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Abstract: In present study, we investigated the community structure and diversity of soil bacteria in
five common forest types in Kunyu Mountain, and explored the underlying mechanisms of effect of

stand difference on soil bacteria, aiming to provide theoretical foundation for forest health recognition
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and sustainable forest management locally, and deepen the understanding on the interaction between
plant and microorganism. Six common forest types in Kunyu Mountain, including Pinus densiflora,
Quercusa acutissima, mixed P. densiflora-Q. cutissima, Robinia pseudoacacia, and miscellaneous
broadleaved mixed forest were selected as the research objects, and the non-forest land was selected as
the control. The community structure and diversity of soil bacteria under these forest types were
analyzed using high-throughput sequencing of 16S rDNA genes, as well as the soil chemical properties.
The results showed that, the o diversity of soil flora in Q. acutissima forest, as well as in the control
was significantly higher than that in other forest types, NMDS analysis showed there were significant
differences in bacterial community structure among forest types (P< 0.05). The three flora with the
highest relative abundance at the phylum level were Proteobacteria, Acidobacteria, and Actinobacteria.
The soil of mixed P. densiflora-Q. acutissima showed the lowest pH, while the miscellaneous forest
showed obviously higher SOM (99.92 g/kg) and available nitrogen (317.24 mg/kg) than that of other
forest types. The R. pseudoacacia forest showed the highest available phosphorus (78.8 mg/kg) among
all forest types, and all forest types showed higher soil nutrients than the control. Canonical correlation
analysis (CCA) indicated that the SOM, total phosphorus, and available phosphorus significantly
impacted the bacterial community, and Mantel test further confirmed that the latter two factors took the
main charge. Above all, our results revealed that, in Kunyu Mountain, the vegetation types had a

significant impact on the soil bacterial community structure, and the soil total phosphorus and available

phosphorus may play a key role therein.
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Robinia pseudoacacia forest
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(Robinia pseudoacacia) Mkt rh iU W) e 2 14
AT, PR TER SRR AT L AR RS
AT e B AR IS 27 i s [R) = itk

Eo g 1l R H SRR XA T LU AR 2 B AR

i . Wk . YA EE . MR,
VE R KR A5 K (Pinus densiflora) 9 JFAEHL, 12 X 35,
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MR ) 4 BT b M R AR VR A MR (O B 4
2015).
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(Chen et al., 2019) . ARAAMOE SRR, &8 B AT
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FRAREARY s RERAMOR B8 bR, T S AR A
FeARMIE I I R IR SR, J8 T RAR IR A A p2kE
B, A EEBUN, SR, FEEEERTFEN
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Table 1 Basic characteristics of the three sampling plots
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KA ORAER s o0 — 8B or BT IR H Tl
EpH, AIbLE., 2% . 2. 2. A%EA. 1
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Table 2 Soil chemical properties of common forest types in Kunyu Mountain (Mean+SE)

W g VOIPBDL w(RRD w(ERD, w(RED wGERGD! WO
(gkg™) (g'kg™) (g'kg™) (gkg!) (mg-kg” ) (mg-kg™)

JobkHL  5.03+0.17ab  18.24+2.43¢  0.90£0. 10c  0.39+0. 15ab  25.91+0.41a  84.23+10.60c  8.89+1.38b
FRFABK 4.97+0. 0d4ab  41.33+1.82b  1.3420.06bc  0.20+0.02b  21.33%0.53c  112.62+7. 64bc 8. 04+1. 15b
TRATHK 4.64£0.06b  54.66£8.97b  2.02+0.36b  0.23£0.02b  25.47+0.58a 171.12+26.62b 6. 111, 18b
FEERAR  5.01+0. 18ab  42.46+2.71b  1.58£0.09bc  0.20+0.02b  25.89+0.36a 141.75+7.76bc  5.23+0.93b
ZARPE 5.21£0.25a  99.92+8.56a  3.89+0.35a  0.53+0.03a  22.79+0.61b 317.24+28.62a  5.94+1.87b
FIBEAR  5.06+0. 11ab  35.73+3.00bc  1.52+0. 14bc  0.49+0.06a  25.51+0.38a  144.9+14. 60bc  78. 8+14. 80a

1) [Al—FBE 5 A A RER R 28 5 2% (P<0.05).
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TELNTR 1A, A 2 B HEAS e A 3 19 35
Y TE 4y AR TR R ] . R 1T . BR AT
(P 1a) o 78 JE A 1T A 000 A MK i AH X =F B e
(60.08%) , 7E JC A Hb 7 AH XT =F B £ 1K (39.35%) ;
TR A 1) AE R A AR R R S R s (18.18%) , 7
FRARMA B AR (12.55%) 5 BRAT B 1) 78 JBRAR AR £
15 (20.40%) , TERIBRAR AR (9.0%) , ZERETE
SRR AR T 0 TR AR X = B S I T At L A Y
(E1a) . PEMEET](Verrucomicrobia ) 78 BRAR AR H1 1)

