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Pinellia ternata-Zingiber officinale intercropping affects crop yields,
soil enzyme activities, and rhizosphere microbial community
structure
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Abstract: [Background] The continuous cropping obstacle has become a major factor limiting
the yield and quality of Pinellia ternata. Rotation and intercropping can alleviate the continuous
cropping obstacle. [Objective] To explore the P. ternata-Zingiber officinale intercropping
pattern on continuous cropping obstacle and provide reference for eliminating the obstacle in the
production of P. ternata. [Methods] The rhizosphere soil samples of P. ternata and Z. officinale in
the intercropping pattern and those of the two crops in monoculture were collected. The crop
yields, soil enzyme activities, soil microbial community characteristics, and their relationships
under different planting patterns were explored. [Results] The land equivalent ratio (LER)>1
indicates that intercropping outperforms monoculture. In this study, the LER of intercropping
was 1.85, indicating that intercropping had obvious advantages. The activities of catalase,
urease, and sucrase in the soil of P. ternata in intercropping increased by 11.01%, 25.05% and
4.96%, respectively, compared with those in the soil planted with P. ternata alone and by
5.02%, 72.68% and 19.75%, respectively, compared with those in the soil planted with
Z. officinale alone. Intercropping increased the microbial species, richness, and diversity in the
rhizosphere soil of P. ternata. In terms of soil fungal phyla, intercropping decreased the relative
abundance of Ascomycota and increased the relative abundance of Mortierellomycota compared
with monoculture. In terms of soil bacterial phyla, intercropping increased the relative
abundance of Actinomycetota, Proteobacteria and Bacteroidetes, and decreased the relative
abundance of Chloroflexota, Acidobacteriota and Gemmatimonadota, compared with
monoculture. At the fungal genus level, intercropping reduced the relative abundance of
Fusarium. At the bacterial genus level, intercropping increased the relative abundance of
Arthrobacter, Sphingomonas and Bacillus. Spearman correlation analysis showed that the
relative abundance of Mortierellomycota was positively correlated with the yield and soil
sucrase activity, while the relative abundance of Ascomycota was negatively correlated with the
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yield. The relative abundance of Actinomycetota and Firmicutes was positively correlated with
soil catalase and urease activities. The relative abundance of Chloroflexota, Acidobacteriota,
Gemmatimonadota, Planctomycetota and Cyanobacteria was negatively correlated with soil
urease and sucrase activities. [Conclusion] P. ternata-Z. officinale intercropping can change the
soil bacterial community structure and improve soil enzyme activities and beneficial
microorganism abundance, serving as an effective measure to alleviate the continuous cropping
obstacle and increase the yield of P. ternata.

Keywords: Pinellia ternata; bacterial and fungal communities; high-throughput sequencing;

enzyme activity

2k X (Pinellia ternata) /& X B4 & FL(Araceae)
HJw (Pinellia) i) —Fh Z A B Y, Hk
ZEAIVENZG T, ATERAR . R IR
A E M, SR, BT E NS K
PRGN, R T L A B R A TR
WA ARRAZ, BAERIRZ B EBIR . AU
i, fEEGEREET, HEEEA A#ER,
I EVERE R R 1 22 B
MR R o BT EEVERR A )R, 45 . RFERE
VEMR FRJE TR E A AR A b fe i DL ) i ke Jy
Be, AT RO A R R R A
AR TE sy TR OKDT D N B S PIAE R Ry 2
SR IRIVEAEY) , 2 TRV 1 400 g R A R BB A il
B OO B . T RO R AR PR B R OK
Pewm TR MR A, W, EAEET LLE
TS [FIVE AR R 0] A RE T 422 i, XA 3R O WA
PE . I T S SR A W TR A A T A R
M, % i AR AT I R AR R R U
RETE 5, B9 LSRR Y SRR, e
HEA 25 B PR A B AR B A SR 4T

Hh 24kt 5 A AR ) 0 L B) R B 5 i 4 A
() B AMEF | S ]2 HEAE T R Bl - S R e
AL SEELIG I 25k 7 LG RN S R
- R R A SR AR . AN ]
Hh 25 B4 RS TRV %6 MR R - S5 A A= 0 1 52 i)
HAART SIS, A 5 5] 4E A 22 4nfe]

