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Abstract

Climate warming and land use change are some of the drivers affecting soil organic carbon
(SOC) dynamics. The Grain for Green Project, local natural resources, and geographical
conditions have resulted in farmland conversion into tea plantations in the hilly region of
Western Sichuan. However, the effect of such land conversion on SOC mineralization
remains unknown. In order to understand the temperature sensitivity of SOC decomposition
in tea plantations converted from farmland, this study considered the different years (i.e.,
2-3,9-10, and 16—17 years) of tea plantations converted from farmland as the study site,
and soil was incubated for 28 days at 15°C, 25°C, and 35°C to measure the soil respiration
rate, amount, and temperature coefficient (Q;0). Temperature and land use type interac-
tively affected the SOC mineralization rate, and the cumulative amount of SOC mineraliza-
tion in all the plots was the largest at 35°C. SOC mineralization was greater and more
sensitive to temperature changes in the farmland than in the tea plantations. Compared
with the control, tea plantation soils showed lower SOC mineralization rate and cumulative
mineralization amount. The 16—17-year-old tea plantation with a low SOC mineralization
amount and high SOC content revealed the benefits of carbon sequestration enhancement
obtained by converting farmland into tea plantations. The first-order kinetic equation de-
scribed SOC mineralization dynamics well. Farmland conversion into tea plantations
appeared to reduce the potentially mineralizable carbon pool, and the age of tea plantations
also had an effect on the SOC mineralization and sequestration. The relatively weak SOC
mineralization temperature sensitivity of the tea plantation soils suggested that the SOC
pool of the tea plantation soils was less vulnerable to warming than that of the control soils.

Introduction

Soils compose the largest carbon pool in the terrestrial ecosystem [1]. Soil organic carbon
(SOC) mineralization, which directly reflects the SOC decomposition, is one of the most
important processes in the ecosystem carbon cycle [2]. Small changes in SOC storage signifi-
cantly influence atmospheric CO, concentrations and the global carbon cycle [3]. Therefore,
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accurate evaluation of SOC mineralization dynamics and its influencing factors has become a
hotspot in the study of the terrestrial ecosystem carbon cycle.

Climate warming and land use change are some of the drivers affecting SOC mineraliza-
tion [4-6]. According to related research, the SOC pool presents different responses to vari-
ous temperatures, but the dynamics of SOC mineralization still remain controversial [7-8].
The temperature coefficient (Q;o) represents the temperature sensitivity of SOC mineraliza-
tion [9-11]. However, the factors that influence Q¢ are complicated, and cause consider-
able spatial-temporal changes [12]. Hence, further research is necessary. Land use change is
identified as a cause of SOC losses through erosion and vegetation conversion, and has
become a factor contributing to the increase in atmospheric CO, concentration [13]. The
characteristics of SOC mineralization varied among different land use types, because the
land use change could alter litterfall amount, litter chemistry and soil chemical and physical
properties [14]. Many scholars have conducted extensive research on SOC mineralization
and its temperature sensitivity [15-16]. However, studies on SOC mineralization in the tea
plantation ecosystem are scarce.

The Grain for Green Project was implemented in the upper reaches of the Yangtze River in
the 1990s. It is the largest land retirement/afforestation program in China. It was launched in
1999 to mitigate land degradation (soil erosion) by returning cultivated land to forestland or
grassland. Since its implementation, the study area has presented established patterns of farm-
land conversion into tea plantations according to its own geographical conditions and natural
resource characteristics. Tea (Camellia sinensis L.) is a perennial evergreen crop with root
absorption characteristics and exudates. Tea plantations are artificially managed and gradually
form a unique regional ecosystem [13]. Our previous studies showed that soil properties
change with the increasing age of tea plantation, including the content of SOC and nutrient
elements; these changed soil properties modify the soil structure and function [17-19]. How-
ever, the effect of long-term tea plantations on SOC mineralization in the hilly region of West-
ern Sichuan, China, is unclear. This region is undergoing farmland conversion into tea
plantations, and the ecological effect of such a conversion has been increasingly highlighted.
Therefore, characterizations of SOC mineralization during this change in land use pattern
need to be performed.

