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IR 4TRSS PR TR AR 57 8 X 2 B B 3% 45 A Y
A0

B O F oW fAmE R OB FHER Ko

[ MO R 28 LI AR M S R GUE LTS, (7RG % 271018; SO R iFARMEE 77 [ MR B RSk Ie =, (LR Z 271018

W FE T BB BEE SR 2 R R AE TS R AR T 5 AR RE A, AT 7 LA 1L 4 S AL F A MO ol o
(Robinia pseudoacacia)~ WAK(Quercus acutissima)~ JHFA(Pinus tabulaeformis)F175¥A(Pinus densiflora) NFF T3 %, K R
I 4%k K llumina MiseqillJ7F & X 4l 16S tDNA VA-VS X34 7= W47 XU T, 204 1 4500 Fh 2008 25 g o) 40 v B
gk S ZREPERI RS . BRI (1) APME AR 73 i e 22 R 3, A B o 2 iAok 6 2 v T I R, RIS AR R
FBR>THAA> IS o (2) 4B PRGN ER 7 5 HRAE 43 KRB0 (OTU) . MBI IR, AcetB R ARG K B 2tk M E R BE, H
W] 0 o AR R R AR 2 3 (K T A AR AR RV o AR AHAR 23 AR I A PR B IE S5 M TER B3 2 7 AIIRAIIAIR(CO) ST & A
J 2 Z(N) RN CNKT A B B V8 25 M RS2 M R R o (3) 4 T VR AFLNS = BEES % DA L AR A BT B 1D kil 1] AR BT D
FRATEE ], BASTER] BRAT B I AEA PR 2 8] 22 5 3, R R R M R AR T B 1 638 iy T MR Rl . ZEAKP |, o
RN BTN y-BIEHN . AN BT RN R R AN, Ko BTN A B 2R B AN AR 44 W
2 75 R . (4) PearsonH M AR A, U5 LA T 1RGNS 3 B 52 B RVE VIV I AL AP R A RE ), e 2 AT 1 1) fllo-
AT, ARTEEE VR o-A8 T B NAHNT =F B 5 AR R 28 B 2 IR AR . TURAMITEE R Eon, 4HIRWIAN. BEP) & 2K
JRE B m N B VR S5 M M RC LK . T FL4S S Bl T 3R 41 B Ve 45 M R0 22 BE VN SRR 38 R R ANIRIATE W) 7 fR B 5
KB R A0IR; ANEREE, SRR

PR, Adh, AE G, Pk, LR, TRBEL (2018). e LL4Pi L B MO D AN AR 20 fiF 0 4H B VR S A I RE A . AE AR A 243k, 42, 1200-1210. DOL:
10.17521/cjpe.2018.0120

Effects of fine root decomposition on bacterial community structure of four dominated tree
species in Mount Taishan, China
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Abstract

Aims Microorganisms play a crucial role in the litter decomposition process in terrestrial ecosystems. Under-
standing the independent and interactive relationship between fine root decomposition and bacteria community
related to substrate characteristics can help to predict the consequences of changes on ecosystem function. There-
fore, the aim of this study was to identify fine roots’ influences on rhizosphere microbial structure and diversity.
Methods The decomposition of root litters of four dominant tree species of Mount Taishan (Robinia pseudoaca-
cia (RP), Quercus acutissima (QA), Pinus tabulaeformis (PT) and Pinus densiflora (PD)) was tested in a Yaoxiang
Forest Farm. Using Illumina high-throughput sequencing of 16S rRNA genes, bacterial community composition
was determined. Composition, diversity and relative abundance of bacteria were calculated for per fine root litter.
Important findings (1) Fine root litter decomposition differed significantly among different root types. There
was no difference in decomposition rate between broad-leaved species and conifer species. In all species, fine
roots of RP and QA were more strongly decomposed than that of PT and PD, and these differences were signifi-
cant (RP > QA > PT > PD). (2) The number of observed species, operational taxonomic units, Ace index and
phylogenetic diversity in broad-leaved species were significantly lower than that in coniferous species. Bacterial
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logenetic diversity in broad-leaved species were significantly lower than that in coniferous species. Bacterial
community structure differed significantly among four species for root decomposition. Initial carbon (C), lig-
nin:nitrogen (N) and C:N in fine root had a great influence on the bacterial community structure. (3) At the phy-
lum level, a total of 4 phyla were dominant (>5% across all species). Based on the average relative abundance, the
most abundant phyla were Proteobacteria, Actinomyces, Bacteroidetes and Acidobacteria. Proteobacteria’s and
Acidbacteria’s abundance were significantly different among the four species. Particularly, the Proteobacteria of
broad-leaved species was significantly higher than that of coniferous species. At the class level, a wide range of
classes dominated. Based on the average relative abundance, the most abundance classes were Alphaproteobacte-
ria, Betaproteobacteria, Gammaproteobacteria, unidentified-Actinobacteria and Sphingobacteriia. Alphaproteo-
bacteria and unidentified-Actinobacteria had significant differences among the four species. (4) Pearson correla-
tion analysis showed that the relative abundance of dominant phylum and class was affected by the initial proper-
ties of root litter, especially the Proteobacteria and Alphaproteobacteria. In addition, there was a significant posi-
tive correlation between fine root decomposition rate and relative abundance of Proteobacteria and Alphaproteo-
bacteria. Redundancy analysis (RDA) also demonstrated that the initial properties of fine root litter (initial N, P,
C:N) had significant effects on the structures of bacterial community. These results can improve understanding the
links between fine root litter decomposition and functional microbial communities.

