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Light-driven Succession of Rhizosphere Bacterial Community Structure and Yield

Enhancement Mechanism in Peanut Intercropping System

LU Jumeng" 2, CHEN Yan'", SHEN Yi’, HE Ganghui', LI Shiwen" 4, SUN Bo'

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Institute of Industrial Crops, Jiangsu
Academy of Agricultural Sciences, Nanjing 210014, China; 4 College of Land Resources and Environment, Jiangxi Agricultural
University, Nanchang 330045, China)

Abstract: To investigate the causal relationship of light condition on the yield of short crops and the rhizosphere
microbial community in the intercropping system, in this study, based on the long-term experiment platform of
maize/peanut intercropping in the Jiangsu Academy of Agricultural Sciences, the low light and high light conditions
were designed, isotope labeling and high-throughput sequencing technology were used to study the effects of
photosynthesized carbon excrete in the rhizosphere of short peanut on the rhizosphere bacterial community structures
and crop yields under different light conditions. The results showed that: 1) Increasing the light interception of peanut
canopy increased the allocation of photosynthetic carbon in peanut rhizosphere; 2) The difference in light condition
caused changes in the bacterial community structure and key bacterial groups in peanut rhizosphere; 3) High light
condition changed the intercropping peanut rhizosphere functional bacterial community to increase peanut production.
The research results provide new perspective for optimizing intercropping management measures and increasing the
yield of tall and short crop intercropping systems.

Key words: Peanut yield; Light interception; Photosynthesized carbon; Bacteria community; Key bacterial group
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1.1 IR

FH A K 3913856 17 TV 00 4 B m T TR A A
P B BE N A FE L (32°48'N, 118°63'E), H:igE At
WA B KA, AP IAR 16,5 °CL, AEREK
H589.5 mm, AEFHH AR 1781.9 he 55
Mo RO AR L S AR AE K I T 2012
AEEE T RRAEA K IREIAR R |, FEF T LI T
NEFIERAEAL S B2 E AR AR . pH 7.96,
HHLF(SOM) 8.31 g/kg, 2 %(TN) 0.46 g/kg, £ (TP)
0.45 g/kg, 4HI(TK) 17.89 g/kg, FHE T35 #itH(CEC)
15.49 coml/kg,
1.2 RIwAbIE

BERAEE A AL 16, FKSFNTRE 24,
2021 A4F, A DCGE o ORIk ] VR e 5 T RO
FRACFE(LL, ZRPEFT810) ARG IBALBHL, HRES
eArsim) . FEA R 5 m BoRSARPifT B, 47
PR 0.5 m)FI 5 m AEA 54 (WUATAEAE, ATIRIEE N
0.5 m). FHATHEMIEEES /LA R 0.4 m, FAKHN 0.4 m,
AR S mxS m (KxT8), HIE 04 m. & 0.3 m
(ZETR R TTAHAE/NX . 5 10 HEEFD, 4+ 10 A
7—10 HWEk, FAKT 9 H 17—20 HYIR. re
M AEED AR I EAT T R g i) R A B
1.3 FEfrEtRIZiNE

RRFEACE AR PRAFBC G A0 0 H: | A5 [R] A
FEMR A PCO, #H4T T WA R ARICIRE . 2k AL
s AR 16, AR HBCA HIERE L, K
30 d WAEAE IR ABRICAR Y, 5L 30 d(5 ) mbric 4
Hi A PCO,, MR EAERECE 420 ~ 450 pL/L. 45
IEEEHE BURAEA: , /N AR PR - 380 AT — 25
FE o BT S TR FH €25 5 R A 08P BH YA UL FH (1] 32 9
0L, ARICAR IR 4ERETE 36 °C 1N,
14 H@REERSHAZE

2021 AETFRAME WAL E BRI (8 H )%
“S” B RABEIE BRI 10 BRAEAE AT A A 2R S
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PR, RO A A FAR IS B B E TEAR B A R+
e, WA BWAR R A T IEAE AR PR 118 AEARER -
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PRSI E 208 3 O TR E BT 2 , 7 6 0y H
TR = I o