) SR T 5 A AR P A O A v ) IR AR G
B, DA I LA~ B Ta) A 22 A AR B 4 43
BFFEXS R, AR FOAR B - S8 s 1 % - S
AR AR BT, IR 3% Z Bl Y
PSS = R B e 2 [ S BE (R AP S
B LA SRR

1 #HRE5rZE

1.1 AREXER

F 5 DX ASE T H 7 v B2 2 DR A b el ik
I KEHb(35°97'N, 103°95'E), F4474k 1 844 m,
J& TR T RAR, FIIADHRE 62%, 41
YIS 4-16 °C, AFEF-HREFI M 376.8 mm,
JoREIA 120 d, PP 22, BT tEEY N ot 2.
Pt 2 A ZOR IR T AL A IR T At
AZORIETILA, R LE 250,
1.2 Rt

AR FIREAC TSR 3 B HAERE . B
EEZE . PEBEA L, BREIEL 3 1K,
9NN, ANXTHFN 2 mx5S m. HAENX
AR 2 500 kg/hm?®, [AIAE /N XAl i oy
1250 kg/hm?, P H 54:32 4:3 [0)E: L EITHE
1.20 m ., #kiH 0.05 m B+ 5 cm; AEFERRIE 0.40 m,
L 20cem, PE . AZ B 60 cm, HORFNE
FESLAPRERS [E] 2 2023 4F 5 H, il ISR H a5
AL, RAFS /N 3R T — 3
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1.3 TI|EMARE

2023 4 10 J1, REASEEIN S, 5300
[ VEF 2 (BSB) . HL4E2F B (BX) . [A1/E4: 22(BSS)
KB Z2(SHIY 4 FIARPR - 0E T R4 761
PonXr, SR 5 midkREE 5 bR R A2,
AR HIERLIE S, T O B DR B 5 TR
HEEB ) e el T, He A OB IR Ak
KItaHh 2 o — 1 TRUEED ZHEE ST
— 0y AR B SR E I E . LA 1 B IX
PRGN 1 RES, REMIRGINEH
AUEAT 3 IR CR A 3 M/INX) . i EE MR Pr 4 3
AR, BT T HY e KA, A
RE £
14 ==, 1i2istb(and equivalent
ratio, LER) X {1 2 =Lt (partial land
equivalent ratio, PLER)AY E

R RN G, PR TRZI,
FEPCERBRZE, Al BT SRR /N B R A 22
KFH S BORE I X /N KA T

LER 48Rl —A& HH 2 Fhal 2 F UL E1EY
(VR AR B P A 25 5 45 A1 P A B AR A 25 7 L
R, M LER>1 I, RUIEVERRAXS T 2 FifE
Y e, e T LR SR . PLER
e A AR h AR VRN F BB i A 2 e s
3,24 PLER>F (F Ryl R Br i A E
AIRIG A FAE N 0.57, 30 F (R 0.43)
IR RV LY 24 PLER<F I Sy [A] 4 7
44, LER Ml PLER [ D) e ffi 2 (AR 4

LER:Ybi/Ybs+Ysi/Yss (1)
PLER(b)=Yoi/ Yos (2)
PLER(8)=Yii/Yss 3)

Kb Yo Fl Yo 2051 FR0R AR B A 207
T, Yo Fl Yoo 20 00| 2R B2 AN AR 22 1 77 4t
PLER(b) fl PLER(s) 4} %] % /8 2 & Hl A= 22 Y
PLER.

