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Abstract: To study the effects of different C/N ratios on the decomposition characteristic of Chinese fir ( Cunninghamia

lanceolata, CL.) litters, in this study, the CL litters with different C/N ratios by adding exogenous nitrogen were placed in
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the CL plantation with two management measures including undergrowth vegetation preservation and undergrowth vegetation
removal by decomposition bag method, and its bacterial community structure was determined at 300 days. The results are as
follows; within a certain range, the reduction of initial C/N ratio was beneficial to the decomposition and the improvement
of bacterial community diversity of CL litters, while the excessively low initial C/N ratio had an inhibitory effect. Compared
with undergrowth vegetation removal, the undergrowth vegetation preservation was more beneficial to the decomposition and
the improvement of bacterial community diversity of CL litters, but the inhibition effect of the initial C/N ratio of 20.3 on
the decomposition of CL litters was more obvious in the undergrowth vegetation preservation plantation. At the level of
phylum, Proteobacteria, Actinomycetes and Planctomycetes were the main dominant species in CL litters; On the genus
level , the relative abundance of Bradyrhizobium , Acidothermus and Singulisphaera were high in the CL litters. The bacterial
community structure among CL litters with different treatments, as well as the relative abundance of various bacteria
belonging to Proteobacteria, Actinomycetes and Acidobacteria and so on, were significantly different. At the level of phylum
classification, the correlation between the C/N ratio of CL litters and the relative abundance of major bacterial populations
was the highest, and the correlation between the C/P ratio and the structural variation of bacterial communities was the
highest; At the level of genus classification, the correlation between total carbon content, C/N ratio and total potassium
content of CL litters and relative abundance of major bacterial populations was the highest, and the correlation between total
potassium content and the structural variation of bacterial communities was the highest. The reduction of the initial C/N

ratio changed the bacterial community structure of CL litters, thus affecting the decomposition of CL litters.

Key Words: Chinese fir ( Cunninghamia lanceolata) ; litters; C/N ratio; management of undergrowth vegetation ; bacterial

community structure
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TR AR 25 B 2 FlbR AR B B Tt N BOAZ AR N MO BIFFE AR, il il A MR O A2 AR v - B WD 4
C/N B, W HCAEA [F AR 53 438k 300 o B8 20 R R 9 4548 22 53, RO AZ AR 5 i 43k i A TE /N LU (EMLBEL,
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SUREAZ A YA B W 55 530 e A — 250 BB R A A I 11 A M B LU 3 i A2 R i AR (A 1
FARBERL , A AR T MR A2 AR FERL R B J5 oy A = AR KT G & . &, A2 AR IV 4
HRRGTERN 8.1 mg/g, BT RN 482.5 mg/g, &M HN 0.3 mg/g,C/N HIEH N 60.9,C/P WE R 1393.2,
N/P HAE N 23.9, & H 2.9 mg/g, B EH N 4.2 mg/g, BHESHEN 1.3 mg/g, 5 EH N 1.2 mg/g,
1.2 B98I

WFZE XA T 4 B Tl B 1 A MO g LA 33 (117°92'—118°64'E,26°87'—27°13'N) , R
FILK S, JRAR L BB XSGR T e S el B 2R i 22 W, A 2RI AN | i T A 2 XU A
H BT 4R 1668—1972 h, ToFE I 254—305 d, 4FF34RN 18. 6 C, il ik 41. 4 C, B AR
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faf ( Schima superba) g"'jf, R F BN 55 5 1 R (Allantodia hachijoenst ) B ( Cibotium barometz) W 34 JRE
Bk (Angiopteris fokiensis Hieron) FIVT.FE %65 5% ( Allantodia metteniana) %5 , AR Z Y 6.7 t/hm” , AT FE 8 5
T35 92% s M ARBL LBRAMT H 2012 4F 7 A, BEAFEIEAT 1 UOMCT MRS 3, R FEA TS B R FHBIRERL AR
AR FR )T T RIBR AR5 1 983 #k/hm? IR & 22,3 m, “FIMI4%2 30. 2 em, 2018 4F 11 JI7£ 2 Fil
MO T4 AR E 3 420 mx20 m FEHD  FFAEREHLAY 4 AT R KIBHEDMERRIC . A RIPRST 287 1 e s Ak 1
Bl 1,

