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Abstract: As a fundamental and active component of soils, soil bacteria substantially affect the above-ground and
underground ecosystems. In the latest decade, the community composition and diversity of soil bacteria have been widely

studied in a series of ecosystems. To date, with the blooming development of modern biotechnology, this attention on soil
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bacteria shifts the focus to the functional examination as well as the interactions with natural environment. Pinus sylvestris
var. mongolica originated in the Hulunbuir Sandy Land. Presently, P. sylvestris plantations have been occupying at least
3.0x10° ha in the desertified land of the Northern China. An increasing plantations of P. sylvestris significantly contribute to
desertification combating and environmental improvement. However, the effect of P. sylvestris plantations on soil bacterial
structure and function remains unclear. Therefore, understanding the mutual feedback between sand-fixing vegetation and
soil bacteria is of great significance for P. sylvestris plantations in the Hulun Buir Sandy Land. In this study, three age
groups of P. sylvestris plantations (25 a, 34 a, and 43 a) were selected to determine soil bacterial community composition
and functional groups using 16S rRNA high-throughput sequencing and PICRUSt platform. Further, the effects of soil
properties on soil bacterial community were also explored. The results indicated that (1) 35 phyla, 92 classes, 109 orders,
210 families, and 267 genera were detected in the soil bacteria of P. sylvesiris plantations. The dominant phyla were
Proteobacteria (24.29%+3.39% ) , Actinobacteria (23.72%+4.10% ) , and Acidobacteria (23.40%+2.55% ). The relative
abundances of Proteobacteria and Acidobacteria significantly differed between grassland and plantations ( P <0.05).
Whereas, soil bacterial diversity indices were not significantly different in the P. sylvesiris plantations (P>0.05). (2) Soil
bacterial communities were mainly affected by available potassium, total phosphorus, and total nitrogen. (3) PICRUSt
platform predicted 5 biological metabolic pathways and 31 sub-functions in the soil bacteria of P. sylvesiris plantations,
mainly involving environmental and metabolism & genetic information processing. The active bacterial metabolism in 43 a
plantation was conducive to nutrients absorption and utilization by plants. In conclusion, P. sylvestris plantations effectively
improved soil bacterial composition and metabolism in the Hulun Buir Sandy Land, and bacterial community of the topsoil
was more sensitive to environmental changes. This improved information reveals the impact of soil physical and chemical
properties on soil bacterial communities, enriches the study of soil bacterial community structure, function and interaction
with environmental factors. Moreover, these results are expected to provide a better understanding and scientific support for

the management of P. sylvesiris plantations in the sandy land.

Key Words: soil microbes; community structure; diversity; PICRUSt; sand-fixing vegetation
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IS DR VD HiAs T4 N TG BIFSE X 4, SR 16S vRNA (=7 38 2 U 77 1 PICRUSt Ty 58 5000 AH 25 4 1 iF 5% O
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AN TR i P 43 BB 3 RRBRIEA , 7R TeE 1857 A SR B - R | e 1t O A b A B L B 3 A BRURE AR
B HERE AR S REETREE R 0—10 A1 10—20 em, FERRNIRE 21 19 [F]— 2 BEALRAE 3 ANFE S IR 58 /0 IR AN
1 AR 4 A EER LIRS 24y R IERE S L WAL, A B IR RE TS B SR 75 % TR X B Bl AR TR T
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Table 1 Basic information about the plots

ot e ST A - 34 g A2 Ry B . s
FeAA it TR T . 1 HE
Plot b Ave/: Average Average Stand density/ C donsit Soil 1

ot number ge/a height /m DB em (H/hm?) anopy density oil type
HLG — — — — 0.75 ROES
HLP25 25 12.16+1.21 15.24+2.79 1650 0.76 Kb+
HLP34 34 12.71+0.97 19.25+3.10 1650 0.84 Kb+
HLP43 43 13.52+1.24 23.59+3.28 1650 0.73 Kb+

HL .’ DR Hulun Buir; G Y B 50 grassland;P;}\TM( plantalion;DBH;H/EIJ@:< diameter at breast height;25 .34 43 N3 age