Accordingly, our main objectives of this paper were to (1) evaluate the rates of SOC miner-
alization in soils of tea plantations, (2) assess and quantify the short- and long-term effects of
farmland conversion into tea plantations on SOC mineralization dynamics and (3) clarify the
response of SOC mineralization to the effect of temperature with the conversion of farmland
into tea plantations. We hypothesized that the dynamics of SOC mineralization differed across
different tea plantations ages and soil depths due to the Grain for Green Project, and planting
tea was beneficial for SOC sequestration in certain years. This study provides a theoretical
basis for the effective conversion of farmland into tea plantations and the sustainable develop-
ment of tea plantations.

Materials and methods
Ethics statement

On behalf of, and having obtained permission from all the authors, I declare that: the paper is
not currently being considered for publication elsewhere; all authors have been personally and
actively involved in substantive work leading to the report, and will hold themselves jointly
and individually responsible for its content. No specific permissions were required for these
locations for soil sampling, and the field studies did not involve endangered or protected
species.
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Site description

The study area is an ecological tea plantation in Zhongfeng, Mingshan District, Ya’an City
(103°1142"-103°12'02"E, 30°12'04"-30°12/43"N) (Fig 1), belong to long-term agricultural
research site of Sichuan Agricultural University. This region is typical of Sichuan’s hilly
areas (mean altitude of 700 m). It has a subtropical monsoon climate with a mean annual
temperature of 15.4°C and a mean annual rainfall of approximately 1500 mm; 72.6% of pre-
cipitation occurs between July and September. The exposed layer is composed of sedimen-
tary rocks mainly formed after the Mesozoic age. The yellow soil was formed in the older
alluvium. Since the 1990s, the study area has become a demonstration zone of "Grain for
Green Project” in the upper reaches of the Yangtze River. Based on the geographical condi-
tions and natural resources characteristics, combined with economic development, popula-
tion growth and other national policies, a new planting pattern of returning farmland to tea
plantation had been formed gradually in the study area. However, some farmland and artifi-
cial woodland were still sporadically distributed. Driven by economic interests, the planting
areas were constantly increasing for returning farmland to tea plantation. According to the
long-term farming habits of local farmers, as well as the unified management of Sichuan
Agricultural University, the agricultural management in this region had not changed signif-
icantly, so the SOC concentrations in farmland soil were considered to be essentially
unchanged as well.

Tea cultivation and fertilization in the study area proceed as follows: the cultivation density
of tea is set to about 8 x 10* plants per ha (broad row 150 * 15 cm; narrow row 35 + 15 cm; the
distance between two plants is 16 + 4 cm). Swine manure (15,000 kg hm™) and K,SO, fertilizer
[m(N): m(P,0s): m(K,0) = 20:8:8, 750 kg hm ] as the base fertilizer are spread along vertical
edges beneath the tree canopy in mid-October, followed by the addition of complex chemical
fertilizer, swine manure, and mulch covering. A top dressing of the tea plantations is added
three times a year, and the position of the top dressing is similar to that of the basal dressing.
The following year in mid-February, 1500 kg hm™ of complex fertilizer and 600 kg hm™ of
urea are applied. Complex fertilizer (750 kg hm™®) and urea (300 kg hm™?) are added again to
the soils in late May and July. Tea plantations were irrigated by conventional management
method [20-21].

A)

>z

Sichuan province

Scale 1:13,000,000

0 750 1500 3,000 Kilometers.

Fig 1. Location of the study area.
https://doi.org/10.1371/journal.pone.0185271.g001
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Table 1. Description of the sampling plots.

Soil sampling and analysis

In this study, soil samples were collected in early October 2012. Three tea plantations with dif-
ferent ages were selected for the field investigation. These ages included 2-3, 9-10, and 16-17
years (RT2-3, RT9-10, and RT16-17, respectively), and an unconverted farmland was used as
the control (CK). All these sites were located on the same physiographical units with the same
slope aspects, soil parent material, and fertilizer addition regime. The sampling site description
is shown in Table 1. Five quadrants were selected from each site. Each quadrant measured 15
m x 15 m and had five sampling plots. After removing Surface litter and aboveground vegeta-
tion, three large (1~2 kg) soil bulk samples were taken with a small shovel from each sampling
plot at depths of 0-10, 10-20, and 20-40 cm. Then, an S-shaped sampling method was used to
mix the five soil samples of each depth as a repeat and obtain sampling points. The specific tea
plantation sampling points were vertically located below the tea canopy edge. The soil samples
were sealed in plastic bags and transported to the laboratory, where they were air-dried at
room temperature for a week. Another separate soil sample was collected with a 100-cm” cylin-
drical core for soil bulk density of each plot at depths of 0-10, 10-20, and 20-40 cm. The soils’
physical and chemical properties are listed in Table 2.

