These organisms are considered to
be K-strategists [20], which are stimulated by moribund bacteria
and their lysates, thereby continuing to promote the decomposition
of SOM and the positive priming effect. However, sometimes the
exhaustion of microbially available substrates and the subsequent
decrease in enzymatic activities can lead to negative priming
[21,22].

In China, paddy fields account for approximately 26% of the
farmlands and are primarily distributed in subtropical regions [23].
Under the same geomorphic units and climatic conditions, organic
C content in surface-flooded paddy soil is greater than it is in up-
land soil [24]. In comparison to upland agro-ecosystems, flooded
paddy ecosystems have specific physical and chemical soil prop-
erties and associated microbial communities [25]. Compared with
upland soil, the processesde.g., higher organic carbon input,
slower mineralisation, other types of C stabilization, slower turn-
over, and negative priming effectdthat lead to higher SOM stocks
in paddy soil are unclear. The objective of this study was to
distinguish the mineralisation and priming effects of three 13C-
LMWOS (glucose, acetic acid, and oxalic acid) in upland and paddy
soils based on a simulated field experiment. The working hypoth-
eses for this study were (1) the mineralisation differs among the
three 13C-LMWOS owing to their discrepancies in the types and
numbers of their functional groups and microbial utilization [7,11].
(2) The slower turnover rate of SOM in anaerobic paddy soil will
lead to a lower proportion of mineralised 13C-LMWOS in paddy soil
than that in upland soil, thus resulting in the accumulation of SOM
in paddy soil [25]. (3) Lower microbial metabolic quotient (qCO2,
the ratio of CO2 production per unit microbial biomass C) in paddy
soil leads to a weaker priming effect than that in upland soil
[26e29].

2. Materials and methods

2.1. Soil sampling and preparation

Surface soils (0e15 cm depth) were collected from an upland
field (29�15049.700N and 111�31057.500E) and a paddy field
(29�15022.000N and 111�31038.100E) in the fallow season, in Pantang,
Hunan Province, China. The fields have been under tillage for at
least 30 years. The upland field was under crop rotationwith cotton
and canola, and the paddy field was under mono cropping with rice
(drainage in fallow season). Fresh soils were sieved (<2 mm) and
mixed, and visible roots, plant residues, and rocks were removed.
The soils were subsequently stored at 4 �C prior to the incubation
experiment. Basic soil properties are listed in Table 1.

2.2. Experimental design and soil incubations

Four treatments were applied to upland and paddy soils: the
addition of each of the three 13C-labelled LMWOSdglucose, acetic
acid, oxalic aciddand a control treatment that did not contain any
exogenous LMWOS. The rationale for choosing these substances
was based on the following considerations: (1) Carbohydrates and
organic acids are relatively abundant LMWOS of root exudates. (2)
Acetic and oxalic acids contain different numbers of chemical
functional groups (i.e., one or two eCOOH, respectively), which
could affect microbial activity and SOM mineralisation. All three
13C-labelled substances, i.e., 13C-glucose (U-13C, 99 atom%), 13C-
acetic acid (1, 2e13C2, 99 atom%), and 13C-oxalic acid (1, 2e13C2, 99
atom%), were purchased from Cambridge Isotope Laboratories
(Tewksbury, MA, USA), and were mixed with their corresponding
unlabelled substances, resulting in 5.1 atom% 13C of glucose, 4.46
atom% 13C of acetic acid, and 6.01 atom% 13C of oxalic acid.

