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Abstract: [Objective] The rhizosphere is the interface between plants and soil, and plants affect the composition of soil
microbial communities by secreting root exudates, while rhizosphere microorganisms can affect plant physiology and
development through multiple mechanisms. Therefore, the development of accurate and applicable root exudate and soil sample
collection methods are very important in understanding the ecological process of plant root-soil interface. However, the in-situ
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collection of rhizosphere soil and root exudates remains understudied. [Method] This paper introduced a novel device for
the in-situ dynamic visualization and accurate collection of rhizosphere soil and root exudates. The device comprises a plant
growth compartment, a root growth compartment, a soil compartment, and a root exudate sampling system. The device is
designed by partitions, planting seeds or seedlings in the plant growth compartment, allowing the root system to extend into
the lower root growth compartment through a slit at the bottom. Also, the nylon membrane isolates the soil from the root system
to ensure a two-way pure exchange. On the one hand, it allows soil nutrients to infiltrate, ensuring normal plant growth, and
on the other hand, it prevents particle contamination. At the same time, a multi-interface connected sampling system is set up
to realize the accurate partition collection of root exudates. The sampling process is automated, with a vacuum pump controlled
by a solenoid switch and a program to regularly rinse and extract secretions into the sampling bottle. For soil sampling, the
depth and distance from the root system are flexibly selected, and the soil quantity is estimated by the sampling tube scale to
ensure the accuracy and comprehensiveness of the experimental data. For validation, root exudates of wheat during the grain-
filling stage were collected by both the device collection method and the solution collection method. The content of quercetin
in the root exudates was determined by high-performance liquid chromatography. A standard curve was prepared using
quercetin as the standard substance, and the content of quercetin in the root exudates was calculated. [Result] This device
innovatively integrated the functions of plant growth, root exudates sampling and rhizosphere soil collection. It realized the
accurate, in-situ, continuous and dynamic collection of plant root exudates and rhizosphere soil through ingenious design, and
the collection range could be accurately concentrated in the root system and the soil environment in the same area, so as to
ensure the simultaneous collection of exudates and rhizosphere soil. During collection of root exudates, the content of quercetin
obtained by the device collection method was close to that by the solution collection method, and it eliminated the cumbersome
operations such as root stripping, supported continuous sampling at multiple time points for the same plant, and significantly
improved the research efficiency of individual plants. Moreover, this method ensured the normal growth of plants, and there
was no interference with soil components, and provided high accuracy. [ Conclusion] This device, with its comprehensive
functions, provides efficient sampling capacity and precise control mechanism, and can serve as a powerful tool in the field of
plant physiological ecology, and is conducive for promoting the in-depth development of soil microbiology research.
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IR P2 SR R TGS B g A5, A 5 TR AR S AR P 8 b 25 LA
W AR A A E IR A, R IE AR R O W R R M REE AL IR PR A
Yo 2 R R AE R AR H . AWV RIEED IEF AR RS, SR AR
SRFIABIREI — REMLEYIR, AR . B EySMBESRSEt, AR PR LA A ()
JRAEIABAT EE IR E B, AR R W RESR IR 0 MARIR Y, I (e BERE A A A AR,
I RES SRR IR A A SN GE Y REVE KR, SR B A R AR, M s pid
PR, FEAEAE AN R G R s HEARH] .

IRPRA R SRR A e B G, B AU E R AR 53R EEEAL, REsfd:
YIS HYRRPR Z R T R IR 2R, BB A A S AT 4501, IR ) 55
W AAFAE AN, T BAEY- AR LA g, XA R T IR E3, Rm3RmE . ER
R BB IR E RSB S (YR SEHSRAL S WANRESS) T3 RIS MR PR M
VAL RRANTIRERA, flhn, 0RO ST I AT AE Y TR AR A S A B A R A A (T
TR R ), WA 1 A% i v - (e E R i RIS KR v, AR AR 2 B0 D < PAY i AR 51 A
B R ECT A s, I REVE AR PRI R i BLA R, U [FIHRAE L i R MY, A, fET
AT, KR AR 7 WA R RN R T SR - A - 12K (ACC) it B i 1 )
fA5e IR & (Burkholderia), JHIf FEAR L0 & MR M E 453005, TR 35 - K PEDST, AR 2%
IR B AR BRI A DA TR 4 Pl M 2R 2 R GUAR P A B 18] B 5 L BE AN 2 AU b B B A I e,
DRI, R HER . & BORR AR - I B T 1k S B R AR T, R ER AR AR R S AR S