The undisturbed soil samples were oven-dried at 105°C to a constant mass and weighted to
determine the soil bulk density by dry weight. The air-dried and sieved (2 mm) soil samples
were used for pH determination. Soil pH was determined with a glass electrode at a soil-water
ratio of 1:2.5 [22]. The air-dried soil samples sieved to < 2 mm were ground to pass through a
0.15mm (100 mesh) plastic sieve for the determination of SOC, total N, and labile organic car-
bon concentrations. The potassium dichromate oxidation method of Lu [22] was applied to
analyze SOC. Soil total N (TN) was determined with the semi-micro Kjeldahl method [22]. The
contents of labile organic carbon were determined by oxidation using a potassium dichromate
solution in sulfuric acid (1/6K,Cr,0,-1:3H,S0,) as described in Liu et al [23]. Half a gram of
the soil sample was placed in a test tube, and 10 mL of 0.2 M mixed liquor (1/6K,Cr,0,-
1:3H,S0,) was added to the test tube. Afterward, the test tube was boiled at 130°C-140°C for 5
min. While the test tube was cooling down, all of the solution was transferred into a 250 mL
Erlenmeyer flask. The remaining K,Cr,O; was titrated with 0.2 M FeSO,. The chloroform fumi-
gation extraction method was used to determine the soil microbial biomass carbon [24].

Incubation experiment

Twenty grams (equivalent dry mass) of sieved (2 mm) bulk soil was adjusted by distilled water
to meet the 60% water holding capacity generally considered to be the optimum moisture con-
tent for microbial respiration [25]. Each temperature treatment and soil depth had five

Code Sites Years under tea plantation | Slope degree (°) |Altitude (m) |Area(hm?) | Undergrowth vegetation

CK? Farmland 0 28 740 ~0.20 Sparse Setaria palmifolia Stapf
RT2-3° Tea plantation | 2-3 30 742 ~0.41 Tea

RT9-10° Tea plantation | 9-10 30 742 ~0.75 Tea, Stenoloma chusanum Ching
RT16-17¢ Tea plantation 16-17 30 742 ~0.67 Tea, Chinese fir

8 CK farmland
® RT2-3 Tea plantation planted for 2-3 years
° RT9-10 Tea plantation planted for 9—10 years

9 RT16-17 Tea plantation planted for 16-17 years

https://doi.org/10.1371/journal.pone.0185271.t001
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Table 2. The physical and chemical properties of soil in each sampling plot.

Soil Sites | Total Organic Total nitrogen Organic carbon |Labile organic |Microbial biomass |Bulk density pH

depth nitrogen(g | carbon (g stocks (Mg ha™") |stocks (Mg ha™) |carbon (gkg™) |carbon(mgkg™) |(gcm™)

(cm) kg™") kg™")

0-10 CK 1.20A'a? 26.34Aa 1.35Ac 29.53Bc 3.62Ca 442.11Ba 1.13 4.47
RT2-3 | 0.78Da 20.49Ba 0.97Bc 25.48Cc 6.68Ba 382.11Ca 1.27 4.24
RT9- | 0.85Ca 21.54Ba 0.97Bc 24.68Cc 6.39Ba 466.42Ba 1.15 3.97
10
RT16- | 1.07Ba 27.84Aa 1.36Ac 35.52Ac 8.00Aa 570.32Aa 1.28 3.79
17

10-20 CK 0.98Ab 22.17Bb 2.31Bb 52.13Bb 3.56Ca 357.90Bb 1.02 4.77
RT2-3 | 0.71Cb 19.80Da 1.77Db 49.00Bb 6.11Bb 339.48Bb 1.21 418
RT9- | 0.82Ba 20.85Ca 1.89Cb 47.96Bb 6.14Ba 468.42Aa 1.12 3.85
10
RT16- | 0.90Bb 23.43Ab 2.59Ab 67.74Ab 6.61Ab 488.21Ab 1.39 3.79
17