B SCHR ) ARSI A AR C/N Y 4 R AR C/N HAE 60. 9 (88 CK) ;C/N
FEAH 40. 6 (iC M N1, 2 A2 R P I5 M C/N JRER1ERY 2/3) ; C/N M 30. 5 (ic i N2, i AR it ¢/N &
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i JITE 9 (10.000+0. 005 ) g AZACYR &I W5 HAE 5T | B P Al 2R B4R b BB NaNO, 1 R &R, HR 95 A
1S 56 A OB 0K R TR VR B 11 NaN O, 7 8 H A1t 1 1, FFHT IS 2 C/N Hefl, ALK, HE
FBALFRRE S A2 AR P IS C/N HEIR RIS EOR |, B4 AL B AR AT V5 HRE S 43 126 AR 0.5 mm K/ A
20 emx20 em [JETE M RAE T, T 2018 4F 12 H 43 BIHCE AR R8P B FIAR T AB B 2 B3k 2 R RN TR
() 3 ATRBEREHLIN . BCE R S BR bR IATE W2 A i As 22 (B B 50 em , W B ARZS , FHATAT 1% 5 DU £ 76 b
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F1 MR T EEBMAMER(0—20 cm)
Table 1 Soil physical and chemical properties of sample plots (0—20 cm)

gEgi ey axii TR AL Ecea o Exil
Management Bulk density/ Moisture Organic Total Total Total
measure (g/em®) content/ % matter/ ( g/kg) N/ (g/kg) P/ (g/kg) K/ (g/kg)
UP 1.21 a 25.4 a 32.7 a 1.62 a 0.48 a 13.7 a
UR 1.24 a 24.7 a 29.8 b 1.58 b 0.54 a 11.5 b

UP, MNAEE LR B Undergrowth vegetation preservation; UR, M FHIBEFER Undergrowth vegetation removal ; [ S AR #) /NG F-REAFRA FARF
A A B =2 (R A 7 .38 22 57 (P<0. 05)

IMEASTLCE 300 d S HEATHURE B RE MR AL BEAS I 4 A% IUREIN B — M T | B D 2 AR Y Bl e
A B EAE T, Hoh 3 AR 575 BRI 7 o B R A 7 LR AR R AR, TR 80 SC b A E A BR
U A LT G 0. 25 mm G, FH T E 9 AL a e i, AR B KPR LA LR 2, 3 1 488
TN IR i o0 =, PG T 7 A B DR R 9 i BT AR A BHRE T80 “CukA HIRAE T T
LR Z PRI

£2 BEEMSBE300 dFUFEER(n=3)
Table 2 Chemical properties of litters after decomposition for 300 days (n=3)

gty e XS 2R X0 g X a7 Exn
Management Treatment Total C/ Total N/ Total P/ Total K/ Total Ca/ Total Mg/ Total Mn/
measure (g'kg) (g/kg) (g'kg) (g/kg) (g'kg) (g/kg) (g'kg)
UpP CK 455.7 Aa 19.0 Aa 0.50 Aa 0.92 Ba 4.2 Aa 0.88 Aa 1.8 Aa
N1 423.3 Aa 17.0 Bb 0.41 Ab 0.85Aa 3.5 Ab 0.80 Bab 1.1 Ab
N2 423.2 Aa 19.4 Aa 0.39 Ab 1.12 Aa 3.7 Aab 0.78 Ab 1.1 Ab
N3 371.4 Ab 17.3 Ab 0.40 Ab 1.22 Aa 3.6 Aab 0.78 Aab 1.2 Aab
UR CK 391.5 Ba 18.0 Ba 0.46 Aa 0.99 Aa 4.2 Ba 0.91 Aa 1.3 Bab
N1 436.1 Aa 19.2 Aa 0.43 Aa 0.77 Aa 3.7 Aa 0.86 Aab 1.0 Ab
N2 372.1 Ba 14.4 Bb 0.37Ab 0.95 Ba 3.4 Ab 0.81 Aab 0.9 Bb
N3 441.1 Aa 17.8 Aab 0.46 Aa 0.87 Aa 3.7 Ba 0.79 Ab 1.3 Aa

