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Changes of soil bacterial structure and soil enzyme activity in Chinese fir forest of
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Abstract ; In order to understand the changes in the soils of Chinese fir plantations at different ages, this article explores the
response mechanism of soil microorganisms and enzyme activity to forest age growth, providing a basis for sustainable
management of Chinese fir plantations. Five Chinese fir forests of different ages were targeted in Nanping. 16sRDNA was
used to study the composition of the bacterial community, and four enzyme activity changes closely related to soil quality
were analyzed. The results showed that both the microbial diversity index and OTU ( Operational Taxonomic Units )
increased with the increase of forest age. The soil microbial structure of young forests, middle-aged forests, near-maturity

forests, and mature forests had large differences. There were 29 bacterial phylums in different ages of Chinese fir
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plantations. Acidobacteria and Proteobacteria were the dominant species. According to the changes of various groups and
redundant analysis, Actinomycota, Verrucomicrobia, and Planctomycetes all changed significantly with age, and they were
significantly related to soil dissolved organic matter and available nutrients ( P<0.05). It shows that these bacterial
communities are more sensitive to changes in soil quality. Soil nutrient changes affected soil enzyme activity. Sucrase had a
significant positive correlation with total carbon ( P<0.05) and negative correlation with available potassium ( P<0.05) ,
and a very significant negative correlation with actinomycetes (P< 0.01). There was a strong correlation between urease and
available nitrogen (P<0.05). Urease was strongly correlated with Proteobacteria, Chloroflexi, Actinobacteria, Nitrospirae,
Bacteroidetes. In summary, soil nutrient changes have different effects on soil bacterial populations and enzyme activities.
Bacterial community structure and enzyme activity can reflect changes in soil quality of Chinese fir forest at different ages.
Extending the planting period of Chinese fir plantation is beneficial to the restoration of soil quality. The results of this study

are of great significance for guiding the management of Chinese fir plantations.
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Fig.1 Location map of study area
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1 WLANTP, 10pM HEF 514, 5 fi K BB 27K #b 72 SR R 3 S0L, PCR B R 25444 :95°C 5min,95°C 1min,
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Al b AL B oA 20 W2 xPhusionHF MM ,8mL K& #E4li7K , 10 uM E:Fh5 [ F1 E—4 19 10wLPCR 724, #4
TEHRSAE AT :98°C305,98°C 10s .65°C30s 72°C 30s , T ZAE 72°C K K Smin , SR 518 1. 8% BT IS WAL i,
VK 40min, 5, XFALIE B PP HEFT Nanodorp 2000 7 it 4 =044 IR 1:1 A IR AE  Ba VIR I, 7edb st
HIE e AR A R R AT 8 5T

F1 FEHREEZAKLETZEBL R
Table 1 Soil physicochemical properties of Chinese fir forests with different ages

Ml Stand age

4a 15a 24a 43a 100a
pH 4.50+0. 06 ab 4.67+0.02 b 4.42+0.06 a 5.1220.05 ¢ 4.60+0.01b
2% Total N/ (g/kg) 1.27£0.19 a 1.35+0.22 a 1.57+0.11 a 1.28+0.06 a 1.60+0.06 a
440 Total K/ (g/kg) 16.01£7 a 25.83+2.1 a 54.52+7.2 b 63.39+6.2 b 62.13+8.1 b
427 Total P/ (mg/kg) 60.41+7.81 a 71.27£1.19 a 95.90+10.31 a 64.86+7 a 88.33+7 a
22T Total C/ (g/kg) 25.25+3.47 a 26.37+2.58 a 22.19+1.37 a 16.83+0.8 a 21.30+1.08 a
AR Available P/ (mg/kg) 6.79+0.15 b 8.050.14 a 6.85+0.15 b 6.33+0.36 b 6.69+0.44 b
A Available K/ ( mg/kg) 28.21+0.74 a 29.85+0.74 a 28.50+0.63 a 34.50+1.21 b 31.21%0.58 a
AT B DOC/ (mg/kg) 104.70+2.57 b 98.30+3.99 b 90.46+5.10 a 65.57+4.40 a 75.59+3.36 a
S A NHL/ (mg/kg) 11.05¢3.92 a 11.001.0 a 9.66+0.80 a 8.6420.19 a 8.39+0.82 a
5% NO3/ (mg/kg) 1.46+0.26 a 2.05£0.99 a 2.56+0.39 a 3.1420.63 a 7.02+1.78 b