20-40 CK 0.83Ac 19.65Ac 3.58Ba 85.13Da 3.15Bb 253.68Cc 0.85 5.30
RT2-3 | 0.54Cc 17.15Bb 2.73Ca 86.98Ca 5.56Ab 311.06Bb 1.22 4.29
RT9- 0.69Bb 17.71Bb 3.65Ba 93.52Ba 5.72Ab 349.74ABb 1.30 4.08
10
RT16— | 0.85Ab 19.80Ac 5.07Aa 118.28Aa 5.86Ac 378.16Ac 1.28 417
17

' Different upper case letters in each column indicate significant difference among different years under tea plantation within a soil depth at p < 0.05 level
according to the LSD test.
2 Different lower case letters in each column indicate significant difference among different soil depths at p < 0.05 level according to the LSD test.

https://doi.org/10.1371/journal.pone.0185271.t1002

replicates, which were placed in 250 mL plastic bottles, and hung with a 25 mL plastic bottle
containing 5 mL of 0.2 M NaOH as a CO, trap. The larger plastic bottle with its matching lid
was covered and incubated at 15°C, 25°C, and 35°C. The evolved CO, was trapped in the 0.2
M NaOH. After precipitation, 1 mL of 0.1 M BaCl, was added. The CO, concentration was
then determined by titration with 0.2 M HCL Trapping and determination were conducted at
increasing time intervals on days 1, 4, 7, 14, 21, and 28.

Calculation and statistical analysis

To describe SOC mineralization under different culture temperatures, the first order kinetic
equation was used as follows [26]:

C =GC—e™) (1)

where C, the cumulative value of mineralized SOC (mg kg’l) during t (days), C, is the poten-
tially mineralizable SOC (i.e., basal carbon mineralization rate at 0°C), ¢ is the incubation time,
and k is a mineralization rate constant.

The temperature coefficient (i.e., Qy) is a widely used index of temperature dependence
describing the proportional rate change given a 10°C temperature change [27]. Eq (2) was
used to describe the temperature dependence of SOC mineralization:

R
(t,T+10)
Qp=—"F— (2)
10 R(LT)
where R (mg kg™' d™") is the SOC mineralization rate, and T is the incubation temperature
O.
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Analysis of variance (ANOVA) was performed with the SPSS software (11.0). Two-way
ANOVA, followed by the least significant difference (LSD) test (p<0.05), was used to compare
the plots representing different tea plantation ages and incubation temperatures.

Results
SOC mineralization dynamics

The daily and cumulative SOC mineralization dynamics during the 28-day incubation are
shown in Fig 2. The daily SOC mineralization amount at each soil depth was in the order of
35°C > 25°C > 15°C at all the plots. Obvious changes occurred under 25°C and 35°C. Under
the three different incubation temperatures, the daily and cumulative SOC mineralization dis-
played similar trends in the three depths at four plots in the order of CK > RT9-10 > RT16-
17 > RT2-3.

The mineralized SOC rate reached the maximum value on the first day of incubation and
significantly decreased and stabilized after 21 d for the 0-10 cm depth soil (Fig 2A). However,
different decreasing amplitudes of the mineralization rate were observed among the three tea
plantations. The decrease was fast in RT9-10 and RT2-3 and slow in RT16-17, indicating that
the mineralization rate did not increase as the SOC content increased. The change in the daily
mineralization amount of the 10-20 cm soil layers was similar to that in the surface soils at
0-10 cm depth (Fig 2B). However, the SOC mineralization rate at all plots at 20-40 cm depth
changed slightly under the three temperatures during the incubation (Fig 2C).
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Fig 2. Dynamics of SOC mineralization rate of farmland conversion to tea plantations at three soil layers.
https://doi.org/10.1371/journal.pone.0185271.9002
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Fig 3. The accumulation amount of SOC mineralization of farmland conversion to tea plantations at three soil layers.
https://doi.org/10.1371/journal.pone.0185271.g003

The changes in the accumulation amount of SOC mineralization were similar to the
changes in mineralization rate (Fig 3A-3C). The total mineralized carbon ranged from
263.25-1068.75 mg kg™ under 15°C, from 278.25-1715.25 mg kg™ ' under 25°C, and from
345.00-1730.00 mg kg~" under 35°C during the 28-day incubation (Table 3). The amounts of
total mineralized carbon significantly increased with temperature at all the plots, but the range
of increase decreased. The results showed that the SOC cumulative mineralization amount sig-
nificantly increased with temperature at all the plots. The total mineralized carbon of RT9-10
was significantly higher than that of RT16-17 and RT2-3. The accumulation amounts of SOC
mineralization in the tea plantations were significantly lower than that of the control. The
trend of the change in mineralized percentage was similar to that of the mineralization cumu-

lative amount.