WM E Ty k2 T ARE, R
e 2% (ERAE TR ) . +1E pH
e R AL, SOM e R FH H 4% PR 4 Ak -
T, TN e R LR E A%, TP I R kR
e R, TK e g S A Rl , CEC e
K PR AT . 3 PC R T EEE TS %
Lj 420
1.5 11 DNA $2EUK 16S rRNA HEENF

HEHR AR 0.5 g L HEAE A, M A R &
FastDNA™ SPIN Kit for Soil (MP Biomedicals, Z£[H)
$RECE 38 DNA., DNA ¥ K 46 {fi H Nanodrop
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HEN LUK AT DNA SE8EPE

E FHAN B FH S 14 799F(5'-AACMGGATTAGAT
ACCCKG-3") #1 1193R(5'-ACGTCATCCCCACCTT
CC-3)2U #4168 tRNA LAY VS ~ VT X, il
13 Tllumina 75 #F17 DNA 3CPE il #% 1 = i G2 0
JE R R FASTQ #82%, i Trimmomatic {4
XA PP AT KA . KA E 0 5 PR 4 fd ]
FLASH #17. WP ad sz fE, M
Vsearch #4, MG 97% BIFFIAIPERES TR 2T
LAk, BREREMWFIHIH AR OTU
(Operational Taxonomic Unit). ffi 4] QIME {4tk
i oTU MR F, IPH A RETFIS
Silva(version138) 44l FE #E 47 LUXT B . PRATRE LT
AT 28 30 409 45, DA LB [RIRE S i 22 e
1.6 HFESH

ANTFFE R M 22 S ¢ R0 (t-test) FIERL R 3R
J7 2253 M (one-way ANOVA)IHHE. il R iBHF 1

“vegan” AT M. T Bray-Curtis BHES

AR B 22 4k ROBE 43T (NMDS) LA FE AiF Ak £ ] v 45

M2E 5, E#ZI0T7 2250 BT (PERMANOVA) H] LA 5
Ab BE ] BEVE LM E R R EE, TR SN
(Redundancy Analysis, RDA)HLARREEE VIR AL
TR AR AR KR, IHHET Mantel #2550, AL
#RM(Random Forest, RF )RR 4 H K S50 15753531
] R #5519 “randomForest” . “rfUtilities” I
“rfPermute” . fdi F} STAMP #fhEA7 20 ) 1 3 i
it 2% 5 43 A1 o 45 #8) J5 2 455 AU (Structural  Equation
Modeling, SEM){i fi AMOS 26 # {4

2 HBREHSN
201 ARFOHXLEXREIR, FERRFLEL
S e A

R AR FE (I 5 25 5, o AR T 1) T FOKR XA
A 3 B R AR TR, ARG R (L) 15 )6 R (HLL) ik B Y
LI 35124 989.20 1 1 298.73 mmol/(m*s)(F 1), £k
FEW N LI, HL ANFE ) PRI A P (R AL A
AR ) L LL A FE 4R T 21.66%(P<0.05)
AR HHER) TN &4 5 CEC £ LL Al HL Ab 3]
WA WS HL AbB . E 4R T AR bR
FPOEERR(EC JE ). SOM., TP Al TK(P<0.05)
SR, O WE LL AbFRAY 2.93 £ 113 /%, 1.42 f5H0
112 %, M%F LL 4b3, HL 4b3F +3E pH R
T 0.77 AL,
22 XBEHENEERGRARZHENI

AR A AR PRAN TR V% 1 Observed species
(K 1A). Simpson #5844 (/¥l 1B)F1 ACE #5%1(I&l 1C) %
B, SCRR AR AR A FEAS B I 25 A A6 A MR s 4 P
K a-ZAEME, BAEEMRPRE3E(LL . HL)SHEMRPR
HHEBHH L o-ZFEMEM TR EMW2E T, HET
Bray-Curtis PHESAEFER) NMDS 4347 (& 1D)%5 53
B, AN ) b B[R] A6 A AR PR B8 A VR 2540 (B-ZFE1E)
FETE B/ 5(P<0.05), HL 435 BS #1 LL Ab3iRY
PR S5 NMDS1 o5+ Hor w80k, BS 5 LL
ARERVE NMDS2 #1535, H BS 5 LL Zb#HH4:F BS
5 HL Kb EEREIE 2540 57 SN

R1 ABEHNEEFERRELIREFEROFIE

Table 1 Peanut yields and chemical properties of rhizosphere soil under different light conditions

