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L BRI RS AR X - AL R F PP Z M A AR
WU, R YR T S R 2R R A
PEFR BE (38 0 55 X A A%k A 40 R RE ) 5 E A
SO TR R R AT B T A G W B RN Ak
T, BT A IBNE ) R AR ) Z2 e ST A B T 4R
ARG R, RS RS
FLAEHEAT R W A i e 1 7 A AR 7 AR AR B
EL PR M, B AN, SRR T R
VUK 7 2 VR, ) P8 I Rl VR A T 5T L &
PR W e o TN S F AN AR TR A
YEAABAT 25

HH AT 8] A R 55 R &R rp A A A0 5 e 2B B Bl
il , 6 R AR W A 25 2 T T AR AL AT AS W i
R AR A A AR A (B 2L/ )
V) AR s 40 A (5 280/ 9 2 AR ) R S e =0 A 3, L
B BT A 28 AV EAS R E P G0 AR 22 9 A sl A e s 2
JSCFR) 5 M), Sk Ay 7 284 (B A AH A2 AH e AR W) 0T AR R N A=
TA WV 25 40 A 0 S 3 SRR AR, B R IR A 2 ()
VEAR TR E Y% oA 4 BBt 52 ), Sy #2804kt
JFRAE A T RORAR R R A = A 27 1 5 i TR
WA FHE AR S
1 MHBEFE
1.1 iR IE RS

RIS T 2021 4F 1 AE) P KA A 2 Bt i 2 5L b
(108°17'25"E, 22°51'02"N)# 47 o g RHA W T
PRI AR X T i e M 117 3%, B 2 (Allium as-
calonicum ) fiyFi A 1R DU Z8 /N4 21 819, 81 . (Pisum
sativum 1..) iR R A2 76 B 55 T ifi (Solanum [yco-
persicum L.) ahBh A 57 5 B A 7 i o

T 56 . - 198 PR kMR . pH 5.68, A3 BL T 8.92
g/kg, AR A 15.27 mg/kg, HAHE 0.67 mg/kg, AL
B 82.8 mg/kg, 2= & 0.55 g/kg, W 0.67 g/kg, &= H

7.51 g/kg.
1.2 RWigIT

BCE 3AARHE, C. A ZUARAR B F A SO AR B
A (B2 /%2 [[E ) F H: A AE AN PR & (B 20/ 3 i
FVE) o RIS IRE S, o, BAR (R R A7
Ao WA/ BSIANE /AR BRELHEBE
HE R A JHIE AR BT A T AR R A R
1.3 HmRESLE

20214F 3 A, fEBE AR b B P AL L R 3 R A=
KR B3 00 A ZOAR AR, 78 DA BR R s AR 12
e P [0S JE] R R AT -, SR 05 3 A AR R 28 0 A 1
Rk s F FRBR B OCSE VR AR 2R R A
1.4 WEDBRFESSHITHH

FE 5 DNA $2 5, PCR #7314 Al Tllumina MiSeq ]
FPERAEZ AT S AR E 2GR A PR |l 58 L -
DNA 25 : F] i FastDNA® Spin Kit for Soil i 71| &
(MP Biomed-icals, U.S) fl1 #2 & DNA, fifi F§ Nano-
Drop2000 4356 Y6 i 11 (Thermo Fisher Scientific, U.
S)M E DNA ¥ B FN 46, $5 J5 88 I L kR I DNA
PRI AL s PCR Y G (095 | 4 R Py 2 A3 DL 3R 15 11
lumina MiSeq )7 : A 2 %6 Bl e S 21T PCR ™= 9y
I 4l ik (Extraction Kit) | Tris-HCI ¥ i A1 H K 4G
I, 3f FH Quantus TMF luorometer (Promega, USA ) %
D= ) AT R 2 o A B b 363 AR W B2 2501
FABRA AL, I 97 Y0 AL X 3 1) 2
17 £ 4F ¥ 5 (operational taxonomic units, OTUs) 5
X, OTU AR T 91 1 AE UM B A OTU
Ei

& H] Shannon #5 R IE N A AP 0 28648,
Ace 8EUR Chaol $8 B RIEMUAEM M F & . Ty
FebR TR T IR S R IS AR Y R 2
ARA BR2S 7] AL B T-sanger = G2 i1 0 & 2547
Geilorbr. fJa, FE T Excel 2019 #1 IBM ) SPSS
Statistics 23 Gt i AT 4 HEA T BE 0A