SOC mineralization temperature sensitivity

The calculated Q;, values ranged from 1.15-1.40 and varied with soil depths for all plots
(Table 4). The Q¢ value of the 15°C-25°C interval was higher than that of the 25°C-35°C
interval. Meanwhile, the temperature sensitivities of SOC mineralization of farmland and tea
plantations differed significantly, and the Q,, value of tea plantations was significantly lower
than that of the control. In addition, except for RT2-3, the Q,, value at 20-40 cm soil depth
was not less than that at the 0-10 and 10-20 cm depths.
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Table 3. SOC mineralization characteristics during the course of farmland conversion to tea plantations.

Soil depth (cm) Sites
15°C

0-10 CK 897.75C"a?
RT2-3 340.50Cd
RT9-10 656.25Cb
RT16-17 498.00Cc

10-20 CK 1068.75Ca
RT2-3 299.25Cd
RT9-10 500.25Cb
RT16-17 412.50Bc

20-40 CK 897.00Ca
RT2-3 263.25Bc
RT9-10 379.50Bb
RT16-17 276.00Cc

25°C
1496.00Ba
449.00Bd
846.00Bb
585.00Bc
1715.25Ba
396.75Bd
688.50Bb
533.25Ac
1588.75Ba
278.25Bd
420.00Bb
354.00Bc

Cumulative mineralization amount (mg kg™")

35°C
1589.75Aa
578.50Ad
1001.50Ab
829.50Ac
1730.00Aa
492.75Ac
864.50Ab
613.25Ad
1641.50Aa
345.00Ac
582.00Ab
428.25Ad

Mineralized percentage

15°C

3.41Ca
1.66Cc
3.05Cb
1.79Cc
4.82Ca
1.51Cd
2.40Cb
1.76Bc
4.57Ca
1.54Bc
2.15Bb
1.40Cc

25°C

5.68Ba
2.19Bc
3.93Bb
2.10Bd
7.74Ba
2.00Bd
3.30Bb
2.28Ac
8.09Ba
1.62Bd
2.37Bb
1.79Bc

35°C

6.03Aa
2.82Ab
4.65Aa
2.98Ab
7.80Aa
2.49Ac
4.15Ab
2.62Ad
8.36Aa
2.01Ac
3.29Ab
2.16Ad

' Different upper case letters in each row indicate significant difference among different culture temperatures at p < 0.05 level according to the LSD test.
2 Different lower case letters in each column indicate significant difference among different years under tea plantation within a soil depth at p < 0.05 level

according to the LSD test.
https://doi.org/10.1371/journal.pone.0185271.t003

SOC mineralization dynamic simulation

SOC mineralization at all depths responded to temperature following a first-order kinetic
equation at all the sites (Table 4). First, the minimum coefficient of determination (R?) value
for all the fitting equations was 0.976, indicating that the equation effectively described the
dynamic process of SOC mineralization. Second, the potentially mineralizable carbon (Cp)
generally increased with temperature and was consistent with the trend of cumulative mineral-
ization amount. Third, the C, of farmland converted into tea plantations was lower than that
of the control and presented a similar trend as the total mineralized carbon arranged in a
descending order (i.e., RT9-10 > RT16-17 > RT2-3).

Discussions

SOC mineralization rate and amount with farmland conversion into tea
plantations

SOC mineralization rates were high during the first four days of incubation and became low
thereafter, consistent with some studies of agricultural [28] and forested [14] soils. The highest

Table 4. Kinetic parameters for SOC mineralization.

