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Abstract

To understand how root exudates influence litter decomposition in forest ecosystems, different
concentrations of simulated root exudate carbon solutions (CK 0, L 0.27, M 0.54, H 1.08 mg C per
gram of soil) were added to the Symplocos lucida litter decomposition environment. After 45 days
of laboratory incubation, the impact of different carbon input levels on the bacterial community
was assessed using 16S rRNA sequencing. The results showed that: 1) There was no significant
difference in the richness of bacterial communities among the treatments, but the input of me-
dium and high concentrations (M and H) of exudate carbon significantly increased their diversity.
2) Proteobacteria, Planctomycetes, Actinobacteria, Bacteroidetes, and Acidobacteria were the
main bacterial phyla involved in the decomposition of Symplocos lucida litter. 3) The abundance of
Proteobacteria and Actinobacteria exhibited a low promotion-high inhibition response to the
concentration of exudate carbon input. Additionally, the higher concentration of root exudate
carbon input (H) promoted the proliferation of Bacteroidetes. 4) The functional groups of bacteria
on the surface of Symplocos lucida litter were primarily associated with chemoheterotrophy and
aerobic chemoheterotrophy. The abundance of functional genes related to nitrogen fixation, hy-
drocarbon degradation, and cellulolysis increased gradually with the increase in exudates carbon
input concentration. Overall, these research findings contribute to the understanding of the me-
chanisms by which root exudates influence the bacterial community involved in litter decomposi-
tion. They also provide a theoretical basis for further revealing the interactions among roots, mi-
croorganisms, and litter decomposition processes.
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1. 5|

WA 7 WA ARAR 035 P 1) S BORIE AN AN [1], SRR AR BRI S R G0 0 5 DI BERFHE K N AE
IXFNR 2R [2], W TARBRAEAS SRR IR A N A4S R Thae B E B [3]. MR RIEEK IR 7 W 1
KEVEEE VA EY, PR R e pe gt i 2 H 3 E iB A Re IR 4], (R E v B0E, e
B HUTR B fff 5, IR Z e gg e L3 75 0 AR I 2 [5] [6]. 1F 2 TR R 0 e I RBR A S R4
SEKMISThRE T E B, AR TARER 2 T35 A P Hh 3R Ak 08 28 1 A2 1 A0 s X 8k

PR O3 A R o 2 AR KR ) R 40 T R A T ) J2 R A a2 /K A R 7K e 1A A3 AR R 1m) R P& ) 2 4E
KEZFHRMES KRG Y WALLEM 58 2R [7]. A0, RARTEREEDE AL v @ AU
TR 2L T D ) B 5 A [T R FEU o0 WA 5 M S AR DR VA 45400, IARJR 25 3 AR [9] [10]. ARYE C AN S Ay
SRR R - WA - YR BAE RN OO AR A S KRG I 78 b — AR B = TR
B I[11]

FEFT AT 78 rp A Tl E B PCR 4% SEER ik s/ b SR R 0 bk AN (5F g £ h s Imasiic T 1.2 mg)aJ
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B i T DA T A R ) A TR D 8 DU, (et R E ARG 70, 77 A IR O RN, I 7 4)
(173 AR [12] o 855 P SI0: r th S AR 28 A0 ZHGT I V8 40 0 4 o A SO M AN S 2, (LR Y 00 0 Ak 40 1 o 23k
P Al 22 5 5 25 [ 13] o RATTAR M6 AR AR A A AR H AR AR 23 TR MBI i A\ B A W AR 5 A BAT I R IR
L 20 T A RO 0 X T i N EAT TR S, R 20 AR £ 0 9 A T S B A N TR AR AR 3 WA TR J5E 22 5
KA RERA

k0 B 123 R T AR AR ZR 23 BT T v WA T I 3 240 8 T S D RE (RS MR, A T
DA SIE ey 6 2 i i AR AL 35 ORI (Symplocos lucida) i A i FE 0t B, i N LA IR R 70 WA Bl
=¥, A 16S rRNA TP EARWT FEA R EEAR 2 73 WA BN DX R 95 40 7 e el 8 v 20 B V& B S 152
M, PR AN TR I8 385 0 B SRR S B O e MRS AIE s DR N 7 AR 2R A KX R ] 5 4 0 AR 2 T PR 2 ) 2
HUER B — S RO RL A1 T -