2.2 LIERRALPE AT

R A5 1l (05T o SRR AR R o 2 mm GRS T SRR R A oA . SR AT IE I 2 K
7 (soil water content, SWC) , ¥ JJ7 & + I FLBEEE (soil porosity, SP) , 8% B B0 Ff B PRI e + A HLET
(soil organic matter, SOM ) , & i #4 Lt €8 7 I 22 4= &( (total nitrogen, TN) , #H % $T Lk €2 15 I %€ 4= 8% (total
phosphorus, TP) , A5 Y66 BE I 5 135047 (available potassium, AK) " |

http ; //www.ecologica.cn



4134 la SRS

B
e

Eild 41 %

2.3 AN ESKE

i F PowerSoil DNA Isolation Kit 37 & ( MoBio Laboratories, Carlsbad, CA) #2H T 4HE L5 DNA |, SE A%
ARG, R 1% B IR BRI B PR ARG I H A9 FE DI 2 DNA . XF 16S tRNA JE[H Y V3—V4 XIiE4T PCR §71
519)F 51 M 338F (5'-CCTACGGGAGGCAGCAG-3") ,806R (5'-ATTACCGCGGCTGCTGG-3") , ¥ 1l & 1% & .
95°C FiZEYE 5 min,95°C A8k 45 5,55°CIR K 50 s,72°C I 45 5,28 DEI, BAFEM 3 IRE B 6] —FE i
) DNA R A&, 7E 8 B 0 + HEAE 5 (9 5L DNA, 8% PCR = WiR & J5 F 2% 3 IR W B i v vk & I, i
AxyPrepDNA #E2 [FIGR T & (AXYGEN A /) VI EI PCR 7%, H Tris-HCl ZZ B el f5 , 4 2% B g
B 5E P VA

16S rRNA FEH [ PCR 7= #9 £ 1AL SCIE , i F Qubit #E 4745 %2 & , Nanodrop LS SCFE Mk JE | Agilent
2100 5 SCHEE R B, qPCR RS 2l SO . 7E Tllumina Miseq “F- 5 % 5 S5 (9 SCESEAT AL . 00 45
A uclust uparse , cdhit 777555 97 % WIARRIKE T B9 OTU #4757 R2KG1H0 07, 52801 AN H B B &K
TREE M EDEE
2.4 BHEAbES

K HH SPSS 23.0 THEF- I FARERE  #- 4T B 28 75 22537 (One—way ANOVA) |, i 7K 0.05, K H
Mothur #4315 Chao 1 =& &8 %, Shannon Z#EPEFE BRI Pielou 3 2) 550, KB QUME #4145 2 19
biom I A% F) Galaxy M3i#E4T PICRUSt HHESE P BT 0 A7 , 45 51 - He 40 i DI BEZE N A, B4 - AR 7R
AR BE 5 A g PR R B AR [, SR FH Canoco for Windows 4.5 3 T 28 AR A 3 17 704y 79 M7 ( Redundancy
Analysis, RDA) , FiE 17558 R %Ki 55 ( Monte—Carlo permutation test) , ¥ 35 5 &2 #0°H 499,

3 HBREHS

31 IEAERER SIS ZREE

WAL DL 7R VD M AR TP A TR o e b - 498 rh 045 - 840 17 35 177 92 4% 109 H 210 #} 267 J& , ForfAH
YEE=1%HIEME 158 12 4~ 1), ZZFE T ( Proteobacteria ) | ilZE # ] ( Actinobacteria ) FIER FT B
I'T( Acidobacteria ) JEAF 5T X B9 =22 L IEAN R AL ], I AXT F BE 435018 24.29% +3.39% . 23.72% +4.10% FI
23.40%+2.55% . BEAE RIS BIE N, V0 MRS A8 N TAR T SO0 A 1 AR X 2 B S B s B ka9 25 a AT
M O—10 em JERASTE AT TAXS 325 0 2 & T 43 a N TAR(P<0.05) ; £ MRcHh BB A 11 RITRR AT B T 1A G =F B
AR FEZE 5 (P>0.05) o VoA i 1) AR AT B T T AR X 2 B 5 N TARAEAE B 25 22 57 (P<0.05) , 2T
BT AR 2 B2 FE N TARAG 6.05% , BRATBAT T I ARG =F B2 H N TR 4.54%  #5AE HAS ] - )22 6] - 398 448 P 2H B4R
SRR, AR T I B ARk