R MEEBE5MFIER

Table 1 Sequencing type and primer sequence

GlkZESi] EIL/E F1FH(57-3") IS = P /bp
Primer type Primer name Primer sequence Sequencing platform Product length
AR WA 1192R ACGGGCGGTGTGTRC . _
MiSeq PE250 394
Root endophytic bacteria 799F AACMGGATTAGATACCCKG el
1193R ACGTCATCCCCACCTTCC ] B
AL HL ITSIF CTTGGTCATTTAGAGGAAGTAA MiSeq PE250 350
Root endophytic fungi ITS2R GCTGCGTTCTTCATCGATGC
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2 HRESH
21 EfEREEEENTERRE N ERREE
LA

DR AR SR T 7 MR 92 40 OTUs 53

Bt BT 97 Y0 AR AT X AS [F) A B A R it 7 51
AT IR, 45 (2 2) R, HAMR AN
FEVE AT B o0 28R 23411 V4344 (127 A H L2234
BF.3901 )& (619 1 FF 1886 1 OTUs,

K2 ARBBEERXATERARRNEDAEFYM S LKL

Table 2 Taxonomic analysis of endophytic bacterial species in the rhizosphere of chives under various cultivation modes

R

A2 e IH 2840 Number of different taxonomic categories

Cultivation modes OTos ["] Phylum 2 Class H Order Ft Family J& Genus F Species
C 715 20 40 114 202 340 519
F 656 19 33 101 177 306 472
H 634 22 38 105 181 317 468
ST Total 886 23 43 127 223 390 619

e Co /A PR P A e A A (5 2/ WG RAE ) ; He A b B2 & (/A /A RIYE) . FIAl. Note: C: Chive monoculture;

F: Chive/peas intercropping system; H : Chive/tomato intercropping system. The same as below.

2) [B)FEAH A= AH s B % B 20 AR 2 9 AR Al TR AL
pha ZHEPERYSEIE . R 3 AT UL ARG 0T
R RAR 2 N AR A T DL S LT A 5 R 3 99 %
(=>97%6) , 22 W - 45 5 mT 34 5 i A A v 240 18 4
MG . S A (FA/ G E) ML,
HHAE 2 A (B /B A B R R b RIEF AR RN
AU Z R A R E CRIE N AR A e T
Ace f85UFN Chao 148555 M ve 20 & Z (B AN AETE 1o 3%
225 A, JCie e R A A SR A SR 7 AR
F N AE AT 22 FEPE A R TR B Z R IR AETE
FER . BIREY] T A ICIE R AR AR A B A v
VEV S At 35 WOUE A5 28R % 9 AR 20 T 0 22 AR PR
FEE

%3

3) [RIEAH A= A v VR 4 %) 5 2000 25 TN A 200 1 A %
ZH Y

OWAMELEN 153K FRFE . mEL
AL TV KO b A AR s R AR R R p
ZARE R 22 D035 PN A 20 DR 9 2 L CRRL G 2 B o 1E
KT 1%) ¥ HAETE B 1] (Proteobacteria)  FF B 1]
(Bacteroidota) FIi & & [ ] (Actinobacteriota) ; ¢ B 7
ZL VRS R P 01 A U8 75 200 3 9 A 20 TR 7%
AN T A AR AR A AR ] 2R Y
FE G L. SAHTEA A A3 (5 20/ 9 VR ) A LG, A
A2l A A P (B 280/ T iR VR ) AR R b 75 AR R AR TR
PR T TR 35 B2 o LT B R T T DR R T T N AR
M A BT

AEFBFEX T ERERIR RN EHE Alpha SR

Table 3 Alpha diversity index of endophytic bacterial species in the root system of

chives plants under different cultivation modes

Mot TARAEEL Ace #6551 Chao 14848 B/ %
Cultivation modes Shannon index Ace index Chao 1 index Coverage
C 4.55+0.11a 592.4+34.06a 604.10+46.81a 99
F 4.27+0.46a 597.0£69.26a 604.80+£77.24a 99
H 4.3040.34a 609.1+87.50a 595.00+42.87a 99

