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Nitrogen (N) is the first essential nutrient for tea growth. However, the effect of

soil acidification on soil N cycle and N forms in tea plantation are unclear. In this

study, the nitrogen contents, soil enzyme activity and N mineralization rate in

acidified soil of tea plantation were measured. Moreover, the effects of soil

acidification on N cycling functional genes and functional microorganisms

were explored by soil metagenomics. The results showed that the NH4
+-N,

available N and net N mineralization rate in the acidified tea soil decreased

significantly, while the NO3
--N content increased significantly. The activities of

sucrase, protease, catalase and polyphenol oxidase in the acidified tea soil

decreased significantly. The abundance of genes related to ammonification,

dissimilatory N reduction, nitrification and denitrification pathway in the

acidified tea soil increased significantly, but the abundance of functional

genes related to glutamate synthesis and assimilatory N reduction pathway

were opposite. In addition, the abundance of Proteobacteria, Actinobacteria,

Chloroflexi, Nitrospirae, Actinomadura, Nitrospira etc. microorganisms related

to nitrification, denitrification and pathogenic effect increased significantly in

the acidified tea soil. The correlation results showed that soil pH and N forms

were correlated with soil enzyme activity, N cycling function genes and

microbial changes. In conclusion, soil acidification results in significant

changes in enzyme activity, gene abundance and microorganism involved in

various N cycle processes in acidified tea soil, which leads to imbalance of soil

N form ratio and is not conducive to N transformation and absorption of

tea trees.

KEYWORDS

tea (Camellia sinensis), soil acidification, nitrogen forms, nitrogen functional genes,
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Introduction

Tea (camellia sinensis) is an important economic plant in

tropical and subtropical countries. Tea is a perennial leaf-

harvested crop that grows best in acidic soil with pH value of-

4.5-5.5 (Yan et al., 2020). However, soil acidification is major

problem in tea plantation. Generally, excessive N fertilization is

considered the major driver of soil acidification in tea

plantations (Huang et al., 2015a; Yan et al., 2020; Lin et al.,

2022). Specifically, the accelerated soil acidification from

fertilization is directly caused by the production of protons via

the nitrification process after application of ammonium N

fertilization (Barak et al., 1997; Zhou et al., 2014). In addition,

the nitrate nitrogen (NO3
––N) produced by nitrification was

washed out of the soil under heavy rainfall and took away a large

number of base ions, resulting in the decrease of the acid

neutralization ability of the soil (Yang et al., 2018b). Moreover,

not all of the large amount of fertilizer applied can be absorbed

and utilized by plants, and the loss of N from agroecosystems has

led to pollution of groundwater, nitrous oxide (N2O) emissions,

and other environmental problems (Sun et al., 2021).

Nitrogen is an essential element for all plants to grow and

reproduce. NH4
+-N and NO3

––N are the main types of available

N, but they are limited in the natural environment. Only after N

mineralization process, organic N can be converted into effective

N (NO3
-, NH4

+), which can be absorbed and utilized by plants

(Robertson et al., 1999). Compared with NO3
-, NH4

+ could

significantly improve the photosynthetic efficiency and quality of

tea trees (Ruan et al., 2008). N transformation in soil refers to the

process of changing the form or state of N-containing substances

in soil by physical chemistry and biochemistry, mainly includes

N mineralization, N fixation, nitrification and denitrification etc.

(Kuypers et al., 2018). Transformation of soil N forms is carried

out by microbiome containing specific functional genes (Zhang

et al., 2019). There are many studies focused on soil N

transformation, but mainly focuses on the effects of different

fertilization management on soil N transformation (Saggar et al.,

2013). For example, for acidic soils, long-term application of

chemical N fertilizer resulted in increased activity and

abundance of Ammonia oxidizing archaea (AOA) (Leininger

et al., 2006). Sun et al. (2020) reported that the application of

biological fertilizer reduced the abundance of bacterial amoA

gene in soil, but enhanced the soil denitrification, reduced the

accumulation of NO3
––N, thus greatly reduced N leaching loss

in runoff. The addition of Oxytetracycline inhibited nitrifying

bacteria reduce the conversion of NH4
+-N to NO3

––N in

composting process (Zhang et al., 2021). The use efficiency of

soil N can be improved by applying different fertilizers.

Although there are a lot of research on soil N genes, most of

these studies used qRT-PCR methods, which often lead to biased

results and focus on a single gene involved in the N cycle or

single N process-related genes. N cycle is a network of
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interconnected processes. Such an approach lacks information

on the complete N-cycle metabolism process, which can lead to

the loss of important information.

Soil pH value is an important factor influencing soil N-

related transformation and microbial communities (Wang et al.,

2017). Previous studies have demonstrated that soil acidification

will lead to the loss of soil base ions, the decrease of directly

available NH4
+-N and NO3

––N in soil, the intensification of soil

acidification, and then decrease of N conversion efficiency in soil

(Yamamoto et al., 2014; Huang et al., 2015b). Soil enzymes play

an important role in material cycle and energy flow in soil

ecosystem, which regulate the conversion and circulation of soil

nutrients. Meanwhile, the study of the composition of soil

microbial community is conducive to an in-depth

understanding of the soil internal ecological processes. Soil

acidification can change the diversity of soil microbial

community structure, such as increasing the relative

abundance of acidifying bacteria bacillus, and decreasing the

number of Proteobacteria, Bacteroides and Actinomycetes (Xu

et al., 2016; Goswami et al., 2017). Planctomycetes,

Acidobacteria, Nitrospirae etc. Microorganisms are closely

related to soil nitrogen cycling (Zhou et al., 2018; Spieck et al.,

2020; Hu et al., 2021). Tea plants have a great demand for N as

the buds and leaves are the main subjects for tea yield. Then, can

soil acidification influence the content of soil N? And the

response of the functional genes and microorganisms involved

in the N cycle to soil acidification in tea plantation and their

relationship with N forms are unclear.

Here, soil N contents, N mineralization rates and soil

enzyme activity with different soil pH values were measured.