1.5 TIEESFEMAINE

T e AN . DRI . RN S P A
R AL & AR TR A PR W] TS A I ik
& 5E o
1.6 TIEMEMZSHMERNE

F2 B E.Z.N.A.® Soil DNA Kit [ #4E 2 31
B 133 DNA, i1 NanoDrop2000 Al pir 2 Bt
DNA Mk B 5405, I8 T 1 %R e I FR vk
XT DNA it dEfrAaill . ff 47 barcode 1514
PHGAATR 16S rRNA JERF) V3-V4 X, 5N
338F (5-ACTCCTACGGGAGGCAGCA-3)H1 806R
(5-GGACTACHVGGGTWTCTAAT-3)', X} EL T
ITS 1 ITS1 X474 1, 51494 ITSIF (5-CTTG
GTCATTTAGAGGAAGTAA-3")F1 ITS2R (5'-GCT
GCGTTCTTCA-TCGATGC-3")", R JWAAZ : 4 uL
5xFastPfu ZZ & . 2 uL 2.5 mmol dNTPs, 0.4 uL
FastPfu R & 7F. 10 ng Bt DNA 0.8 pL &3]
Y1(5 pmol)f¥ 3 14y 20 pL IR &%) .PCR [ b 55 1F -
95 °C 3 min; 95°C30s, 55°C30s, 72°C 30,
35 MEFR; 72 °C 10 min; 10 °CH£7F. ¥ PCR
P¥g h Baidb e e ik 2 B SE S A
Be 25 FL 40 A IR 2 " R 1 PE300 U7 ¥ 2 47
Mlumina 538 207
1.7 BIESH

PRI a5 R T 3 WY FER, W
T PRSI AL 35E T SPSS 20.0 HHTEAN K )52
AT, B AR AT E 3L £ Y = F- £ (https://cloud.
majorbio.com) 47, f Bl mothur FXf:(http://www.
mothur.org/wiki/Calculators) i T8 o ZFENEFEEL;
Wit R AT Bray-Curtis BEBSE AR &2
4 R BEE 43 M7 (non-metric multidimensional scaling,
NMDS), X HEAS [ Gl A= A 7 25 4 0 R AL i
TTREE ;5 1 Spearman A 2¢ R 50 B 1 S il 1
PEFVETR . A0 T KPHE V% 4l A8 A A DG
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2 HERS540
21 FREIFEER B T B

Al

W 1 R, EEBEREERERS T
22%, A ZAWVERA: AR T 37%. FER R
e ZEVER R, JE A 20 PLER 40510
1.22 f1 0.63, ¥ KT Fo XEHEZER
H, CREL AR HARIERE . A, R
[EVEAE 2R R M LER o4 1.85, IR F 1, i
o 3T A 2R B - R R s T+ 2 A E
LR (o
22 FEEMEEZMEEXNTREL
IEEGIE M HIE

ik 2 Fon, AT BX, BSB #Hifr 14
(A S Al U . DRG0 T e 4 i) 38
T 11.01%. 25.05%. 4.96%, BSB fid %1k
SRR Bl T P 2 R T A (P<0.05) o AR
SJ, BSS PR -l A LA G . KA. RS
ity %) T 5 M 4 B I T 5.02% . 72.68% Fl
19.75%, BSS (1) M i 11 Eee oA T 1 JH05 42k I 2 v
F ST (P<0.05).
23 FEEMEEEZMEER TRRLIE
M5 R 47 4

P4 AMRBR S EAEA AT, A5 5
904 657 LA BUTHN,E-HIFHIEAE 67 449-81 297,

#x1 TEMEZEATFES LTSS
Table 1

SEIIBRIEETA 16 208 880—19 843 229, FEAE-H
KN 234-252 bp. I XA [ Ab B A AR R 4 15
HAHTR 16S rRNA FERAGIT, 155 732 892 %%
BRTH, FRIFINEAE 55 585-65 965, -1
BRIEECAE 23 130 977-27 370 875, FEAF-HK
JETE 414-416 bp, XFT 4 FiAbBEAY ELRA (K] 1A)
AR (& 1B), X 0 7 57 i 2 i 3%
%, ULHIHURE LA A B, I HYET A R
JEUASC B IX 4 ANFEAS BT I 25 R TR ) 2R
24 FEBEMEEZMHERATRIFL
2 OTU #

PUFp AL R OTU Giit 4 BIEan &l 2 s,
B R BX)RE R OTU MECh 852, HfEd:
Z(SHWEE OTU &4k 871, [EI4E}: 5 (BSB)
EE OTU MECH 821, [MAFEAZE(BSS)HYEL
W OTU &%k 857, Hrr, SI. BSB. BX. BSS
& BEAR OTU £ H 2050 214, 211, 187 F
241, H:7h BSB #4119 OTU %It BX £ 24,BSS
A ) OTU %L ST £ 27, & A2 /ER in
THAEEE (BX) . HAEAZ(SHR PR EH I
OTU % H ; X THAEFEHE(BX). FAEEZST).
[ /> 5 (BSB) M (Al /EAE 22 (BSS) M &, HAH A
OTU BE/r 5k 6 182, 6317, 6 752 1 6 714,
FEX 4 Mab B AR OTU &4 2 807 4.
HiAr, ST, BSB. BX. BSS % HAFA 1 OTU %