QWA ETER 73 2K ERY RIS L. i #
2] UL FRAE 2 (5 280/ 38 VR ) R IE R &= v A 2
FHRAR R F N A 4 B 8 ORI 38 e R T 10)
A 204, H A B 4 LHE 4 T 5 89 & A unclassic
fied { Xanthomonadaceae (11.60%) . # T H & (Fla-
vobacterium, 7.99%) . 5 ¥ B J& (Dokdonella,
6.70%) fEIRIW K H & (Devosia, 5.56 % ) FE 5.l
g (Pseudomonas,5.51% ) S5Z M, &
(5 28/ 90 LI ) R IG AR Z v A AR R AL H

A A JE (RO R B2 5 BT 100 WA 201, H AR B
i HE4 BT 5 19 M unclassified { Xanthomonadaceae
(11.13%) ,unclassified _f_Alcaligenaceae (9.47 %) . Ji
BATEE (8.71%6) . BT B (5.4400) Fi{B A 1
J& (4.66% ). WA, FrAPAERIG R R b, B A
R R L 5 P9 A= 28 R s (R =E B 5 R T 1%0) 43 23
AN HO S R HE4 B 5 98 unclassified { Xanthomona-
daceae (7.68% ) Il 55 #T i J& (Dokdonella,6.89% )
M & g (Flavobacterium, 5.44%) W H IR EH &
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2) [A]VE AH A2 AH SO AE W X 77 2008 22 N AR B AL
pha ZFEPERYRZM . B 325 A WL, AR FR T,
T A (B 20/ 9 G ) S A A6 (A F
()45 ) AbBRIA] , 75 204 28 N A LR A AR 16 B e 10 3%

2E 5 5 B AR M 4L (B 28/ 90 52 1 AR ) FIAR A=
WG (B 203 A RE) 19 Ace 78 #UFT Chao 145 1%
A RFEZES . AIRERW] 3T IR A AL B 2
1o A AR AR A N A R Y B R R
{ELIE) P4 BGPTSR v 7 AR AR R PN A2 LT Y
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Table 4 Classification of endophytic fungi in chive roots under different intercropping modes

e

A ZEBTEIH 20 Numbers of different taxonomic categories

Cultivation modes o ["] Phylum 4 Class H Order Bl Family J& Genus il Species
C 301 8 24 44 79 108 142
F 284 7 24 42 74 104 143
H 249 9 22 38 65 98 140
Bt Total 498 9 30 58 118 170 240

x5 FARARBEXTERHERRZNEER Alpha S MEEL

Table 5 Alpha diversity index of endophytic fungi in roots of chives under different cultivation modes

B A AL ACE #144 Chao 115%k k=
Cultivation modes Shannon index ACE index Chao 1 index Coverage
C 2.48+0.35a 166.40+26.97a 171.804-25.75a 99
F 2.68+0.08a 153.804-20.32a 151.90419.86a 99
H 2.0840.09b 135.70431.42a 135.604-29.87a 99

3) AR A AH SOV E PR 28R 2 9 2R FLT RV,
2H IR

OWAERTEN 132K B BEE AR, hE 3
AT UL AHAE A (3 S/ T AR ) #R a5 U T, 75 24
FMRAR RLA N AE BT KPR S bl s 2
TR IR 43391 R F-2E B 1] ( Ascomycota, 83.20 % ) \JH 45
B 11 (Olpidiomycota, 7.25% ) .1 F ] (Basidiomy-
cota, 4.00% ) unclassified_k_Fungi (3.11% ) . k2 5%
I"J(Glomeromycota,2.11% ) .

AL A A (T 28 /90 W [ AE ) #3551 2K
T AR RN A BT F R i &
AR R TR 1(68.17%) 25161 1(Rozel-
lomycota, 8.57%) . unclassified_k_Fungi (8.14%) . ¥k
PERI](6.8520) FHF I (4.24%) A2 p& ] (Chytrid-
iomycota, 2.05% ) Flifar #11(1.98%) .

WAL, T 2 AR IR R R 3 A AR AR R AL
AR LB T T2 2 B o L e s AR 43 ) o F e T
17 (68.68%0) \ BR 4 B '] (22.08%0) . H T & [']
(4.92%) e 1] (2.33% ) Fil unclassified_k_Fungi
(1.57%).

