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Response of rhizosphere soil microbial community to long-term continuous

cropping of Glycyrrhiza glabra L.
ZHANG Min,MA Miao "

Ministry of Education Key Laboratory of Xinjiang Phytomedicine Resource Utilization, College of Life Sciences, Shihezi University, Shihezi 832003, China

Abstract: The continuous cropping of Glycyrrhiza glabra L. caused the decline of G. glabra yield, poor plant development
and frequent root rot, which seriously affected the development of G. glabra industry and caused serious economic losses.
However, their mechanisms were unknown. The 16S rDNA and 18S rDNA internal transcribed spacer sequences of soil
without plant cover ( Control) and rhizosphere soil of 1- (Ggl) and 5-year-old G. glabra (Gg5) in fields were determined
by next generation sequencing technology. Differences in microbial community structures among the three soil types were
analyzed to explain obstacles associated with continuous G. glabra cropping. The results show that monoculture of G. glabra
respectively increased and reduced bacterial and fungal community richness in rhizosphere soil over time (P >0.05).
Principal co-ordinates analysis illustrated that there were obvious differences between the rhizosphere soil microbial
composition of G. glabra and the control group, and the planting years of G. glabra observably affected the microbial
community composition in rhizosphere soil. At the phyla level, monoculture of G. glabra observably enhanced the relative
abundance of Blastocladiomycota and Mortierellomycota. At the genus level, monoculture of G. glabra observably decreased

the relative abundance of beneficial microbes Arthrobacter, Pseudomonas and Naganishia, and enhanced the relative
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abundance of pathogenic fungi Fusarium and Thanatophorus. Therefore, variances in the microbial community structures in
the rhizosphere soil of G. glabra, especially the respectively decreased and increased beneficial and pathogenic microbes,

might explain obstacles with continuously cropped G. glabra.

Key Words: monoculture; Glycyrrhiza glabra L.; Next generation sequencing technology; 18S rDNA; 16S rDNA;

rhizosphere growth promoting microbes; pathogenic microbes
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Fig.6 LEfSe analysis of fungal community in soil samples

25 HIEERUEYIT KA 25

FEIIKF- L, Ggl Al Gg5 K Control FTRUA: W1 v 2 WG HAT — RE AUAH DI . =35 DI 358 AR X 5K 1 240 7
T #] & Proteobacteria, Actinobacteria, Acidobacteria, Gemmatimonadetes, Bacteroidetes, Chloroflexi #f
Verrucomicrobia , YA X £ 43531 h 36.24% , 18.34% , 13.52%, 9.28%, 8.33% , 4.82% 1 2.76% (& 7) . I
SR XT R EL TR ] 44 A Ascomycota | Basidiomycota F1 Mortierellomycota , ~F 34 #H X} 22 J& 43 51| & 24.67% .
17.99% %1 4.49% (& 8)

{H Control .Ggl #11 Gg5 AR VR R — B2 5. Control H' Gemmatimonadetes [ FH %} £ &
BEET Gg5 Fl Ggl (P<0.05) , Acidobacteria FAHXT 22 & .3 5 T GgS, 1M Actinobacteria [ AHXT 22 & 2 ZIK
F Gg5. Gg5 ' Blastocladiomycota 2 Mortierellomycota FAHXT £ i 3 5 F Ggl
2.6 HIEGUEYIEAKE AN Z

TEFT A SRS M X £ B HE & BT 10 Y 41 1 J& A Arthrobacter . Sphingomonas . Thiopseudomonas .
Marinobacterium . Pseudomonas . Haliangium . Halomonas . Blastococcus | Steroidobacter F Terrimonas , S8 AH X £
SN 4.42% 2.52% \2.45% 2.19% 1.30% 1.15% ,1.06% 0.95% .1.30 1 0.80% ., AHXTZ B HE4 i 10 A9
Wi JE A Psathyrella . Fusarium , Mortierella . Pseudogymnoascus . Polythrincium . Naganishia . Leptosphaeria . Thielavia |
Plectosphaerella F11 Myrothecium ,~F-Y#0 %} 22 & 53 5] 4 13.54% .5.78% .3.90% . 3.68% .3.30% .2.63% .1.31% .
0.81% .0.42%#1 0.38% |,