AN IRIR S T B3 7 A [ Ak BRAE AN TR AR AR A B it 2 B 22 5 .3, AN IR/ P B 3R 7 A [R) AR R A B G S AN [R) b B2 () 22 57
#(P<0.05)

1.4 KRRV T o 8 4 Ak 2 o )

FREIEARX R y=1-w, - W) /W, x100% y=1 - (W, - W,) /W, x 100% , W, K& #4011
TR (g) , W oo ff v B [R5 4 1 0 % ik 1 o &, R i 2ok H 4 A 8hilk & 2 B4 ( Elemental
Analyzer Vario ELIIT, F5 ) % , 485 500 R FHIE SR EA T HL ik, 280 3 s R B - KA
W, AR E I R EDTA 455 8 2, 250 3 50 00 e >k Wl YO e Bk U kot i i =%
SCHk>Y
1.5 FZORURVE 4 TR A T S5 40 S A

K FH Mobio /A F] ) PowerSoil DNA Isolation Kit {45 DNA $2BGRAF & HE B2 AT & DNA . Xf
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IS 1Y DNA 724 2 BENEBHEE e FB UK AT 548 DNA F B2 1 ng/pL {547 T-80 CHI T PCR ¥4, R
WA barcode IFFF G111 16S rRNA ) V3+V4 X, BI¥F 51K 341F: CCTACGGGNGGCWGCAG Fil 806R
GGACTACHVGGGTATCTAAT, PCR SUWAKZR :2.5 L 4HE M DNA (S ng/pl) , LIFSI M AR 519145 5
WL 1 wmol/pl) ,12.5 wL 2xKAPA HiFi HotStart ReadyMix, ¥ 34F2F 4 :95 C WA VE 2 min, ffi /5
98 CA 10 5,62 CiR 2k 30 5,68 CHEfHI 30 s, 3527 ANMEFFG 68 CHEMH 10 min, X4 #4=4 b g B, £
QuantiFluorTM Z&GTHHATE & . B aifb iy 3G =Yt 17 55 iR A, 30 7 4% % , ffi ] New England Biolabs
/N FIHY NEB Next® Ulira™ DNA Library Prep Kit for Tlumina £ 7832057 & AT SCHEE A4 2, #4) B 4 10 SO 4
Qubit 5E T FISCEMI | A 4% J5 18 F] Hiseq2500 (Illumina, SanDiego, CA , USA ) 1 PE250 #x FHLIN T .
1.6 Zdlkbri

{1 FLASH {4 %o J5 0 5 047 I ok 20 R X e 37) A 9422 , 45 30 3008 ™ R A Uparse 8104, Xt
ALE =97 % (I FFFIA N 1 AN ERVES 23T Bl OTU ( Operational taxonomic unit) ‘! 3 F] [ Greengene %14 J4
AT ARS8 Qiime BT TSR BT 5004 T OTU HSEFNHFh 432550 Mr , XF OTUs EAT 1 ZRENE
TR AT, 1 R A A T IR AT X I 3 AT R T 2253 50 BT o 38 FH Lefse 1.0 FRF X 20 7] 22 5 3
1308, 3870 SPSS 23. 0 e #0475 22 501 S Person F 4347, 48 F i Origin 10. 5 F Excel 2016 %%
PR PEIEATAER

2 HREHM

2.1 5% 300 d JE A2 AR A VE M R A R R

12 3 AR SNIR AR i A T AZ AR 5 v 18 20 B R GE R 1 o B N3 AR B AR AR £ B AR
O3 T BIAZ ARV TR ARG TR AR B BRARD | il MUK e £ B A7 BRIt oA ) T A2 AR v
(A3t (EUAH LT AR AR 2 BRobRk A3 b IR BT 4 C/IN G TP T A i £ B8 A 43 T A AR U 8 ot 43 i f 41 1
VRIS 5 1A

®3 EREAEHHHEI0 dETRERRE/ %

Table 3 Residual dry mass ratio of litters after decomposition for 300 d

B it

CK N1 N2 N3
Management measure
up 52.9Ab 51.6Ab 52.9Ab 63.0Aa
UR 55.7Aa 55.6Aa 55.9Aa 61.1Aa