Yield to land equivalent ratio under different planting patterns

Qb3 P i L b 2 L ) eid
Treatment Yield (kg/hm?) Partial land equivalent ratio Land equivalent ratio

Pinelliaternata  Zingiber officinale

Pinelliaternata Zingiber officinale

HAE Sole cropping 2 741.87+£203.82¢c 20 459.63+2 960.77a
[B]f Intercropping 3 338.00+224.48c 12 900.00+2 685.14b

/ /

1.22 0.63 1.85

[F) S A [R]/INE 5 b 7R 22 57 1. (P<0.05) . IRl

Different lowercase letters in the same column indicate significant difference (P<0.05). The same below.
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Table 2  Characteristics of enzyme activity in
rhizosphere soil under Pinellia ternata-Zingiber
officinale intercropping (mean+SD)

st A ERE IR HEMHG
Treatment  Catalase (U/g) Urease (U/g) Invertase (U/g)
BX 5.35+0.42b 207.05+8.93¢  32.69+2.51b
BSB 5.94+0.04a 258.91416.52b 34.31+1.55b
SJ 4.38+0.12¢ 180.23+8.93¢  35.09+2.32b
BSS 4.60+0.06¢ 311.22424.97a 42.02+1.15a
A
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w 450
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8 350
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50 F
Lo

1 1 1
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Number of sequences
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i
0 10 000 20 000 30 000

Number of sequences

1 SR EREEA)MAEB)NHBNE
BX: HfEE; SI: HAEAEZE; BSB: [H/ERE;
BSS: [EMEAZ. FIA.

Figure 1

ternata; SJ: Sole cropping Zingiber officinale; BSB:
Intercropping Pinellia ternata; BSS: Intercropping
Zingiber officinale. The same below.

Dilution curves of fungi (A) and bacteria
(B) in each treatment. BX: Sole cropping Pinellia

A
SJ
BX
187 BX
SJ
© BSB
© BSS
852 871
800
400
0 1 1
BX SJ BSB BSS
B
sJ
BX
1050 BX
SJ
® BSB
© BSS
8000 6752 6714
§000r 6182 6317
4000
2000
0, | |

BX SJ BSB BSS

B2 +EEMEEZMERXTRFEERA)MIR
FRéEE (B)3£H OTU BY Venn

Figure 2 Venn diagram of OTUs shared by
rhizosphere fungi (A) and rhizosphere bacteria (B)
under Pinellia ternata-Zingiber officinale intercropping.

H35 % 1198, 1977, 1050, 2049, H:rh BSB
FEA 1) OTU %ttt BX £ 927, BSS $#A 1) OTU
Ik ST £ 851, ~PE AL mIER M T AR
(BX). HEAEFZ(SHRRAMEAR OTU % H .

25 FEEMEEZMEEN TR

EYZHEM D
AL BRI 78 55 2R A0 T 99.86%-99.90%
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Z ], X R LT A B BB 4 # B R
ok, FRUERT L, DR T RE A AT AL S B
FEAT IR LSOO, M5 F BX, BSB 1)
ACE #5502/ T 0.96%, Chaol %7 Shannon
FEONERE R T 0.21%F1 27.46% (3 3). Simpson
FEBHAR T 68.77%, i BSB Lt BX Hy##h
& ERYR Z R . AT ST, BSS 9 ACE
F8%0. Chaol F5%(. Simpson F5%U4r5#RE T
4.02%. 1.79%. 58.46% (3 3), Shannon $&%|
FEAIR T 5.82%, 1iHH BSS HARFEAR T ¥ifh 24
M, ARES TR EEE.

