5541 B 14 ) *E &~ 2 Eild Vol.41,No.14
2021 4F 7 A ACTA ECOLOGICA SINICA Jul.,2021

DOI: 10.5846/stxb201905291125

EME REEWT, AE EUF, FOUIE @E B F IR 50 AR . 545 L A L BT S B PR E S5 40 25 (ARG 1 06 R AR 2R, 2021
41(14) :5669-5684.
Wang Y Y, Long Y X, Li Y, Wang Y, Lii G H, Yang J J, Gao X W, Chang S L, Yang X D.Relationships of soil physicochemical properties to the

distribution and the composition of microbial community under Populus euphratica’s crown.Acta Ecologica Sinica,2021,41(14) :5669-5684.

T EEBEAEREMEYBRELEHNZTENSHH

EXTEIEN'S 1 LN S AL PN X 4E

R AR

S A AR S, B AT 830046
2 FHACEVER TR A5 B, S AT 830046
3 FUAEBA AT REARR, T 315201

kY
2
R

FEE .+ e TR S A W T S R AR A AN 2 8] 43 A7 ) 2 20K B 7, ¥ /R - S S5 ik M =2 R) 56 B i A A8 4 0 0 A
FIEZ— RN TE T A AR AR A A DX, Y00 B s A T R TR 5 (B S KA T 0—3 m il 3—6 m, B 25 /i
Bt 0—3 m, DL B K/NABR T2 9 m DL 4511858 DB, .. ,DB, .., DS, 5, Al CK) % 38340 P ot Al 3R
YR A, Z )5 18 T W i 2R ) 22 55 43 A S X 7 4317 1 Spearman AHICA3HT 5507 16 RIS e T - S8 Ak P IR
SHMAEYRE AR ZRINCR, SR ER: (1) T4 DRAEGE  ARAEY & HIEESKE AR 2R 2RI
DB, , &, DB, J&a, DS, . #l CK M &% (DB, ,, =DB, . =DS, ;. =CK)(P<0.05), DB, . HI3XL6 B {b i &
O AJE DS, B9 3.97 1.13.3.71 ,3.03 . 1.49 f1 1.95 % ; Ml , HIEARTEAE 4 P REENL B A B EMEZH(P>0.05);(2) 4K
St = B HEAS T 0 40 R R LT 0 A 4L BTE 4 AN SRARA B A B ORIR] . 4MEE )5 T , Rhodothermia Al y- R E 400 DB, , M H
Y CFXTFERESR 0.27 F110.28) , KT IR 49 ) HoAlh, 3 7 B R PL38FP (7€ DB, . .CK 1 DS, _, , BIAEXTFE R R 0.37,0.26 F10.26) ,
FUR 7T, 540 DB, K1 DS, BIDCHER (AT T2 0 0.27 F10.10) , FEFER40 0 DB, Al CK AL (RS R
0.09 F10.16) 5 (3) ZHpE F B BE & A BLAE 4 DRFECLB AR EZS . DB, iY FC TR A4 8 BE 95 4R DB, BAHL,
DS, s, 1 CK 114 EL TR FHZH B HE 7 LS B AR ; (4) SUFEXT R 4387 5 Spearman A #1453 B, SR T TR G4 Wy BT 41
BB A HEER Y AR AR KR APUR SRR, Hoh, SRR R R, AT ERBNE T, +
A RIS AL T T N AFIEE B AL E DA R BRI LI Z MY A 5 SR Bl B A= Wy i S e 3%
IRIVERR G R, IR YR A R TE 23 (R _L AR Ak, v] DGR s A sl T 4 i ke fE . 7E— e B L 1R £ () A
HER AR~ G EER,

AR A R ANBRT 5 ELRRT 5 RERAR R T R R s TR X

Relationships of soil physicochemical properties to the distribution and the

composition of microbial community under Populus euphratica’s crown
WANG Yayun'’, LONG Yanxin'?, LI Yan, WANG Yan'?, LU Guanghui'?, YANG Jianjun'?,
GAO Xingwang'?, CHANG Shunli'*, YANG Xiaodong>* "