Key words decomposition; fine root; bacterial community; diversity
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AR & BRI il R AE S RS F- 00
PEI ) LIRS, 2 o6A1F F [ ik (C) ik [3] 31K
S FEE IR (Colteaux et al., 1995), - HYEFFAES
R IR IER SRR, ALY, YRS
VISR UE, oY) A SR b B 37 4 (SR R UL 4%,
2011), KL SZ BT 58 1) i2 RVE (TR R UL A,
2011; Gui et al., 2017; % KiE%, 2017). IE104F, Xf
AR Va0 o fi (0T 78 K BT B (Chapman &
Koch, 2007; Wymore et al., 2018), {HSZ&, 1R R/ i
FEAE M 208 o AHEET 5 Hb B2 2o BT 9L, Rk
[0 B BON R RV B AR S, (H 2
VIR Z 8 B, R A AR AR, LR R T R TR,
205 BRI AE P B 33% (B 7KiE S, 2017; Shen
et al., 2017), HIRAFEYEETELR, HEHLRE
AL A S AT M B R Y ) ) s & (Grier er al,
1981). W ., XA F VR 50 fift BRI O 0T B FRpk
B RGPS Y SR a3 20 2.

FVEDIE R, R R AT
FEVAEPI R AT 0, NI FUR I, fE RN
() RUFE b, 010 2% At A 428 1 VR 420 ff o e B o 5
= W1 F (Meentemeyer, 1978; Tuomi et al., 2009);
ENRIE E, HEVFREMEAN) S E. CGN. KR
o AR ) R AR W) B R A R B R e R &R
(Taylor et al., 1989; Wymore et al., 2018). T FK,
FER A AR AR AL CIR L A= A4

= (Gessner et al., 1999), 7ERTEY) g fe i K%
EHARABACHIEH (Sun et al., 2017). T RTEY 7>
ik R R AR AE M R 5 E AR R R IR A R
Z5K(Sun et al., 2017), 10X 53 A F2E PR 75 40 1
HEWREVR SRR T R s b (5K B R AR, 2015). 1E
TIEA A R E RN MR E A,
HAED RS 5, ThRe 2R, BOHIGE, xf %
RETEITE B RS 37 0 e A A W L B B4 A
(Kennedy, 1999; T #i5t5, 2017). FIHHIBT T 45
BN, MESEE A ERER T NS REA R
ZE, TR REMIPIMGE I B R B R B W E M, Wi
il Ji ) 2 B T 52 R 77 5 A 1) 41 B R A ) (Wardle
et al., 2004; Chapman & Koch, 2007). Ffi 53T 2%
JE EPCRIVHIFFLIR B, 41 56 7598 V5 70 53 fift - 1 R
BAETEM, a7 IR RS 7 408w &9 5
fift R A (Adam et al., 2013; 5KBIHRSE, 2015). H.
AN 518 F R BT JvE R i, Xy TR
FR O R TR R A AR 4 ) ) A A v R LA
KHALLK, BTS2 H AR KA RIBR ], XA
IR FLEE RARE S AT R % AR & R i
HEVNREVE 2 REPE RN ZE A0 SR D AN TR S 2 Pk ) 4R
H, FEAREREY) o R FE CRITEE, 2009). &
RN P HEARITE T EAHEARRIR, Jof 555
— B bE, BRI R AT 2 IS R e S
B, BARAK. #Es. FEEESMA. IF
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Sk, 4T 2 T RF A RGME MR 45K
ME, WS (INVRITEE, 2017). BT H=5,
2017; Sun et al., 2017) /Ki(Zhao et al., 2017)%%.
{E2 i I 7 H R TRV 354 7 T IT 55 Hp 2 A
XL R S AR 23 R R B/ BRI, AT
FR M ERENFEA, W5 T R 4Rl Had pk
R AR 23 fife Jt R P A B A TR AL, X LA BT T4
AP RPN L AR . A0 2 A ZE S, [FIE
N T YHAR 3 8 R 5 U Ak 2 RN 200 T AR 5 4
ZIA MR R, N RARFEE Y R ED
P B A B LRV A

1 #RFITTE

L1 AR

F ST S A T2 1L 245 2 MR R MR A S RGN
WA 5Tk (117.08-117.15° E, 36.28°-36.33° N). 1%t
BB T B i R B 1 2 U, AT R 185 C
FREKETS8 mm, EEEFHE6-IHT . PRIl mfE
M, 3By M R R VERR I, RO,
JEFER20-30 em. M YA B 2 A R I I Y VA -
bR, H TR 55 %8 81.57%, Mk o Rk
90% LA b o FEERMEAAMAR (Pinus tabulaeformis)
M A (Platycladus orientalis) K 7% ¥A (Pinus
densiflora)tk« HKIFR(Robinia pseudoacacia)¥k~ WAk
(Quercus acutissima)#k .
12 HRAZE
121 BRI REmS T