AEXF = (7.08%), H5RAMITREZES, H
B E T HAARE ;. JEBER ] (Firmicutes ) 78 7R A
MR ey (2.93%) , FRER ARG (0.85% ) 5
7% 14 ] (Planctomycetes ) 75 JBR AR AR HAH X =F B
5 (2.48%) , A1 MK A AR (0.90%) 5 HBLAT B 7]
(Bacteroidetes ) £ 2§ A il 1% | ] (Gemmatimonadetes)
YA Jo kb oA e (3.33%) , Hi & & T
Hofth o WARAY (K] 1a)

R LA ERGENC AR, AX
FEEHEAERT 1007 (>1%) BB B (7 —Fh AR 9k X
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WMEE) WM s, Kb wEAa
Ralstonia (2.30%~14.18%) . Pelomonas (2.05%~

12.45%) . B8 # B Jg& (4cidothermus) (1.73%~
6.08%) . & H T & J& (Ochrobactrum) (0.53%~
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1 fL. 5 )@ (Nitrobacter) (1.10%~3.40%) . 18 4 HR 9
W J& (Bradyrhizobium) (1.03%~2.88%) . Variibacter
(1.03%~2.55%) . Bryobacter (0.90%~2.25%) ,

W, Ralstonia F1 & H FF # J& 76 5] # K 5 =
(14.18% #1 8.38%) , 7E JbK Bk Ak rf 5 1K (2.30% F0I
0.63%) 5 i Ak A1 A4S A MR IR TR I 7 R BR AR i
151 (3.40% F12.88%) , 7€ il B AR 5 1K (1.10% Al
1.03%) 5 FRFATH & 7ERRBR AR % 55 (6.08%) , 7R
AMA AR (1.73%) o BLAh, 36 &30 TC M i 2L
T B B I (Sphingomonas ) .35 55 T HAB AR
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= [ Chioroflexi = I Acidothermus
[ Acidobacteria L Juncultured
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0
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Fig. 1

EaTUAEME HIEWFE AL SN

3 0H, aZFEMEY, Chaol 1 Shannon 8
BOWM M s, HSToMHL . IR mMoe B2 2= 5,
{H 35 & IR AR . ZARMATRIFEAR . Simpson #5
B, FRBRMORN TC AR 2 v T AR A AR
ARl TR E 22 5% . ACEIREL, MRARM T % & F

2.3

Composition of bacterial communities at the phylum and the genus levels

HA AR, T4 Unifrac #5255 i NMDS 43 #r 45
R, ANFEREE R )ZE R S .
S, WS IRAEE LR BER(E2),
XoF £5 MR ARY 1 S A0 TR V% 1) ANOSIM 4341, it — 20
Ul W A L LR R R - A B TR A
F(F4),

3 ONIFME L IEAN T o Z R ALY

Table 3  a diversity index of soil bacteria under different forest types

il Simpson $5 %% ACE$8%( Chaol 8% Shannon #5 %%
T 0. 997+0. 001a 3 406. 63+425. 42b 3310. 92+462. 62a 10. 54+0. 17a
I/ 0. 982+0. 004ab 3231.26+184. 78b 3018. 47+221. 44ab 9. 37+0. 23b
IR 0. 977+0. 002b 2526.99+42. 09¢ 2 477.57+40. 81b 8. 89+0. 07b
FREARR 0. 998+0. 006a 4029.03+341. 03a 3729.27+333. 69a 10. 55+0. 36a
FeAMK 0. 984+0. 006ab 2767. 77+341. 03¢ 2 734. 77+333. 69b 9. 44+0. 36b
AR 0. 972+0. 009a 2 632. 53+376. 81c 2 486. 58+430. 57b 8. 82+0. 58b

D) [A—58d R AR T &R 27 8% (P <0.05).