1 Key Laboratory of Oasis Ecology, Urumqi 830046, China

2 Institute of Resources and Environment Science, Xinjiang University, Urumgi 830046, China

ELWHE BRAKIELWH (31860111, 41871031)
rfE B #9:2019-05-29; [ & H R B #A . 2021-05- 13
* MIRVEH Corresponding author.E-mail : xjyangxd@ sina.com

http ://www.ecologica.cn



5670 JAE = 41 4

3 Department of Geography and Spatial Information Technology, Ningbo University, Ningbo 315211, China

Abstract: Soil physiochemical properties are considered as the main driving force for the changes of community and spatial
distribution of soil microorganisms. Exploring the relationship between soil physiochemical properties and soil
microorganisms is one of the hot topics in ecology and soil science. In this study, changes of soil physicochemical properties
and the composition of soil microbial community were measured along four distances from two types of Populus euphratica’s
trunk (big and small mature individuals) under their crown. Four distances included two positions that far from big Populus
euphratica’s trunk within 3 m (DB, ,, ) and ranged from 3 to 6 m (DB, ), the position far from small Populus
euphratica’s trunk within 3 m (DS, ,, ), and control group ( CK) that distance from both big and small Populus
euphonicus's trunk at least larger than 9 m. Then, differences in microbial communities, canonical correspondence analysis
and Spearman correlation analysis were used to explore relationships between soil physicochemical properties and
distribution of soil microorganisms. The results showed that (1) among four sampling positions, fine root biomass, soil water
content, soil organic matter, total nitrogen, total phosphorus and total salinity were the highest in DB, , , the middle in
DB, 4, , and the lowest in DS, , and CK (DB, , =DB, , =DS, , =CK) (P<0.05). The contents of these soil
physicochemical properties in DB, were 3.97, 1.13, 3.71, 3.03, 1.49 and 1.95 times of these in DS, ; , respectively.
On the contrary, soil bulk density did not show the significant difference among four sampling positions (P>0.05). (2) At
the class level, spatial distributions of the top 10 bacteria and fungi in abundance were significantly different in the four
sampling positions. In bacteria, Rhodothermia and y—metamorphosis were the dominant class in DB, ( their relative
abundances were 0.27 and 0.28, respectively), while Bacteroides were the dominant class in other positions ( relative
abundances were 0.37, 0.26, and 0.26 in DB, , , CK, and DS, ,, , respectively). In fungi, Sordariomycetes were the
dominant class in DB,_, and DS, (relative abundances were 0.27 and 0.10, respectively) , while Dothideomycetes were
the dominant class in DB, , and DS, . (relative abundance were 0.09 and 0.16, respectively). (3) There were
significant differences in bacterial and fungal community composition among four sampling positions. The fungal and
and CK. (4)

The results of typical correspondence analysis and Spearman analysis showed that the community composition of soil

bacterial communities in DB,_,  were similar to those of DB, while which were similar between DS

—6 m 7 0—3m

microorganisms was mainly affected by soil salinity, fine root biomass, soil water content, soil organic matter, total nitrogen
and total phosphorus. Compared with other factors, soil salinity had the greatest contribution to the change of community
composition of soil microorganisms. To sum up, the composition and spatial distribution of soil microbial community vary
along distances from Populus euphratica’s trunk , which is the result of the joint actions of material exchange and nutrient
flow between plant root and soil, and habitat selection of soil microorganism. To some degree, the changes of composition
and distribution of soil microbial community negatively affect the germination and growth of seedlings. As a result, this

negative effect makes less plant growth under the crown of Populus euphratica.

Key Words: Populus euphratica; crown; bacteria; fungus; soil physicochemical properties; microbial communities; arid
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Fig.1 Plant distribution under Populus euphratica’s crown in Ebinur Lake Wetland National Nature Reserve
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Fig.2 Rarefaction curves of soil microbial communities based on OTU richness
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0.05) , K/NABZ ], FE B /N T 0—3 m FEHL (DS, , ) B4R A W B AA LR B
HILT DB, ,(P<0.05) (H - A B IA W25 (P>0.05) . 7E DB, DS, , ZIH,BREFHTE DB,
T DS, IN(P<0.05) , Hofth - HEBR AL P94 B3 225 (P>0.05) , XF BEFEHL (CK) AY4IHR AL i |
KR AR AU EI AR BT DB, (P<0.05) , Bk TSRS AR AR MR S K
AR e MmAaILEYS DB, M DS, ZRA B EMEZER(P>0.05), CK (HHEAEES DB, .
DB, ,, F1 DS, , W IHERTERHAE A BEZER(P>0.05) (£ 1), #HHERI, RKERET , KT
PR BRI R 3 AN A H AR TR RN RKISA I T 1 A T R T
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R1 TEEBAERE 4 SRS BEE 5

Table 1 Differences in soil physicochemical properties between different sampling treatments

- 39 A KM Mature trees /M Sapling b
Soil physicochemical properties DBy 5. DB, 4. CK DSy 3