FES AR AT H SR A 22 Ll i B i 4 0 32 22
FhETAIRRAE 9 fE AR S T PRAIE S BA 2 i i
FINGRI I e, 7258 T 46 < BT AR RIAR(RP) . BRER
(QA)~ FFFAPD)FIIFA(PT)FIZIAR o Xt AR, K
M EARNT2 mmBIHR, R 9 M E 7% AR AR A A
T il — B A B9 AR 3 B8, BT DLR VS R 24T
. HAr, EPrERERS BT O KA IER
HEATiRE (McLaren & Turkington, 2010). 4HAR 112K
FET20154E-8 H AEY A K HE BE () Z= 4T 34T, 4PpRiph
AR EEK, RHZREREERNT
2 mmPAR, RIS ERRZN L. KIS
RE TEHR TR UM A E6S CHEAR
WHEF P&, 2 MR T o & i o AR
B KRBT HEEKE) . HIEWIERE RIFIC Ny
PHIARFI® & &
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UG T S BURE: SR I8 R R I A8 I
o WHTEMASHIA /N5 em x 15 em (BIFLR/N A
1 mm x 1 mm), &MY LN KT PR
6 g.20165E7H, KAHBINLIX 2H B K o s Am T
6N EZMREIX P, NXK/NN10 m x 10 m,
A/NXES m > 5 mPIRRE A, AN XA
FAS . B E TR 1S emi®AL, kR Rk
A4S g L, ¥ LR (R EAIR
TIREER), SRJG K THVEY) o R AR RS T N I
W RIS R [ A —4F, 2017457 A BURE . BURER,
FEAS/INDX AR Rl P 148, 375 Pk R VR 40 3% 1D 6 B
) RN () 2 B, L 348 H SR b s SR
HFFHRES, HTFNEMAEDERE . 7oM34E
AP SE0 5 ) BRI 4, 65 CHEF &
TH R, SRERR R, JEle K& &, HTH
IETRE.

1.2.2  HMADNARELFNN F

K F CTAB J5 ¥2: % FF A 5 [F] 20 DNA 3 AT $2 B
(Hultman et al., 2015), EAKEE Ny WELT 000 pL
CTABZ# i %2.0 mL EPE H, JIA20 pLiA ik,
BHIE BRI\ R, 65 CoKIE, 1R Hife]
TRAIHIR, DMEFE R 2H . 20950 pl i
W, N I8 S AR AR Ty (pHAE 8.0): &4 - 7 1%,
BE (AR L 25:24:1), FIEE2D, 12000 r-min ' &0
10 min. HU ISR, DI SHAARFR ST 5 R (A
Fb24:1), BifER%A), 12 000 rmin B0+ 10 min. WY
FIEWELS mLEOE R, A LIEH3/A R
PFEE, ERHES, 20 CYLHE60 min, #XJ512 000
rrmin” #5010 min, FHBEAE. 1 mL 75% B0
2K, TR /D EBRAA TR E O, S5 Ak
W, R TAES T MAST uL ddH,O% fii#DNA
FEflo BT pL RNase AJHALRNA, 37 CJH & 15 min.
2 J FA B R W e LIS I DN A2 55 R 52, HGE
BERESTELE S, HLE KRB ME
Ing-ul "o DARERE G 3L KIZHDNA A RAR, A
% B (Barcode) W 4 H 5l 4 S515F(5'-
GTGCCAGCMGCCGCGGTAA-3') 5907R(5'-CCGT
CAATTCCTTTGAGTTT-3"¥ # H V4-V5 X F K A
Bto AR ZR N30 uL, H 415 ul Phusion Master
Mix (2x), 3 pL Primer (2 pmol-L™), 10 pLF&:PEH
DNA (1 ng-uL™), 2 uL H,O.PCR R N2 5 4: 98 °C
TR min; 30MEFFLFEOS C, 10s; 50 C, 30's;
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72 °C,305s); 72 ‘CHEAHS min. 3720 T 1.5% )35
UGB St Jsz PR VK B IR /N FE [T AiAk, R Rl SR
X7 & GeneJET (Thermo Scientific), %[5 H]4545
1B aifh 45 9 5 19 H 8 7 Bt F Biodrop A% B A I AX
(Biochrom, Cambridge, UK)I 5 i A Fi &= . A1 A
A PRAE S AL AT SR RIR G, AR E S
E 2L R ZEIN A 27, A lumina Miseq -
AT o
123 FoME

FEYHC. NEEXH TR HTIU(ECS4010,
Costech, Firenze, Italy), P# & R H R iA-4HER P tL &
EME, KRS R IE D 1R B R & 5 A i
(GB/T 2677.8-1994, GB/T 10337-2008).
1.3 HELIE