2. 5 7HZE
2.1, REMBI K SCEAHR

SKAEM N PR T 45 25 11 [ R 2% SRR 1X (29°48'25"~29°51'53"N, 106°20'18"~106°24'42"E), 4% = 1A T
MV HGHE ST H RN RE VR A MRAEL B 27, RF9R 200~952.5 m, FRAR7E o5 R IA 96.6%. 1% &3 i ARy iic e
AR BRI B SR i, AT, BT ERKA T T LA (N 6 mm)BYR/NE AR fbilikl. fit
PR B A [FR A SRR 2 R 7 B3, LR RS . FEARSE AT, TR 2 mm f5 % A

2.2. NTHEMIR RS b a bl &

TRAE de Graaff S5 [14] 177 v | S AR ADAR 2 70 WA Bk B VTR EL 5 T AR 2 Wb vh e s DL IR 35 ek &
Vi, FERSE: AW, B, KW, R, CHRR, IR, 4R, LWER, LRER, IR
R, “RBAAER, RS EN 2.86 mg/mL. HRIERATHT ISR 7 [12], FIF T B 23K Bk il
AN RV BR R FEE R 22 20 WAV : CK (0 mg/L). L (150 mg/L, {R¥ )+ M (300 mg/L, ¥ JE). H (600
mg/L, =REE).

2.3 SERET

AU V& TR B A A R R, AN SRS 2 2 A O SR R A R AR AR YA [12] [15], KRR 3 10 g
JRNREFRML(AAE 9 ey, 75 1382 L7 PAiRIBREE 2 o)t IEsr, MRS L2 o, &
K& 5 d I R A R BEDLAR 28 4 WA BRIV 2 mil LLZERESNERRFR SN, REAh A 3 IRE R . K5 FRILIK
NE TREE 25°C . MXHEE 50%[ % fe AR h s IR b8, WI0A0 B 52 BB 5 AR TH RS, JLiE9% 45 d
o 3 WA BB IS I e I B A g T s ingk: CK-0 mg, L-0.27 mg, M-0.54 mg, H-1.08 mg.

2.4, EEMRESEYE DNA BRELS 165 rRNA T

{4 Fit 7 & UltraClean™ Soil DNA Isolation Kit (MoBio, Carlsbad, CA, USA)#&BUE 74 H 2 1 1 DNA.
S DNA ZEE ML B A Y AR AT, R barcode 4R FPE S #0%F 16S IDNA V3 + V4 X HEATH 14
MWF. 51955 M. 341F: CCTACGGGNGGCWGCAG:; 806R: GGACTACHVGGGTATCTAAT.

T BE A B2 2% Liu 2757 15[16], K] EasyAmplicon 4 #ififE: FIH USEARCH 10.0 AT 43 %%
FF 5133047 2 4R 4545 4 42 25 898 OTU (operational taxonomic units); K4 RDP 2.11 ¥ e # AT ¥ At e
Ja ZFEPESr T, {1 Greengenes 13_8 X OTUs #EAT#F % 5 The Tiill; i H USEARCH FI R 4.2.0 X}
i OTUs RHHATZHEME T, 45 Alpha ZFEE. Beta ZAEMERIIE T BrayCurtis $5%(Bray-Curtis #H15!
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L,

P 2 B3R B ) AT R il 12 32 AL AR 43 BT (CPCOAY) s X A [) Ak B 1) 41 1 5 % 2L 18] 43+ B > FH 4 42 4 3] 43 BT (LEfSe
RiL % B LDA Score [Tt A 4) [17]F13E T FAPROTAX HIRETE THRETIN 20 [ 18]« A a4 b 3 AN
22K ggplot2 fLf1 STAMP 2.13 5E .
3. ZRESH
3.1. PEMHEERFEEERZHME ST

ARG 12 xR, S 1,151,388 sk m i ERIT A, P B 244 bp, SLAailE] 4126
A~ OTUs, ot 4 FikbEEEA OTUS1747 4>, (H4=¥8 OTUs 7345 1) 42.3%. 5% E(CK)AHLEL, A InAMEAR
ZOPIWBRVET S, Chaol 3 FF1E%k(Chaol richness estimator, Chaol)fl ACE #53( B# %R, LW
HEHMEEEEELEREZER. PEIKREM A H)YRAMNER R84 N )5, Shannon £ #1845
(Shannon’s Diversity Index, SHDI) il Simpson Z FEPEIEEL S CK AHLL A W& 25, B sk B A
e T R AR 2R, 2R W 1.

