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Relationship between the bacterial community and
environmental factors in the rhizosphere soil of wild morels in
Gansu
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Abstract: [Background] Morel (Morchella spp.), a worldwide species, has important scientific and
economic value. However, there are few studies on the correlation among elements of its rhizosphere
microecosystem. [Objective] We explored bacterial community-soil physico-chemical property and
bacterial community-enzyme activity relationships in rhizosphere soil of wild morels in different areas
of Gansu Province. [Methods] With Illumina MiSeq technology, the bacterial community structure in
the rhizosphere soil was measured and then bacterial diversity was analyzed. On this basis, the above
relationships were elucidated. [Results] The pH of rhizosphere soil decreased with the rise of elevation,
but the major and minor elements and enzyme activity varied irregularly with sampling site.
Proteobacteria and Actinobacteria dominated at all the sampling sites. The bacterial operational
taxonomic units (OTUs) and Shannon’s diversity index at LX were more higher than those at other sites.
Redundancy analysis (RDA) showed that Proteobacteria, Bacteroidetes, and Verrucomicrobia were
positively correlated with soil nutrients, soil water content, and elevation, but negatively correlated with
soil pH and content of Ca and Mg. Actinobacteria, Acidobacteria, and Planctomycetes were in positive
correlation with Mg content, soil urease, and arylsulfatase, but in negative correlation with the content of
Fe, Se, and available potassium, soil dehydrogenase, and alkaline phosphatase. Gemmatimonadetes and
Chloroflexi were positively correlated with soil pH and Ca content, whereas Firmicutes showed positive
correlation with the content of Fe and Se. [Conclusion] We clarified the correlation among elements in
the rhizosphere soil microecosystem of wild morels in Gansu, laying a theoretical foundation for

efficient cultivation of morel.

Keywords: wild morels; rhizosphere soil; environmental factors; bacterial community; high-throughput
sequencing
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Table 2 Sequencing results and alpha diversity analysis in rhizosphere soil of wild morels in different
sampling sites

Samples  Total number of OTU Shannon index ACE index Chaol index Coverage
sequences (97%) (97%) (97%) (%)
DB 43 670 4 645 6.77+0.12¢ 9969.37+375.91a 7 781.55+225.13ab 94.95
DC 40 593 4769 6.93+£0.03b 7 922.414928.43¢ 7 213.81+273.46bc 94.99
DS 40 224 4901 6.97+0.08b 9 612.06+555.33ab 7 669.99+497.88abc 94.65
LC 39018 4959 6.81+0.04c 10 197.12+248.16a 7 938.61£173.02ab 94.22
LK 40 737 4986 6.91+0.08b 10 070.90+202.33a 8 034.40+286.41a 94.49
LQ 34080 4892 7.13+0.04a 9 719.70+189.71ab 7 735.63+£199.19abc 93.57
LX 35613 5015 7.18+0.01a 9 745.99+716.28ab 7 937.96+595.65ab 93.75
TB 36 186 4635 6.61+0.02d 10 206.65+410.47a 7 818.71+172.85ab 93.73
ZQ 39 198 4 460 6.46+0.02¢ 8 848.21+593.42b 7 007.58+742.71¢ 94.62

T HEARELE =3, [E—5P AR FE /NG FEERIR 0.05 K22 57 Bk
Note: The number of sample repetitions n=3, and different lowercase in the same column indicate the significance of the
difference at the 0.05 level.
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Figure 1 Curve of bacterial OTU thinning in rhizosphere soil of wild morels.
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(Sphingomonadaceae) . Ji*V-FFH Planctomycetaceae)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



521

‘12A9] (g) Ajtwey pue (y) winjAyd je s[a1ow piim Jo [10s 21oydsoziys ur er1djoeq Jo uostredwod orwouoxe], ¢ 2In3rg

