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A2 118 MR BR - S AR b L3835 9Bt , ARBR pH B& /N T-AEMRPR, HARPREH SR TAEMRPR, HRBRAE AL
BN AR, AU SR E S, SAENBRMANUREA —E R EEM.  (2) Anosim 4 A1 BT 45
7% S BEMRL R RN 0224 (P=0.022) , REEEKRT 0, KRB LA 118 HPR5 AEAR bR 4 7 1 7% 2=
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Rhizosphere and non-rhizosphere bacterial characteristics analysis of
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Abstract: In order to explore the effects of ecological landscaping tree species Taxodium ‘Zhongshanshan 118’
on soil microbial ecosystem in Huaihe Plain of north Anhui Province, the differences in soil nutrients levels,
microbial communities structures and their influencing factors between the rhizosphere (R) and non-rhizosphere
(NR) were analyzed. The results were as follows: (1) The 4-year-old 7. ‘Zhongshanshan 118’ rhizosphere had a
low enrichment capacity for macronutrients, resulting in a deficiency of hydrolyzable nitrogen and available
phosphorus. The R had similar levels of total nitrogen, and lower levels of total phosphorus, total potassium and
available potassium than the NR soil. The R had a strong enrichment ability for microelements (iron, copper,
manganese). And the available manganese content in the R was significantly higher than that in the NR. Both the
R and the NR soils of 7. ‘Zhongshanshan 118’ were alkaline. The R had a slightly lower pH and a higher
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electrical conductivity than the NR. The R had a certain degree of enrichment for available sodium, available
magnesium and available calcium, as well as for organic carbon and organic matter. (2) Based on the Anosim
analysis of community structure between groups, the R value was 0.224 (P=0.022), which was significantly
greater than 0, indicating a significant difference between the bacterial communities of the R and the NR of T.
‘Zhongshanshan 118’. The total number of OTUs in the R and the NR was 5 283. There were 1 307 unique OTUs
in R and 1 265 OTUs in NR. The R had a slightly lower bacterial diversity than the NR. The dominant phylum in
both the R and the NR were Firmicutes, Proteobacteria, Acidobacteriota, Bacteroidetes, Chloroflexi, Myxococcota,
Actinobacteria, and Crenarchaeota. Among them, only Acidobacteriota showed a significant positive correlation
with available phosphorus. The R had higher abundances of Firmicutes (17.94%) and Bacteroidetes (5.21%) than
the NR (1.84% and 3.90%), respectively. Neither of them had a significant correlation with environmental factors.
The R had higher abundances of Clostridia, Bacteroidia and Bacilli than the NR by 14.05%, 1.32% and 2.06%,
respectively. (3) The UPGMA clustering analysis showed that R4 was isolated from the other samples. NR4 and
NR5 formed a cluster that was also isolated from the rest of the samples. R4 had lower species diversity and
abundance than the other samples, and had an uneven distribution of taxa. In conclusion, despite the weak
rhizosphere effect of young 7. ‘Zhongshanshan 118, it was the main factor for the enrichment of Firmicutes and
Bacteroidetes in the rhizosphere. And more microelements and a moderate amount of macroelements should be
applied in the cultivation process.

Key words: Taxodium ‘Zhongshanshan 118, rhizosphere, non-rhizosphere, bacterial, soil nutrients, high
throughput sequencing

e ALY P B AR A AL oA DLAR X, A -T3H, B2 . ARG A AR E A AR
SE MIAEAD 5 B R W R ASINRE . FEFERIBOR, R E R, I 7 R s R T AR A B3 4k
KRG ESRGNFEE . N TIZMIXIE 2 040 ARG R E TR EEG W IRE AR A,
METDHIR, AR TS TRENERGE . H1L142 (Taxodium ‘Zhongshanshan 118°) JEV% 42 (T.
distichum)~ A2 (T ascendens)~ VG E&FIN (T mucronatum) 723N R TR G EFK. 1%
FMAR A A KGR, AR SR K E I AIA1.5~2 cm, 1.5~2m, HRZATEM30~50 mi. LU= K
M B KW (s 8%, 2014; Chengetal., 2015). [ARFILMHEFEAEKTNIRS:, KENEH A, PHE
B, r12 HER. TdE, FarKnlig3 000 a, £ —Fk RFERSAA S (FEE%, 2015;
WANG et al. 2016). 7 LLAZIE AR AR MR 5 O AR K 3 b ok 7 R SR 0 R R SC R % ), Jeh i
FRER A AR B s 22 P00 3855 70 B9 70 R AN A A 4 35 AR EAE ) O IE5%, 2005) .