Furthermore , metagenomic methods were used to

comprehensively analyze the differences of various functional

genes in soil N-cycling process and microbial communities of tea

plantation with different pH values. The objective of this study is

1) to analyze the change of N contents and soil enzyme activity

in tea soil after acidification; 2) to assess the response of the

functional genes involved in the N cycle and functional

microorganisms to soil acidification and their relationship with

N forms, and 3) to analyze the specific genes involved in different

N processes with different acidity of tea soils.
Materials and methods

Sample collection and site description

The experiment site was located in Nanjing County, Fujian

Province, China (24°37′04″N, 117°02′80″E), elevation 590-582 m

above sea level, The site is a typical monsoonal with a mean annual

temperature of 21.40°C. The minimum and maximum mean

monthly temperatures are -0.5°C and 38.9°C in January and July,

respectively, with a mean annual rainfall of 1821 mm. The site has
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a haplic arenosol soil (FAO classification) and with a clay loam

texture. A 750 kg ha−1 of compound fertilizer (17% N, 17% P, and

17% K) and 600 kg ha−1 of urea were added to the soil in mid-

February of every year. In late-May and July, a compound fertilizer

and urea were added to the soil surface at the rate of 750 and 300 kg

ha-1 each time. The pruning of upper leaves and buds were

reserved in tea plantation for surface mulch.

In August 2020, based on the results of previous studies (Lin

et al., 2022), tea plantations in the same region with soil pH

ranges of 3.5-4.0 (AT) and 5.0-5.5 (ST) were selected as research

sites. Each tea plantation plot area is no less than 40 m2 (4 m ×

10 m). Then soil samples were randomly collected from three

plots in each site. The rhizosphere soil of tea trees was taken

from each experimental plot by a five-point sampling method.

Briefly, the surface deciduous leaves of the selected trees were

removed. The 500 g soils were collected from the tea tree

rhizosphere at a radius of 10-15 cm and depth of 10-20 cm,

then mixed thoroughly to form one composite sample. Different

soil samples were immediately placed into plastic bags, to

minimize exposure to O2, and prior to analyses. The fresh soil

was sieved in a 2-mm-mesh sieve and divided into three

subsamples. One portion dried in air naturally was used to

measure chemical properties. One portion was stored at 4°C for

enzyme activity determination. And the remainder was

immediately frozen at -80°C for DNA analysis.
Chemical properties determining

The pH of soil was determined with a glass electrode (PB-10;

Sartorius, Shanghai, China) with a soil to water ratio of 1:2.5.

The contents of NO3
––N and NH4

+-N in soil samples were

determined according to the method of Lu (1999). In brief, 5 g

soil sample was used to extract and the NO3
––N content was

determined using dual-wavelength spectrophotometry at 210

nm and 275 nm. The 10 g of soil sample was used to extract and

the NH4
+-N content was measured using indigophenol blue

colorimetric method at 625 nm. The sum of NO3
––N and NH4

+-

N contents was the available N (AN) content. The soil net N

mineralization rate (Mitr) was determined by measuring the

change of available N (NH4
+-N and NO3

––N) in the soil

samples. In brief, 10 g of tea soils were incubated in a 100 mL

culture flask and cultured in the dark at 25°C for 7 d (Li et al.,

2020). Soil mineral N (NH4
+-N and NO3

––N) was determined

by colorimetric method at the beginning and the end of the

culture, then the N mineralization rate was analyzed. All soil

properties were determined in triplicate.
Determination of soil enzyme activity

The soil enzyme activity was analyzed by the reference

(Guan et al., 1986). Briefly, sucrase activity (SC) was
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determined using 3,5-dinitrosalicylic acid colorimetry; urease

activity (UR) was determined using sodium phenol colorimetry;

protease activity (PR) was determined using Folin colorimetric

method; catalase (CAT) activity was determined by potassium

permanganate titration; polyphenol oxidase activity (PPO) was

determined by purple gallic acid colorimetric method; and

phosphomonoesterase activity (PMase) was determined by p-

nitrophenylphosphate disodium colorimetric method. All soil

properties were determined in triplicate.
DNA extraction and metagenomics
sequencing

Soil total DNA extraction were using Bio-Fast Soil Genomic

DNA Extraction kit (BioFlux, Hangzhou, China), according to

the manufacturer’s instructions with 0.5 g. The integrity of DNA

was checked by 1% agarose gels. and the concentration was

measured using a NanoDrop ND-1000 spectrophotometer

(Thermo Fisher Scientific, Waltham, MA, USA). The pure

DNA in the extraction solution was processed with the

Illumina TruSeq Nano DNA LT Library Preparation Kit to

construct metagenome shotgun sequencing libraries with

insert sizes of 350 bp. Each library was sequenced by using the

Illumina HiSeq X-ten platform (Illumina, USA) with the

PE150 strategy.

Preprocessing the Raw Data obtained from the Illumina

HiSeq sequencing platform were preprocessed by Readfq to

obtain the Clean Data for subsequent analysis. After obtaining

quality-filtered reads, they were de novo assembled and use

MEGAHIT (v1.0.4-beta) to construct the metagenome for

each sample. The Scaftigs (> 300 bp) assembled from both

single and mixed are all predicted the ORF by MetaGeneMark

(Zhu et al., 2010), then were clustered by CD-HIT (V4.5.8) to

redundancy and obtain non-redundant gene catalogue. Gene

abundance in each sample was estimated by using soap. coverage

(http://soap.genomics.org.cn/) based on the number of aligned

reads. And then using BLASTP (BLAST Version 2.2.28 + 5) to

compare the gene set and NR database (e-value ≤ 1e−5), N cycle

microbial species annotation was obtained through the gene

taxonomic information database corresponding to the NR

database, and then species abundance was calculated by

summing the abundances of genes corresponding to the

species (Wang et al., 2020).
Statistical analysis

The changes in soil chemical properties, soil enzyme activity

and gene abundance were tested for significant differences

among tea soils with one-way ANOVA using the SPSS 20.0

(SPSS Inc., Chicago, IL, USA) followed by the least significant

difference (LSD) at a 5% level of probability. All experimental
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data were showed as the mean ± standard error. Graphs were

prepared using origin (OriginPro 9.0) unless otherwise

indicated. Pearson correlation analysis was used to examine

the relationships among the environmental factors, soil

enzyme activity and abundance of functional genes for each N

transformation, using the Corrplot program package in R

software. Redundancy analysis (RDA) was carried out to

examine the relationships between environmental factors and

microbial abundance at the phylum and genus level, using the

vegan package in R software.
Results

Soil physicochemical properties

The soil properties varied significantly between the two tea

soils (Table 1). The pH of tea soil with AT and ST were 3.75 and

5.26, respectively. With the increase of soil pH value, the

contents of NO3
––N were 41.10 and 29.87 mg·kg-1,

respectively. After acidification, the NO3
––N content of tea soil

significantly increased (P < 0.05) by 11.23 mg·kg-1. In contrast,

relative to ST, the content of NH4
+-N in AT was significantly

decreased (P < 0.05) by 15.91 mg·kg-1, and corresponding

decrease for available N was 4.67 mg·kg-1. With the increase of

soil pH value, the rate of net N mineralization were 2.29 and 5.70

mg·kg-1 d-1, respectively. The net N mineralization rate of ST

were about 2.5 times as much as that of AT (acidified soil).
Soils enzymatic activity

There were significant differences (P < 0.05) in soil enzyme

activities with different pH values (Figure 1). The activity of

sucrase was significantly higher than that of other enzymes.