1.3 3R

- SR B R T U P 0 U B A W R MR PR T, LA A R R AN K A A B R I A B
37°C Hr A e A KB 1 wmol B35 R —ANBHE A B R FR R

- SR T O R R FH A L €3 I S ORI K A PR 3R SRR A Y NH-N S iE, B
FEER M g NH,-N G X—NBEHE 11847,

e B-FLA AT W A0 I 5 R EER Ry 2 I BE A R B-N- 2 R I A AR T A -y 3R R B, Ak B TE
400nm A e FHEICAE, IF- 380 3 T A SORG 0 i WO {1 v R AR TSR R (9 5 1k o % 5  R7™ AE 1Y 1 wmol
Xof A B AR B A SR —A~ Tl ) A

S TREMH T 0 5 A 12 A T B R A A RO S AT 5 3 S5-I K R S, MR A A
B LT A 0 S AL B WITE 510nm Y6 In R BB R TG . K KA e 7= A 1 I mg 38 JFHE 2
SR —ANBEE F7 B

P T 2 24 FH BEAR Y ( SpectraMax M4, 3& ) il i}

1.4 Bdlisrwr

A A B /3BT 2T Mumina HiSeq T3, 44007745 21 ) 3k reads %% PE Reads 1 F FLASH v1.2.7
A AT PE#245 2] Raw Tags, f# F #44 Trimmomatic v0. 33 % Raw Tags i € /5 75 3] Clean Tags, £ i H
UCHIME v4. 2 BExd Fab AT 3 Uitk A (A dee J5 A9 B0 8K Tags 08 . X AIE X Reads 33 9855 X P45 51 25 Bk
WA AT R A B REAS B RS R 0 Bk W R BB L FE AR AR S (4 BHE E 4T OTUS ( Operational
Taxonomic Units) B2 {fi il QUIME (versionl. 8. 0) #4147 H) Fh FE B LA S =F BE 4 AT L R GE 525 L L4343
Prég

fdi ] EXCLE2010 ,SPSS20. 0 #4717 & dli b #1543 A , b 7E SPSS v i LK 3R U 22 40T \LSD 2 1 LB 8%
HEAT TGN HE 3 B B i SR He A Y i/ W35 22 S A B 1) S 25 /K P-4 0..05. s T Origin 2018 S84 453 Hr
2l h S B ISR . ] Canoco 4.5 X+ 1S4 | A Y 5B Z AR OC R AT IUAR 73T .
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25 WY BE T FEL A R0C% A B 5 T B BRSO 5T A [ AR M9 4 AR A 2 19 D 46 1 51 ( Raw
tags ) BJ7E 60000 25U I, B RLUFFIEL( Clean tags ) $I7E 50000 45 LA L, A RCRIEH] 86% LU I, H H R H T
99% (72 2) , BEBIREAS sy i B HE 3R, 4 2R 2 LU DA SRR AR Y B O

F2 HAENFLEBLERSIT

Table 2 Sequencing statistics of bacteria

e/ a JEUiR P51 $ ARFIEL ARR R
Stand age Raw tags Clean tags Effective/ % Coverage
4 65487 60926 86.63 0.998
15 62397 58272 87.97 0.998
25 77701 72522 86.77 0.998
43 67830 63164 86.76 0.997
100 74413 69245 86.39 0.998

2.2 WA OTU £ H 5280t
XIHE il Tags HABALEE 85T 97 % 1751 #4740 53 %€ LA —> OTU ( Operational Taxonomic Units) , OTU />
BRSO HE AR TR RE it 40 R AR R, Alpha ZFEPE (Alpha diberdity ) R [R5 B4 BE S 4 Fp
JE YR Z R, HrP &Y Chaol RE S Fh -, A% (Shannon ) 15 B RE S WL F () Z2 FE M, Shannon
BRGENITIEVE ZREPERIR, 3R 3 TR AT OUT $iie BEE MRS WU I , WA Bl & RIS IE A2 AR g
PFPREFE BT AAERAE T Chaol {E AT A M, 4l 1Y 4= 2 B E AR S NG A, AN Shannon $5807] LUE
AT A 15a ST RO R) 25 T4IAEMK 4a 5 UMK 240, 3 K 43a 55 100a ZHER 1Y ZFEMETC 0 35 25 5%

£3 TERMBIZAKMAE Alpha ZEES T

Table 3 Soil physicochemical properties of Chinese fir forests with different ages