AbFE LI(mmol/(m?*s))  f=i(g/plant) pH

BC FJE (%) SOM(g/kg)

TN(g/kg) TP(g/kg) TK(g/kg) CEC(cmol/kg)

LL 989.20£85.26 b

17.82+1.25b7.62+0.03a1.75+0.14b11.58 £0.28 b0.66 +0.03 2 0.52+0.01 b17.74 £ 0.54b 16.09+0.77 a

HL 129873 +17.79a 21.68+2.11a6.85+0.16b5.12+0.37a 13.10£0.5a 0.66+0.06a 0.74+0.01 a 19.80 +0.42a 17.61 £0.73 a

T RPEUENFIE + AR, FING SRR R 2R A [ Ak B E 22 53 .35 (P<0.05).
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Fig. 1 Diversity of peanut rhizosphere bacteria under different light conditions

E1

23 MERFHNEEFERRRAREFZLEHN

A

BEATLARPRAL A 25 5L R B, S g A r= it 1 AR
KR IEA R (9.15%)>LI(8.40%)>pH(7.94%)>CEC
(7.77%)>TP(6.88%) (&l 2A, P<0.05). sZMiREEL5H
(NMDS 1) H FARUIE A 5K (9.19%)>TP (8.91%)>
TK (8.84%)>LI (8.39%)>SOM (8.32%)>pH (8.27%)
(K 2B, P<0.05). RDA 43t 1 PR F X bR
A BE TS LSRR (] 20), S5 EM, EARR
L(RDAD)FI F= A8 bR 2(RDA2) 43 5 it B 1 2 A8 S iy
26.30% A1 16.14%. LL F1 HL Ab B 40 6 BE V& UT
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24 HBEENEERBRAEERAENZNE
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monas) . ¥ FF & (Lysobacter) . 2 [& B AT &
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(P<0.01); TMifE LL Zb¥rf, W& EEMNHEEAL
K R B JE (Amycolatopsis) . A1 78 8 /R 15 % W &
(Burkholderia), WRIZHE (Rhizobium). 124 HJe H
J& (Bradyrhizobium) . 53 B FT T J& (Mycobacterium) 55
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25 RBEH. FE. XEK. REEAFNXR
AWFFEE T SEM MRS T 7 i IR I
HRBRAH R v B R (] 4) AW, BOBSHE
WEECE BRI (*=11.288, P=0.127, df=7), FZA00 1%
B TAEAE i 98.8% WY S. 4RI, ST
Xif P AT B IE AN (7=0.440, P<0.001), XIGAk
W HA ERUY (7=0.928, P<0.001); JtA Rk B2
Y DRIV S0 (B- 2 AR )28 S Bt 6 T AR G = B2 4
M(=0.949, P<0.001 1 /=0.941, P<0.001), XHj#
X PR T A B3 IEAOV (=0.304, P<0.001 #I
r=0.290, P<0.001). FHILATUL, mGAc Rkl AR
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Y PR HE T AT A 4 7 B4R T o

http://soils.issas.ac.cn



%6 1

FRE DA« RSBl AL AR F] 1 2R GEAR P 240 B A T 4 T A e AR T A B 5

1241

Ju—
[\
1

—_

(=
T
*
*

] %%
N o

o0
T

SEIMEITTT 22 (%)
(o)}

—
[\
1

—
[
T
*
*

*
— — ¥%  #k k%

=]
T

SEIMEITTT 22 (%)
(o)}

0 1 1

CORE S

SRR T

O 1 1 1 1 1 1
Q¢ 0%0%\ &

=

T G F R R R T

RDA2 (16.14%)

-1.2

1 1
-15 -1.0 -05 0.0 0.5
RDA1 (26.30%)

1.0

o
0.8 1
ek .
06 B — ek
3
0.4+
02+
00 1 1 1 1 1 1
15 TP pH “C SOM TK LI
HETR S e 52 K5

(*F/RTE P<0.05 KPR .3, **FI/RAE P<0.01 /K P340 2 %)
B2 FEHRNEE D IRAERFHEEEMNRRAREEE LM

Fig. 2 Effects of environmental factors on peanut yield and rhizosphere bacterial community structure analyzed by random forest model
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equation modeling analysis
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