Compared with ST, the activities of sucrase, protease, catalase

and polyhphenol oxidase decreased by 3.45, 0.44, 0.58 and 0.25

mg g-1 h-1 under AT, respectively. And urease activity of AT was

significantly higher than that of ST (P < 0.05). Taken together,

the activities of sucrase, protease, catalase and polyphenol

oxidase in tea soil decreased significantly, and urease activity

increased significantly after soil acidification, but there was no

significant difference in phosphomonoesterase activity.
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Functional N transformation gene shifts

A total of 76720.18 Mbp of raw reads was obtained from 6

libraries after the Illumina sequencing. After filtering, 76532.51

Mbp of clean reads were identified, and the percentage of clean

reads relative to raw reads in each library was above 99.76%

(Supplementary Table S1), indicating that the results could

comprehensively and truly reflect the composition of soil

microbial community. We further summarized and analyzed

the frequency and abundance of functional genes involved in the

complete N-cycle metabolic process.

A total of 11049 functional gene probes were detected

(Supplementary Table S2), which included 28 genes and 6

pathways of N-cycle processes including glutamate synthesis,

ammonification, assimilatory N reduction, dissimilatory N

reduction, nitrification and denitrification. The processes of N-

cycle are shown in Figure 2A. The frequency of genes involved in

glutamate synthesis was the highest, with 4114 and 3895

functional genes detected by AT and ST, respectively. In

contrast, only 41 and 33 functional genes were detected by

nitrification (Figure 2B). However, genes involved in N fixation

and anammox were not captured in this study (Figure 2B).

Overall, the total abundance of genes involved in N

pathways in AT was significantly higher (P < 0.05) than that

in ST (Supplementary Figure S1). With the increase of soil pH,

the abundances of genes involved in N pathways were 8.05 × 104

and 7.22 × 104, respectively (Supplementary Figure S1B). For

abundance of functional genes for each N-cycle processes, the

abundance of functional genes involved in glutamate synthesis

pathway was the highest and significantly higher (P < 0.05) than

those genes in other N-cycle processes (Figure 2C). After soil

acidification, the abundance of genes related to ammonification,

dissimilatory N reduction, nitrification and denitrification

pathway in tea soils increased significantly (P < 0.05). And the

abundance of genes involved in glutamate synthesis and

assimilatory N reduction pathways decreased significantly (P <

0.05) under soil acidification (Figure 2C).

From the perspective of individual genes, soil acidification

significantly changed the individual gene abundance in tea soils

(Figure 3). Overall, soil acidification significantly increased (P <

0.05) the abundances of gdh2 involved in ammonification

(Figure 3B), narB and nasB involved in denitrification

(Figure 3C), narI, narJ and narH involved in dissimilatory N
TABLE 1 physiochemical properties of tea soils with different pH values.

Physicochemical property pH NH4
+-N (mg kg-1) NO3

––N (mg kg-1) AN (mg kg-1) OM (mg kg-1) Mitr (mg kg-1 d-1)

AT 3.75 ± 0.02b 4.91 ± 0.27b 41.10 ± 0.06a 46.02 ± 0.22b 36.28 ± 0.18a 2.29 ± 0.02b

ST 5.26 ± 0.02a 20.82 ± 0.26a 29.87 ± 0.07b 50.69 ± 0.22a 33.46 ± 0.16b 5.70 ± 0.01a
AT, tea soil with a pH of 3.75; ST, tea soil with a pH of 5.26. NH4
+-N, ammonium nitrogen content; NO3

––N, nitrate nitrogen content; AN, available nitrogen content; OM, organic matter
content; Mitr, net nitrogen mineralization rate. Data in the table are mean ± SE. Different lowercases represent significant differences at P < 0.05 level.
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reduction (Figure 3D), and all individual genes involved in

nitrification (amoA_ABC) (Figure 3E) and denitrification

(narG, nirK, nirS, norB and nosZ) (Figure 3F). In contrast, the

abundances of gltB and gltD involved in glutamate synthesis

(Figure 3A), gudB and gdhA involved in ammonification

(Figure 3B), nasA and nirA involved in assimilatory N

reduction (Figure 3C), and napA, napC, nirB, nirD and nrfA

involved in dissimilatory N reduction (Figure 3D) decreased

significantly (P < 0.05). The abundances of different individual
Frontiers in Plant Science 05
genes involved in the same pathway were not showed a

consistent trend with the change of soil pH value.
Microorganisms involved in the
nitrogen cycle

The PCA plots indicated that significant differences occurred in

soil N-cycling microbial communities with different pH values. The
FIGURE 1

Soil enzyme activities in tea soil with different pH values. SC, sucrase; UR, urease; PR, protease; CAT, catalase; PPO, polyhphenol oxidase;
PMase, phosphomonoesterase. AT, tea soil with a pH of 3.75; ST, tea soil with a pH of 5.26. Bars indicate standard error of the mean (n = 3).
Different lowercases represent significant differences at P < 0.05 level.
B CA

FIGURE 2

An overall schema illustrating the N-cycle processes (A), detection frequency (B) and abundance (C) of functional genes for each N-cycle with
different acidity of tea soils. AT, tea soil with a pH of 3.75; ST, tea soil with a pH of 5.26. GluS, glutamate synthesis; Amm, ammonification; ANR,
assimilatory nitrogen reduction; DNR, dissimilatory nitrogen reduction; Nit, nitrification; Den, denitrification. Bars indicate standard error of the
mean (n = 3). Different lowercases represent significant differences at P < 0.05 level.
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N-cycling microbial were well separated in the first component

(PC1) (Supplementary Figure S2), with the three replicates

displaying close clustering. At the phylum level, a total of 26

phyla was detected by metagenomic sequencing from two soil

samples (Supplementary Figure S3). The top 10 soil microbial

communities at the phylum level, accounting for 87.41% of the

total soil microorganisms were further selected (Figure 4A). The

relative abundances of Proteobacteria, Actinobacteria, Chloroflexi,

Nitrospirae and Firmicutes in AT were significantly higher (P <

0.05) than those in ST, while the abundance of Acidobacteria,

Armatimonadetes, Verrucomicrobia and Thaumarchaeota were the
Frontiers in Plant Science 06
opposite. Taken together, with the increase of soil pH, the total

abundance of top 10 species of soil N-cycling microbial

communities at the phylum level accounted for 88.84 and 86.00%

of the total, respectively (Supplementary Table S3).