AN [ b B AR B - 40 18] 22 R 1 48 550 A 4G
RER(E 4), KON )FESZREHT
96.36%—96.57% , 1t BH 446 K 22 550 1) 41 1 ) 91) 460
B, DU AT DA S0 B AN 240 B 1 LS
Hol. WE 4 HATLIAE W, MET BX, BSB
B ACE #8%(. Chaol ¥5%%. Simpson F§%(#84A
BE, HAET 3.91%., 0.59%. 114.35%, Tfi
Shannon F8 AL T 2.38%, Hitt A% BSB
FEAR TR 2R, B8 T YR & . BSS
5 SI#HEL, ACE #5%%. Chaol #§%%. Shannon

FEBO BIREAIR T 0.61% .4.49% .4.37%, Simpson
BHEIE T 171.53%. Hit, BSS B TY
PR =F & BE RN Z R, EREVE R A S5 b 1) 2
CREATE 5NN
26 FEEMEEZMEEXTREL
RUNEYHEMEERTERNESTH

NMDS 73 &5 SR 045 38 5 H stress Few,
HARFRIN Y stress<0.2 B, FHEDEA — & i
FERE 5 Y stress<0.1 B, WBACAHE— AN HET 5
24 stress<0.05 B, NIFTRAFRMERL . WE 3 7]
M1, BX F1 BSB. SJ 1 BSS H (L #E TS AEAE ]
4y I HAT 135 22 57 (stress=0.068, P=0.007),
il B 0] R B A 1 R o - 48 1 B TR 22 [
ZE SRR AN B TS 1 NMDS HE)7 28, 1]
15 B e Z 18] A7 7F B & 25 57 (stress=0.081,
P=0.003).. 1t BH [F] 4 Ach B 25 %6 A= 2 R AR Bk -
R W RE VR A A R
27 ¥EBEMEEEMEERN TRERR
KB RS AR

FEF TR 8T 4 Fi ik R AR Br 2 5 7
ALK 4A), 3 RICHET TN T35

*3 FEEMFEEZMEEXATRIFTIBEESHIEER

Table 3 Rhizosphere soil fungal diversity index under Pinellia ternata-Zingiber officinale intercropping

Item BX

BSB

SJ BSS

7 35 Coverage (%)

ACE #5841 ACE index
Chaol #§%% Chaol index
F AR F5 %0 Shannon index
- 2% 5 %0 Simpson index

99.86
523.81+63.43a
527.47+64.73a

3.08+0.72b
0.20+0.18a

99.90
528.83+£23.22a
528.57+20.08a

3.92+0.26a
0.06+0.02a

99.86
535.85+£53.31a
542.09+56.14a

3.75+0.26ab
0.06+0.03a

99.88
557.42+40.71a
551.81+£42.95a

3.53+0.17ab
0.09+0.02a

*4 FEEMEEEZMEEXTRIFTIBRAE S HIEEY

Table 4 Rhizosphere soil bacterial diversity index under Pinellia ternata-Zingiber officinale intercropping

Item BX

BSB

SJ BSS

96.50
4 928.220+288.87a
4 742.5204282.32a
6.880+0.10a
0.004 3+0.000 1b

7 35 % Coverage (%)

ACE #5841 ACE index
Chaol #5%% Chaol index
F AR F5 %0 Shannon index
= BR 5 %L Simpson index

5120.97+101.40a
4 770.37+85.87a

0.009 3+0.002 2ab

96.49
4962.78+182.34a
4 787.98+125.25a

6.92+0.11a
0.004 8+0.002 3b

96.57
4 932.37+208.87a
4 572.97+168.92b
6.61+0.13b
0.013 1+0.004 2a

96.36

6.72+0.04ab
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Figure 3 Non-metric multidimensional scaling ranking of rhizosphere soil microbial communities at OTU
level under Pinellia ternata-Zingiber officinale intercropping. A: Fungus; B: Bacteria.