Y HIAE AN T AR T BEYL Y Chao 1 .Shannon 1 Pielou 188N FEE R EZE R (P>0.05) (F2), ¥
HURET-FA N TR SRR V% 19 Chao 1 1 Shannon $8447E 43 a N TR i, 7E 25 a A TR A ; Pielou
TEECTE A MR T A — B, TSN A B ), VDB R S ANV 19 Chao 1 H1 Shannon 8405 AT
AT .35 2 5 (P>0.05) , Pielou 38 8UVAE 0—10 em +J2 5 25 a #1134 a A TARFEAE L 22 5 (P<0.05)
PEAN  WF5E X 3N VS 1Y Chao 1, Shannon F1 Pielou $5 5347 4 J2 VR B 38 fin i B AR, 156 B 6 )2 - 38 40 B 1
&% MK AR R, HLr A B 345
32 TIEANERIE A S AL T AR G

WS DL R VD MR 148 A TR SR PR Jo il Sh PR (36 3) o Bl MRS AU I, 322 L4355 K = ATA HIL
JoT & i R E R (P<0.05) |, LI JE R AR i, A A BRI 8O & 1 1 R BN et s b b
Jo R b - 3R A 4 SRR RO B B S TN TR (P<0.05) , LB Fn 4l 5 i 5 N TR A e I 3% 2
S(P>0.05) ,
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Fig.1 Heatmap of soil bacterial relative abundance of P. sylvestris plantations in the Hulun Buir Sandy Land ( phylum level)
B FR A B AT 2B = 1% AT 1], /D T (B W34 other; Proteobacteria: 2% & 1 | ] ; Actinobacteria ; i 28 i ] ; Acidobacteria: FR FF i [ ] ;
Chloroflexi : %75 7 ] ; Verrucomicrobia ; JI¢ 3 A ; Gemmatimonadetes ; %f B ] ; Nitrospirae ; il 1k 8L e 7 1) ; Bacteroidetes ; il T I H
Planctomycetes : /%85 & | ] ; Firmicutes : RBEF [ ], S Fl D:0—10 fl 10—20 cm +)Z; HL:PFE I /R Hulun Buir; G 0l M grassland; P AT
#k plantation ; R F/NE  KE FEEF R 0—10 F1 10—20 em 2 7 [RIREHE - L 40 HE X = 2 25 5 B35 (P<0.05)

R2 PRIURIDHEFRATHRAEEEH Alpha SHMEIEH

Table 2 The Alpha diversity indexes of soil bacteria of P. sylvestris plantations in the Hulun Buir Sandy Land

FEHb Chao 1 $8%X Shannon F8%4% Pielou $5%%
Plot Chao 1 index Shannon index Pielou index
HLGS 2864.18+171.49a 9.01+0.05a 1.19+£0.004b
HLGD 2546.69+42.21A 8.86+0.08A 1.19+0.009A
HLP25S 2783.12+56.35a 9.08+0.05a 1.20+0.004a
HLP25D 2603.77+80.09A 8.74+0.04A 1.17+0.003A
HLP34S 2689.84+29.60a 9.04£0.06a 1.20+0.009a
HLP34D 2644.52+252.44A 8.83+0.26A 1.18+£0.019A
HLP43S 2855.14+184.42a 9.09+0.05a 1.20+£0.003ab
HLP43D 2685.22+178.09A 8.93+0.19A 1.17+£0.019A

S:0—10 cm +JZ 0—10 cm soli layer;D;10—20 cm +JZ 10—20 cm soil layer

®3 FRURDHEFRAIHLEELER

Table 3 Soil physical and chemical properties of P. sylvestris plantations in the Hulun Buir Sandy Land

FEHL Plot SWC/ % SP/ % SOM/ (g/kg) TN/ (g/kg) TP/ (g/kg) AK/ (mg/kg)
HLGS 10.18+0.89a 41.64+1.63a 2.01+0.08b 0.93+0.02a 0.24+0.03a 198.63+2.31a
HLGD 7.69£1.35A 41.96+0.10A 1.74+0.068 0.59+0.01B 0.12+0.02A 143.99+3.46C
HLP25S 10.44+3.66a 42.76x1.12a 2.31£0.06a 0.82+0.01b 0.27+0.08a 133.98+3.46d
HLP25D 5.77£1.39A 41.94+0.26A 1.90£0.05A 0.56+0.01C 0.19+£0.03A 157.32+3.06B
HLP34S 9.00£1.27a 44.70£2.08a 2.11+0.05b 0.77+0.01¢ 0.28+0.16a 155.33+2.31b
HLP34D 6.66+0.78A 43.19+£5.68A 1.82+0.02AB 0.63+0.00A 0.19+0.10A 172.64+7.02A
HLP43S 6.88+0.47b 43.34+2.94a 1.71£0.12¢ 0.51+0.02d 0.26+0.00a 145.71£3.68¢
HLP43D 5.81£2.08A 41.01£2.91A 1.32+0.06C 0.48+0.01D 0.16+0.01A 160.65+6.10B