Table 1. Statistical analysis of bacterial community alpha diversity of leaf litter

= 1L OFEMREEERSE o- SRR

F 5% OTUs chaol #5% ACE #6531 Shannon #& %k Simpson 5%k

CK 97770 + 17492°®  3737.56 £ 71.67°  3710.02 + 73.46° 5.97 +0.02® 0.98 £0.01*
L 94655+ 11963%  3755.02 £60.10°  3755.91 + 45.94° 5.62 £0.12" 0.96 +0.01°
M 94966 + 9289°  3805.34 +9.64°  3784.82 +7.69° 6.22 +0.14% 0.98 +0.02°
H 96404 +7286°  3886.66 + 17.14°  3858.29 + 9.42° 6.94 +0.04° 0.99 +0.001°

Nt o b % 4 IR LG AR 1) OTUSs BRSO, RS &5 & 5 e 504l (F A BR AL AR 7 51 R
62,870)22H1] 1 5 BEI(&] 1A) . AR4E-FHF KT 0.1%3E47 97k, FLAG M F) 234 A OTUs, 4 FlkbBI(H, M,
L, CK)HHFT 40 1% OTUs /K FAEAEZE R, 5N 14.1%. 5.1%. 1.7%. 13.2%. L\ Bray-Curtis i 25317 FR
il 74 3 AL AR (CPCOA) 23 T AN [F) Mk B ALALLAR 8 43 WA e N 5 R T SR T A R VR S5 M 22 5. S5 SR R

A B
40.7 % of variance; P = 0.001
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Figure 1. Diversity data analysis of bacteria community on the surface of leaf litter; A. Venn diagram based on OTUs in
each treatment; B. Constrained principal coordinate analysis of different treatments based on beta diversity matrix distances
(Bray-Curtis)

1 AEMREAENSEEBIESNE; A TRLEEMERHLSR OUTs FEE; B, FELEBEET p-Z#
14 %E P4 55 75 (Bray-Curtis) B BRI 14 3 A AR ]
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L, E

2 AT AR AT DA RH AR 25 4L I) 40.4% 25 5 (P = 0.0001) (%] 1B). 55— - ARKR T 1) 26 B v TR B2 O B
N(H)SE 35 52 7 8 Tk 2 T 4R T RE VR 45K, fRRE T 59.61%178 5 (CPCoAL), IhAh, S ik BEm 4 A (L
M)AH LEXS R 2H(CK) Z S 88, RARRE T 22.99%F1) 738 7 (CPC0oA2).

3.2. BEMROAEREER S

R BNTRE, BT Ve R AN R 78 19 M1 54 44 97 H 180 I 343 J& 1647 i,
b 35 9% 5 1] (Proteobacteria,  #H %t 3 F 41.77%~63.1%) . % % IR B 1] (Planctomycetes , A X =F &
5.57%~12.25%). JiZ B[ T(Actinobacteria, AHXT3-FE 4.83%~12.99%). AT ['](Bacteroidetes, AHXf =S
2.30%~6.85%) AR AT | ] (Acidobacteria, FIXF = 1.64%~3.72%) ML A 114 2A). 5 CK 4bFEAHLL,
M A H A EE 25 B IR B TR R B, H AREE AR R PR B J (Pseudomonas) L7 B K T
HoAt AL, 177 3 BAAT 1 JE (Reyranella) 87 B7 4+ [C 1 J& (Nonomuraea) M £1. % B J& (Ectothiorhodosinus)
475 28 14 J&8 (Chryseolinea) 1% 75 14 J& (Streptomyces) 25 I G 2. 3 72 7 (1€ 2B).
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Figure 2. Bacterial composition of different treatments at the phylum level (A) and genus level (B)
B 2. TRIAIRABLEIKTF(A)FRBKTF(B)NAE R LG

33 AEMREAEFEGEMERSH

1E OTU /KF |, SRH Kl B b A RIS FE N AR B VR 450 22 57 . K FH edgeR i & ZHARER M
OTUs (B 0.1), FLiEH & ALFRH F 146 ML OTUs MEATAINT F 2 R LU, SR TERM, 5
CK AbFEAHEL, L ALFERG A LR, 54T, B 3A); MAFE R AL, 8 4T, & 3B); HM
Q7 AEM, 154, K 3D). 5 LAM AL, HAAE TR B OTU 18 /M 12 4N, BE T
W OTU A 8 ANF1 1 /AN 3E FIE 3F). L A1 M AL R A R OTU ¥4 1A, #E—Diid 2
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Figure 3. Volcano plot based on the OTU abundance variation of leaf litter between different treatments
3. EFREMMAE OTU FE TN ELIRAHBE X LE
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Figure 4. LEfSe analysis of genus level of leaf litter bacteria between different treatments
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1 ] AR DI R A A R, 7E H bR 2 2R AR B OTUs 40U 1 44 (Bacteroidia) « 1A% T 14
Z¥(Gammaproteobacteria). Ul¥425 7 B 4X (Betaproteobacteria) . ¥ 7R i 4X (Planctomycetia) 2, &2 i
£ U] S0 JR 92225 TF 1 44 (Alphaproteobacteria) AT H % i 144X (Gemmatimonadetes) 2% .