Hitr/a pESEE Chaol #% FARIH
Stand age OTUs Chaol index Shannon index
4 909+35 a 999.588+64.04 a 5.533+0.116 a
15 982+12 ab 1034.092+6.57 a 5.706+0.45 a
24 1007+25 b 1038.364+24.47 a 5.555+0.044 a
43 1014£29 b 1058.105+16.70 a 5.770+0.052 a
100 1056+10 b 1102.768+5.20 a 5.751+0.067 a

P2 g R MR BT TR ol A RE D = BE 2 1R T i, it e A il 96 7 RE R /n Wy A4 i) - R
MLk i -2 R R Re R AR S SRR B, 181 2 v ih e S /st o i e Bl PRI 14 I T i 9% , U FH B 25 A2 AR Mkl
ARG, AR T RIS ) BE RS AN
2.3 HIEAAESS b

F 343 H7 ( Principal Component Analysis, PCA ) FT LUK 22 20 B0Hls (1) 22 5 S WAE — 4 Ak pr &l v, B b SR
15 AL 3T ] R i A TR SO AR UBE o 181 3 AT 15a 15 43a KA T —R IR, 100a 24a 4a 501
TR = PURBR & FE SR AN R AR AR S 7 . AV ARt TAR T AR G, 4a FEG R T
AR AR R A 8 A AR A2 AR 8 LR E MDA P AN A 38 5 BE RGBT i A R 22 Sk . 24
TR S HRFEMZE R, 15a 5 432 HETFE S HAR IR R ,43a 5 100a B AR S5 A —
SEARANE o AN R ARIS AR 5 7 (81 v 20 A 57 S AR A 37, U B S [RI AR IS T I AR P 25 A0 A B m 25 57
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Fig.2 Bacterial grade abundance curve of different forest ages
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Fig.3 Bacterial PCA map of soil in different ages

2.4 EFEE AN S 0T

AN]SR A i ARG M 25 AN BA 1T, 36 B 4 398 400 B O 8B 1) 43 28 B0 Al A - AN T R G o 2B
(Bl 4), ATLANE R E A R DRI B O 2R i T . AR EACR A R
ANTRIE S FE D L rh BT o TR RGBT B2 o =F BE A i AR T LA o B i o sy, ANBFIEI TR AT & i K
ST ST NER A AN B TR A T2 AR A TR R B, IR TR BRFT TR ] ( Acidobacteria ) F7AZJE
BT 1 ( Proteobacteria) , J& T AR BERN , BT ( Actinobacteria ) Fifi 5 AR HS 13 AR X = B2 2 30T 58
o EITFEE ( Flavobacterium) Y8534 T 43a 5 100a , TS ( Bacillus) E15a P EmE% ,100a
oA B/, WAH AL B I B ( Nitrosomonadaceae ) 75 100a F & Ef . 21 L0 8 B ( Xanthomonadaceae ) TF 24a
AR .
2.5 TIERE SR

X AN [FIAREEAZ AR - S A G PR AT 530 (3R 4)  JIRBBAE 4a & ARAK, 20 363.29 pumol/g, F| 15a B |-
T3 529 pmol/g, 7E 24a I} R %] 455.92 wmol/g,43a 5 100a H} 437k 480. 85 pumol/g 5 545. 14 pumol/g, 1
54a BB EZEF (P<0.05) , FEFERGTE 24a L 15a A HEIGIN (BRI R RER S B-N- I 545 40 B 1
it 110 Bl K, 5 R WA I il 2 L e AR B ]

F4 TRRREZAKLEERGE

Table 4 Enzyme activities in soil ages of Chinese fir plantations in different age

it/ a i ity TRERE L B-N-Lﬁﬁk%%ﬁﬁ% Mtﬁt@?ﬁ&@

Stand age Usrzfe/_ ] Su(:rillse{ l B-N-a(:elylgluC(_)Tar_n:mdase/ Acid phosﬂlaljse/

(pgdg™) (mgd™g™) (pmol d™7g™) (pmol d™7g™)