Soil depth (cm) Sites Co k R? Qq
15°C 25°C 35°C 15°C 25°C 35°C 15°C 25°C 35°C

0-10 CK 2000.02 2104.84 1981.74 0.021 0.044 0.058 1.000 0.997 1.000 1.37
RT2-3 520.17 536.53 597.99 0.038 0.063 0.097 0.994 0.993 0.985 1.30
RT9-10 1055.82 1082.44 1128.40 0.035 0.052 0.073 0.999 0.996 0.992 1.24
RT16-17 1110.60 842.93 909.51 0.021 0.042 0.080 1.000 1.000 0.986 1.30

1020 CK 1977.37 2095.29 2108.09 0.027 0.060 0.061 0.998 0.998 0.999 1.31
RT2-3 370.48 415.75 522.80 0.053 0.100 0.085 0.969 0.996 0.984 1.29
RT9-10 752.05 925.88 941.98 0.038 0.047 0.085 0.996 0.993 0.994 1.32
RT16-17 566.44 749.45 652.86 0.039 0.056 0.100 0.996 0.995 1.000 1.22

20-40 CK 1171.32 1850.26 1918.36 0.052 0.068 0.067 0.997 0.998 0.996 1.40
RT2-3 208.49 269.59 374.82 0.070 0.131 0.088 1.000 0.976 0.986 1.15
RT9-10 534.27 624.26 666.42 0.042 0.039 0.070 0.990 0.987 0.985 1.25
RT16-17 324.41 588.00 483.51 0.042 0.044 0.078 0.995 0.998 1.000 1.25

https://doi.org/10.1371/journal.pone.0185271.t004
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daily SOC mineralization was obtained on the first day of incubation possibly because of the
activating effects of microorganisms following the short-term dried soil rewetting [29]. The
SOC mineralization rates decreased with the extension of incubation time [30-31], due to the
decrease of labile organic carbon, which is easily degraded by microorganisms. [32].

SOC mineralization is a complex biogeochemical process that is affected by many direct
and indirect factors, such as temperature, water content and carbon input [5, 32]. Accordingly,
temperature is much more important than the other factors in terms of affecting the minerali-
zation process of organic matter [33]. The influence of temperature on SOC mineralization
varies for different temperature ranges [33] and the SOC mineralization rate generally increase
significantly with the increase of temperature [16]. In this study, the SOC mineralization rate
and amount presented a similar trend (i.e., both were significantly higher at 35°C), which is in
line with the results of previous studies [31-32]. It is found that stimulated warming can
enhance CO, efflux in both laboratory incubation experiments and field [14, 16], due to the
increased microbial activity and enhanced soil respiration [4]. However, the current study
showed that the increasing degree of total mineralized carbon in almost all the plots decreased
with temperature possibly because of the acclimatization of soil respiration to warming [34].

Given the combined effects of various biotic and abiotic factors and the differences in
human disturbance, the mineralization process and mineralization rate of SOC differ under
different land use patterns [35-36]. In this study, the SOC mineralization rates of tea planta-
tions were lower compared with that of the control, indicating that the conversion of farmland
into tea plantation was beneficial to the enhancement of SOC stability This condition may be
attributed to the differences in the stability of soil structure and the amount and nature of litter
input [6,32]. In the initial conversion stage (RT2-3), the amount of litter was small, and rapid
decreases in SOC were likely caused by the destruction of soil aggregates by human activities
(e. g., regular picking of tea, weeding, tillage and fertilization) in tea gardens [21]. Soil microor-
ganisms drive cycling and storage of soil C through decomposition of plant root and litter
inputs [37]. Soil microbial biomass carbon (MBC), which is constituted by archaea, bacteria
and eukaryotes, has been correlated with microbial diversity and enzyme activities in the soil
[38]. It was not conductive to the breeding of microorganisms and the development of biodi-
versity, in the case of a decrease in the aboveground litter inputs and an increase in anthropo-
genic disturbance in the initial conversion stage [39]. Thus, the mineralization rate in RT2-3
was lower compared with control. During the 9-10 years of tea plantation, the mineralizable
carbon increased because the amount of litter increased and was returned to the soil [18].
Plant residues and metabolism secretions accumulated continuously with the increase of tea
planting years, resulting in the recovery of microbial numbers and activity to some extent,
which led to the rebound of SOC. In addition, tea plant litter contains substances (e.g., poly-
phenol, lignin, and tannin) that are difficult to decompose, retarding the mineralization of
SOC [40-41]. The SOC content in RT16-17 was significantly higher than that in CK, but the
total mineralized carbon was lower, indicating that the tea plantation of 16-17 years resulted
in increased soil carbon sink. The control had a relatively higher degree of organic residue and
SOC decomposition. This condition may be attributed to an increase in the carbon-nitrogen
ratio of RT16-17, and the decreased nitrogen content limited SOC mineralization to some
extent [16]. Additionally, lower pH could decrease microbial growth [4], and thus limit micro-
bial decomposition and lead to greater SOC sequestration in RT16-17.