A total of 326 microorganisms genera was obtained at the

genus level. As shown in Figure 4B, there were significant

differences in soil microbial abundance at genus level in tea

soils with different pH values. Compared with ST, the relative

abundance of Nitrospira, Rhodanobacter, Actinomadura,

Thermogemmatispora and Mycobacterium in AT increased

significantly (P < 0.05), while that of Candidatus Solibacter,
B

C D

E F

A

FIGURE 3

The abundance of individual genes involved in each N-cycle processes (A–F) with different acidity of tea soils. AT, tea soil with a pH of 3.75; ST, tea soil
with a pH of 5.26. Bars indicate standard error of the mean (n = 3). Different lowercases represent significant differences at P < 0.05 level.
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Geobacter , Ktedonobacter and Nitrobacter decreased

significantly (P < 0.05). There was no significant difference in

Bradyrhizobium between AT and ST.
Correlation between soil microorganism,
soil enzyme activity and
environmental parameters

Pearson correlation analysis identified significant

correlations (P < 0.05) between physicochemical properties

and N-related gene abundances across AT and ST (Figure 5).

The pH value, NH4
+-N, available N and net N mineralization

rate were significantly positively correlated (P < 0.05) with

activities of sucrase, protease, catalase, and polyhphenol

oxidase, and the gene abundances involved in glutamate

synthesis and assimilatory N reduction, whereas they were

significantly negatively related (P < 0.05) to urease activity and

the gene abundances involved in ammonification, dissimilatory

N reduction, nitrification and denitrification. The correlation

between NO3
––N content and other indexes was contrary to that

of NH4
+-N and available N (P < 0.05).

RDA was performed using the top 10 species of microbial

taxa at the phylum level and soil physicochemical properties

(Figure 6). The results showed that axes 1 and 2 together

described 99.94% of the variation in microorganisms at the

phylum level and 99.91% of microorganisms at the genus level,

indicating a significant correlation between soil physicochemical

factors and microbes (P < 0.05) (Figure 6). As for the

microorganisms at the phylum level (Figure 6A), soil pH,

NH4
+-N and available N content and net N mineralization

rate were significantly positively correlated (P < 0.05) with the

abundance s o f Ac idobac t e r i a , Armat imonade t e s ,

Verrucomicrobia and Thaumarchaeota, and significantly

negatively correlated (P < 0.05) with the abundance of
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Proteobacteria, Actinobacteria, Chloroflexi, Nitrospirae,

Planctomycetes and Firmicutes. And the correlation between

NO3
––N content and other indexes were contrary to that of

NH4
+-N content (P < 0.05).

As for the microorganisms at the genus level (Figure 6B), soil

pH, NH4
+-N, available N content and net N mineralization rate

were positively correlated (P < 0.05) with the abundances of

Candidatus Solibacter, Geobacter and Nitrobacter and negatively

correlated (P < 0.05) with the abundances of Bradyrhizobium,

Nitrospira, Rhodanobacter, Actinomadura, Thermogemmatispora

and Mycobacterium. And the correlation between NO3
––N

content and other indexes were contrary to that of NH4
+-N and

available N (P < 0.05).
Discussion

Soil nitrogen form and transformation

Nitrogen involved in a lot of biological processes in terms of

different level and forms (NH4
+ and/or NO3

−) (Huang et al.,

2018). Tea plants prefer NH4
+ rather than NO3

−, and NH4
+ can

promote the growth of tea plants more effectively (Huang et al.,

2018; Wang et al., 2021). In our study, the contents of NH4
+-N

and available N in acidified soil decreased significantly, but the

content of NO3
−-N was higher than that in soil suitable for tea

tree growth (Table 1). These results indicated that soil pH affect

the N forms of tea soils, and soil acidification lead to the decrease

of available N for tea plant. By further analyzing the soil N

transformation capacity, we found that the rate of net N

mineralization in acidified soil decreased significantly

(Table 1). Consistent with our findings, previous researchers

reported that the rate of N mineralization increases as the

increase of pH values of 4-8 (Jiang et al., 2015). Mineralization

results in increasing the content of available N in plant soil
BA

FIGURE 4

Distribution of nitrogen-related total microbial top 10 phyla (A) and genus (B) with different pH values of tea soils. AT, tea soil with a pH of 3.75;
ST, tea soil with a pH of 5.26.
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FIGURE 5

Heatmap of pearson correlation analysis of soil physicochemical properties, enzyme activity and functional gene abundance in tea soil with
different pH values. NH4

+-N, ammonium nitrogen content; NO3
––N, nitrate nitrogen content; AN, available nitrogen content; OM, organic

matter content; Mitr, net nitrogen mineralization rate. * and **, significant at P ≤ 0.05 and P ≤ 0.01.
BA