4 363.29+0.00a 59.31+11.03a 22.56+8.54a 14.62+1.39a

15 528.00+0.03b 52.27+1.36a 17.45+0.08a 14.54+1. 14a

24 455.92+0.00b 54.05+4.65a 24.40+4.26a 15.80+0.92a

43 480.85+0.02b 48.58+0. 84a 13.19+4.85a 12.59+0. 82a

100 545.14+0.02b 44.55+2.77a 25.79+8.79a 13.72 +0.47a

2.6 ISy AN 5 TSP Z R AR ST S5 A D AT

WL IR ST B RDA &, e i PR 0 1o A S 2 B4, X AR 50 X6 5 11 s i A 3 1A 5 AR R F 5
X G2 T N7 114 2% B 22 10 ) T L BE 3 04 e, ol ST OB IO 3 1% DG | T B R DU A DG M, BT Sa 1
RDA1 %15 RDA2 Bl mT DA 43 53] it Fee 40 1 B I FE 55 3 52 e B Y 65. 1% 5 22.9% ,pH ,AK . DOC , TK , TN \NO; |
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Fig.4 Soil bacterial taxonomy tree of Chinese fir forests with different ages

NH; Fyxt 1140 Elﬁi/%#fhﬁﬁ%% M, 256 TCAR5HTS Person 1‘59@&”\1‘}? PR ]S NH; 2800 0%
FAHZE(r=0.622"", P<0.01),5 DOC MW B F EAHE(r=0.702"", P<0.01),5 C I & F EHK
(r=0.653"", P<0.01), Z¢E 15 TK TN 2B B FH AL (r=-0.545", r=-0.569", P<0.05) , A
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75 DOC B FHFAF(r=0.602" , P<0.05),5 TK LI B F A (r=-0.749"" , P<0.01), fiifk
B2ERE TS pH  AK ML B EAE (r= 0.805°", r= 0.835"", P<0.01),5 DOC & 3 H i & 11 AH ¢
(r=-0.792"", P<0.01),5 TC ££¥ B FH MK (r=-0.635", P<0.05),

b I RDA1 flifig 3k + R AE + 857 g N 2846119 99.3% , c EI1) RDAL fill 5 RAD2 il REfi
YN RE VR TE RS B A8 SRR 65. 1% 5 22. 9% . 458 TUAR TS pearson #H 13T, IR M Wi 92 15 ( S-
ACP) 5 3 pH (HE LW Z AL (r= 0.565 ", P<0.05) . KEMEEG S 138 TC LM B EIEAHK(r= 0.546 ",
P<0.05),5 TK 2H B F ALK (r=-0.538", P<0.05), MMBEIRHTS DOC IR FEEAE(r= 0.565",
P<0.05),5 AK I B F AL (r= -0.598", P<0.05), i RDA K h#& ik MAeHE I, Ik 5 NH;
IR FE AL (r=-621", P<0.05) , 5TLH T2 B E EFMAL(r= 0.639", P<0.01) , 5HIFFH 2K
WEIEME(r=0.652", P<0.01), 545 R 2 B FE R (r= 0.636", P<0.05), 5Lk i 2% W% f A
K(r=-0.691"", P<0.01), FRPEBEMRGE S0 (LIZHER ]2 B FUHIE (r=-0.588", P<0.05) ., REWEHGS
S TR A 2 TEARSE (r= 0.660 7", P<0.01) , SVASKUL, 35028 {2 8 R IR IS PR A8k, 1 e
ML ST BRASTR 1] R AT RS AR B BE B 1] AOURF o8 T T AH DG M

3 itig

3.1 RIFEIARESAZ AR L e 2 R B 9 21 AR

FEAMR L e A 0 5 M8 o DG ZR B V), T DA o ol A 0 %) 3% SRR R R T S A A TR RS X 7t
PRI o ARWFFE AR RIS AZ AR, 72 3R A 5 SR AA U R O | AN G HE 7% S5 A8 BE AR IR 22 1k
W RIEFER LI, H R AR () 2R S T E B RS RIS B mRL A T R AR OR B AR
Oysain, AT PR AR, AR AR L R 58 o A R T A RO T BRI — S g R
B, BRI K IR P B A i N TR - St M e b A i TR R 25 R S AR R 45 R — 200 ks R
N TR IS [0 3t S, 2 06F - A B A gt A S ), SR T R B e 4 T, AR A A5 Ak, (5
BRI AN BRI T RIS DR — | IR T X AS [UARHS h EL A A B R AT 20 r ., R A0 sl ) &5 5, AR A
5% da AN S50 5 ADARES A 25 A AH L, A ADLRE 51X, 15a 5 24a 432 5 100a AHLES &, A AZ RARTE &
H B DU BY BE (AR TR AR SRR o bk ) oo AR P AR R A R R R B R, BRI ST AR A R
KB BAAT R FR TR A= S80S 155 05 DA G 09 AR 40 B RIS B 2 A TEAZ RO
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