i 4 Barcode /5 %) FIPCR Y™ 14 5] ¥ ¢ 51) I T HL
s v o & FE S BOlE, A2 Barcode 1 5| #1F
5| J5 {f Al FLASH (V1.2.7, http://ccb.jhu.edu/
software/FLASH/) X} & AN FF & i reads 347 Hf 82, 15
B P75 N IR 4A Tags B4 (Raw Tags); HHiz15
E|ffiRaw Tags, 5 ZEL I ™% (1) I8 b 45 3] 51 ol
1= ¥ TagsEi#i(Clean Tags). F|HUparse {4 (Uparse
v7.0.1001) %F BT A B i 1 4% 350 A 380804 330 AT 528,
BRI LLOT% ) — BUMENE 17 51 SRR O A 3 2R Bt
(OTU), [RIHF A HE AL, Jii ik OTU H H B4
B @ P S E NOTURIARR T . & FE S 1 2
FEAECRE S RIMET73 7230 61362 36 056, R
FR: 58 700, 54 741. 35 181, 77FA: 57 842, 70 613
51230, MIFA: 58 831, 50 694, 47499, itHoZFkE
e Bz At AT o AR B, BRAEANER S BE A Ll U
I 1R 1 B 0 (AR S R de /N 80 50 B0 iR AT G 2kt
. F I Mothur®k {4 (Version 1.35.1)iH 84 5 o
FEPEFREL, [ WAS RIS AR 2RI V& 53 i A2 R 2
W R I F L2 RN, AHEChaol 785, Acef3L.
CoveragetB3l. RAK B 2B ShannontE4L. F

FHR# A (Version3.5.1) 58 A& 25 44 43 AT, ForbRH
A £ 4 )] ¥ (Nonmetric Multidimensional Scaling,
NMDS) 7 H 40 K 55 fif ol &4 B BV S5 2= 5, H
ANOSIM 2 Bk 56 73 # 25 Ab 1 1) 1) 22 57 o 35 1k
IR TCAR 43 HT (RD AR 1+ 41 18 5 V4 45 1) 5 4RAR W)
AR T 2 A 9% R o 38 FHSPSS 170514317 4t
T, R B R 2R 07 22 2 A LU A R AR P V& )
WIS TR B SRR AR —F
Ja B B A R 22 AR 2 TR I 22 S 3 e DL B 32 A
PR DL A A AT 3= BE AR 4 PR b 2 A] (10 22 e S 35 12k
K FH Pearson AH 5 73 A1 i 52 40 T B V& D035 T T A1 X AH
WFFERE . ARG S BN AIAR 2 il 2 [A] )
FHIRE o

2 RO

2.1 AEMMARSBIZENES

MR IR LR W, B4R AR VR v a1k
YRR 2 WAFAE R 22 5, R A A AR o A i 1
WRIZ [AIZRE K. CERE. N KRR FERU
BT R AR (R S VIR 2 2 v T Rl AR o R AR
RER)(p < 0.05); N &, P&, N:PAFH- R R
TR BRI < 0.05), T ARFA<HIA <A<
R

72 1L 4 3 AR F s MO b A AR 7 i T 2 2 [
ZRWEE@ =0.001). E1AIL, FEHRR o fRE
REEFmTEH MR < 0.05), 2 ERERIYR
B> BRBR>THAASIRAA o PR IR ER A AR 73 A 1k
R ZEFATEZE (p > 0.05), PiRhEE R G40
IR R 2 A 2R WAL (p > 0.05).
2.2 RS EMARES HEREN

2T LA, 4HAR 43— 4F J5 B P 2
J 30 1 78 56 6 (F SC AR I 81 10 3l 26 P b B A 34 558
FE i BT SAE 2 R BT o5 R LR B 3197% A L, i
B T30 5 5 80) AT LA 76 43 I AR A 41 T BRE R PRI R 2 AT

R R4 AR VEDIAIR AL R B 22 7 CP I AR E R 22, n =3)

Table 1 Differences in initial element contents of fine root litter (mean + SE, n = 3)

W Species C (%) N (%) P (%) C:N N:P KJFi# Lignin (%)
RP 48.77+0.33° 3.36 +0.002° 0.53 +0.05° 14.51 +0.09¢ 6.36 +0.34* 29.59 4 0.47°
QA 46.39+0.17¢ 1.08 + 0.008° 0.46 +0.01° 43.02 £0.17° 2.34+0.05° 33.78 + 0.60°
PD 54.65+0.17° 0.38 + 0.009° 0.39 4 0.03° 142.48 £3.72° 1.00 + 0.07° 38.34 4 0.30°
PT 49.96 +0.13° 0.85 £ 0.004° 0.41 +0.03° 59.04 +0.19 2.10+0.14° 37.78 £0.15°

PD, 7tA; PT, MifA; QA, FRHR; RP, R, ANF/ING PSR RIS F 2 0] 22 573 8.3 (p < 0.05).

PD, Pinus densiflora; PT, Pinus tabulaeformis; QA, Quercus acutissima; RP, Robinia pseudoacacia. Different lowercase letters represent significant differences

among different species (p < 0.05).
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gl.O- a
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a [
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0 L L 1 1

RP PT PD

QA
&Y Litter species

B 28 AR AR Y o0 A 2 2 1) 1) 22 S (1 B s v R
#). PD, J°F4; PT, WHIFA; QA, KKK, RP, Hilfk. ANF/INE
BHARRAN R 2 [7) 22 53 52 % (p < 0.05)

Fig. 1 Difference in decomposition rate among four litter
species (mean + SE) in Mount Taishan. PD, Pinus densiflora;
PT, Pinus tabulaeformis, QA, Quercus acutissima, RP, Robinia
pseudoacacia. Different lowercase letters represent significant
differences among different species (p < 0.05).