(Ascomycota) . % i % '] (Mortierellomycota) .
$HF 1] (Basidiomycota), i, FHEE ] &
435 BX 89.76% . BSB 88.67%. SJ 81.47%.
BSS 78.63%; #48%Tdi oo milh BX 4.87%.
BSB 7.22%. SJ 12.06%, BSS 16.21%; &
I 5k 2.93% ., 1.83%. 3.12%. 2.31%.
TR TRART F2 B>k, BSB #il BSS #B L
BX FlIl STAKT 1.21%F01 3.49%, i3 HH 4 A)1E
R AR T R IR T AR E R
B A AR X 2 iR BSB A BSS [ BX
ST T 48.25%F1 34.41%, ViHAE MM
PE TR TR AR R

FEF TR 4 FhAb 38R Bran o 2%
HM L IL(E 4B), As[w) Zb AR BR A0 B 0 AT L
N 26 T 1] (Actinomycetota) Fil 25 H 1]
(Proteobacteria), /5> 26.73%7F1 22.43%;
X B HEAESE 36 1 AR IR A 4R 2 1 1)
(Chloroflexota) . FRAT | J(Acidobacteriota) . LU
I"](Bacteroidota) FI Zi H g 4] (Gemmatimonadota) .

HA LR 1138 BX, BSB BIMEHE . BT
BX, BSB W], ZSIEHIT . A1 1A
XEERAAFABENERS, S0l ET
15.49%. 26.17%. 35.96%; &A1) BRATEET ] .
AT T A AR 2 BE A3 AR T 37.02%
31.93%. 35.78%. LI 1H BSS MR
YIS, TR TR ST ARBRIAAE B 0y A1 5
W o FET SI, BSS #&m Ikl ], ZBRE
T AT TRAEXT RS, 2l T 16.72%.
45.35%. 43.87%; MiFEAL T &SR], PRI
T, ZFRMEE T F R, S alkEk T
44.53%. 34.10%. 46.57%.

2.8 FEEMEEZMHEERN TIRFFR
YRR R E S LE R T AR

MK 5. B SA AIEH, M T BSB,

BX HMILHEFEREA 16 1>, FELN
unclassified f Sporormiaceae (21.26%) . i k
175 J& (Cephaliophora, 15.95%). 4%/ &
(Plectosphaerella, 6.87%). % J] )& (Fusarium,
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Figure 4 The difference of rhizosphere fungi (A) and rhizosphere bacteria (B) at the phylum level in

Pinellia ternata-Zingiber officinale intercropping.

5.22%) . ¥ f1%5 )8 (Mortierella, 3.60%)%, i
BSB AhEEIE A EHEEA 14 4, FE I
T J& (Plectosphaerella, 16.97%). i L5 @
(Cephaliophora, 13.02%) . # ffi % J& (Mortierella,
5.62%) . it J1 )& (Fusarium, 5.10%)%:, BSB
5 BX ML, % 5 % & (Plectosphaerella)
5 E e BX i Acaulium /b, BSB A 4.19%,
P Sk 4 25 J& (Cephaliophora) £ I [ .

T BSS, SIAFEMEHAEER 16 4,
I S A 5 )& (Cephaliophora, 11.04%). #iff
7 J& (Mortierdla, 9.46%) . #jt JJ 1% J& (Fusarium,
8.81%) . i3 I 14 J& (Plectosphaerella, 8.37%)%% ;
BSS Zb3 N HAT 12 AMEH R, Musidium
(24.97%) . #if% )& (Mortierella, 9.90%)., i
3). 4 2% J& (Cephaliophora, 3.71%) . % JJ i &
(Fusarium, 3.68%)% .
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Table 5 Relative abundance of dominant fungi genera under Pinellia ternata-Zingiber officinale
intercropping

Genus BX (%) ST (%) BSB (%) BSS (%)
YA JE Mortierella 3.60 9.46 5.62 9.90
Py 3L K55 8 Cephaliophora 15.95 11.04 13.02 3.71
JiE4 % T )& Plectosphaerella 6.87 8.37 16.97 7.19
Unclassified f Chaetomiaceae 3.34 3.93 3.08 2.01
eI J® Fusarium 5.22 8.81 5.10 3.68
%18 Alternaria 1.00 1.97 0.69 1.05
Solicoccozyma 0.99 0.80 1.16 1.04
Unclassified k Fungi 1.68 2.48 1.70 1.56
Acaulium 0.87 4.84 4.19 1.04
Titaea 1.22 3.89 1.41 0.50
Bisifusarium 2.22 3.55 3.88 0.85
Musidium 0.00 0.17 0.01 24.97
Unclassified f Mortierellaceae 0.71 1.76 0.98 2.03
Unclassified f Sporormiaceae 21.26 0.04 0.11 0.04
Unclassified_p__Ascomycota 1.26 0.49 2.25 0.58
Unclassified f Didymellaceae 1.91 1.66 0.73 0.75
E7¢ )8 Chaetomium 1.22 1.19 0.94 0.12
MIR5E )% Neonectria 1.82 3.00 0.55 0.45
Pseudombrophila 0.08 0.22 1.09 0.00
Cheilymenia 1.67 1.08 3.02 2.07
S L% )R Paraphoma 1.34 1.10 0.80 1.15
Unclassified ¢ Sordariomycetes 0.27 0.75 1.75 2.95