it 4 H A AN [R1AR P55 R 28 20 i N AL B PR 9 2 T 4T B V% 22 SRR AE, R LEFSe X Mont 45
TH 2 5 O BUR I AEY) Al CRIHTIZE . s R oR(ILE 4), JLE5E 40 Pibs S VRGN TE = 450,
HA CKAL3Ff, LA 1 F4, MZH 2 B, H 2H 34 T i R e B L (Pseudomonadaceae) « 2 FRLfiid 1 H (Pseudomonadales)
HASTE TR ] (Proteobacteria) /£ CK ALHE HAT BZE R H, NFHALTY 44 (Gammaproteobacteria) 7£ L 4bHH AT i
EARF, SRR B EL(Ectothiorhodospiraceae) F145 1% H (Chromatiales)fE M 4b3 BA R ELH, HUAF# ]
(Bacteroidetes) <5 U 7E H AbH b BA S S AHNT £ 22, ATE N X 73 FRid

3.4. FEM REAEEFEIRERITUN 4

CH (@K 95% confidence intervals
1
methylotrophy | o 2.74e-3 s
fermentation p | HOH 3.38e-3 %
nitrogen_fixation @ | o 4.85e-3 ¢
methanotrophy | (0] o011 8
chitinolysis I I o+ 0.014 g
chemoheterotrophy | — | : I 0024 T
cellulolysis | o) 0.049 o
1 ] 1 ] I ] ] I | ] I
0.0 40.9 -12 -10 -8 -6 -4 —2 0 2 4
Mean proportion (%) Difference in mean proportions (%)
L H 3L 95% confidence intervals
|
methylotrophy | IO 2.36e-3
ureolysis j | FoA 7.21e-3
©
methanotrophy | e 8.91e-3 9
9]
fermentation ! | KA 9.23e-3 ¢
nitrate_reduction | | oA 0.011 S
nitrogen_fixation @ | o 0.011 g
chitinolysis [ | 4 0.012 ¢
hydrocarbon_degradation | 0] 0.016 <
chemoheterotrophy | } O { I 0.019
L ] 1 ! I | I I I | I |
0.0 41.6 -14 -12 -10 -8 -6 -4 —2 0 2 4
Mean proportion (%) Difference in mean proportions (%)
2 C—H @M 95% confidence intervals
©
ureolysis P——=——1 J : | 0.012 £
nitrogen_fixation | T 1 ! [ { 0.015 2
chitinolysis B=——= ‘ : | 0.022 &
hydrocarbon_degradation = —o— 0.027 ¢
methylotrophy B2 —o— 0.050 ©
L ! 1 | ! ! I S
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Figure 5. Functional prediction of bacterial community of leaf litter based on FAPROTAX database
5. ZF FAPROTAX ¥4 B FiUM B R P& 3R T B A RO T AE
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L,

IRV T RE TN A4 2 FAPROTAX Mo %% Kb B2 VR 92 T 40 B SR BE AT ThRE TU 40 B, 3k
RAF T 45 DINRETM 732K . A AR LA L 27 57 97 (38.68%) « I ML 57 77(37.28%) « AT (2.7%)-
Y11 P 2 2E HLU(2.69%) B R R4 IR (2.30%) YA 5777 (1.98%) IREDE G H #7(1.84%). Jaf H 77(1.80%)
PR 257 A% (1.50%) [ %0(L1.45%) F1 LT )5 7 iR (0.5%) « Bl A & V72 (0.45%) S ThRE R, - Th BE 10 4
KRR AR BEET N — B W EE DR TN 25 R 53 il T 6 28 D0 B4 1
FRZER, FIH STAMP BAFX & 405 DR AT LSt R B0 R A Welch’s t-test, % B v
Benjamini-hochberg FDR), 453405 5 Fizn. CK AT L 4bHE {6 AE 5 7525 (chemoheterotrophy) #H X =F & 5
T R EEJS (fermentation) . [5] %035 (nitrogen_fixation). J1 T Jii B& fif 2 (chitinolysis) « B S AL & W 1% i 25
(hydrocarbon degradation). #1227 it 25 (cellulolysis) Ly BEBEAE mr vl 5 20 WA B b FRZH (H) P = B 35 4R .
4. ¥ig