2.4 EEILARHETEAREESUFERY

i, AL RS A 80 ] e T B

BRIV X AR
AN [RI AR Y - S8 40 R 9 5 A2 P o ) i AU A
4 (CCA, Canonical correspondence analysis ) 4%
RE3) R, AU, 25 A 8BS 3 MK

AN TRI PR Y 3% 2% 1 JE 40 R R %5 446 /) 22 S5 1) S B B A
F . #E—25 R H 3T Bray-Curtis 1 Jaccard i 2
[ Mantel £ 56, ff) a2 35 26 [R] 22 02 52 1) A [R) pRORL 3%
JZ R IR A5 OB Ak A R (3R 5), U]
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Fig. 2 NMDS analysis of soil bacteria

under different forest types

T4 IR AN A RS ANOSIM 43t
Table 4 ANOSIM analysis of soil bacteria

under different vegetation types

Bray-Curtis [ &

Vi) R ol
JoMHb vs. FRFAMK 1. 000 0.014
ToARH vs. TRZSH 1. 000 0. 005
TR vs. BRERAR 0.958 0.032
PR vs. IRASHK 0. 896 0.029
RFAHE vs. SRR 1. 000 0.027
TRASHK vs. BEREAK 1.000 0.029
TR vs. ZeARM 0.917 0.015
TR vs. HIBELAK 0.906 0.033
JRARAK vs. ZeAHk 0. 813 0.018
RFAME vs. SIBRAL 0. 760 0.023
Ze AR vs. JIREAK 0.927 0.017

BRI S50 ) 5 5 S A R s A G
Hko £f BRTOL, Bl 500 OB 2 B a1 3R 2
IR VR AR R S AL R

3 90w

3.1 TIEMEEEEN

Fe a1l 5 MRS 8] 40 7 22414 ( Shannon Fil
Simpson & %% ) #1=F & J& (Chaol 1 ACE 45 %) 2= 5+
L3 o ARPAE(2015) FEARIE LU R T4K 4 PR
T 3B TR A AUF 5 LA SR 55 (2019) X /N 2422 1
AL T S AT A 2 Igs R . Xn]
FE SR B TS [ AF 4 [1) b 3R 0 V% 0 1 2 7 2 52 T 1+
HEFRor AR B, R e - SRR Wy ) Z2 A (%

2 =i 0 1 2 3 4
CCA1(26.11%)

3 e RS LA M o i ML B 50 A
Fig. 3 Canonical correspondence analysis (CCA) of soil

bacterial communities and soil chemical properties

5 HEMRBEE L5 S A BT Mantel 28T
Table 5 Mantel test of soil bacterial communities

and soil chemical properities

R LI Bray-Curtis i 2 Jaccard i
P - P1H "o PiA
pH{E 0. 080 0. 201 0. 148 0. 085
Eoe -0.072 0.752 0. 021 0.415
£ 0.208 0.021" 0.228 0. 005"
Bl -0.018 0.552 -0. 006 0. 494

AR 0.236 0.037" 0.254 0.015°
HHLB 0. 027 0.388 0. 098 0.150
HAAE -0.097 0. 856 -0. 003 0. 480

1) "R P<0. 057K A, R P<0. 014 B EHIE,

A, 2019; T % ,2021) . AL R BN,
JRASR AR 55 T bR L - 398 20 B 22 R v A bR Y
A AR SR DR ) ik A e O i 4 1) o3 Ml SR B T
Mk, P T2 RS A AR K R Y O A
A S AN 2R, (A5 AR ORRAR ) AH L
FEF B R IR A ) B B m i 2R (Fk
SE, 2018) ;17 7] Ay e AR Aol ) % A PR A 8 241K
FIRRARAR, X AT AE 2 T - g H A v ok - e 4
TR 7% 45 40 52 ) 350 K (T 572 ¥2 45 ,2017) o Zhang et
al. (2017)WF5% &30, - 384 ML & 5l vy - S 40
RV AR R, AR AR FR A B 22 YA A
B, RSB, HAMP AR D E
AR R LT B0k A TR IR T
Y. MRS A A ) (Liu et al.
2020), AW RIS S, MERARS
i 75 0 B UAR 7 0 o A T VR A S R
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FE AR 2R 53 W ik 22 25 ikl - HE 40 74 A= K (Sun et
al., 2016) . XTE—ERRE A4 AR B 2R
AR T R

AR BN, M pH (E AL, H
TR A A . Wang et al.(2017) 858 &
B, 7EpH=7 W& F B 2R S, TR
RIS e 2, X S A ST 45 R — 3L,
AR 5 v e R B HB T AR AR BR VR AS AR 4
R B 6 o RS BRAH B IR SR b R s 9 A
FH—, RS HE IR RN D AN T
ZAEVE{K (Rousk et al., 2009) . JoARHL 40 B 248
PERS R, AT IR RN, 7E JO MR b 3R T () B AR AT
Wi 22 (FA-I4E,2000) , SARMYIAR RN %
KHZA T EERZ, N AR T RRE
TyANATRE Y DR AR, RIREAK . TR ASHR S ZeAR MR
PEBE AR TR B 1R = 3 v T A AR
IR T REN25 Co NG R - 5E4
(E%T45,2019), B =B IPRxT - gerh 554y
BRI AE , (A5 20 DA R s (] 4 ] Y [ R
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