MRERE SRV 2 4 14 mm ok, B X AN VE B AR AR AR PR 358 IRPr R WIIR R 5 31—
ANFRFRR S . AERXANRFIR OIS, Y. B3R R = Z MY S RER A OIE R, T AES R
G IR R B EEAE . R R IR RS R EEA G, S R S E70~90%

(FHEE, 2016; IRMTEFAAE, 2019; (L3C5ESE, 20200, AHIFARY, WREREHEYAEKME (PGPR)
AE I B ACHNE SR L E TR e O AT ISR T RS 5 (2B 2E KK (Bhattacharyya &
JHA, 2012; 2455, 2018). ¥ Aw /W HIEE . BWOERSEY AT sE & R, i+ 5. ol
WIEAIR FE, EYMERE KR IOREE, BIRbAREY SEYAE KM @REVIRR GESE, 2019),
(7 IR A ) RT3 e R 2R 0 Bl SR AR o 8 1) 9 00 B S AR B A PR, T SR AR B A W R v O ZEL R
AR PR S AR b LR M REVE M 2 B B A 25 G PNE, 20205 FBFEATRE 21, 2020).

#2118 L((T. distichum x T. mucronatum ) x T.mucronatum ] +&‘H 1142302’ 5 HAXA S5 74 275 P A2
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(BRBH5E, 2019, Al BA®EAE . WEME R W HM. mxgsE2iia, cgrZNET
AR ZRAE . AR AR IRRTR AR S5 AR S R g (SRS, 2021). HATSR T/ A2 118 AOBIE 78 1 B A P AE AR
KRR GI RN . ARG 2 H M RS FIH SHVE DA KA ENLEL, #5551, M
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1 MEHSTHE

1.1 BEFRE

SKAEHATL T 22 B8 1 M T A X 1 MR B (116°09-118°10'E. 33°187-34°38'N) , kb 2L #5,
YETT S SRR . <Al AZ 118 R FEHE AN 100 mx200 m, AT, ST —8, IRy E .
B A2 118 (1 a ARFFHD W TILIREIL, oA 4a &40 . A2 11875 KRS FE R A A
TRRE, SRR, FEAE, FriEAERNIRE . 2020 4F 6 H R, BEFFER, FEHLIER—HRK/NA 50 mx50
m REH, FE T R B RO RE s, FELEXT A LR B E 4 A5 RO RE R B AR 0 SR N RE S, RIS
FAERC A AL 118 LIERFES . 2 TE 5 SRS EAZEC R I LIS I SE R R, RBRRI R 14,
SEANIREL T T R MIAA IR IR PR H3AE 5, 230008 NR1. NR2. NR3. NR4 FI NRS, 8 H 70 b il i
EEAFRE R FRIAR FB 5% B 1 3V AR bR H3AE 5, 20508 R1. R2. R3. R4 FIRS.

1.2 &
1.2.1 3k o e

Iy AR B AR L . HRIE . BRI BRER- IR AR, HUIKE . NaOH Bdts,
BB DL YO VR . TR OBV B % BIR AR, BT (k. ZRENZIE-JE T
Wik . DTPA-TEA #2423 . ICP-AES I ZFR¥: 1R $2-ICP-AES W5€ +3%E pH B, SR L HIEEYIR. A
MU AR 0. 28, KR, B, 3. AU E L. SNBSS, AR
EAENE 3 K (BEast, 2021; sK4UREE, 2022) .