GerteE AR W FE T A R 2 Y 550 20T R A 260 AL TR, 43 A 28 AR E A 7 A R Y

http ; //www.ecologica.cn



9022 JAE = 24

FARS 22 FEAE A AL PRIE] R A B AR (R 1) o Hoh RER R A X 22 B2 28 AL 28 %% A= 8 Control I Ggl Z [H] L
J% Control Fll Gg5 Z[8], Ul Caenimonas Blastococcus lamia Reyranella %5 . %25 320, e H R e B 5 72
Mo FEARBR = S 3 A WD VR LR, T AE e R H R EE RGP, Gg5 4l E J& Brevundimonas | Arthrobacter |
Pseudomonas . Sorangium V) 2 ELTH J& Rhizopus . Naganishia . Polythrincium W) A%} 2 B B E KT Ggl, 41 )@
Kribbella 1 Pseudolabrys U\ X B/ J& Psathyrella . Fusarium 1 Thanatephorus FIAHXT 2 [ 3 & T Ggl .

W Al I #IFFH ] Bacteroidetes W Hib ™ #FHi] Chytridiomycota
W 2T Spirochaetes W ZERAH] Gemmatimo_nadetes Il Entomophthoromycota B #5511 Blastocladiomycota
u Rokuba?terla ) ) I AT %”‘] Amfiobacterlg 0 3REH ] Glomeromycota [ #7155 ] Mortierellomycota
| gﬁﬁl‘] Z}e]ruc;m".:mbla = }géégq /]:ﬁ:m: actter.]a B3] Rozellomycota [l TZEW 1] Ascomycota
| Eg gl@: o oro :X‘ I'] Proteobacteria I £%)] Mucoromycota $H¥W 1] Basidiomycota
irmicutes
| A B 1 JOlpidiomycota
100 7 o ——
— 100
i | ] -_
o N .
] 0
L . B ] .
S X |
?‘3 60 §
- g 60 -
8 E 23
S 50 2
D= z 2
E 2 Eo
g 40 - E 40 -
& ]
30
20 20 ~
10
0 0
Control Ggl Gg5 Control Ggl Gg5
E7 TEHERPHAETIKETEHEEMAR 8 TEHMPERITKETEEEMER
Fig. 7 Composition of soil samples bacterial community at Fig. 8 Composition of soil samples fungal community at
phylum level phylum level
3 g

R A S AR MR T (%) ek AR I s J A ) 2 A W 1) o i PR 22— TR 4 R ok A AR 0, sk AR &
SRR JRTEY) RAIERAESE  TE RO AR BB A S IR E M RRE AR OCRER T BR, DR
K 5a JERH R PR AR IR RE, A BT 5 3 4E Sa H RS PR L8002 — 20

TR I SRR R E B E SRR B AR AT T B A OGS H R AR A
FR F8 18 T, AR PR = S A1 18 Z2 AR PR RS n , 17 B 1R 2R PERRAIG , iX 5 Wang £ 000 TP IR ( Citrullus lanatus ) YEVE
MBS RARL . TEIEAE RS, B VEW A AR 23 3 AR H b A ) B A 2R B — Ak X — 5 TS 1 Al
BRIEW WA KET , 75— Ir HR 7 LS R - i R E R o, S 3 e rh o Th g e 2k, 52
HHUESIIREY

H FKKE(Glycine max) '™ 25 ( Camellia sinensis L.)'> 3% ( Jerusalem artichoke ) ™ 25 1) % A P b5 ()
WEFE R, AR AR T2 AR VMG T R oAt A M R AR S B AR TR ISR E M AR
K55 WNASEVERG I TR R H Fusarium oxysporum , F. solani , F1 Microidium phyllanthi FFIXT 22 B K
ARSI T HLYIREBE F. oxysporum F Lectera longa WFIXT 2 . SEBR_ X P LG AE G H H A0 &AL 72
B [RIFEAATE . PCoA Z3HT R, ERH REAE MR T SR RUE Y RF IS S A, 7ET KPR R

http ; //www.ecologica.cn



22 1§ aRES A HROAR PR - SR MRV A AUTE A A e 9023

FEAE 2 e T MRPR £3% 7 Blastocladiomycota M Mortierellomycota FJAHXT Z [ . iX 5 Chen L B 5T 45
REA —E BRI B 5T 45 R R B R (Atractylodes lancea) ¥EAVE .3 351 T Mortierellomycota Y #H X} 2
B TEIEKSE I G H A W MR AR T AR PR 3 o 25 1 Arthrobacter . Pseudomonas 1 Naganishia B4
X¢§E S i le] T Jﬁi)}i Til" Fusarium F Thanatephorus EI/‘J *H Xd' g E 1?2 Iﬂ?ﬁﬁ *ﬂ'ga %[26] ( Gossypium Sp- ) N ﬂfl ﬂ[m
( Nicotiana tabacum 1.) K12 SR VE bR 9 & B0