AN TR Ak 3R I B2 TR T (B 25 b R
H/NT 0.01 )& IS TR K- i 22 (&l 5B,
* 6. 16 BX A3, fEAELH AR 4R
15 /4>, AL35 95 FF # )& (Arthrobacter, 5.03%) .
norank f JG30-KF-CM45 (4.03%). norank f
Vicinamibacteraceae (3.70%). norank f norank
o Vicinamibacterales (3.62%) . 5% B 5 il 14 )
(Sphingomonas, 2.83%)%%, BSB 4b B #4441 14
JBH 1414, UFE T F B JE (Arthrobacter, 9.11%) .
52 1 B 1 J (Sphingomonas, 4.85%) . norank
f JG30-KF-CM45 (2.66%) . norank f norank
o__Vicinamibacterales (2.31%) .
Vicinamibacteraceae (1.95%)5%, [E]/E2f- & BSB
LR B A T HAEE E BX A T 14 E

norank f

ST Ab3A 15 AMERAMEEE, s AT RS
(Arthrobacter, 5.57%). norank f JG30-KF-CM45
(4.08%).norank f norank o Vicinamibacterales
(3.56%).norank_f Vicinamibacteraceae (3.38%) .
norank_f Gemmatimonadaceae (3.30%)%:. BSS 4t
PO A R A 13 4, A5 15147 (Arthrobacter,
10.73%) . i 22 s L 1 J (Sphingomonas, 5.06%)
norank f JG30-KF-CM45 (1.99%). norank f
norank o _Vicinamibacterales (2.46%)%% . [H]{E
A:2¢ BSS WIOLFVIRJmAHE T S AR 22 ST el
T 2 4N&. Hrp, 5FFEJE (Arthrobacter) . #5
2 I A 3§ J& (Sphingomonas) . norank f
JG30-KF-CM45 | norank f Vicinamibacteraceae
4 PP b P AN R . FEA AL, Y
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Figure 5 The difference of rhizosphere fungi (A) and rhizosphere bacteria (B) at genus level under Pinellia
ternata-Zingiber officinale intercropping.
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Table 6 Relative abundance of dominant bacterial genera in Pinellia ternata-Zingiber officinale intercropping

Genus BX (%) BSB (%) ST (%) BSS (%)
T FF T JE Arthrobacter 5.03 9.11 5.57 10.73
Norank f norank o Vicinamibacterales 3.62 2.31 3.56 2.46
42 B2 L I /R Sphingomonas 2.83 4.85 2.69 5.06
Norank_f Vicinamibacteraceae 3.70 1.95 3.38 2.00
Norank f JG30-KF-CM45 4.03 2.66 4.08 1.99
Norank f Gemmatimonadaceae 3.37 2.14 3.30 2.04
Norank f norank o norank ¢ KD4-96 2.34 1.22 2.42 1.12
Gaiella 1.24 0.93 1.29 0.81
2:9% R ICH )& Nocardioides 1.28 1.76 1.04 1.20
Norank f norank o norank ¢ MB-A2-108 1.93 0.78 1.35 0.98
MND1 1.58 0.54 1.85 0.52
Unclassified k _norank d_Bacteria 1.10 1.13 1.32 1.20
Norank f norank o Gaiellales 1.34 0.79 1.23 0.95
TR FF &8 Microvirga 1.18 1.32 0.78 1.03
Norank f Adb 0.98 0.41 1.33 1.17
ZEfAT 14 )& Bacillus 0.71 1.62 0.45 1.30
Norank f norank o Subgroup_7 0.88 0.69 1.23 0.56
T E Streptomyces 1.39 1.36 0.85 0.49
ZFHHERTE 8 Blastococcus 0.86 1.25 0.58 0.63
#AT )% Lysobacter 0.51 1.20 0.64 1.33