13455 Soil bulk density/ (g/cm?) 508.72+5.41a 512.83+10.94a 577.93+77.4la 510.43£12.49a  1.07 0.42
AR Y Fine root biomass/ (t/hm?) 3.49+0.86a  0.66+0.42b 0.54+0.34b 0.88+0.06b  17.87 <0.01
3K Soil water content/ % 0.17+0.01a 0.16+0.02ab ~ 0.15+0.01b 0.15+0.02b 6.82 <0.05
AT HLIT Soil organic matter/ (g/kg) 28.09+17.18a  6.88+3.64b 7.57+4.3b 7.57+0.69h 6.99 <0.05
+3E4 A Soil total nitrogen/ (g/kg) 1.12£0.73a  0.29+0.07b 0.24+0.13b 0.37£0.16b 7.34 <0.05
3984 Soil total phosphorus/ (g/kg) 1.80+0.44a 1.40£0.16ab  1.29+0.08ab  1.21+0.26b 4.20 <0.05
+- 32 5L Soil salinity/ (g/kg) 99.72+7.8a  74.75£13.57b  48.56+3.79¢  51.19+7.28¢  23.86 <0.01

DB . FE b5 KA £ Z [ E Distance between sample group and trunk of big tree; DS FEHL 5 /N T2 [AI 5B Distance between sample
group and trunk of small tree; CK: X fZH control group; DBy, \DB5_¢ . \CK I DSy_5 43 AIFRAREE AWM ET 3 m Z N 3—6 m Z N FEE/IMY
T3 m Z N LUK A S A R IR

2.2 W MR/ INEIR TR B S 3E fA Mr b o3 A B 52

— R A ) A A R AR I 3 A R SRR = RO A e 2 R
HREE AR R 3 B — IR AR AR H LB R T IR P A ALY, SR SR R
o3, SR RSP R Sl R R A | EL5 A TR AR B, 3 DR A 75 T 8 R P e LAl 7 S B 7 T A —
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M EEPEFSECT LA | B VAN B 0 P =F & 2 5 50 ( Chaol 48 %0) 12 A4 48 44 ( Shannon-Wiener $5
o) 1 4 oAb B2 AR 22 0] (3R 2) o XA, BE R R A7 1T EE RS A9 4, Chaol $540H1 Shannon-
Wiener $88008/N(DB,,_,, >DB;_ ) o W K/NABE T 1 Chaol 5% Shannon-Wiener #6804 B, /NG
56 T /% Shannon-Wiener 84U Chaol 84034 = T KA & T 19 2 A~FEHb (DS, >DB, 5, >DB; () (P<
0.05) ., CK ¥ Shannon-Wiener 8401 Chaol F8%035 = T KIABRIE T 19 2 ASFEHD , [RIBS 5 T/ INHAG R E T
IFEHL (CK>DS, 5, >DB, 5, >DB; ¢, ) (P<0.05) ., X EE , 7E KA HE T, Shannon-Wiener 54 Fl Chaol &
1€ DB, F1 DB, ZIH&A WEZ0(P>0.05) . /NH#E T H Chaol $5%(H Shannon-Wiener $§ 53 5
TR\ L T AR, CK FEHBE A Y Shannon-Wiener $8%(H1 Chaol +8 %0 & T KA %L T ) DB, , {2
CK H:H EL TR 1Y Chaol BIR T KEHBAME T (19 DB, , H PR 48 £ W HIE T/ N A e T A (R 2) . P9Fh
BRAE 4 PhOzsGab B2 AT 22 00, AR I /NS AR S T RIS RERE S - S8 1) 200 T A B0 2 5 T R
R N AEHE (DS, 5, =CK>DB, 4, >DB, () (P<0.05) ; 1M ELI& A A 2 T/ N R E T /R 232 & TR
FAM I R AT B R (DS, =DB, ,, =CK>DB, ).

B
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Table 2 Sequence statistics and the difference in microbial diversity among different sampling treatments

—_ REEE g I PRRCCN) R ) e P 1
Microorganism ‘San.lp'hng Fxperimental Number of th.e -Sharm.on— Chaol index Goods coverage
individuals treatments observed species Wiener index
4 Bacteria PN DBy, 1040 +27.18b 7.58 40.12¢ 1158.72 51.82b 0.995+0.001a
DB;_ 4., 927 £57.47¢ 7.19 £0.07d 1051.92 +81.82b 0.996+0.001a
CK 1509 +70.15a 8.31 +0.14b 1726.49 £150.30a 0.992+0.002b
VNt 7] DSy 3m 1567.67 £54.93a 8.80 £0.04a 1651.78 £50.85a 0.995+0.001a
B 0w baen peo re0s
FLFE Fungi Ktz DBy 3., 716.33 £46.52ab 5.93 +0.44b 772.68 £36.67ab 0.999+0.001a
DB; ¢, 685.33 £91.88b 6.17 £0.11ab 747.13 +84.83b 0.999+0.001a
CK 695 £53.36b 6.40 +0.08ab 753.36 +60.57b 0.999+0.001a
/N DSy 3m 825 £28.51a 7.19 #0.45a 871.10 £24.05a 0.999+0a
T T