FIGURE 6

Canonical redundancy analysis (RDA) of soil physicochemical factor and dominant phyla (A) and genera (B) microorganism in three soil sample.
AT, tea soil with a pH of 3.75; ST, tea soil with a pH of 5.26.
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(Robertson and Groffman, 2007), which indicated that

acidification would reduce soil mineralization capacity, thus

lead to a decline in soil N supply capacity and a decrease of N

absorption and utilization capacity of tea trees.
Soil enzyme activity

Soil enzyme activity is an indicator of soil quality, which

reflect the direction and intensity of biochemical processes and

nutrient cycles in soil (Xu et al., 2021). The activities of N-cycling

enzymes such as urease, catalase and protease existed

significantly differences under different N fertilizer treatments

(He et al., 2021; Li et al., 2021). Our study found that the

activities of sucrase, protease, catalase and polyphenol oxidase in

acidified tea soil decreased significantly (Figure 2). Soil enzymes

such as sucrase and catalase were closely related to soil organic

matter accumulation and saprophytic degree, where their debris

and subsequent nutrients release into the soil is made available

to plants (Dick, 1994; Madejón et al., 2007). Protease can

hydrolyze various protein and peptide compounds into amino

acids, which is one of the N sources of higher plants (Nie et al.,

2020). Polyphenol oxidase has a defense effect against soil

pathogens (Mayer, 2006). It could be seen that acidification of

tea soil has a negative effect on soil carbon and N conversion, N

supply capacity, disease resistance and soil humus content.
Functional N transformation gene shifts

The changes of soil functional gene abundance determine

the direction and amplitude of soil N transformation (Chen

et al., 2017). Hence, we comprehensively analyzed the genes

involved in the grid pathway of N-cycling (Figure 2). Taken

together, the frequency and abundance of genes involved in

glutamate synthesis were significantly higher than other N-cycle

processes, while the abundance of genes involved in nitrification

were the lowest (Figure 2C). This finding was similar to the

result of Nelson’s metagenomic sequencing (Nelson et al., 2015),

indicating that tea soils with different acidity in this study have

the same characteristics of N metabolism pathways. However,

the abundances of genes involved in N fixation and anammox

were below the detection line and not captured (Figure 2B). This

may be due to mineral forms of N that were readily available in

the environment, requiring no or less metabolic investment

according to the principle of resource acquisition (Zheng

et al., 2017).

Compared with NO3
−, NH4

+ can more effectively promote

the biosynthesis of free amino acids and catechins in tea leaves

and roots, and significantly improve the activity of glutamine

synthase, thus improve the tea quality (Huang et al., 2018; Wang

et al., 2021). Our results found that the abundance of genes

involved in glutamate synthesis in acidified soil decreased
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significantly, while it was positively correlated with NH4
+-N

(Figures 2C, 5). This suggested that the content of NH4
+-N in

acidified soil decreased, which inhibited the synthesis of

glutamate. However, it was not conducive to the accumulation

and absorption of soil N content, thus reducing the N fertilizer

use efficiency (Wang et al., 2020). The presence of NH4
+ will

improve the absorption rate of NO3
- (Ruan et al., 2016). Plants

or microorganisms inhale NO3
−-N into the body, reduce it to

NH4
+-N by assimilatory N reduction, and then synthesize N-

related organic substances. And then the abundances of genes

related to assimilatory N reduction pathway in ST were

significantly higher than that in acidified soil (Figure 2C).

Our result was consistent with a previous study that reported

that nitrification was negatively correlated with soil pH value

(Jin et al., 2012). And high potential nitrification rates lead to low

NH4
+-N and to high NO3

−-N (Jin et al., 2012; Li et al., 2018).

Hence, the soil NO3
−-N was significantly higher and NH4

+-N

was less after soil acidification (Table 1). Ammonification is a

process in which microorganisms decompose organic matter

and release NH4
+ or NH3. Soil acidification promotes soil

ammonification (Figure 2C), this may result in higher urease

activity in acidified soil. But the content of NH4
+-N in the

acidified tea soil decreased, this suggested that the NH4
+-N

generated was partly absorbed by tea trees and partly

converted to NO3
––N due to high nitrification, which also

increased the risk of solidification or leaching, thus resulting in

less NH4
+-N in acidified soil. The results also indicated that the

abundances of genes involved in denitrification increased

significantly in acidified soil, and were negatively correlated

with soil NH4
+-N and available N, while were positively

correlated with NO3
––N (Figures 2C, 5). This was consistent

with the results of Sun et al. (Sun et al., 2021). The contribution

of denitrification to N2O production was significantly increased

with the decrease of soil pH (Saggar et al., 2013; Wu et al., 2017).

The transformation of N in soil was a cyclic process. The

nitrification and denitrification of tea soil were enhanced after

soil acidification, thus resulting in less NH4
+-N in soil, which

further inhibited glutamate synthesis (Figure 5).

Previous studies on genes related to soil N-cycling mainly

focused on the relative abundance of individual genes involved

in soil nitrification, denitrification and N-fixation, such as nifH,

amoA, nirS and nosZ (Sun et al., 2021). However, other genes

involved in N-cycling pathways have received less attention.

Hence, we further comprehensively evaluated the abundance of

key genes involved in each N-cycling processes. Among the

glutamate synthesis-related genes, the abundances of gltB and

gltD genes in tea soil with different acidity were consistent with

the change trend of glutamate synthesis pathway (Figures 2C,

3A), indicating that gltB and gltD play important roles in

glutamate synthesis pathway. The changes in gene abundances

in different individuals involved in the same pathway after

acidification were not completely consistent (Figure 3), which

suggested that the importance of studying the complete gene
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family involved in N-cycling process. Among the sequential

nitrifying genes, we observed that the abundances of amoA/B/C

in acidified soil were significantly increased. Soil nitrification

begins with the oxidation of ammonia to nitrite, which is

dominated by ammonia-oxidizing bacteria (AOB) and

ammonia-oxidizing archaea (AOA) (Harter et al., 2014). The

key control enzyme of this step is encoded by the amoA gene

(Afzal et al., 2019). Yang et al. (2018a) reported that N

fertilization stimulated nitrifying bacteria (amoA). Soil

denitrification involves multiple N forms and functional genes

(Lin et al., 2017). The denitrification process is mainly encoded

by functional genes such as narG (NO3
- to NO2

-), nirS/nirK

(NO2
- to NO), norB (NO to N2O) and nosZ (N2O to N2)

(Grassmann et al., 2022). The decrease of soil pH will reduce

the availability of soil mineral N and organic carbon, and then

indirectly affect N2O emission (Baggs et al., 2010). Several

studies have shown that narG and norB genes significantly

promoted N2O emission in acidic tropical forest soil (Tian

et al., 2019). After acidification, the abundance of all genes

involved in denitrification increased significantly (Figure 3F),

which increases the risk of N2O emission.
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Soil microbial community composition
and correlation analysis

Soil properties could indirectly mediate the N transformation

process by affecting soil microbial community structure (Dong

et al., 2018). In this research, significant differences were detected in

soil N-related microbial community with AT and ST (Figure S2),

which implied that soil acidification affected the soil N-related

microbial community of tea plantation. Previous studies reported

that Proteobacteria, Actinobacteria and Acidobacteria are the

predominant microbial community phylum in terrestrial soil

ecosystems (Liu et al., 2016; Delgado-Baquerizo et al., 2018).