S (/AR A FRAR L, B 25 7R 1]
VAT A1) TR R A v 2 (FF 28/ 90 L TR ) AR B AR
AME AR A TRRA RSN ERRES S

T AAEAR L, BARARA 45 (3 28/ 35 IR ) 4 5
B AR AR AR A IR B 126, E
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Fig.3 Relative distribution of endophytic fungi at phylum

level iin roots of chives under different cultivation modes
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les (4.51%6 ) o AR BE (5 28/ 58 5L ) AR ) 6] V4% B 4K 2%
o AR RN A TR E CREXS B2 i H R
T 120) A 154, B2 W 5 09 R Plectosphaerella
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EANEEE R B Funneliformis(5.85%) . M4k, F A
YRR SRR 2R v, 75 AR AR 28 D0 35 PN A= 1 s R X
FEHERT 1Y) A 144, F 55 Heas 5 w8k ]
WE (Fusarium,20.95% ) SALHE (Colletotrichum,
17.66%0) | FE VG 45 W 4 55 W JB (Funneliformis
9.60%) | #r 7% 7 J& (Neocosmospora, 8.68%) | Rhi-
zophagus (7.40% ).

i b TR e JH I E L unclassified_o_Helo-

Others
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tiales . Hr 7% 57¢ J& . unclassified_k_Fungi. unclassi-
fied_p_Ascomycota I H J& (Olpidium) . 22 ¥ 6 )&
(Rhizoctonia) ¥R &= 77 2 K0 A AH 5 A DL S0
Bk &R B A AEARAR R LA LR AR J S 5 o
5 BB A Acrocalymma J& B0 & M A= (F 28/ % i)
YEP IR VEAR B R 2 b B AR AR AR R LR N A
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thecium) . unclassified_p_Chytridiomycota J& B B &
AR (i 280/ 99 52 ) VR W TR0 AR AR 355 4 % vb 3 Z00ME R AR
FFEA RN A FLAE o unclassified { Glomera-
ceae FRFEFE)E .unclassified { Ceratobasidiaceae J& E.
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Fig.4 Relative distribution of endophytic fungi at genus level inin root of chives under different cultivationmodes
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IRAFAE AN e BG40 36 i/ 5 KT8] A fuk 22410 o) 2
i AR, S O ™ R, SR W A A

(5
3.1 EMEHEAENEREYNERRANEARRZ
HIZB IS HFIE

5 PAEM L, B2 TCw 2 AR AE (i)
Pl AH v (8 ) VEY AT U8 B A AR AR R N 2R
YHTR BV 1) 0 S A, AR T AR R AR R AL AR
HTEREIE T S L 2 B i L. o, M A
] P A 2, 7 28R R i 1] (Actinobacteriota)
FHUAT B ] (Bacteroidota ) 40 B 9 =F B2 o5 e 1 T4
Sa AR AR Fir N B9 WF G C R SE , B R 1] FHUFT TR
WD OR PR Cop o = A S s i RN DR U Tl
VS S A LA (B A/ TR FAE) IR R AR L
unclassified _f_Alcaligenaceae 4l & 7E A v 4 & (F 2/
BT AR R R AR ARG S, 5E T
YA VeI B (Acidovorax) 4N 5 i A IWEIE &
B, EIRE R (Acidovorax) Fll unclassified f_Alcalig-
enaceae 41 T T & Z R YR AR R G HED X
2 U TR Y B AR T e A 4/ A R AR A S S
R 22—

32 HEMEHEEHEZEYNERREZENEERIEE
B 2 IS E

SHEBMAENS GEAE/F M) IR R, &
ZMA vE 2 G (A 28/ 990 WL TR ) A AN 28 28 1 N AR
FLE B IR ZRe 0 S 4R T AR A A RIER &R
i Z 1 A v VR AR R A 2R R A B 25 1R
(Rozellomycota) 147 ] ( Chytridiomycota ) EL B 5 {H.
HoihAE 1] (Olpidiomycota ) ELEE A3 B 7 HLAK T
AH L B AR R & o Dactylonectria J& F1 B BE 1# J&
(Myrothecium) 2. 18 Je& F 2 AH SC VR 2H & v & 2R
RFFA M NA B8 TR E (Myrothecium) H.
= YA 235 | 2R G 22 35 i R s Ry A P R AE A
R AN Gibberella F Acrocalymma J& &
THEMAEDGERRD , FRARZFANAELREE;
Hrh, Gibberella J& B TRAEXHEAT T Al B 1= G v A 4%
FEEMAE 5100 Acrocalymma & B HA 115
HEPBCE HAL I A KR 2