A5 FH AMRAR AR 22 73 WARR AN N SE58: - BRI FEAE IR 2R R 2 20 WA G WU 2% A1 I IRV it T 4 B
TR SR AR AR . 45 R WIS 70 WA B A\ 15190 T, Chaol 84U ACE FE4U7E Ab 4 5 %] I 20 1H] G
BENER, X5 B AR 5 52 BRSO T A B 2 AN — 2 [19] [20] [21].
FLR DR AT e A2 BRI v 220 45 d o0 RS HRIR Uy R gER AR R, HRIEFRMREZ, T
AR BOR B A IR I 9T, AR S WA TR A N I AN e 0 35 O A R R T SRR B . DART — LS A
rh L5 BT AR PR 7 WA R AN RE T 2 VR 20 AU E D) B IR TR K, RN IR kA A S S IR AR B
T B R ) S R 2 [22] [23]. AERFTXTHEZH, Shannon $540AT Simpson F5 4078 o ik (M. H 4L FE)
SR B A R E R S, ULIAR R AR N T LIS IR S M) R AN B 2 R R R R, X
DA PR SE 56 25 R — B[ 24]  F B N\ IR) 73 WA T VT 4 AL PRV TR F T BAH O SRS PR 558 25 4 B 40 b 2 T ) ) F
i, BRAEHIT AR IR0 R T IEN 56 4 [25], S BUMVE V)R HI 40 B FF & S5 0 R A 508 o Jld B 2 AR 2 A s
SN, RIS SR EE S AN AR EE (M R H) 2 500 5 4 PR B s O DR 3R, 00 B 2 i ks TR T ) 3R T
AT B R AU e B 2 AR I [12]

RBYPARRREFE e 7R YR A VB R S5/ FI D e o ASHIT 78 A IR 40 26 T 20 1 eV
FETTKF B BRI T TR E T FERE ] BRI B 55, X5 a7
S5 R —F[26]. ASTETA T I FITECETA | R AR V& A 70 ffp 1) 32 SEA B 2R O TR 1 AR50 7040 O e B E A0 ™
o RARR NI, B AR TUR AR KIBEI[27]. 72 45 d Ja BRI VE I &6 £ B AT 4R
AR R FBUL W 1] R | TE TR R A& BoA B0 5 . AR b 3 20 o RE L 42 348
TR T VRS 1 1T BRSO 3 FEAE HR IR BE (L A M) T HOARERZE,  JC=F BEXTT- 20 Wb Bcdian A\ Ak B35 (14 e 172
FHE AR S g . HE 2 E R AT T TR BB TR B, RREi AR R 2 WAk
TG S EETE R CIN FHEr, BT NORET =, 40 5 RN R 32 e o), X5 DAETE
T ARAR[28] L LA ARAR[ 29155 70 25 BRAE IR 2R 5 TRk T A= P IR O B — 3. T 8 e S5 IE SR
BT RAREEZH 5 BRI YIER, (2EAPUBIE10[30]. AT TE 1704 B e A AR AR R
o, BESSKRRENDMB3L]. AT H A Ure 3 B2 m T H AL, SoREmIREm
MR 2R A B AN AR E T P B T TR S5, A R TR AR IR v R RO T SR AN AR E R I AR . kAR, Sul
32 LR, AR LAY DB S BRI AT RRAT R T 2 FE N . 728 73 KK-F b, (R
] 1T BT DT Ja LE AN R A 2 o [F) 3 I IR A R R, o IR B 1R 40 WA B VA YRR 2 AP PP B T
JEART AR T 1 1T AN T B A I B JeB AR SR B3O BT 1 R AR G, 1T v A B 23 WA B N S iX — & = B
LEFse M7 Hrai R LT, DU S B A AR IO AR T B 1Bt A IR 28 70 A B i A\ AR P52 ) 366 T T 228 e
IChE & RN RRZE b s JOURF B T 1 2 2R AU R PR NN B8 2 & R 7E TP . SR BE(M A H) AL B ZE A
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Pl E

B BRI A AR [ 2 2 VA ) A A AR TR IO A G BREE AE . AEARHE ST, SR FAPROTAX 43 #iT Tl
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