These results were consistent with ours, though the object of our

study is the N-related microorganisms (Figure 4). Proteobacteria

contains a large number of plant and animal pathogenic bacteria

(Wagg et al., 2018). Previous study indicated that the abundance of

Proteobacteria in diseased soil was relatively higher (Xue et al.,

2015). Zhao et al. (2019) showed that a few parasitic actinomycetes

can cause diseases of some plants and animals. Proteobacteria and

Actinobacteria were increased after soil acidification (Figure 4A).

This suggested that the content of pathogenic bacteria in tea soil
FIGURE 7

Model showing the mechanism of soil acidification on soil nitrogen form and transformation in tea gardens. The blue dotted and solid lines
represent a decrease and increase in an indicator, respectively. Red minus sign indicates upregulated, while green plus sign indicates
downregulated. GluS, glutamate synthesis; Amm, ammonification; ANR, assimilatory nitrogen reduction; DNR, dissimilatory nitrogen reduction;
Nit, nitrification; Den, denitrification.
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increases after acidification. We also found that Chloroflexi,

Nitrospirae and Firmicutes were significantly enriched in acidified

soil (Figure 4). Several studies have shown that Chloroflexi and

Nitrospirae and Firmicutes play nitrification or denitrification

function in soil N-cycle (Kartal et al., 2007; Spieck et al., 2020).

However, the abundances of Acidobacteria, Armatimonadetes,

Verrucomicrobia and Thaumarchaeota in acidified soil decreased

significantly (Figure 4A). We suggested that acidification could

provide a bad survival environment for some soil beneficial

microorganisms. Furthermore, we found that Nitrospira,

Rhodoblastus, Actinomadura, Thermogemmatispora and

Mycobacterium were significantly enriched in acidified soil

(Figure 4B). Our result was consistent with a previous study that

the abundance of Nitrospira displayed a significant positive

correlation with nitrification potential, and was negatively

correlated with soil pH and high ammonia (Hu et al., 2021).

Many documents reported that soil microbial community

composition is influenced by physicochemical factors (Zhang

et al., 2022). RDA results indicated that some key rhizosphere

microorganisms (Proteobacteria, Actinobacteria, Chloroflexi,

Nitrospirae, Planctomycetes, Firmicutes, Actinomadura,

Nitrobacter) had a positive correlation with soil NO3
––N, and

had a negative correlation with pH, NH4
+-N and available N

(Figure 6). These results indicated that pH and soil N level were

important factors driving soil microbial diversity and

community structure change, which were in agreement with

previous reports (Zhou et al., 2018; Li et al., 2020). Results also

indicated that the beneficial microorganism in acidified soil

decreased and the abundances of microorganisms involved in

nitrification and denitrification increased, this increases the risk

of soil N2O emission (Huang et al., 2015b).
Conclusion

In conclusion, soil pH value affected the N cycling (Figure 7).

After soil acidification, the soil enzyme activities involved in

nutrient cycling decreased; the abundances of genes involved in

glutamate synthesis and assimilatory N reduction increased

significantly. Moreover, the abundances of genes involved in

dissimilation N reduction, nitrification and denitrification

increased significantly in acidified soil, and then affected the

participation in the N-cycle of the microbial community

composition, especially increased the amounts of pathogenic

microorganism, and microorganisms related to nitrification and

denitrification. These factors eventually lead to a decrease in the

N supply capacity and the content of NH4
+-N in tea soil, thus

inhibited the growth of tea trees. In the future, a more

comprehensive study is required to explore the response of

microorganisms involved in each N transformation process

respond to soil acidification in tea plantation.
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response to long-term conservation tillage under semi-arid Mediterranean
conditions. Soil Tillage Res. 94, 346–352. doi: 10.1016/j.still.2006.08.010

Mayer, A. M. (2006). Polyphenol oxidases in plants and fungi: going places? a
review. Phytochemistry 67, 2318–2331. doi: 10.1016/j.phytochem.2006.08.006

Nelson, M. B., Berlemont, R., Martiny, A. C., and Martiny, J. B. H. (2015).
Nitrogen cycling potential of a grassland litter microbial community. Appl.
Environ. Microb. 81, 7012–7022. doi: 10.1128/AEM.02222-15

Nie, Z. J., Qin, S. Y., Liu, H. E., Zhao, P., Wu, X. T., Gao, W., et al. (2020). Effects
of combined application of nitrogen and zinc on winter wheat yield and soil
enzyme activities related to nitrogen transformation. J. Plant Nutr. Fertil. 26, 431–
441. doi: 10.11674/zwyf.19207

Robertson, G. P., and Groffman, P. M. (2007). “Nitrogen transformation,” in Soil
microbiology, ecology and biochemistry. third edition. Ed. E. Paul (Burlington:
Elsevier Academic Press), 341–364.

Robertson, G. P., Wedin, D., Groffman, P. M., Blair, J. M., and Sollinset, P.
(1999). Soil carbon and nitrogen availability: Nitrogen mineralization, nitrification,
and soil respiration potentials. Standard Soil Methods long-term Ecol. Res., 258–271.