1.2.2 F:[A4H DNA 28, PCR ¥} 4153 bt

KA CTAB VESEHURE AL R 2H DNA, FAar il H 4l B2 AR BE o A A = 24 PR B Phusion® High-Fidelity
PCR Master Mix with GC Buffer , #& T 5l # 515F : 5-GTGCCAGCMGCCGCGG-3", 806R :
5"-GGACTACHVGGGTWTCTAAT-3" ¥ H4HE 16S V4 X o [AS B br7= J5 b g SO, A& f5 _EAL
J¥ . f#i B FLASH version 1.2.7 C http://ccb.jhu.edu/software/FLASH/ ) F1 Qiime version 1.9.1
(http://qiime.org/scripts/split_libraries_fastq.html) X} Illumina NovaSeq #ll /3 1) FHLE#E (Raw PE) #:47Hf
#5453 2] Clean Tags, FIH vsearch version 1.3.0 Chttps://github.com/torognes/vsearch/) FEATHx & AL JE,
B BH T E 2 ol WA & B ( Effective Tags ) o  #] B Uparse version 7.0.1001
(http://www.drive5.com/uparse/) F 1K 97% — 1A R HE 217 52K, 285 H Mothur 777 (Edgar, 2013)
55 SILVA138 [f) SSUIRNA (http://www.arb-silva.de/) ¥ FEXt OTUs 815 43470 E R

1.2.3 sl

T R B A2 18R bR SIEMR BRI PR AT ML REA ¢ K056, THEEUE L x+ SEM
RN, P<0.05 BREREGITFERE L. BRI ESER E (enrichment ratio) ILFED ) E EFEEE, 115
AR T E=] BFrEE—IERES =) AERRE E]*100% (RHAXIER, 2015; SJESE, 2019) .

1] Qiime Version 1.9.1 Gttt & FEAR ZAEIETEE 8T R B 1 s B AR Br 5 AR PR 2 R 2
ST R R . 2T R vegan B Anosim bR £ 5 AR PR AR AR B AL ] 22 57t S 25 VEAG I, 2L 1) 22 S A
M RIEFER, R0, RnAMERKTFHNER, R<0, XA ZER/NFHNER, PHENFRERZE
B Qiime AT 1HH Unifrac A, ) UPGMA FEAZER . A R 1 psych W Hr A58 K 1 554
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2.1 MPRSAARER B R T

BHER 1A, g MM A A2 118 Pl 3 Bt 358, FERR PR 138 (RO pH EIYBE(KTIE
PR3 (NR) , LI SRR TR L, T RIBF MR KR, RirS5IERPRT T
HERRA ST E R TIERBR 2 4h (P<0.05) , HABEILEFZRIAEE (P>0.05) o @ FIEFREE
BRI A LR 1S RBRAE R (44.21%) « ARG (27.38%) « HRGE (26.59%) BN
(23.92%) « AHLIK (8.22%) « AMLE (8.15%) L (7.73%) 2 (6.52%) « HAE (4.20%)
B (3.73%) « &8 (3.09%) HE —ERE SN, Hhaek. AREMEREN EEREERE. &
BAEARPR S AEARPR L IE 2 (M RE P KRR ARGEE. ARAEEHBARITME, 505K 2.14%. 14.95%F
34.43%.
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Tablel Physic-chemical properties of R and NR soil of 7© ‘Zhongshanshan 118’

et SR LRSS REr R AEARFR NR HER
Soil type and code R1 R2 R3 R4 RS Mean NR1 NR2 NR3 NR4 NRS Mean E (%)

FRI{E pH 8.68 8.42 8.53 8.48 8.23 8.47+£0.07  8.71 8.51 8.72 8.56 8.32 8.56+£0.07 -

a a
52 Electrical 159.9 175.9 162.3 185.2 203 177.3£7.9 1585 162.6 146.7 169.3 183.1 164.0£6.0 -
conductivity (uS-cm™) la 2a
TE L Dry/wet 99.16%  97.55%  98.69% 98.12%  96.34%  97.97%+0. 98.67%  97.93% 98.96%  98.19%  95.80%  97.91%+0. -