Experiments were conducted under open-air field conditions. A
certain amount of sampled soil (equivalent to 200 g dry soil) was
weighed and added to each polyvinylchloride (PVC) tube (hereafter
referred to as ‘soil columns’: 20 cm height � 5 cm diameters; the
thickness of soil in PVC tube was approximately 8 cm). During the
pre-incubation (2 weeks) and incubation (30 d) periods, the water-
holding capacity was gravimetrically controlled at approximately
40% in upland soil, while the paddy soil was maintained under
flooding conditions (with 3 cm water) by supplementing with
distilled water. At the beginning of incubation, 1 mL of 13C-LMWOS
solutionwas injected into each columnwith a syringe. The injection
of each LMWOS solution was performed at 5 vertical points in each
soil column (approximately every 1.5 cm), with each injection point
receiving 0.2 mL of solution. The amount of applied tracer was
equal to 20 mg C (about 20% of the C stored within the microbial
biomass in paddy soil) [30]. Subsequently, 5 mg N was added as an
(NH4)2SO4 solution to all the treatments for microbial growth. A
plastic cover was used to prevent rainfall for the 30 d of experi-
ments. At 0.25, 0.5, 1, 2, 5, 10, 20, and 30 d of incubation, redox
potential (Eh) in paddy soil was measured by inserting the probe of
an InLab Redox sensor (Mettler Toledo Columbus, OH, USA) to a
depth of 4e5 cm below the soil surface, and the Eh (mV) was
recorded until the value was stable. Next, the water layer on paddy
soil samples was removed using syringes, and separate columns for
upland and paddy soils were destructively sampled. Each soil
sample was divided into two subparts for the measurement of
different properties: (1) one subpart was used to analyse microbial
biomass C (MBC) within 24 h, and (2) the other subpart was stored
at �80 �C to analyse microbial abundance and the microbial
community.

2.3. CO2 flux

The flux and the 13C atom% of the released CO2 were analysed at
0, 0.25, 0.5, 1, 2, 5, 10, 15, 20, 25, and 30 d after the addition of the
LMWOS (i.e., glucose, acetic acid, and oxalic acid). CO2 flux was
determined using the static chamber chromatographymethod [31].
Briefly, CO2 gas was sampled between 9:00 and 11:00 a.m. on each
sampling day. Prior to sampling, the concentration and 13C atom%
of CO2 in each column were maintained at ambient levels. Then,
CO2 in the ambient air was taken as a background value (0 min).
After sealing the column for 30 min within a chamber (the volume
of the chamber was approximately 300 mL), two 30 mL samples
were collected from each chamber using a syringe and were sub-
sequently injected into separate pre-evacuated 12-mL vacuum
bottles fitted with butyl-rubber lids to measure CO2 concentrations
and d13C values. CO2 concentration was analysed using a gas
chromatograph (Agilent 7890A; Agilent Technologies, Santa Clara,
CA, USA) equipped with a flame ionization detector for CO2 ana-
lyses at 250 �C. The d13C value of CO2 was determined using an ultra
high-resolution isotope ratio mass spectrometer (MAT 253;
Thermo Scientific, Waltham, MA, USA). The CO2 flux (F) (mg
d�1 kg�1 soil) was calculated as follows:



Table 1
Basic properties of upland and paddy soils.

SOC,
g kg�1

TN,
g kg�1

SOC/TN pH DOC,
mg kg�1

MBC,
mg kg�1

Sand,
%

Silt,
%

Clay,
%

Upland soil 10.05 0.95 10.58 4.81 22.60 140.7 15.69 58.53 25.78
Paddy soil 16.29 1.56 10.44 5.14 14.25 455.8 6.31 63.07 30.62

Note: SOC, soil organic carbon; TN, total nitrogen; DOC, dissolved organic carbon; MBC, microbial biomass C.
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F ¼ C � M � V/(V0 � (T0 þ T)/T0)/m/t (1)

where C is the concentration of CO2 determined by gas chroma-
tography (mg L�1); M is the molecular weight of CO2 (44 g mol�1);
V is the volume of the static chamber (L); V0 is the molar volume of
gas in standard state (22.4 L mol�1); T0 is the temperature of 0 �C in
standard state (273 K); T is the ambient temperature (�C); m is the
weight of dry soil incubated in the column (kg); and t is sampling
time (d).
2.4. Analysis of carbon in soil and microbial biomass