Ruan, J. Y., Gerendás, J., Hardter, R., and Sattelmacher, B. (2008). Effect of root
zone pH and form and concentration of nitrogen on accumulation of quality-
related components in green tea. J. Sci. Food Agr. 87, 1507–1516. doi: 10.1002/
jsfa.2875

Ruan, L., Wei, K., Wang, L. Y., Cheng, H., Zhang, F., Wu, L. Y., et al. (2016).
Characteristics of NH4

+ and NO3
-
fluxes in tea (Camellia sinensis) roots measured

by scanning ion-selective electrode technique. Sci. Rep. 6, 38370. doi: 10.1038/
srep38370

Saggar, S., Jha, N., Deslippe, J., Bolan, N. S., and Tillmanet, R. W. (2013).
Denitrification and N2O: N2 production in temperate grasslands: Processes,
measurements, modelling and mitigating negative impacts. Sci. Total Environ.
465, 173–195. doi: 10.1016/j.scitotenv.2012.11.050

Spieck, E., Sass, K., Keuter, S., Hirschmann, S., Spohn, M., Indenbirken, D., et al.
(20201522). Defining culture conditions for the hidden nitrite-oxidizing bacterium.
Nitrolancea. Front. Microbiol. 11, 1522. doi: 10.3389/fmicb.2020.01522

Sun, B., Gu, L., Bao, L., Zhang, S., Wei, Y., Bai, Z., et al. (2020). Application of
biofertilizer containing Bacillus subtilis reduced the nitrogen loss in agricultural
soil. Soil Biol. Biochem. 148, 107911. doi: 10.1016/j.soilbio.2020.107911

Sun, R. B., Wang, F. H., Hu, C. S., and Liu, B. B. (2021). Metagenomics reveals
taxon-specific responses of the nitrogen-cycling microbial community to long-term
nitrogen fertilization. Soil Biol. Biochem. 156, 0038–0717. doi: 10.1016/
j.soilbio.2021.108214

Tian, J., Dungait, J. A. J., Lu, X. K., Yang, Y. F., Hartley, I. P., Zhang, W., et al.
(2019). Long-term nitrogen addition modifies microbial composition and
functions for slow carbon cycling and increased sequestration in tropical forest
soil. Global Change Biol. 25, 3267–3281. doi: 10.1016/j.scitotenv.2020.137679
frontiersin.org

https://doi.org/10.1016/j.envint.2019.05.058
https://doi.org/10.1007/s00374-010-0484-6
https://doi.org/10.1023/A:1004297607070
https://doi.org/10.5194/bg-2017-3
https://doi.org/10.1126/science.aap9516
https://doi.org/10.2136/sssaspecpub35.c7
https://doi.org/10.1007/s10705-018-9940-8
https://doi.org/10.1007/s13205-017-0864-9
https://doi.org/10.1016/j.soilbio.2022.108655
https://doi.org/10.1016/j.soilbio.2022.108655
https://doi.org/10.1038/ismej.2013.160
https://doi.org/10.1038/ismej.2013.160
https://doi.org/10.1007/s00248-020-01595-6
https://doi.org/10.1007/s11356-014-3653-6
https://doi.org/10.1021/acs.jafc.8b01995
https://doi.org/10.1016/S2095-3119(14)60750-4
https://doi.org/10.1016/j.scitotenv.2021.146558
https://doi.org/10.1016/j.soilbio.2014.10.025
https://doi.org/10.1016/j.cej.2012.05.014
https://doi.org/10.1111/j.1462-2920.2006.01183.x
https://doi.org/10.1038/nrmicro.2018.9
https://doi.org/10.1038/nrmicro.2018.9
https://doi.org/10.1038/nature04983
https://doi.org/10.1016/j.soilbio.2017.10.023
https://doi.org/10.1016/j.soilbio.2017.10.023
https://doi.org/10.1016/j.soilbio.2017.06.001
https://doi.org/10.1080/03650340.2022.2104452
https://doi.org/10.1080/03650340.2022.2104452
https://doi.org/10.1016/j.soilbio.2015.12.021
https://doi.org/10.1016/j.ejsobi.2021.103287
https://doi.org/10.1016/j.scitotenv.2020.137679
https://doi.org/10.1016/j.still.2006.08.010
https://doi.org/10.1016/j.phytochem.2006.08.006
https://doi.org/10.1128/AEM.02222-15
https://doi.org/10.11674/zwyf.19207
https://doi.org/10.1002/jsfa.2875
https://doi.org/10.1002/jsfa.2875
https://doi.org/10.1038/srep38370
https://doi.org/10.1038/srep38370
https://doi.org/10.1016/j.scitotenv.2012.11.050
https://doi.org/10.3389/fmicb.2020.01522
https://doi.org/10.1016/j.soilbio.2020.107911
https://doi.org/10.1016/j.soilbio.2021.108214
https://doi.org/10.1016/j.soilbio.2021.108214
https://doi.org/10.1016/j.scitotenv.2020.137679
https://doi.org/10.3389/fpls.2022.998178
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org


Lin et al. 10.3389/fpls.2022.998178
Wagg, C., Dudenhöffer, J. H., Widmer, F., and van der Heijden, M. A. (2018).
Linking diversity, synchrony and stability in soil microbial communities. Funct.
Ecol. 32, 1280–1292. doi: 10.1111/1365-2435.13056

Wang, Y. S., Li, C. N., Kou, Y. P., Wang, J. J., Tu, B., Li, H., et al. (2017). Soil pH is
a major driver of soil diazotrophic community assembly in qinghai-Tibet alpine
meadows. Soil Biol. Biochem. 115, 547–555. doi: 10.1016/j.soilbio.2017.09.024

Wang, J., Long, Z. H., Min, W., and Hou, Z. N. (2020). Metagenomic analysis
reveals the effects of cotton straw-derived biochar on soil nitrogen transformation
in drip-irrigated cotton field. Environ. Sci. pollut. R. 27, 43929–43941. doi: 10.1007/
s11356-020-10267-4

Wang, Y., Wang, Y. M., Lu, Y. T., Fan, D. M., Wang, X. C., Zheng, X. Q., et al.
(2021). Influence of different nitrogen sources on carbon and nitrogen metabolism
and gene expression in tea plants (Camellia sinensis l.). Plant Physiol. Bioch. 167,
561–566. doi: 10.1016/j.plaphy.2021.08.034

Wu, J., He, S. Z., Liang, Y., Li, G. X., Li, S., Chen, S. L., et al. (2017). Effect of
phosphate additive on the nitrogen transformation during pig manure composting.
Environ. Sci. pollut. R. 24, 17760–17768. doi: 10.1007/s11356-017-9285-x

Xue, C., Ryan, R. C., Shen, Z. Z., Zhang, R. F., Huang, Q. W., Li, R., et al. (2015).
Manipulating the banana rhizosphere microbiome for biological control of Panama
disease. Sci. Rep. 5, 11124. doi: 10.1038/srep14596

Xu, H. W., Qu, Q., Chen, Y. H., Liu, G. B., and Xue, S. (2021). Responses of soil
enzyme activity and soil organic carbon stability over time after cropland
abandonment in different vegetation zones of the loess plateau of China. Catena
196, 104812. doi: 10.1016/j.catena.2020.104812