49%a 56%a
H U Soil organic 1.92 4.05 3.08 3.06 827 4.08+1.10  2.46 3.21 1.48 3.53 8.17 3.77€1.16  8.22
carbon (g-kg™!) a a
HHUR Soil organic 3.31 6.98 5.31 5.27 14.25 7.03£1.90 4.25 5.53 2.56 5.09 14.08 6.50+2.01  8.15
matter (g-kg™) a a
4% Total nitrogen 0.26 0.48 0.33 0.19 0.97 0.44+0.14 0.28 0.44 0.14 0.46 0.86 0.44+0.12 0.0
(gkg™) a a
41 Total phosphorus 0.46 0.46 0.44 0.48 0.60 0.49+0.03  0.40 0.48 0.43 0.45 0.54 0.46+0.02  6.52
(gkg™) a a
4 Total potassium 18.98 19.79 20.10 20.44 20.74 20.01+0.3  19.28 18.70 18.46 19.55 21.07 19.41+0.4  3.09
(g'kg™h) 0Oa 6a
IKAEPEZ. Available 25.15 39.66 18.86 43.65 71.46 39.76£9.1  26.86 40.74 2691 27.01 81.65 40.63+10. -2.14
nitrogen (mg-kg™!) 4a 60a
A3 Available 2.41 1.98 1.81 1.14 3.59 2.19+041 5.87 3.60 1.40 1.95 3.89 3.34+0.79  -34.43
phosphorus (mg-kg™) a a
TR Available 48.65 85.05 55.71 100.44 117.36 81.44+13.  56.32 87.84 50.56 76.58 121.27 78.51x12. 3.73
potassium (mg-kg™!) 04a 63a



HR Availableiron  11.10 19.42 17.51 17.26 34.38 19.93£3.8  10.53
(mg-kg™) Ta

¥4 Available 10.98 8.44 8.47 10.42 11.46 9.95+0.63  7.97
manganese (mg-kg™') a

B34 Available 0.53 1.04 0.67 0.84 228 1.07£0.31  0.53
copper (mg-kg™!) a

H % Availabl zine 0.79 1.06 0.48 1.22 1.02 0.91£0.13  2.82
(mg-kg™) a

AN Available 29.86 39.28 23.86 44.65 47.78 37.09+4.4 2422
sodium (mg-kg™) 9a

AL Available 3.92 4.87 4.17 4.58 6.04 4.71£037  3.87
calcium (g-kg™") a

HAEE Available 230.17  341.17 23249  391.12 43754  326.61+41 231.85
magnesium(mg-kg') 74a

13.30

7.28

0.83

0.54

25.78

4.61

289.81

11.46

5.99

0.61

0.80

22.80

3.81

119.40

12.39

8.61

0.75

0.52

37.26

438

348.75

2141

9.47

1.47

0.66

39.60

5.94

446.12

13.82+1.9
Sa
7.86+0.59
b
0.84+0.17
a
1.07+0.44
a
29.9343.5
2a
4.524+0.39
a
303.18+54
.90a

4421

26.59

27.38

-14.95

23.92

4.20

7.73

Vi AT EE R R RN S TR 2R B E (P<0.05) o T

Note: Different lowercase letters indicate significant difference in the same row(P<0.05). The same below.



2.2 RESIEREBE R ED S LT

AW T PP P 4R H AL Y FEL N 0.980~0.997, Q20 AL TE iy 98.79%~99.44%, GC
E RN AL VE BN 52.77%~57.43% , Effective Tags 1) %1 H 5 Raw PE %t H i1 & 4> bt
(Effective%) MIZALTEHEIA 70.44%~81.23%, RFMFFIRE K. FiEm. BIARSHTRIF
A2 118 R pr L3R YFi % H . Chaol. ACE, Simpson. Shannon £ PD whole tree $&
BT EME S 54 2404 3 828.033 3 733.681. 0.984. 9.157. 186.018, HJUHK T AR Pr 3 743
4096.895. 4 151.882. 0.997. 10.019. 213.703, IRPFr5IEMIr A2 MRS ERA R
F (K2 o BEBAAFERMTT, REFFES R4 PR 2 FEME R =F B2 I AR T A A 5 B
it ARE (R2, B D