HHREGHT @O " (VLURBEBHFUREHERE (B

AN R A A AR SS9

N

BRI HIN A B A AR

SISO O
apaoV13undjod m

POLISSB[OUN DLIDIIDGLIDYIIDS SHIDPIPUD)) m
2020011210y m
202001y d0IPULIIPOI) I

SIpas 120Ul SaIPIGOZIYY m palISse[oun” »1.421o0qo1inds m 0

2D20D112]ODqOAD] ] m 2D221.10dSOUOUODIN m -
PAIJISSBIOUN SIpas avpiaoul DLI21OPqoaj0LdpYyd]y m 20200.42)00qOUIS I loz m
S1pas a1120Ul SIID1IPIOYYING m 2D22DPPUOUNIDUIULD) [ =
2D20D112]ODGOIIN m 2D22DIUD] W =
2020D.1210DQOPOYY m 2D2011qOZIYIAPYIT m 10¥ <
paljIsse[oun” [-SJdM UOISIAIp 21ppIpund m 2D20DPI0IPIDION m =3
paljIsse[oun saypjjLidsopoyy m 2D20D1qOLIIUIPIOY 109 &
2p221]2420poyy m 2D20D.12]2Dq0.IGN.I1]0S m W
payissepoun £ 1do prjopqop1oy m payisseoun A0 vr1OPqOPLY W =
2D20D.12JODqIXIU0)) W avaov3pydouniy) m 108 X
anaop]1ydoajouLiay ] m 2paoD]1210D W =

2D2IDIPIDIOUOPNIS] W 2D2ODPPUOUIOYIUDY m Joot

202001qOZIYY m
payissejoun” sayp3vydoid) m
202001.121o0qOo] Y1 m

SIpas a0}12oUl dDIULGOLIIUIPIOY m
aD20DI20200UN m
2020D1121o0q0]|AYJ m
20200112190\ m

DJ02DY2.1PIS204 W
DJOaVY2DIIVI W
SaInoLIU] W

sajonyo0.41dS @

[ds =

2D142)00q1ADUS] W
sappuioua30.01 M

SNULIDY [-S1D2020U12(] W
T-SdM UoIsialp a1opipuv)) B
§2.42100q0.4q1,] W
prqooIUSn W
sojuapaua3opAy] m
pjoavY2DWNDY] W

104g @
SajappUOWIIPULY [

2020D]]LiIdSOPOYY m
2020D.12120qOINY) W
2D22DPPUOUDUIO) I
2D20D1GOPOYY m
2D2ODPPUOUIOPNIST

20221QOL1UOYAAL] m

payissejoun 9[dD pLIOLGOPIOY T

[ 2v2op]j1o0g W
2020D122AUI01oUN]J m

payissepoun 9dny p11oPqOPIY I

an2oppPUOUIOSUIYdS o
PIYISSE[OU] m

DLI2IOLGNID] W
DLI2IODQIOS2IDT [
avipdwwpy) @

av.idso.qiN m
D112]ODqLIPYIODS STIPPIPUD) M@
[-SdM uoisialp aipipub)) B
1xapfo101y) W
S21PPPUOUDUUL) [
p1QOOIUOIN.LI2, W
payisseoun) m
sajaoduiojoun]d |
§2)ap10.42100g W

somotutdl,] m

p1421o0qOPIOY @
pl2]oOPqOUIY O
D112]o0q02104] W

X1 O1 9@d 0Z M1 O1 dL d2a sd

jo1daeq uonnquusig

XT O1 da Oz M1 O1 dL J2d Ssd

TEF

jordreq uonnquysiq

08

001

(v5) wnjAyd jo Kouanbaig

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



522 A 2 E AR

Microbiol. China

M WP (Bacillaceae) 1 ZEPLHHEL; TB.
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Gpl6_unclassified ML #HF; ZQ. DB .
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oV @R
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Heatmap of genus
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Figure 3  Cluster map of bacterial species abundance in rhizosphere soil of wild morels.
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Figure 4 PCA analysis of soil bacterial community
structure of wild morels.