G5k . ANERPLERR 2 i — R A E FE(OTU.
L 2 ) 0 R K (F8 B OTU Bb X Bdis 75t iy 4
AR MAce) ARG K B ZHMEZ M B3 %5 7
(p < 0.05), FL [ WA0 Fofr i) A5 FH BRATR S 351K T iR
FhARAAFIIMAA o

3TN, VILETREYICH & S MW iEa®
FEPEFRERIA R R, BREBEIFIELT78.1% (p =
0.004), Chaol 73.7% (p = 0.006), Ace 76.4% (p =
0.005), RGK A ZFEME68.7% (p = 0.011) A5

R2 AR IE R LA 2 ARG AT CP Y E R HE IR 22, n =3)

2.3 YIRS FEXAEPE HFIERIRZND

411 BV ONMDS 23 B 45 SR (E12) R, 4
FREH R AMIEA R SRR, 2 B0 0 B 7% 45 10 A
275 . ANOSIMAESHka 16/ Hr45 Rt 2R, 44
R A 2 AR 2 AR T 40 T TV S AP B 2 S (r =
0.700 6; p = 0.001). Hp V& 45K 5AUR Y6105
PER 2 Al IRDALE IR, IRWIIGCE &, AR
F NI CNKT A B B V& 25 A RS2 M R o RRAR T 7
W) N 4 TR R VR S5 A S PTAAP A AR OO E AR O, IR
IR G T H 9 25 K 5 00 46 R J5T 3 NI C:NAH S5
5K (E3).
24 HERMRBLHFEE

e 18 B P 25 R R PR RE an — SRR
656 47254 BT H, Forh i/ IIRE ST 81435 181
%, mEMIFERFHINTS 12327 514 50N
54 706%%). XL T HI197.2% 1] LAy 2 BIAS [H] 41
WK, 2.8% 0 KBIERI1K, I8 T340, 874,
121 H, 242%}, 403 )&, 21650  ASHIF 7L K35 BN KF
FEN 7K T 55 AN [R) B i ot £ 248 B 9 20 AT Bt
Mo TEITAKCE b, 4UARIEE Y o i o a0 h 5 2 42
i FAR R [ (Proteobacteria, 63.3%)~ HZR T I]
(Actinobacteria, 14.1%)~ UK H 1 (Bacteroidetes,
7.0%) BRFTHE [ 1(Acidobacteria, 6.9%), "EAITHIT13
FHXTEBERT 5%, HAABRE T xR thah

Table 2  Statistical analysis of bacterial diversity in Mount Taishan after one year of fine root decomposition (mean + SE, n = 3)

e Ff YFE NO. of 4 i Z Coverage (%) Chaol$5%L Acetg 3 RERE R Shannon-Wienerds 1
Species observed species Chaol index Ace index Phylogenetic diversity ~ Shannon-Wiener index
RP 2149 +71° 98.6+0.1° 3088.0 + 140.4%® 3062.2 + 143.5% 159.2 +4.2° 8.38 +0.59°
QA 1970 + 120° 97.7 £0.2° 2824.2 + 88.5" 2 843.8 +62.0° 147.8 £ 7.6" 8.14+0.16"
PD 2759 +25° 98.3 +0.2% 3544.7+50.3° 3530.6 +34.3° 198.6+5.1° 8.81+0.35"
PT 2568 +39° 97.6+0.2* 3395.0+2.2% 3341.9 +68.4% 193.1+3.2° 8.88+0.18"

PD, 7fA; PT, WiHA; QA, JFRHE; RP, R, ANF/INGFZEMEA RIS Fh 2 0 72 57 B3 (p < 0.05).

PD, Pinus densiflora; PT, Pinus tabulaeformis; QA, Quercus acutissima; RP, Robinia pseudoacacia. Different lowercase letters represent significant differences

among different species (p < 0.05).

R3  OME GRS IR A6 2 T TR 5% ) M

Table 3 Correlation analysis between bacterial o diversity and the initial properties of litter after one year of decomposition

C (%) N (%) P (%) CN N:P K% Lignin (%)
YIFPEL NO. Of observed species 0.884" —0.541 0.679" 0.790" ~0.496 0.726
B#%% Coverage (%) 0.331 0.437 —0.482 0.126 0.517 —0.344
Chaol#5%{ Chaol index 0.858" —0.413 0.608 0.706" -0.377 0.642
Aceti % Ace index 0.874" —0.446 0.593 0.748" ~0.405 0.661"
RYiKRHELFEYE Phylogenetic diversity 0.829" —0.547 0.744 0.730" -0.515 0.749"
Shannon-Wienert§#{ Shannon-Wiener index 0.552 —0.292 0.491 0.378 -0.246 0.418

EPH TR REG *,p <0.01: %, p <005

The numbers in the table represent the correlation coefficient. **, p < 0.01;*, p < 0.05.
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Mo

Fig. 2 Nonmetric Multidimensional Scaling (NMDS) ordina-
tion diagram of bacterial community structure in root litter after
one year of decomposition in Mount Taishan. PD, Pinus densi-
flora; PT, Pinus tabulaeformis; QA, Quercus acutissima; RP,
Robinia pseudoacacia.

0.4

02+t Kﬁi? A

~0.6 —05 —04 03 02 01 0 01 02
RDAI

B3 40w AR 45 R 5 AR A0 46 A 22 1 5K TR 0 A
(RDA). PD, 7¢fa; PT, ilifa; QA, JFRER; RP, L.