2.2 RTINS AEPETE AL

KBRS ARIT i 7 505 REAS TP 91 280K 92549 H4 BT 179 4 97% M ARUEE#EAT OTU 4325, FIrfs
B OTU SR 86427 A, XA FE T AY OTU U H J2& 3601 4>, 45538 4 1 Goods_coverage 8L, nI A A
FPIREER e A Y Z A0 WP i 2 0% | AT D i G IR R A B A B (B T A 55080 R A S e g 42
AR TP A Y Ve 5 A A, R BE R, iR 4l g0, SN S AR TAZ A P i 40 B 7 1Y Shannon
FREL Simpson $8% . Chaol FEEUAI Ace FEECH 8 ELAKIE S MBI RLUN , — EJEH N #IIG C/N EE I FARA F T
FETHRZ AR YA TE M AN RE IS ZHEE . bR 22 500 5, AR T R o O B AR O TPoAZ R R 9 i 4 T R E V% 19 Shannon 4
£ . Simpson FE4L , Chaol FEEUH Ace THEUIY 5 TART M4 25 BRAR ST oA [R1 b B, & WA MK AL B O B ARG v A2
AT TR R 7% AR TR A0S TR N AR 22 bR pk o BT5 2270 W 3R A TR] AL BRIAIAZ AR U 7 i Shannon
FEEL . Simpson 54U Chaol F8EUHN Ace 4802 5185l AR5 B KK AR C/N B[] — 1 X [a] — 46 Ao 7
7% TR AT R IR 2 A U
2.3 RZARPTEM AR RIS

FT OTU F R BEAE B, RIS (PCoA , Principal co-ordinates analysis ) , 1] FH B 4 1) A B 57 #F
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AL IR B G 2R A I 4 A rh o i 2L AR AL, S BRTE PCoA I A BE RS EIE . ani&l 1 Fow RO AR B IR
RS TR R N1 ARFE R BOAZ AR YA T 25 1 il A SR AERROW 5 25 | JLAAR R A 2 i SR AR B8N 80, Horp CKOF
N3 b P P2 A T A it 40 DRV 45 A ELAT SR AERLNE , 1T 55 N2 AL BT B B S8 50— 2 o AR 43 T,
FIPIE [0 A B REVR S5 A AH T, 5 N2 AL A R 7 250 22 S R MO AEL B L B a3 h 45 A B A2 AR U
T I RN SV B N1 T N2 b3 AAZ AR IR 7 A0 ot 200 81 A % 225 4 EL A SRS 0N, T 3 [ 400 71 A %
ZERART , LA AL FE T A4 5 DU S AR S 0 B O, A AL BRI AN B RS 25 R 22 S K . R Anosim R B0 (R 5)
XoF 2L 1) 4 P P % AELARLRE SHEA 7 E S A50R 0r , 45 SR 3R W 5 Ak 380 1) 200 TRT R V235 A0 o A7 7 0 5 25 5%
R4 RABEMEEEE S RIS
Table 4 Diversity indexes of bacterial community of Cunninghamia lanceolata litter

[Egikiyin) JOEL]

- Shannon Simpson Chaol Ace Goods_coverage
Management measure Treatment
uP CK 9.3 Aa 0.994 Aa 4836.4 Aa 4903.6 Aa 0.98 Aa
N1 9.7 Aa 0.991 Aa 4931.0 Aa 5064.7 Aa 0.95 Aa
N2 9.4 Aa 0.995 Aa 4653.3 Aa 4809.5 Aa 0.98 Aa
N3 9.2 Aa 0.996 Aa 4738.0 Aa 4895.5 Aa 0.98 Aa
UR CK 9.3 Aa 0.995 Aa 4264.3 Aa 4373.1 Aa 0.98 Aa
N1 9.5 Aa 0.995 Aa 4880.5 Ba 5109.0 Aa 0.98 1Aa
N2 9.2 Aa 0.993 Aa 4555.7 Aa 4719.1 Aa 0.98 Aa
N3 9.2 Aa 0.992 Aa 4407.9 Aa 4519.8 Aa 0.98 Aa
6 6
- TR TR
4+ ¢ 41 .
;\-o\ O N2 ;\-o\ ° A
2 2| aN3 " 22k .
S *CK 2 S .
<o 0 n <° 0 *
O @]
A~ [ ] e A~ [ ]
-2+ . -2+ Y
° " ° *
-4 ! I I I -4 ! ! ! !
-5 -3 -1 1 3 5 -5 -3 -1 1 3 5
PCoA1 (47.4%) PCoA1 (26.8%)