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

RE SR RIRTSE . B TR AR KR K RO B Ay,  AARABSHILE S, A
SOMMR R AR EIS, BT XHAR R A S R OL T, SEBURAR 2R 70 W) SR B 3 i UG B S A7
FE—5E IRERL o

BT HRAEEENE S AN A bR oK, A A E KA B R A YY), PR 2SN
WA T %o R TR A ARE S AR 5 AU EARE PR ARESE R R MY
WAR DTV T AR R R CR I . WO RIS I S R R SRVE R, b R BRI 2R T AR IR K O
TRFR S, JE O ERAN E AR AR R 7 i, (HANRE T S HERR 0K (1 5 i (18-491
U TSR R RTENB A K 378 — B 1), Wi R4 S IER R, MR B8 IR
TN, AR PR AR 2, HANBEMER Sk B AR SR N RIE DL, B IR
TG FRAEIE A AT b, SRR 2 PR AE 2R UK B MLVA 1) LR A B, 45 B R AR
f. L. ZINET EANTEBIMOE TR AR R BUE FR AR Ko T A S 2R R 7Y
AR B TR R G0 RO A SO IR, AEAMERR ISR 48 BRI IR R 73 I 420l

MR B HEPIAR AR AR 3G B T30 R 30RO 3 AE 2, AP DR T — &
I WCERAR AR 0 WD ARAR 2R 4e 1Y 1228 B AR - TR RR = (IR — A HLAERR, AR RiE i
ARG N A, SR R AR R G LR e AR A, SR AL R AR R i) (I
Do Wei PR T — PR EE SRR R E,  H T MR AR S AR P 38 it s
AT AT A 1 00 B IR B SIS IB B R AR AL 2 E KB BUOARBR U E M X R R, IX
ARG TR EIRETE . DU DO REAIE o 5 R I (K SR R O AT E (B 2D

BR824 o
Sampling solution reservoir ~— - IX 7
Plant-soil compartment
~ p

! | o HEWERS Trrigation wicks

L A A Micro-suction-cups

BUFE I Sampling vials ~= <

|
4§ \e | — o
N . F ‘ \: TL4¥ Vacuum
A% Vacuum  $0 | _ .
= 4 - RN R
- “ Rhizosphere-soil
;. % compartment
SR EEIE(100 & 0.2 pm) JE (30 pm)
Exudate collection membrancs Nylon membranc
WRERX=

Root-only compartment

W IZEAREE CARIE AR R - I S TP E 2], o TR AT R G A E A3 4T T Si— 122k Note: This figure was redrawn based on
the reported methods for collecting root exudates®, and made uniform modifications to the layout, color scheme, and font of the original image.
1 JRRLWCER AR 5 73 WA AR AR 2 B s i R
Fig. 1 Schematic diagram of the rhizobox device for in-situ collection of root exudates
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S, Hrh S UK R A a3 B, a2 e S g SR AR SR AR R U R B e, A P AR B R R VA T AR
ZERYE Wei SERAR R m], xR B B SR T T 4i—&ek. Note: a) The rhizobox consisted of a three-layer cylinder

with a height of 136 mm and a diameter of 110 mm. The inner layer (root compartment) is made of a 50 pm nylon mesh net, which prevents

roots from entering the middle layer, and the outer layer is made of a 4 mm metal mesh to support the rhizobox. b) The middle sampling layer
consisted of 18 individual nylon mesh bags (150 pm nylon mesh; height, 136 mm; width, 18 to 21 mm; thickness, 1 to 2 mm) containing
homogenized and sterilized field soil. The soil in the nylon mesh bags of the middle layer was thus in close contact with plant roots and root
exudates and was used as a proxy of the rhizosphere bacterial community. This figure was redrawn based on the results of Wei et al. ?2, and
made uniform modifications to the layout, color scheme, and font of the original figure.
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Fig. 2 Schematic diagram of the rhizobox system for non-destructive collection of rhizosphere soil
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W 18 AR AW RAESE B 19, FIEHURESE 20, BURERE; 21 %% . Note: 1. Plant growth compartment, 2. Root growth compartment,
3. Soil compartment, 4. Connecting tubes, 5. First filter membrane, 6. Second filter membrane, 7. Sampling holes, 8. Auxiliary handles, 9. Sampling
tubes, 10. Real-time imaging device, 11. The first irrigation pipe, 12. Slit, 13. Reservoir bottles, 14. Sampling bottles, 15. Second irrigation pipe, 16.
Eluent inlet, 17. Eluent outlet, 18. Root exudates sampling device, 19. Soil sampling device, 20. Sampling caps, 21. Vacuum pump.
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Fig. 3 Schematic diagram (a) and picture (b) of a device for coordinated collection of rhizosphere soil and root exudates, schematic diagram
of the root growth compartment and root exudates sampling device (c), schematic diagram of the plant growth compartment, and soil