Fig. 3 Redundancy analysis (RDA) based on bacterial com-
munity structure and the initial properties of fine root litter. PD,
Pinus densiflora; PT, Pinus tabulaeformis; QA, Quercus acu-
tissima, RP, Robinia pseudoacacia.

BRI T A N T 5% [ H AR 30N AR A 112K,
KA mI1126150.4%, LAk, FE B A A RRAR
YR TP R TR = BB B A A e A
AR o FEAKP L, PR SRR T 5% 2R EEN
oA B A (Alphaproteobacteria, 33.1%) B-ALH B
14.8%) « y- % ¥ W N
(Gammapro-teobacteria, 12.8%) A~ B 1 £k B 4¥
(unidentified-Actinobacteria, 9.3%) %5 g #F B 2
(Sphingobacteria, 6.1%).

2N (Beta-proteobacteria,

FETTIARCT E, SRR A BRARAR 20— 4F J5 M 6T
F BRI T T 10 F B3 & T AR A (p
< 0.05), JFRERFHZRFA FOBRAT B 1 TR AE X 5 B 2 v
FHRIRAMFA(p < 0.05)(K4B); TEKF L, HIxt
FEE R R R a- BN, LR Rk, B3
T HABIAN R A (p < 0.05), FRFABIASH L H AN
(YA = B S 3 i T AR 3R Rl (o < 0.05)(El4A).
2.5 WIRDB—FERARABLEEEE. A%
MBI ERF D BREN KR

MFZART W, A0AR 73 il — 4F IS S A N AR T
A B SRR IV P& . RTEY 4 il R
ERFLEMEQE < 0.05), SFEENVIIHECNEEZE
AR KR (p < 0.05), 5HAMFEIREA 53 FIAH S
PE(p > 0.05) LR B T TARN =5 BE AU S5 VA vl ih
PEEEEENMREEP < 0.05). UFFE MBI H
VAR = S U TE VIR AR bR . RVED) o0 ek
FINTC RSN > 0.05). BLAL, TR iR is
RERIEMVIE S Ta A R EM I, S
VILECH B KRR S EAC/NEL S 53 Fui e
A(p<001), 5¥ENEE. PREMNNPEEEIE
R K R (p < 0.05).

ST, AR5 i —F )5 JVE Y A o- 2 T
B AR AR K T B 5 R TE I RTREN B S R 3 IR A G
K Z(p <0.01), SHILEN:P. TR/ it 5K 2 0 2
IEMHR KR @ <0.05), SYIHEARESE.CNER
FHAFER(P < 0.05). B-EIEMN . v-EHEHHN
FIES BEAT B AR = B 5 IR0 2248 b . T
T R I TE R A M (p > 0.05) 0 AL
P ARAR S F B 5 TR TE I RIAAC o i B AR R 2 IEAH G
FR(p < 0.01), SPECNELZE FEMFELRQP <
0.05).

XFAHAR 3 fif— 4 Ja A R AL 117K B 4 R
AR R 73T TCR 2 BT (RDA) . HEF
(R P AR T AR VA 0 N A TR AR A SRR T
93.2%, FHUL ] A, HEFP i A P AR 05 S0 R
JRLIREE PR -6 4 B R VA (s A AR B o IS T AL, 4
FRAILEN . P2 5 A5 28 7 5 0 40 11 3 7% 45 1) 1) 5
MR BT B 1 SAURYIIAP & A SR, T
LT SHMYIIEAR RS EM R K. XhE
R4 R —5.

DOI: 10.17521/cjpe.2018.0120

©U 00000 Chinese Journal of Plant Ecology



1206 HEYEZ I Chinese Journal of Plant Ecology 2018, 42 (12): 1200-1210

A 081 B
04D b
é ‘} ab § _I__II)_
3 T 3 0.6 - a
503 |a,pd g RS
20371 Eak : i
o e o
2 S Zoal| | 5
& 0.2 H ©
- = il
®o1l ®02r B
E & :
0 » » 0 /\ N
B B B BN, & \\0 ’@ & B o
S A KE® A K o-Q o ’{8 oﬁ U S U R ’é\{ & K&
ﬁ’&\o& Qﬁ/ e }é’v e °°’&f & e $ t;@&o‘}w @6000 x& ¢ VS ‘° @o‘000
% & O SEORE W &‘ o )
’ S ¢ 2 9 ¥
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[JRP [IQA EZEPD ERPT

B4 L4 R 18] 32 EEAH R S RBER 42 L 22 5 CP I (B AR R IR 2 ) o A, IR B, TL¥1T. PD, 75F4; PT, iR,
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Fig. 4 Differences in relative abundances of major bacterial dominant groups among the four species in Mount Taishan(mean + SE).
A, Dominant classes. B, Dominant phyla. PD, Pinus densiflora; PT, Pinus tabulaeformis; QA, Quercus acutissima; RP, Robinia
pseudoacacia. Different lowercase letters indicate the significant differences in different species of the same bacterial group, while
the same letter indicates no significant difference.