pH. Ca, Mg ATk I7 M, O i
Wl AR WIS Mg &, +
S8 T it 1 55 A IR T I T Sk T ) — B TE AN
K, 5 Fe, Se. MBI . I SN AIGR
PERERR ARG Sk 7 AR, S p oG s 2R AT
AR ]S 13 pH, Ca SREIEMX, &

x3 AFRXEFEHEKELHAEFETZESH

BEWE 15 Fe. Se B1EAHE.
3 W54 ®h

HinEEHERRTIEMAE AR S T
FEAE K L, RAES DS, TB. LC.
LK. ZQ. DB, LQ. LX (/R Pr 1 40
AR BT TG Fedems , JLUCOR IR TR 1T RTR
FRRETT, DCRAFE S BT T o FFs = T8
TEH T et S5 B s b AL IR 9 B
HR B - S GUAE P R AE 5 v R AR s 1 3 v ) 34
WA ATE R IR L) 2 4
i, 2R EE R KRR Z—, B
W T2 A Z R s, J& 2Rk 3k
W S5 HP ) AL AR B 4 e 1k
PEIR R B —E E R . R T R T £
B AATE 1R, DC SRFE S i &
HLAE . BRIFFETIMER LD S 5%
YRR NS 55— AFsE R LAz
I pH A, 5 pH B TA L KRR, (B

3.1

Table 3  Significance analysis of bacterial community in different sampling sites in genus level

Pairwise One-way ANONA | Pairwise One-way ANONA : Pairwise One-way ANONA
comparison H P icomparison  H P icomparison H P

DS vs. DC 2.637 0.104 EDC vs. DB 0.042 0.838 iLC vs. LQ 1.216 0.270
DS vs. TB 1.018 0.313 'DC vs .LQ 14.031 <0.001 'LC vs. LX 1.526 0.217
DS vs. LC 2.886 0.089 EDC vs. LX 14.863 <0.001 LK vs. ZQ 3.340 0.068
DS vs. LK 1.141 0.285 ETB vs. LC 0.134 0.715 ELK vs. DB 7.383 0.007
DSvs.ZQ  0.102 0749 {TBvs.LK 0254  0.614 LKvs.LQ  1.040 0.308
DS vs. DB 1.253 0.263 'TB vs. ZQ 3.239 0.072 'LK vs. LX 1.358 0.244
DS vs. LQ 5.760 0.016 ETB vs. DB 3.558 0.059 EZQ vs. DB 0.242 0.623
DS vs. LX 6.458 0.011 ETB vs. LQ 4.100 0.043 EZQ vs. LQ 10.882 <0.001
DC vs. TB 5.295 0.021 'TB vs. LX 4.737 0.030 1ZQvs. LX 11.695 <0.001
DCvs. LC 9.049 0.003 ELC vs. LK 0.0795 0.778 EDB vs. LQ 11.623 <0.001
DC vs. LK 5.878 0.015 'LCvs.ZQ  6.579 0.010 'DB vs. LX 12.437 <0.001
DC vs. ZQ 0.947 0.331 'LC vs. DB 6.499 0.011 ELQ vs. LX 0.077 0.780

T MR IRR 2 1 FCARA R, A2 TR v 1 B B P22 57

Note: Bold font indicates two comparative sampling points, there is a significant difference in the bacterial community of the

genus level.
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Figure 5 RDA analysis of the correlation between the
bacterial community and environmental factors in the
thizosphere soil phylum of wild morels. BI:
Proteobacteria; B2: Actinobacteria; B3: Acidobacteria,
B4: Firmicutes; B5: Bacteroidetes; B6: Planctomycetes;
B7: Unclassified;, BS8:  Verrucomicrobia; B9:
Gemmatimonadetes; B10: Chloroflexi; AN: Ammonia
nitrogen; AP: Available phosphorus; QAP: Rapidly
available potassium; N: Nitrate; SH: Soil humidity; ST:
Soil temperature; TC: Total carbon; OM: Organic
material; PPO: Polyphenol oxidase; POD: Peroxidase;

UE: Urease; ASF: Arylsulfatase; B-GC: B-glucosidase;
DHA: Dehydrogenase; AKP: Alkaline phosphatase.
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