MBC was determined by applying the fumigation-extraction
technique [32] and was calculated as the difference between
organic C in fumigated and unfumigated samples with 0.45 as a
correction factor. Briefly, 20 g of fresh soil was placed into a plastic
vial and exposed to chloroform for 24 h. After the complete removal
of chloroform, soil MBC was extracted with 80 mL of 0.05 M K2SO4.
Organic C was measured using a high-temperature combustion
total organic C analyser (Phoenix 8000; Teldyne Tekmar, Mason,
OH, USA). In addition, the liquid samples extracted from fumigated
and unfumigated soil were freeze-dried, and d13C values of the
freeze-dried samples were determined using an ultra high-
resolution isotope ratio mass spectrometer (MAT 253; Thermo
Scientific, Waltham, MA, USA).
2.5. Quantitative PCR

qPCR was performed using the primers 1369f (50-CGGTGAA-
TACGTTCYCGG-30) and 1492r (50-GGWTACCTT-GTTACGACT-30)
[33], and NS1 (50-ATTCCCCGTTACCCGTTG-30), and Fung (50-
GTAGTCATATGCTTGTCTC-30) to quantify bacterial 16S and fungal
18S rDNA, respectively [34]. qPCR conditions were as follows: one
cycle at 95 �C for 30 s, followed by 40 cycles at 95 �C for 5 s and
60 �C for 30 s. Amelting cycle was added to the end of amplification
at a temperature based on the melting curve from 60 �C to 95 �C for
both genes. Threshold cycle (Ct) values were determined using
7900HT system SDS software 2.3 (Applied Biosystems, Foster City,
CA, USA). Each sample was repeated in triplicate, and the mean
values were used for the subsequent analyses. Standard curves
were prepared using serial dilutions of positive plasmids contain-
ing 16S or 18S rDNA genes. Amplification efficiency was >90%, and
R2 was >0.99 for all bacterial and fungal calibration curves. Stan-
dard curves, negative controls, and soil DNA samples were ampli-
fied in a single 384-well plate. The composition of the microbial
community was assessed as the relative abundance of fungi to
bacteria [35].
2.6. Carbon dynamic calculations

To calculate the contribution of the added LMWOS to CO2 evo-
lution and MBC, a two end-member mixing model was used based
on equation (2), where the C content of the soil in equation (3) was
substituted according to equation (2):
Ctotal ¼ CLMWOS þ Csoil (2)

where Ctotal, CLMWOS and Csoil represent the total C that was
captured from each jar, from the LMWOS and from the soil,
respectively.

Regarding isotopes, equation (3) can be rearranged in terms of
13C as follows:

13Ftotal � Ctotal ¼ 13FLMWOS � CLMWOS þ 13Fsoil � Csoil (3)

where 13Ftotal, 13FLMWOS and 13Fsoil represent the 13C atom % of C of
each jar, of the LMWOS and of the soil, respectively.

Priming effect was calculated based on the experimental data as
follows:

Priming effect ¼ T-CO2 e C-CO2 e L-CO2 (4)

where T-CO2 is the total CO2-C from both soils amended with a
labelled LMWOS (mg C kg�1 soil); C-CO2 is the CO2-C derived from
the control (mg C kg�1 soil); and L-CO2 is the CO2-C derived from
the added organic substance (mg C kg�1 soil).

The microbial metabolic quotient (qCO2) is the ratio of CO2
production per unit MBC:

qCO2 ¼ CO2 /MBC (5)

where CO2 is the CO2 emission rate, MBC is the microbial biomass C
determined by fumigation extraction.

2.7. Statistical analysis

Means and standard errors were calculated in Microsoft Excel
2007. Paired-sample t-test was performed for each LMWOS be-
tween upland and paddy soils. A one-way ANOVA (Tukey's HSD)
was used to assess the effects of treatments on cumulative CO2
evolution, MBC, and the priming effect at each sampling time for
each soil. A two-way ANOVAwas performed to assess the effects of
two factors (i.e., soil management and LMWOS type) on the cu-
mulative CO2 evolution, LMWOSmineralisation, and priming effect.
Spearman's correlation coefficients were calculated to quantify the
relationships between microbial metabolic quotient (qCO2), mi-
crobial abundance, CO2 flux, and the priming effect in both soils.
Statistical analyses were carried out using SPSS 12.0 for Windows
(SPSS Inc., Chicago, IL, USA), and a p < 0.05 was considered the
upper limit for statistical confidence.