R4 MBI TV LS AR R . T MIIIR A A P I R BT 55 20 B

Table 4 Correlation analysis among the bacterial dominant phylum , the decomposition rate of fine roots , and the initial properties of litter

%17 Dominant phylum C (%) N (%) P (%) KFE CN N:P MR R
Lignin (%) Decomposition rate

W] Proteobacteria —0.64 0.57 0.77° —0.63 -0.69" 0.52 0.71"

JHLRH ] Actinobacteria 0.61 -0.32 —0.69" 0.48 0.50 -0.25 —0.62

AT Bacteroidetes 0.60 0.09 0.09 0.09 0.43 0.03 -0.36

BRFFi#i 1] Acidobacteria —0.46 -0.48 -0.57 0.35 -0.16 -0.42 0.03

SMi##E % Decomposition rate -0.76" 0.74"” 0.67" -0.90" -0.82" 0.74" 1.00

FARHCPREHIK RIS *, p < 0,015 %, p < 0.05.

The numbers in the table represent the correlation coefficient. **, p < 0.01;*, p < 0.05

RS M OLI A TS S AR R T ISR AL 24 P I R BT 55 20 W

Table 5 Correlation analysis among the decomposition rate of fine roots and bacterial dominant class and the initial properties of litter

344 Dominant class C (%) N (%) P (%) KJFZE C:N N:P S TE %
Lignin (%) Decomposition rate

oA TEHEY Alphaproteobacteria -0.33 0.79™ 0.56 -0.71" -0.73" 0.84” 0.63
BTN Betaproteobacteria —0.42 -0.18 0.09 -0.00 -0.11 -0.21 0.19
Y-AIEHE N Gammaproteobacteria -0.08 0.49 0.47 —-0.37 —-0.25 0.43 0.24

S T2 e .

T_Enﬁ(_,%%m ) ) 0.84 -0.25 -0.53 0.37 0.73 —0.25 -0.61
unidentified-Actinobacteria

SHIEFFE YA Sphingobacteriia 0.20 0.40 0.49 -0.23 —0.00 0.30 0.05

FARHCPREHIKREG *, p < 0015 %, p <005,

The numbers in the table represent the correlation coefficient. **, p < 0.01;*, p < 0.05.

3 it B, HAFERE 27 (K2). KUmEEQ15)% 5
JERD AR A 53 it — B 4 R BV ATE T 45

Tt 50 3 BH 40 AR 73 it J5 A 32 B2 if 52 B ) s o 7, ANFERFH I Shannon-Wienerdg £ 4k T 1-4 2 [A],
40 B RS AE F (Wardle et al., 2004; Chapman & Koch, HEARTRATMEE R . —J71i, "R Ao R4l
2007). AFRAUMR I il —F IS AN R AR Z e SUE R E R, S BN E 720 A A e 2 57, Rl 2
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AT H ] Bacteroidetes

. . ]
ﬂg NP proteobacteria ™ . Acti:lobacteria ﬁ’;ﬁnf
0SF b WA

. Q A A(:1d:0bactcna

¢ PD

A PT :
-0.5 0 0.5

RDAI1

ES5 A RA T S MR A B I TTAR 70 HT(RDA).
PD, J5ka; PT, JHiF2; QA, BRFEK; RP, R,

Fig. 5 Redundancy analysis (RDA) based on dominant bacte-
rial phylum and the initial properties of fine root litter. PD,
Pinus densiflora; PT, Pinus tabulaeformis; QA, Quercus acu-
tissima, RP, Robinia pseudoacacia.

P& (S R EH 0.045%), BEET RATHIHF
FREERERLD), JRWE BB ZE, Frie XMy
ST N BB M X 8/ (Taylor et al., 1989). Hik, &
TR Tt ST AR P T 4, A SO E T L3815
emAb, TIATE FUE X R E A CE T R T, X
i R R B 2 5, R EIARLRUDN, B
K, XEHRTMAEAEL. R REED R
BT 5 485 T S AL VW) 9 42 P 400 T 2 A ARG T ol 9
V(KRR 2015), AT AR 1) 5 R 4
S5 FEAR 2, ) P RIS AT JRR AR ) AR R 4 A
SRR R A A o G T (1 A L P T VA U
FAYER2). A B A R & T SR ELC RN
(FREIEREE, 2015), [ B iR 25 20 A ol B S e (18
), HR—FG, FRRBEBUR DR, "SR S
kD %, BE SRR IR M) IS S B A X D
(Taylor et al., 1989). 734k, W] HEM J5E PR & dl A A0 R
MR LA B AR T 1 111 = 2 3 v T A A AR A
(El4), 0T BRI FERT N, 20 B BV S5 IR,
{8 75 LA 20 B =F FE B, U8 2 AR R (T =
&%, 2017). ANOSIMAEZHka 46 45 F A S i g
Folt 5 P AR b R 23 A 1) 200 T TV 425 4 2 TR A7 AE A
BEZER@E =0.798 1; p = 0.002), ATKILEE(E4)
52 =8 X 0] T EE R iR R
S IR PR 0 Al SR A7 A 22 S ) L B R R (B 1) 43
il 5 R BN AR V& ) 7 i ol EEAR KRR B2 A T 17
&Y & (Wymore et al., 2018). [ M A 20 AE 73 ik