72 2 Alpha ZHEMHIEE
Table2 The indices of Alpha diversity
B A4 R /b QE| Chaol $5%4 ACE fi % AR TR PD whole tree 5%
Sample name  Observed species Chaol ACE Simpson Shannon PD whole tree
R1 4042 4475417 4502.899 0.998 10.264 220.855
R2 3603 3999.709 4069.242 0.995 9.596 199.184
R3 3 869 4204.005 4270.841 0.997 10.066 221.739
R4 832 894.962 921.858 0.931 5.839 71.929
R5 3856 5566.073 4 903.564 0.998 10.022 216.382
R 3 240+606.157a 3 828.033£781.461la 3 733.681+£716.513a  0.984+0.013a  9.157+0.837a 186.018+28.811a
NR1 3 847 4267.635 4282.559 0.998 10.149 211.211
NR2 4145 4550.628 4613.376 0.998 10.270 226.754
NR3 3874 4172.541 4229.885 0.998 10.138 231.122
NR4 3494 3 843.646 3913.216 0.997 9.806 211.532
NR5 3357 3 650.026 3720376 0.996 9.731 187.894
NR 3 74343.521a 4096.895+158.836a 4 151.882+154.806a  0.997+0.000a  10.019+0.105a 213.703+7.585a

2.3 BRSO
T Anosim 4 [8) VR 25 1) 22 7 S 35 PR 06 45 SR T g, dHL A 22 5% R {EN 0.224(P=0.022),

RAARZERT 0, U L NSRS IR HAEMRTR M EREZE. F il 118
br5EMR BRI OTUs 5283 4~ #RFREFA OTUs 1307 4, AP/ OTUs HEU1 19.97%,
EMRPRHFH OTUs 1265 4N, A dEMRPRAL OTUSs B 19.45%, RER4GH OTUs KT AEMRBxR.
XT OTUs yERE G KL ilAZ 118 MR bR ATFEAR Br T ih S A 400k B 4 1 SR 4l i 7wl )
J&H 89 171, 182 44,371 H, 489 %I, 735 J&, fe & %€ BIM G n I AEA 313 Fi. UPGMA
REMRY PILAZ 118 PR R4 AL SR — 8, AEARFRFE S NR4 F1NRS BN —H, NRI.

NR2 F1 NR3 5 HARARBRFE SR A —F (- D .



— HRELH R RI B PBE (] Firmicutes

— JeHiRER LA NR W Unidentified bacteria
I AW @[] Proteobacteria
A B A1 Bacteroidetes
[ FAF#T] Acidobacteriota
NR2 [ W[ Chloroflexi
O #5317 Myxococcota
R2 B & w17 Planctomycetota
O ##i17 Actinobacteria
R3 W JEHBIT Verucomicrobiota
0O Al Others
RS
NR3
NR4
NR35
R4
#Ih[lﬂUni.frm-:ﬁﬁ- ; - : : |
I[anTg}ateldunljl‘rac d:srmcle : I I 0 0.25 0.5 0.75 1
0 0.1 02 03 0.4 MAfEE (1) Relative abundance (Phylum)

1tz 118 IRFRSIERPREm BB E

Fig. 1 Cluster tree of R and NR samples of Taxodium ‘Zhongshanshan 118’
2.4 TIBBEWREEH R

HHE 2. ARTEL, A2 118 ARBRS AR br L BEAH B B E v DL A SR8 — 20, (HPT
EEIASTE . HiliAZ 118 R4 A JERER ] (Firmicutes) « ZZJE R[] (Proteobacteria) -
FRFF 1] (Acidobacteriota)  #IAFE 1] (Bacteroidetes) « £¢Z5 &[] (Chloroflexi) + FhER
B (Myxococcota) + JHZEH 1] (Actinobacteria) « JE B[] (Crenarchaeota) , fEARFR
B ARRR B g v 5 S AR B TSR A EL 23 2 17.94% 25.61% 7.29%. 5.21%. 3.03%-
3.14%-. 3.63%-. 1.19%H1 1.84%. 30.98%-. 9.81%-+ 3.90%- 3.12%- 3.71%-. 5.55%-+ 2.08%.
Frp BRG] SR B T TAEAR P R 2 B ARMR B 73 30l vt 16.19% A1 1.31%.. R4 Ff ity 5 BE
W IER AN R, o HR A 1R e 76.77% (B D) .