3. Results

3.1. CO2 evolution

The proportion of mineralisation of the three LMWOS in flooded
paddy soil was lower than that of upland soil (p < 0.05; Fig. 1a and
b). In comparison with the control soil, the addition of glucose,
acetic acid, and oxalic acid (p < 0.05) increased cumulative CO2
evolution from the soil by 54%, 79%, and 81% in upland soil,



Fig. 1. Cumulative CO2-13C from exogenous organic carbon (%) (a, b) and cumulative CO2 evolution (c, d) after low molecular weight organic substances addition in upland and
paddy soils. Error bars indicate one standard error, values are means ± standard deviations (n ¼ 3).
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respectively (Fig. 1c), and by 21%, 42%, and 41% in paddy soil,
respectively (Fig. 1d). No significant differences in cumulative CO2
evolution were observed between acetic acid and oxalic acid
addition treatments. However, cumulative CO2 evolution from both
soils was higher with acetic acid and oxalic acid addition than that
with the glucose addition (p < 0.05). Cumulative CO2 evolution
from upland soil was higher after adding glucose, acetic acid, and
oxalic acid (p < 0.05) than it was in paddy soil by 32%, 31%, and 33%,
respectively.

3.2. Priming effect

In upland soil, the positive priming effect increased sharply and
peaked at 3e5 d before quickly decreasing, whereupon it became
negative at 20e30 d (Fig. 2a). In paddy soil with acetic and oxalic
acid, the priming effect was negative during the first 6 h of incu-
bation, after which it became positive until the end of the incuba-
tion period. Regarding the addition of glucose, the priming effect
became negative after 25 d of incubation (Fig. 2b). The priming
effects with glucose and oxalic acid additions in upland soil were
approximately 3 and 1.5e2 folds higher than in paddy soil,
respectively (p < 0.05; Fig. 2c).

3.3. Dynamics of microbial biomass and carbon use efficiency

In upland soil, the percentages of 13C incorporated microbi-
al biomass (13C-MB) after the addition of glucose (16.0% of
LMWOS-13C) or acetic acid (14.5% of LMWOS-13C) was higher
(p < 0.05; Fig. 3c) than that after oxalic acid (7.8% of LMWOS-13C) at
the end of the 30 d incubation. In paddy soil, the percentages of 13C-
MB differed (p < 0.05; Fig. 3d) depending on the types of LMWOS
(22.3%, 13.8%, and 2.7% of 13C-MB in response to glucose-13C, acetic
acid-13C, and oxalic acid-13C, respectively). In general, the abun-
dance of bacteria from paddy soil was higher than that in upland
soil, while the abundance of fungi exhibited the opposite trend
(p < 0.05; Fig. 4). As shown in Table 2, MBC was negatively corre-
lated with the ratio of the abundance of 18S rDNA genes to
the abundance of 16S rDNA genes (p < 0.05), while the priming
effect was positively correlated with the gene abundance of fungi
(p < 0.05).

4. Discussion

4.1. Temporal dynamics and cumulative mineralisation of LMWOS

The mineralisation of acetic acid was higher than that of glucose
in both soils (Fig. 1a and b). Previous studies have shown that dif-
ferences in the metabolic pathways and chemical structure of
LMWOS led to different mineralisation rates [11,36]. Carboxylic
acids are more completely converted to CO2 owing to the oxidation
of a higher proportion of carboxylic acid C into the citric acid cycle
than of glucose entering glycolysis and pentose phosphate path-
ways [37], especially under anaerobic conditions. In our study, after
30 d incubation, the difference in 13C-MB between the soils, to
which LMWOS had been added, may be due to the discrepancy of
microbial metabolic pathways. The microbial carbon use efficiency