Bl1 MAREEMEEEERER

Fig.1 Clustering of bacterial community of Cunninghamia lanceolata litters

R5 HEPEHBFEEHNES Anosim BEHRE

Table 5 Anosim significance test of bacterial community structure difference between groups

(¢!
A CK-N1 CK-N2 CK-N3 NI1-N2 NI1-N3 N2-N3
Management measure
upP -0.296 0.482 0.444 0.556 0.259 0.185
UR 0.256 0.096 0.370 -0.296 0.482 -0.222

FRHRUEN RE, AT (-1,1)ZI], R-value KT 0, WA AIZ S B3, Rvalue /NT 0, WA NZEF K TAHMESR

2.4 RZRPETE AR R A5

P 2 AT AN 1] 43 28 K AR X = BE G A% 40 1 B R . AR 2 R T ( Proteobacteria ) | i 46 1 1]
( Actinobacteria) 7% % [ | ] ( Planctomycetes ) | BR ¥T 1 | ] ( Acidobacteria) . #0#F i ] ( Bacteroidetes ) | £% 25 i | ]
( Chloroflexi) JETUE ] ( Verrucomicrobia) | 2F HLHfI TR ] ( Gemmatimonadetes ) %% H & [ ] ( Armatimonadetes ) F/1J5
BETE T (Firmicutes) . SR TET T R A I RE & R AR = EETE A FE S KT 10% , 2 FEARH P,
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FEHRRT AE A PR B AR AL AR T I IO AT | 2 2 T R 28 B AT X 4 38 440 TR AL 2 bk g rh A )
A3 VR WA S, BB 3 R, 7R 4 B & 43 28 /KT L AE 35 BE R T A0 A0 TR R R . 08 A AR TR R
( Bradyrhizobium) W& TR #5347 J& ( Acidothermus ) | Singulisphaera J& . 2F 1 J& ( Gemmata ) |, 5 & 5 P 0 14 )&
( Sphingomonas) & R & ( Nocardioides ) | Jatrophihabitans J& | i a0 i 28 7 J& (Actinoplanes ) B FS T
J& ( Pseudonocardia ) 1 8)j 16 %& 17 J& ( Kineosporia ) . #4325 52100 7, AT A8 9 £& B3 AR 43 A2 K 04 5 it
Singulisphaera J&F Jatrophihabitans J& FARXT 3 B GRS T AR T AR B 22 BRAR S HoAH R Ab 3L

B Unclassified B Chloroflexi Kineosporia B Nocardioides

u Al B Bacteroidetes B Pseudonocardia W Sphingomonas

® Firmicutes B Acidobacteria Actinoplanes B Gemmata

® Armatimonadetes m Planctomycetes Jatrophihabitans W Singulisphaera
Gemmatimonadetes Actinobacteria 30 ¢

B Verrucomicrobia B Proteobacteria

100 - o = 25 t

— ] — — —

60 +

||
||
||
- |

20 } - ™ ||
15 I
10
CK NI N2 N3 CK N1 N2 N3

ckoNL N2 N3 CKONL N2 NS AR R DR B T AR LR
B HEBE £ B BT R R

%+ Relative abundance/%

FHXTEBE Relative abundance/%

3 BARBEHAHEEVMSGHEE(R)

Fig. 3  Stacking diagram of species distribution of bacterial

B2 MAEEHAREENTHIAERE])
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Fig.4 A diagram of bacterial population differences between groups based on taxonomic tree under undergrowth vegetation preservation
A, Terracidiphilus; b, Hevea_brasiliensis_phytoplasma; ¢, WA R )& Nakamurella; d, A [REFF Nakamurellaceae; e, /N BB Microlunatus ;
f: Solirubrobacter; g, Solirubrobacteraceae; h, L4t Z MR Chryseolinea; i, Vampirovibrionales; j, A0839; k: BCf3_20; 1, ZL {5 B &
Rhodopseudomonas ; m, Kaistia; n, BULERTE & Roseococcus; o, BUHL YN E Roseomonas; p, MATLICTHJE Paucimonas; q, Bdellovibrio_sp_