SWC; 135 K soil water content; SP; 1= 3EFLBRE soil prosity; SOM: - 3E45 HLJ5T soil organic matter; TN 4% total nitrogen; TP ; 2% total

phosphorus ; AK ; #3440 available potassium
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N RETE SR 5 TP N T B9 AR S ME A 22 5,25 a A1 34 a A T AR H 34N E (9 B2 N 7 9 &R (P<
0.05) ,43 a N TRk A S840 TR 1Y 32 252 me R H 38 5K i (P<0.05) o V0 Joa 0 b - 38 40 TR 7% 104 32 25 i [
T HLE(P<0.05), AN, FHEHL 0—10 em T2 RFK 5 11 &K & 2 IEAH X, 10—20 em +21E
A .
3.3 AT DR

A8 ULJR U AR TP N AR AN B AR 2] 5 A A Ak % (1B 3) o o SR (E B A B AR st
B4R B AL R N TR 840 1 T e i T AL AR, HAR X 32 5 4351 R 32.62%+0.98% .26.43% +0.31% F1 8.13%
+0.28%, V0T E L — R AT AR S A T AR,

U HIRE TS N TR 43 a A TR 0—10 em 42 FR5E (5 B A0 PRI BEIE PR AR XS =F B 10 32 T A Ak i, AR
W B F B AL BRI HLZR S 2 R DR AR X = B 2 e T A ( P<0.05) . SUP BT HIAH IE 25 a Fi1 34 a
AT 0—10 em 42 FRBE(E B A0 PN 20 i1 B2 ) BE I8 PR ARG =F B2 I 38 v T 00 o o, AR 8t 4% 5 B A AN
HHLR G IR AR B B TV BB (P<0.05) o MeAb, BIFSE X 34 i A L {5 EAL B A HL
F G5 N BT TR RE L AR XS BRI 0—10 em>10—20 em, VPR HLHIFN 43 a A TAK T 240 B FRBE 15
AT BEEL A B2 R BN 0—10 em<10—20 em,
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) s HLP2SD o HLP3D FREEBALEL B A B
3500 4 A 2 A A
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Fig.2 RDA of soil bacteria and properties of P. sylvestris )Z)
plantations in the Hulun Buir Sandy Land Fig.3  Functional prediction of soil bacteria of P. sylvestris
SWC . 145 /K3 Soil water content; SP; +-3EFLFE Soil porosity; plantations in the Hulun Buir Sandy Land ( hierarchy level 1)

SOM : H3EH HLFE Soil organic matter; TN . 4% Total nitrogen ; TP ; 4
% Total phosphorus; AK; HAL#f Available potassium

VO AR AN N T ARANYD 50 5+ S AR e D RESE (K B9 5 > — I ReZ 347 31 7 ohfg, Horp 384 10 4>
THRINBEEANS FES1% (K 4) , BIRGsPI6e S 5 HAr, HARX F B 32.60%+0.98% , HABL I REAR X+
JEBMET 10%, W HARTAS N TR 43 a A TAK0—10 em HHEANR R HIFEE BRI AZ TR Bt
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AR AR K AL S WA ) D BE S DR S = 182 35 g T LAk, JE i T RE S PR X =R B B 35T AR
(P<0.05) , 25 a5 34 a NTMFTAH " RINBEAR F R AL E 27 (P>0.05) . S HRFHIAMLL, 25 a
134 a NTARO0—10 em 2z iy Dy AESE DR X 42 88 10 38 v T 00 e s, At — D RE S DU AR X 2 3
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Fig.4 Heatmap of soil bacterial function prediction of P. sylvestris plantations in the Hulun Buir Sandy Land ( hierarchy level 2)
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