R EE S TE A < 0.05), 2 EPIUZERIN
RS BRAR> T AR >R P (B 1) o GHAR 23 il R 5 )4k
CHE. KARFTEMCNEE AR, SHIHENT
. PR EMNPEE LMK, X5HT AR
45— (Coliteaux et al., 1995; McLaren & Turk-
ington, 2010; Zhao et al., 2017). & - R 46 7 75
YR 2 T AR AR (R L), AT ST T4
P BE B, (23R A K (Sauvadet et al.,
2016). XA R T I E & fd 2 BIC. NTE
M (Kersters et al., 2006)F1 5 fift i K (R4). o fif—F
&, BIEEIT BERETT. WATR T TRBRAT E 2
FEPRBME ], CHRZZTE T35 55
BRI 963.3%. ATAMISE RIEIR, BIKE]. BT
BRI DB A ) = d=F & FNE BRI 23 i (G er
al., 2017), {EJLT7 FURAT ARAK, IXLCHH R | 17E + 45
HHZFE E & K(Zhang et al., 2014), HIHF K%
K20 B RE BE R R TR A S R IIC (Barret et al.,
2011). BIREI N AR K EEFRE, E£0 W+
HAR A (Sun et al., 2017), e HIEFE WAREE
I EE (Gui et al., 2017). FEMBHEEYF= AN E S
FASTHR T HBRE ALK, S 20 AR
oy FRI A T 1R 3 TR R R (B 4B) . P2
DNAE fil i s ) B 20 3, PRR MK B 52 4
RV I E K (Elser et al., 2003). NTCE B Z 20}
A= 0 () A A T 3 P 7 A= A7 THI 5% Tl (Taylor et al.,
1989), MR/ i R R R &= & & H g
ATFIFN. PEEA R, S RMEYM 2R <
N % (Chigineva et al., 2009). 73 E—4 )5, ZIRHE]
X S ARG P S R 2R FH LK, NG
BIEMRKRAGRS KS5), W ESREEITHES
B IR R T ORA 8 R T 4N A A
LRI 22, X BE TR 22 AT a1 A AR D g,
FEA LT 53 fif vt 3 244 H (Vétrovsky & Baldrian,
2015)c JRZTR 1A 2 59 EP S & 2 2 2 fUH
KRR, ERENFESYIIHCN R
IEA SRR & (3£ 5), X5 Urbanova (2015)fIHF 72—
o BT TR A & T R A v, 3070 4t AR
B AR 2= A4t £ 1168 71 (Zhao et al., 2016),
HRFRATGE RIFARKINTIEH [ T(R4) TR H N
(TS GAREBAMNE, 7T HE2 FEAA K K Fh
FEA B R T EUN . (B2, R A 3
503 il R 2 1A 55 B S A DR 1 (3R 4), T RE 2
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BT A F= B AR T2 B T T ([ 4) o AT R 111
Y BEBA A AV R 1, B 5 AP 4E
RIITEWIR) 5 Al A 5 (Lydell et al., 2004). i A [
FLAHH, FOFF B 1T B AR XS =F B AE i v b R v 4
ECAEE R R 7% 40 1 (Sun et al., 2017), FRATTHY)
S R(E4B) 52 A—F. nlRerIE K, Z T
T AU S IG S VR DS N i 3 N A0 T R AR AL,
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FIBN e S8 IR MBI AR, ReAE KAER 2% 1)
R, SOIEHEY) Y2 s 43 M 2B %
(Eichorst ef al., 2011). FRITH [ 1ESEEFRUE T+
i (Jones et al., 2009), 7T K ILERAT# T TH)
F 5 LA WU S 2 A pH{E 2 2 3% R R
(Jones et al., 2009), {H7&, Fierer5:(2007) A 513 B
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B RFIEMHRKR, MIRATIEAR K ILA0AR 7 N
PR AT T A 32 B S0 a6 4 2 o 2 1) B AT WS PR A
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F A L IRRRAT B, MARATBEE T R AR v
VI BRHF B, WS I8 00 e ), AT
SEUITRE SR RIS VS A AN B 2 1) 22 57 (Taylor et
al., 1989). HIR, FATHIHE 7t 32 B A5 ] e wl o,
m D, XA R — N FEEER . ERNKF L, -
BN LN v-ZEN . AL
M. ISR RS, Bo- 3w N AAS BT
2 ANAEAN R b 2 1) 22 7 Wl 25 (€4, p < 0.05).
7K B 1 (2016) 1 245 R 2 7R o35 T B AN LE AN [R] AR &
hEREE, RIMNWEREZ 8. RN e-2TE
BRI ) 3 B 2 2 v T A3 R (Bl4A), oL TR B
DA F S HIUEN S & 2 B35 IEA KK R(KS).
IR, o B A K ESHC, NI,
DL S AR )AL A 1 20 B (N AR R T 8 )(Soares et all,
2006). X B2 FRHEYIRIBR R IBE A o- T
YA =F 2 23 = T H A3 Fh(E4A), a-BTE
PAENS TS D) o R e B AR R
(CRSWI A o y-22 T8 1 v 48 K 2 B9 R 50
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o B-ATEH AR 2t S Bl A It A0 AT, 3 P
fRREJIPT AL o SHARAT T ANAT A T RVE ) h 4T 4R 1)
FEfdt, AR N B R R YR g =, 2 LT R
MR 2R 77 iR () B 22 53 (Zhao et al., 2016), y-&
T i 4 1 R e R R A B9 oG SR IR b B A B AR
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