ETB; r, Aetherobacter; s, Methylophaga
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Fig.5 A diagram of bacterial population differences between groups based on taxonomic tree under undergrowth vegetation removal
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A, Saccharibacteria; b, Acidobacteriaceae_bacterium_SK_11; ¢, Phytoplasma_sp_RYL_GD; d, BEEREEJE Streptococcus; e, Rhodopila_globiformis

R6 MARAIWEZEMLFERS WERERE SEEMNEXNE

Table 6 Correlations among nutrient indexes and alpha diversity analysis indexes of bacterial community of Cunninghamia lanceolata litter

FEEX Index TC TN TP C/N C/P N/P TK TCa TMg TMn
Shannon -0.011  -0.212  0.023 -0.009  -0.014  -0.019  -0.101 0.476**  0.127 -0.036
Simpson -0.044  -0.066  0.106 -0.139  -0.091 0.020 0.029 0.413**  0.132 0.001
Chaol 0.167 0.051  -0.095 -0.024 0.333*  0.236  -0.323* 0.084 0.265 -0.355"
Ace 0.193 0.066  —0.088 0.015 0.350*  0.235  -0.359* 0.129 0.318* -0.355*
Goods_coverage -0.243  -0.105  -0.007 0.017  -0.281  -0.177 0.322* -0.006 -0.342" 0.201

TC, 4:8% Total carbon; TN, 4% Total nitrogen; TP, 4 Total phosphorus; C/N, BRZE L C/N ratio; C/P, WML C/P ratio; N/P, EBELL N/
P ratio; TK, 4%f Total potassium; TCa, 4245 Total calcium; TMg, 4% Total magnesium; TMn, 4:%% Total manganese, * P<0.05, =% P<0.01

2.6 AZARTE AL AR S AR R REAR X R AR O A
HIP 6 TR AET T3 OKF AT A B SRR A e i A 0 & b 2t B ARG, 55 O/N (R
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FIEM, 5eme R R ER 0% ; Acidicapsa JE AN S e 5 W IR A O Terracidiphilus J& FH X}
FEHRHEHEDETHK, 5 C/N HEZEM 8 E I, 520 & 20835 A IC ; ZEBOR A X 3
JE55 N/P FUfELEE 22 TEAHSC MR 5IUA ( Bdellovibrio ) AXT 5 420k & M C/N T EHEN R IEME, 5 /P
HIN/P HAE S B IEARSC, 528 & i 2 0 2 UG TP TR D 32 5 a5 1 2 W O G s /N A T
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Acidobacteria '0.7 N Pseudonocardia I 0.78
Bacteroidetes 0 Kineosporia
Chloroflexi Solirubrobacter '
Verrucomicrobia I—0.6 Pseudonocardia I -0.62
Gemmatimonadetes Rhodopseudomonas
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Firmicutes Terracidiphilus
8E&§%§[_\f§§)§ Rhodopll'la.
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Fig.7 Heat map of correlation between main bacterial population and chemical properties of Cunninghamia lanceolata litters
TC, 4= Total carbon; TN, 4% Total nitrogen; TP, 2xf# Total phosphorus; C/N, #R%(H C/N ratio; C/P, kM C/P ratio; N/P, &BEL N/
P ratio; TK, 24 Total potassium; TCa, 445 Total calcium; TMg, 4%E Total magnesium; TMn, 2% Total manganese, * P<0.05, #% P<
0.01

2.7 KR T A0 T RV S AR e R A
ARG T 8L XF R 43 AT ( CCA |, Canonical correspondence analysis ) Fll 5 22 43 % 43 AT ( VPA | Variance
partitioning analysis ) BFFEAZ AR YA P& AL 2 PR T S AR RE VS Z ) DG Z2 o 11 7l 0, e 1] 20 280K B3 — 24k
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Fig.7 Canonical correspondence analysis of bacterial community of Cunninghamia lanceolata litters
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