Unclassified f Xanthomonadaceae . 78t 5 ¥ & )&

(Dokdonella) ¥5FF & & (Flavobacterium) .unclassi-
fied_f_Alcaligenaceae . 8K 7 [C 14 J& (Devosia) 4
SRR A AR R RN A R R HEA T 5 LA R
PN E A S ; Rl BRI A (Acidovorax) 4T &
o (A Wi A G HERR T HFARR DA
IR NAEMEIE . SRS (Fusarium) 5 IH
J& (Colletotrichum)
fied_o_Helotiales . ¥ 75 7¢ J& (Neocosmospora) E
A EAEA AT E YRR T, H AR R HEA T
5 WA LN A R & 5 Gibberella F1 Acrocalym-
ma J& HESEAE A G (R A/ FABEIRRT, &
AR PR PN AL LR R 5 Dactylonectria Fl
BBE R (Myrothecium) B8 &A1 s 46 (B 2/ Wi
GHEAEERT, FERBZPRANMLHNER
W&

i b HAEARTFEY IS T F AR R R
(N A TUE D R T AR AHAE LA IR R b, & 2
WRAEFIE I T BA MR AEK SEmbirk D ae iy N A&
TAE YRS A s 4l & VR R R b & AR R IR
BT LA B s A 0 R A B P A A R I L X AT
RE A2 77 20 AEAS [RIAE ) 7 A A A AR e G 1 HE 22 AL
il Zz—-

. Plectosphaerella. unclassi-
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Characteristics of the endophytic microbial community in root system
of chives shaping by intercropping allelopathic crops

YIN Yan',ZHOU Runche’, SUN Yan', PANG Liangqiong’,
BAO Caihong', CHEN Ken', YANG Shangdong'

1.College of Agriculture, Guangxi University/ Guangxi Key Laboratory of Agricultural Product Safety/
National Experimental Teaching Demonstration Center for Plant Science , Nanning 530004, China;
2.Agricultural Service Center of Yao Township, Tiane County, Hechi City,
Guangxi Zhuang Autonomous Region, Hechi 547399, China

Abstract Treatments including C (chives monoculture) , F (intercropping chives and pea) , and H
(intercropping chives and tomato) were set to analyze the mechanism of intercropping allelopathic crops on
the growth and resistance of chives. The effects of intercropping different crops with chives on the composi-
tion of endophytic microbial communities in the root system of chives were compared. The results showed
that unclassified _f_Xanthomonadaceae, Dokdonella, Flavobacterium, unclassified_f_Alcaligenaceae and
Devosia were the top 5 dominant endophytic bacterial genera in the root system of chives under the inter-
cropping allelopathic crops. Acidovorax bacteria were the allelopathic combination. There was the domi-
nant endophytic bacterial genus unique to the root system of chives under F (intercropping chives and pea).
Fusarium, Colletotrichum , Plectosphaerella, unclassified_o_Helotiales, and Neocosmospora fungi were
the top 5 dominant endophytic fungi genera in the root system of chives under the intercropping allelopathic
crops. Gibberella and Acrocalymma fungi were the dominant endophytic fungi unique to the root system of
chives under H (intercropping chives and tomato). Dactylonectria and Myrothecium fungi were the domi-
nant endophytic fungi unique to the root system of chives under F (intercropping chives and pea). It is indi-
cated that intercropping chives with different crops shaped the composition of endophytic microbial commu-
nities in the root system of chives. In the intercropping system of chives, an endogenous microbial commu-
nity with the functions of promoting crop growth and enhancing crop resistance is formed in the root system
of chives. In the intercropping system of chives, an endophytic microbial community dominated by patho-
genic microorganisms is formed in the root system of chives, which is one of the important mechanisms for
intercropping allelopathic crops with chives as well.

Keywords allelopathy ; intercropping; endophytic microorganisms; soil ecosystems; root system

rhizospheric microorganisms ; chives
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