F1 AREERGEIEREVHEANSEERKELNTL

Table 1 Relative abundance of soil microbial communities in rhizosphere of G. glabra at genus level

4324 Taxonomy Control Ggl Gg5
TR Polycyclovorans 0.56+0.05a 0.15+0.13b 0.32+0.08b
Bacteria genera Amycolatopsis T\ AL FRH 0.00+0.00b 0.28+0.06a 0.70+0.23a
Candidatus Udaeobacter 0.41£0.12a 0.10+0.08b 0.33+0.13ab
Candidatus Solibacter 0.20+0.04a 0.07+0.05b 0.14+0.03ab
Brevundimonas &% *- i T 0.04x0.01b 0.20+0.03a 0.03+0.01b
Sorangium HEFEH IR 0.16+0.02a 0.04+0.02b 0.11+0.02ab
Arthrobacter i AT B 1.47+0.32 ¢ 6.37+1.06a 3.12+0.63b
Pseudomonas LM 0.59+0.22 ¢ 2.62+0.42a 1.35+0.13b
Caenimonas 0.17+0.04b 0.40+0.26ab 0.34+0.02a
Blastococcus 2R & 0.50+0.16b 1.19+0.74ab 1.1620.09a
lamia 0.76+0.08a 0.44+0.27ab 0.58+0.06b
Reyranella 0.45+0.06b 0.44+0.22ab 0.68+0.07a
Stenotrophobacter ZE3% LI J& 0.61+0.06a 0.52+0.30ab 0.39+0.05b
Solirubrobacter 3£ ¥ 1 )& 0.49+0.04b 0.40+0.24ab 0.62+0.05a
Gemmatimonas L1 [ & 0.40+0.04a 0.51+0.39ab 0.24+0.04b
Adhaeribacter IKFHEE T 0.15+0.02a 0.44+0.37ab 0.04+0.02b
Nocardioides Hi 1 [Q T J& 0.40+0.09h 0.57+0.35ab 0.63+0.07a
Bradyrhizobium 1% £ A8 17 )& 0.14+0.01b 0.30+0.15ab 0.43+0.11a
Pseudonocardia B v & 0.16+0.04b 0.170.10ab 0.35+0.03a
Kribbella 0.08+0.01b 0.10+0.05b 0.20+0.03a
Streptomyces 5557 14 J& 0.10+0.02b 0.22+0.14ab 0.21+0.01a
Aeromicrobium YK HJE 0.36+0.02a 0.18+0.10ab 0.24+0.03b
Paenibacillus 22 MUk 16 & 0.06+0.02b 0.13+0.09ab 0.13+0.01a
Pseudaminobacter 0.07+0.01b 0.16+0.12ab 0.16+0.02a
Novosphingobium #5514 & 0.03+0.01b 0.12+0.10ab 0.16+0.01a
Pseudolabrys 0.07+0.03b 0.06+0.03b 0.13+0.03a
Pajaroellobacter 0.12+0.00a 0.06+0.02ab 0.07+0.02b
HHE Psathyrella /NYEHi%5 & 0.28+0.08 ¢ 2.75+2.65bh 37.60+10.82a
Fungi genera Fusarium $t ) & 3.87+1.67 b 3.84+1.33b 11.68+3.53a
Polythrincium JRTEFLE 0.13+0.20b 8.78+3.18a 0.99+1.55b
Naganishia 1.65+1.07b 4.57+0.81a 1.66+0.84b
Thielavia B 588 1.22+0.27a 0.73+0.19ab 0.48+0.09b
Thanatephorus T~ 15 Ji 0.02+0.01b 0.03+0.02b 0.63+0.18a
Rhizopus 5% 0.28+0.29a 0.02+0.02a 0.05+0.03b

Control ; [A]— i HAFIAL H 1) 13 Gl A K 1a YEIRH B IRPR 135 ; G5 . AR K 5a YOI H H AR PR 138 ; A — A7 v AR 7 R 6] =B 10 55
FORAERA AR B 2257 (P < 0.05) ; #HEHE R E I HE PR UEXE (n=3)
R 9 A s Bl H o PRI B T B ) 2280, 2k TAE K 3—5a H R AR SRR ZE I Wil ™
B, A T i H BRI &R A 80% L) b HEF EHURE N Fusarium' ' . Fusarium & 7 52 H HALE
I B R RO B DAL, A TT LIS 2 R R Y 25 2R S AL 4, E*%ﬁﬂﬂﬁﬁ%ﬁiﬁﬁlmkm o
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