FFE 8 AT EEEAE BSS b B I &b F d v 7K
S, TAE BX AFRE A ERAR; 2 B N R
B A X 2 BE /e BSS Ab BRAS b F Fc s KO-, ST 4k
PRI AL ; norank £ JG30-KF-CM45 [y AH %}
FEEAE ST A HET b F i m K-, BSS AbFRET i
fi%; norank f Vicinamibacteraceae ft#H %} 4 i
7E BX AbFRETAb F /K-, BSB AR AL 4
T 8 2 P R R R RN ZE AT B R TR L A
PR LE TR, BRI T2 B A R iR B TRl ek s 1
TP LA R B, I EXAEREA I
29 ¥BEMEEZMERXT~E.,
REEM S MAETKERE S EAHE
x4

AL RIEREE . KR
V& 451 Spearman G HT 45 R ANIE 6A Fr
AN, BEAREETTRARX FRE SR I R
ERE MG, FRRETTS 802 B E

X [ 6B SN [AI AR BN A3 AH R [T K T 5 245
¥ 55 - ERFIE LAY Spearman AH G4 HTEE R, il
AT B S e A AL A 3 R A
Ko FUEWITT. ZITCBETT . JERER T 25
55 SR P IR ARG ST BT
MG . ZH0E 1] (Myxococeota) . i H R ]
(Patescibacteria) . %% #[ |(Planctomycetota) . i
7 (Cyanobacteria) (1) A X =F & 55 + HE IR il 2 2
FRADC, IR AT IE TS e 2
ARSI 2F BT ] 5 A 4 17 DG
3 Wik
3 ¥BEMEEZMHERATRIFL
1 B E T HFAE

T EE AR A R G B P RN RE R I Bl A
A A R RS R AR WS T, R T
A i R ik R, 5 A Wy 3 R HE B
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Figure 6 Correlation analysis between functional composition of inter-root soil fungi (A) and bacteria (B)
and yield and soil enzyme activities. CAT: Catalase; URE: Urease; INV: Invertase. *: P<0.05; **: P<0.01; ***:

P<0.001.
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B, YRR, 5 R MR, X
A T 5 I =2 18] DA R A 9 5 R
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1. BACE R E R 4328, KiKBHRRE,
Az 2 AR I 2 MBS - e 4 R 5t b [ B
FLIA B T RE, - SeE YRV A L% il 1T
PR RV AR S AR TR R, 5 RS L TR VR A 4
— > WEFEITKF EE, RELSREEIR T
TRV AT IR T TR AR T 3 Bl 1 14
FHBRA f2 AR, R X o B A AR 22 (A VR 14
AW & T HREA R, S CEPIR R
AH BRARUA [ A 3L IS 7 38 D T AN HH 7 B T TR AH
X FFEREAR . A BT REIE S5 T, TRERR ]k
¥ L IV =3Pl NS I e wk = J1 [ Sy N |5
VB Ab 328 ff 3% A B ik 1) J5 DL T g 5 0 o 1k 28 8
JE R R AR G

ARG TR B, AN A4 FAR By 40 B 1
IR TR, BRI SR BT A
N 178 S I 0 < W o /v = O
VEARL PR JS RCR AT . AR T UFF IR T T 1Y
FEAT RGN, ST BRFFETT . ZF R
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KA I B R R R, P R A A,
S bR — o R bk B RO Y
R, NAH @AY &, IFHEE . B
fit B0 Jfl % JB . norank f JG30-KF-CMA45 |

norank f _Vicinamibacteraceae f& 4 F Zb PR A
AIOCH AT o b, AT T T 0 B e i
P& B AR 2 BE s i, AR TR, AR
A1b P A P B D SR | ZF AT TR R A R S B 8
S 2 B L TR AN 2 LT TR R DL A
YRR, IR B RVEA S T b
PGB AR HA R T AR AR
3.3 FEEEEZMEEAT~E., =
EEEM S A KR S S E
x4

1 BN R A MUEY . A YR PR AER 4y
Y, Hrh Y 1 R A 1 3 BRI
FLUE A AR PR T Ak 3 BT 430 i PO, —
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