Xu, N., Tan, G. C., Wang, H. Y., and Gai, X. P. (2016). Effect of biochar additions
to soil on nitrogen leaching, microbial biomass and bacterial community structure.
Eur. J. Soil Biol. 74, 1–8. doi: 10.1016/j.ejsobi.2016.02.004

Yamamoto, A., Akiyama, H., Naokawa, T., Miyazaki, Y., Honda, Y., Sano, Y.,
et al. (2014). Lime-nitrogen application affects nitrification, denitrification, and
N2O emission in an acidic tea soil. Biol. Fert Soils. 50, 53–62. doi: 10.1007/s00374-
013-0830-6

Yang, O. Y., Evans, S. E., Friesen, M. L., and Tiemann, L. K. (2018a). Effect of
nitrogen fertilization on the abundance of nitrogen cycling genes in agricultural
soils: a meta-analysis of field studies. Soil Biol. Biochem. 127, 71–78. doi: 10.1016/
j.soilbio.2018.08.024
Frontiers in Plant Science 13
Yang, X. D., Ni, K., Shi, Y. Z., Yi, X. Y., Zhang, Q. F., Fang, L., et al. (2018b).
Effects of long-term nitrogen application on soil acidification and solution
chemistry of a tea plantation in China. Agr Ecosyst. Environ. 252, 74–82.
doi: 10.1016/j.agee.2017.10.004

Yan, P., Wu, L. Q., Wang, D. H., and Fu, J. Y. (2020). Soil acidification in Chinese
tea plantations. Sci. Total Environ. 715, 136963. doi: 10.1016/j.scitotenv.2020.136963

Zhang, X., Li, S. Z., Cheng, W., Zhao, Y., Cui, H. Y., Xie, X. Y., et al. (2021).
Oxytetracycline stress reconstruct the core microbial community related to
nitrogen transformation during composting. Bioresource Technol. 319, 124142.
doi: 10.1016/j.biortech.2020.124142

Zhang, H. H., Phillip, F. O., Wu, L. N., Zhao, F. Y., Yu, S. L., and Yu, K. (2022).
Effects of temperature and nitrogen application on carbon and nitrogen
accumulation and bacterial community composition in apple rhizosphere soil.
Front. Plant Sci. 13. doi: 10.3389/fpls.2022.859395

Zhang, C., Song, Z. L., Zhuang, D. H., Wang, J., Xie, S. S., and Liu, G. B. (2019).
Urea fertilization decreases soil bacterial diversity, but improves microbial biomass,
respiration, and n-cycling potential in a semiarid grassland. Biol. Fert Soils. 55, 229–
242. doi: 10.1007/s00374-019-01344-z

Zhao, F., Zhao, M. Z., Wang, Y., Guan, L., and Pang, F. H. (2019). Microbial
community structures and diversities in strawberry rhizosphere soils based on
high-throughput sequencing. Soils 51, 51–60. doi: 10.13758/j.cnki.tr.2019.01.008

Zheng, M. H., Zhang, W., Luo, Y. Q., Mori, T., Mao, Q. G., Wang, S. H., et al.
(2017). Different responses of asymbiotic nitrogen fixation to nitrogen addition
between disturbed and rehabilitated subtropical forests. Sci. Total Environ. 601,
1505–1512. doi: 10.1016/j.scitotenv.2017.06.036

Zhou, F. W., Cui, J., Zhou, J., Yang, J., Li, Y., Leng, Q. M., et al. (2018). Increasing
atmospheric deposition nitrogen and ammonium reduced microbial activity and
changed the bacterial community composition of red paddy soil. Sci. Total Environ.
633, 776–784. doi: 10.1016/j.scitotenv.2018.03.217

Zhou, J., Xia, F., Liu, X. M., He, Y., Xu, J. M., and Brookes, P. C. (2014). Effects of
nitrogen fertilizer on the acidification of two typical acid soils in south China. J. Soil
Sediment. 14, 415–422. doi: 10.1007/s11368-013-0695-1

Zhu, W. H., Lomsadze, A., and Borodovsky, M. (2010). Ab initio gene
identification in metagenomics sequences. Nucleic Acids Res. 38, e132.
doi: 10.1093/nar/gkq275
frontiersin.org

https://doi.org/10.1111/1365-2435.13056
https://doi.org/10.1016/j.soilbio.2017.09.024
https://doi.org/10.1007/s11356-020-10267-4
https://doi.org/10.1007/s11356-020-10267-4
https://doi.org/10.1016/j.plaphy.2021.08.034
https://doi.org/10.1007/s11356-017-9285-x
https://doi.org/10.1038/srep14596
https://doi.org/10.1016/j.catena.2020.104812
https://doi.org/10.1016/j.ejsobi.2016.02.004
https://doi.org/10.1007/s00374-013-0830-6
https://doi.org/10.1007/s00374-013-0830-6
https://doi.org/10.1016/j.soilbio.2018.08.024
https://doi.org/10.1016/j.soilbio.2018.08.024
https://doi.org/10.1016/j.agee.2017.10.004
https://doi.org/10.1016/j.scitotenv.2020.136963
https://doi.org/10.1016/j.biortech.2020.124142
https://doi.org/10.3389/fpls.2022.859395
https://doi.org/10.1007/s00374-019-01344-z
https://doi.org/10.13758/j.cnki.tr.2019.01.008
https://doi.org/10.1016/j.scitotenv.2017.06.036
https://doi.org/10.1016/j.scitotenv.2018.03.217
https://doi.org/10.1007/s11368-013-0695-1
https://doi.org/10.1093/nar/gkq275
https://doi.org/10.3389/fpls.2022.998178
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Soil metagenomic analysis on changes of functional genes and microorganisms involved in nitrogen-cycle processes of acidified tea soils
	Introduction
	Materials and methods
	Sample collection and site description
	Chemical properties determining
	Determination of soil enzyme activity
	DNA extraction and metagenomics sequencing
	Statistical analysis

	Results
	Soil physicochemical properties
	Soils enzymatic activity
	Functional N transformation gene shifts
	Microorganisms involved in the nitrogen cycle
	Correlation between soil microorganism, soil enzyme activity and environmental parameters

	Discussion
	Soil nitrogen form and transformation
	Soil enzyme activity
	Functional N transformation gene shifts
	Soil microbial community composition and correlation analysis

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