Alvarez and Alvarez [42] applied exponential and hyperbolic models to describe SOC
mineralization during incubation. Their results showed that the exponential model was more
capable of describing SOC mineralization patterns than the hyperbolic model in a wide range
of soil management practices and depths. In the current study, we fitted SOC mineralization
dynamics by using the same exponential equation (Table 4). This equation effectively described
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the mineralization process. According to the change in Cy, farmland conversion into tea plan-
tations effectively enhanced carbon sequestration. In addition, C, decreased in RT16-17
exhibited a carbon sink effect, suggesting that long-term tea planting was beneficial to SOC
sequestration.

SOC mineralization temperature sensitivity with farmland conversion
into tea plantations

The Q,( value is usually used to predict the response of SOC mineralization and sequestration
to future warming [43]. Several studies have demonstrated that the temperature sensitivity of
SOC mineralization changes with warming temperature [5,44-45]. In this study, the Q; value
decreased with the increase in temperature, which is consistent with the results of the majority
of previous studies [46-47]. The high Q;, value of the 15°C-25°C interval suggests that ther-
mal adaptation affected soil heterotrophic respiration. The different responses to temperatures
might be due to the changes in the microbial community structures and the incubated physio-
chemical properties [4, 14].

The Q, value of tea plantations was significantly low because, first, the nitrogen content of
the control was higher than that of the tea plantations, and the C/N ratio of the control was
lower. The nitrogen affected the microbial activity in a complex manner [48]. A low C/N ratio
increases the carbon mineralization rate, and a high C/N ratio imposes certain restrictions on
soil microbial activities. Thus, organic carbon decomposition and mineralization slowed
down, allowing an increase in SOC fixation ability. Second, the Q,, values were affected by
vegetation type [31], substrate availability [49], and soil water content [50]. The conversion of
land use changed soil porosity and permeability, which influenced SOC mineralization tem-
perature sensitivity [51]. The relatively weak SOC mineralization temperature sensitivity of the
tea plantation soils suggested that the SOC pool of the tea plantation soils was less vulnerable
to warming than that of the control soils with a large Q;¢ value. In addition, some studies
showed that different SOC fractions had remarkably different Q,, values [52]. Tea plantations
with different conversion years had different SOC mineralization temperature sensitivity, and
this might be due to the changes of SOC composition [19].

Generally, SOC at different depths had different responses to changes in soil temperature,
owing to the difference in SOC stability and microbial selectivity to C utilization [53]. Research
has pointed out that deeper soil layers are less temperature-sensitive than upper soil layers
[44], and suggested that the change of Q;, with depths was related to substrate availability [16].
However, the Q;, value for the 20-40 cm depth in this study was not lower than that of the
0-10 and 10-20 cm depths, indicating that the deeper soil layer of the study area was as sensi-
tive as the topsoil to warming. This result was consistent with some previous studies in which
the Q¢ of SOC mineralization in the subsoil was higher than the topsoil, due to the larger pro-
portion of recalcitrant and lower quality organic fractions [16, 54]. Hence, further attention
should be paid to deeper soil layers of tea plantation.

Conclusions

The cumulative amount of SOC mineralization was significantly high at 35°C in all the plots,
but the increasing amplitude of the 25°C-35°C interval was less than that of the 15°C-25°C
interval. SOC mineralization was greater and more sensitive to temperature changes in the
farmland than in the tea plantations. The significantly low cumulative mineralization amount
and Q value of tea plantations showed that farmland conversion into tea plantations effec-
tively enhanced the soil carbon sink in the study area, especially in tea plantations aged 16-17
years, which had a low mineralization rate and a high SOC content. According to the Qo
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value at 20-40 cm depth, the contribution of deeper layers to SOC mineralization should not
be ignored. The first-order kinetic equation effectively described the SOC mineralization
dynamics in the study area. Therefore, farmland conversion into tea plantations effectively
reduced the potentially mineralizable carbon pool and was conducive for activated carbon
accumulation.
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