Fig. 2. Priming effect dynamics (a, b) and total priming effect (c) during incubation period after low molecular weight organic substances (LMWOS) addition in upland and paddy
soils. Different uppercase and lowercase letters represent significant differences between both soils with the same LMWOS addition and different LMWOS addition within the same
soil, respectively, at p < 0.05. Error bars indicate one standard error, values are means ± standard deviations (n ¼ 3).
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can be predetermined based on the molecular structure of an
LMWOS. For example, microbes prefer to use C from a eCH3 group
for protoplasm synthesis, whereas C from a eCOOH group can be
converted to CO2 faster [7]. Therefore, the proportion of 13C from
acetic acid incorporated into microbial biomass was higher than
that from oxalic acid. Microbial alanine transformation pathways
convert the C1 atom (eCOOH) to CO2, whereas C2 and C3 remain
bonded for either fatty acid synthesis or entry into the citric acid
cycle [38]. Although oxalic acid is a di-carboxylic acid, the differ-
ences in C atom positions may affect the rate at which eCOOH
decomposes to CO2, and it could explain the faster mineralisation of
carboxylic acids in upland soils.

The mineralisation of LMWOS [39] and SOM are also affected by
soil characteristics (e.g., pH, soil texture and soil nutrients) [36,40].
In particular, soil pH may play a role in CO2 emission. The lower pH
in upland soil (Table 1) accelerates decarboxylation thus promoting
the production of CO2 with the addition of carboxylic acid [7].

4.2. CO2 evolution

Cumulative CO2 evolution with the addition of carboxylic acids
(acetic acid and oxalic acid) was higher than that of the glucose
addition in both soils (Fig.1c and d), reflecting the differences in the
microbial utilization and metabolism of the three substances [15].
Microbial activity slows under anaerobic condition [41], which was
observed in this study with the lower qCO2 in paddy soil in com-
parison to upland soil (Fig. A3). As shown in Fig. A1, at the
beginning of incubation, the Eh for all treatments was below �50
mv, and values remained at�250mv after 10 d of incubation. This is
a reflection of the reductive or anaerobic condition in paddy soil.
Under anaerobic condition, depolymerization relies primarily on
hydrolytic enzymes, and fermenting microorganisms compete for
lower-molecular weight products. Because hydrolysis is restricted
to a limited set of chemical bonds, depolymerization is often
regarded as the rate-limiting step in SOM decomposition under
anaerobic conditions [42]. As a result, the concentration of miner-
alised LMWOS in flooded paddy soil was lower than it was in up-
land soil. Anaerobic microbes outcompete aerobic organisms under
submerged condition with low O2 availability, and the final min-
eralisation products are not completely oxidized to CO2, thus
leading to a decrease in the total CO2 emission. Moreover,
compared with upland soil, the flooded conditions in paddy soil
leads to a high partial pressure of CO2 (pCO2) and a low CO2
diffusion rate [43].

4.3. Temporal dynamics of the priming effect

During the incubation period, the addition of LMWOS acceler-
ated the total CO2 evolution in comparison to the control soil. The
addition of LMWOS supplied C and energy to microbes and pro-
moted the acceleration of LMWOS mineralisation and the break-
down of native SOM [44]. The priming effect in upland soil changed
sharply and became stronger than that of flooded paddy soil
(Fig. 2). At the start of incubation, nearly all LMWOS induced a



Fig. 3. Changes of microbial biomass C (MBC) (a, b) and 13C-MB (c, d) in upland and paddy soils after different low molecular weight organic substances addition. Error bars indicate
one standard error, values are means ± standard deviations (n ¼ 3).

Fig. 4. Changes of 16S rDNA and 18S rDNA gene abundances in upland (U) and paddy (P) soils after different low molecular weight organic substances addition. Error bars indicate
one standard error, values are means ± standard deviations (n ¼ 3).
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negative priming effect on native SOM, which was likely the result
of microbes switching from SOM decomposition to the freshly
added organic substances [13]. After the addition of LMWOS, r-K
competition was assumed to be negligible, and SOM decomposing
K-strategists switched to utilizing the added LMWOS, thus leading
to a negative priming effect [20]. However, the priming effect
became positive at 2e20 d (Fig. 2a and b) after readily available
substrates were provided, and after some microbial species had
begun to grow [19]. When the amount of added available organic C
was not sufficient to minimize the competition between r- and K-
strategists, microbes needed to increase SOM utilization, in order to
meet their energy and nutrient requirements, leading to positive
priming [40,45]. According to Fontaine [19], r-strategists likely used
the added C quickly. At the end of the 30 d, there was insufficient C



Table 2
Correlations coefficients among microbial metabolic quotient (qCO2), microbial abundance, CO2 flux and priming effect.