R (Clostridia)  y— ZATEA I EA (Gammaproteobacteria) « a-"%J¥ & 4

( Alphaproteobacteria) ~ #UHT B 24 Bacteroidia) + 2 AT B 44 (Bacilli )« K JE £ 44 (Chlamydiae)

Vicinamibacteria. A=W #4X (Holophagae) 7t/ L2 118 MR Pr-5 AL BR 388 H 5 H S 41 B
PSS ELB 53 7 A 15.08%- 17.14%- 8.47%- 5.19%- 2.82%- 4.46%- 2.44%- 0.83%F1 1.03%.
19.88%- 11.09%. 3.87%- 0.76%-+ 6.79%. 2.98%. 2.18% (& 2: B) . HREM. MITFHN
I ZEFRRT 1 49 CEAR BR ) 32 B L AERR P43 73 i 14.05% 1.32%- 2.06%. R4 FE i A HR 13 49 o
BB 2SI BN 66.73%.

A B
100% BOOR.
- - il
== =S A Holoptagss
E am —
E. - w388 1 Crenarchasota _g = W Vicinamibactaria
-~ = w6 W ) Actizebactaria g wica s
.E P w5 ] Mrxacaccan E o
B B = R (] Chlorodlu - B = TR Bucill
£ . =
W = * KLFF B 1) Bacturoidstes E - i
o R « BFE ] Acidobacturiots ; o KRB Bactumidia
& B = S W ] Protosbacsesi T aon = 0-% B M # Alphaprofeobacturia
L = W] Firmicutat ]
- = T T [rm———
o 1 w R Clostridia
Lt o

HEFELNE IR LM NE RFELER ffFL NR

2 ‘F#2 11 RERSIERFRAE B % AR



Fig. 2 Composition of R and NR bacteria community of Taxodium ‘Zhongshanshan 118’

2.5 WAYSIEEEHE T KRS T

Spearman 73 TR, ALK AP, %A Myxococcota ] CREEREE[T]) ) 34 1F
I, AR5 Acidobacteriota (FRFTE 1) I Entotheonellacota (JHATE1) &2 W3 IEAH
7%, Chlamydiae [] CRIFMATT) S-SR @A & UHK, AREES SAR324
clade [ 1i. #F FiAHE (K] 3: A) . Alphaproteobacteria 4N (a-BHEHN) 5 pH. THELE R
FIEADG, SHSE, 2. 2. KWL ERE . AR AR, R, RS
AR A 5 25 UM OG, %S Bacilli 4 R B3E fAHK, 2055 Bacteroidia
1 (BUFFE4 1) . Alphaproteobacteria 1 (a-“FJE 44 1) Fl Gammaproteobacteria 1 (p-4£JE

RN 1) BEAMR, 2% Polyangia 4 (ZEMEN) Fl Myxococcia 4N & 2 1IEAHIKE,

4H1 5 Vicinamibacteria 1 4030 3 A, /KAEMH%S Anaerolineae 44 (JREAZRE ) E3E
I, A %S Thermoleophilia (REHGHEA) BFIEAHIE, 25 Longimicrobia 44 & %
ke, MAE NS S KD4.96 MR E7Ax (- 3: B) .

A
[ DEEN | P T[] ke e
I HEN | [ ] || 5 mcoical conductivity B ) ¢
] I Fiths OryWet ’
| | | A7ALME Soil organic carbon
| ] AN Soil organic matter
1 A [l | 44 Total nitrogen o
W N EEEEEE | 2B Total phosphorus
| EH i T T | 240 Total potassium
] ] | 11 | kAR Available nitrogen
| l ] [:r T4 Availsble phosphorus 05
Imw| B T | —I T || M Available potassium
] | || FiERk Available iron
] I | [ AR Available manganese
| N | il BN | AR Availuble copper
l_ | | U B A Aveilabl sin
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Fig. 3. Relationship between soil Physic-chemical factors and microorganisms of Taxodium
‘Zhongshanshan 118’
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