AR AU 453 2 ) R 45 S AN TR B AR T2 BE o3 A 1 00, A SCOR B FEDNAKCE b i el T 3= B HE 44 1
B A TR 990 A DG AN TR TR 8 I 49 ( Unidentified _Oxyphotobacteria ) 78 #4478 4 ( Thermoleophilia ) 8- &
44 ( Deltaproteobacteria) itk ] A H1 I\ 49 (unidentified_Actinobacteria ) i % B f# 14 47 ( Nitriliruptoria ) | ik
3 4K ( Acidimicrobiia) | a-Z% JE T8 4 ( Alphaproteobacteria ) . 24 {ij 7' SC A A 44 49 ( Rhodothermia ) | y-2% . T 24X
( Gammaproteobacteria ) FIHLFT 18 24X ( Bacteroidia) (¥ 3) . WA AN E 2 5 &8, HEA AT 10 #9410 H 2978
4 Fh S R PR 2 6] 0 o3 A SAFAE 2200 (18 3) o BLARHL 7E R EAM R E S B 544 T 0—3 m I, Rhodothermia il
AR A AR, M, 7R Hofth 3 A RAENL & (DB, .CK F1 DS, ) , BUFFE N AN, KA E
T, B R TR RS RGN R A A TR A A AR X T BN IR i (DB, <DBy ) , A2, 24T Rhodothermia il y-
A B HLEA BN (DB, 5, >DB, ) o /NABRIE T FEHL (DS, 5, ) 5% IRFEHD (CK) 19 40 T 70 A Bk 26
fel, A1 DB, 5, DB, ¢ W2, Han, /NG e T R R AT B 4 TR T TR 4N &2 T TR AW 1 AR K 3 B
P40 T HAE XS BEFE o A BB (181 3)

TEIK P b A SC A5 3 F B2 HE 4 B+ B B O 4% 35 49 ( Lecanoromycetes ) | 4 HiI HY 3C K iy 44 44
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(Rhizophydiomycetes) \EH-49 ( Tremellomycetes) \#ET I8 2) ( Leotiomycetes ) % 1 44 ( Pezizomycetes ) #7655 44
( Mortierellomycetes ) <P 24 ( Agaricomycetes ) | {2 4 2X ( Eurotiomycetes ) . J8 2% [# 24 ( Dothideomycetes ) |, 3£ 5¢
2N (Sordariomycetes) (& 3) , AN FREZ G KB, BATLE 4 FhCiGab B 2 Bl i A A e 2251, Bk
M, 7E DB, 1 DS, N, FEFCR NN RE . AR, ERER NN DB, AU FRAEHD N DR B . Bl
W EE BN, KB4 T T - 8 vb 20 0 | A TR AN < T A | T AN T T AN FIAR 40 AN BT 4
(DB, _5,,<DB, ..) (B 3) . PIMLLE &I, KA e T e, /N7 5 %68 BEAE b 1) L TR 1 23 A5 B 2600, A
JZ,DB,_,, 45 CK,DB,_, M1 DS, , 2205 K (K 3), b, NI 4 58 A0 <D 5 4 HCHE TR 49 W T A 49
FETE T 4 A1 Rhizophydiomycetes YJEVT T XF B L) +3E (K 3) .

HoAls HoAls M Mortierellomycetes
M unidentified_Oxyphotobacteria M Acidimicrobiia M Lecanoromycetes Agaricomycetes
Thermoleophilia Alphaproteobacteria Rhizophydiomycetes B Eurotiomycetes
Deltaproteobacteria B Rhodothermia M Tremellomycetes B Dothideomycetes
| unidentified_Actinobacteria M Gammaproteobacteria | Leotiomycetes B Sordariomycetes
Nitriliruptoria M Bacteroidia Pezizomycetes
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Fig.3 Difference in relative abundance of top10 species at class level among four sampling treatments
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Fig.7 Spearman correlation between soil physicochemical properties and the composition of microbial community
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