Index 16S 18S 18S: 16S MBC qCO2 Priming effect CO2 flux

16S 1 �0.174 �0.500** 0.218 0.115 0.000 0.051
18S 1 0.910** �0.326* �0.131 0.308* �0.257
18S: 16S 1 �0.334* �0.219 0.195 �0.245
MBC 1 �0.313* 0.073 0.101
qCO2 1 0.389** 0.821**
Priming effect 1 0.378**
CO2 flux 1

Note: *p < 0.05; **p < 0.01; 16S, 16S rDNA gene abundance; 18S, 18S rDNA gene abundance; 18S: 16S, Ratio of 18S rDNA gene abundance to 16S rDNA gene abundance.

Table A.1
Results of ANOVA for effects of soil management (SM) and low molecular weight
organic substance (LMWOS) on cumulative CO2 evolution, LMWOS mineralisation,
and priming effect after 30 d incubation.

Parameter df Cumulative CO2

evolution
LMWOS
mineralisation

Priming effect

F value P value F value P value F value P value

SM 1 71.24 <0.001 112.5 <0.001 283.1 <0.001
LMWOS 2 56.42 <0.001 684.5 <0.001 56.96 <0.001
SM � LMWOS 3 6.45 0.005 112.5 <0.001 1.10 0.36
R2 0.92 0.99 0.96
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for the slow growing K-strategists to make the switch from SOM to
added C for their energy, which likely lead to a limitation of the
ability of K-strategist microorganisms to decompose and utilize
recalcitrant soil C. In upland soil, a negative priming effect occurred
as a result of the exhaustion of energy-rich compounds available to
microbes [21].

The easily available organic substance can stimulate fast-
growing r-strategist microbes that would not be able to decom-
pose SOM [19]. The real priming effect is partially controlled by
slow-growing K-strategist microbes whose size and activity are
stimulated by recalcitrant SOM [46]. Fungi are the dominant mi-
crobes in the degradation of the polymerized fraction of SOM [47].
Previous studies have indicated that fungal abundance is positively
correlated with the decomposition of recalcitrant soil C, where
fungi might play an important role in the turnover rate of SOM
[48,49]. As can be seen in Table 2, the priming effect was positively
related to qCO2 and fungal abundance, and was observed to be
lower in paddy than in upland soil. High soil moisture and anaer-
obic conditions can limit the abundance and activity of fungi [50].
Thus, as observed in other studies [46], slow C turnover and the low
priming effect in paddy soil in this study was partially attributed to
the flooding condition associated with soil management, thereby,
suppressing fungal abundance and activity.
Fig. A.1. Dynamics of Eh in paddy soil after different low molecular weight organic
substances addition. Error bars indicate one standard error, values are
means ± standard deviations (n ¼ 3).
5. Conclusions

Both total LMWOS-derived CO2 and SOM-derived CO2 were
higher in upland than in paddy soil, and affected by the type of
LMWOS. The generally lower LMWOS mineralisation and associ-
ated priming effect in paddy soil likely led to the higher accumu-
lation of SOM in comparison to that in upland soil. Weak microbial
activity reflected here as metabolic quotient (qCO2) leads to low
priming effect values. In paddy soil, the abundance and activity of
fungi was limited by the anaerobic conditions and high moisture
level in comparison to upland soil, thereby, resulting in a weak
priming effect. In summary, the priming effect was attributed to the
abundance and activity of fungi, indicating that fungi may be the
major contributors to accelerated SOM decomposition in upland
soil.
Fig. A.2. Change of ambient temperature during gas sampling time.
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Fig. A.3. Changes in the microbial metabolic quotient (qCO2) in upland and paddy soils after different low molecular weight organic substances addition. Error bars indicate one
standard error, values are means ± standard deviations (n ¼ 3).
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