compartment (d), right side view of the outdoor wall of the root growth compartment (e) and exploded diagram of soil sampling device (f)
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Fig. 4 Growth of wheat in the experiment and collection device (a), timed camera taking photos (b), and solution collection method (c)
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Table 1 Quercetin content in root exudates of wheat at the grain-filling stage collected by different methods

FE i WEE Mt e 2% TR
Sample Concentration/(mg-L™) Quercetin content /mg Average value/mg

% B Il 4E1%: Device collection method 2.821 0.01128 0.01128

1 -1.255 -0.00502
AT Solution

2 0.924 0.00369 0.01597
collection method

3 7.064 0.02825

Ee A 1L 20 3SREREAEL. WRIEREA-ER 1 NN, RUPORER TR, E5- TS En o o [EEH.

R, 1-3 represent 3 replicates.

Note: The measurement value for the solution collection method - Repeat 1 is negative, indicating that

its concentration is below the detection limit, and it has been treated as a value of 0 when calculating the average. The same below.
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Table 2 Daidzein content in root exudates of soybean at the cotyledon stage collected by different methods

FEG WS REHLEE SETHHE
Sample Concentration/(mg-L?) Daidzein content /mg Average value/mg

% B IS Device 1 1.363 0.002 45 0.001 75
collection method 2 0.738 0.001 48
3 0.661 0.00 132

AR Solution 1 0.679 0.001 36 0.001 64
collection method 2 0.805 0.001 61
3 0.978 0.001 96

5 BURIE TN AR R 0 ) R e 2= A A, FLIR R TT R s mok, R R
REBIEE T RESE T, W% LIRMAYIEM: AR B — R A LR 720, R
RO WY IRE R 2 5 T B RBR M AE M R E BT . SO )RR RR 55 15 RN B )8 mT B AR i A
YIT-Ht, (RARER A IR Y0 R 25 B MR A 5 B A ] e 2 5 S B IR T B AR v R i
B R R 2 —RY, HIR, W RZE MBI, MR T KEH G, vRETE 5w R SR br 1 4%
TR B s AL, ANERR R KA RBEAT, TR BUE R AT RefE — e f2 5 LIRS T ke 2.
o HAEALIR SR, AT FEARGEMACR . T, REHB/KIER S, HR TR RE N =R
2. REMET, FRTE, R E S kI E g R BN — B

ZE D RTIR, R BRI Ry e S W 4 et N T A AE — 2 SR IR, (EIR AN 2 B R,
ST sR M 1 HAE S B SR B AR T TR s AR B AR R BRI B AR A KR,
Wkt G A% Gy v R R B BORE SR R B 52 S EUOMLMS, CRIEREYR R 5 8EM:, =BT HEMTE
Faal B AR AERORES I IR IBURFAE, TS T+ T RS 8E e e . ok, SR E w1
THE R T EAEDIR, SCOL T SR IR AR AR . — A B AR e TR L RE TR R
FE . REMPEEEBEE, H-0rm, RadeEs0rk iR FEARA KN BT
AT AR, SRR e R — I Bt . A B SB[l — MR /- W& 2 . B HIR
£, HUORFEE R 5 I nT AR HE R0 75 SR RV A, BT 7 AR R 2k, R HEH T
V- 2 ) EAE WL PRI B S 2 R AT
2.2 ZERIXEME

A4 B R — U AR B I AR R W A r) 35 B, TEAR 2R 0 WAk 36 AT e 1 A B 280
FEROFEEMAEKXE, ik X SMEEERAE —ERE, NEMRRAEKERMKS:
MHEKX ZERFHAREARAE KX EMLIEXE, EYEKKX SR AEKX =2 6% E A%
4, (IR REMIARAEKXE; WMAEKXEHNEEREAHE I8, 77A 080 IR0 AR
ROWYEEN T RAEKXES X E 2 AR EG S ZIEEE, HTHBRE. Bk
JRIENKEEE B, B 135 %8 M AR R AKX Zim 5 HIEX =22 SR R 0 WY R E,
SEIURE i e AU

P, BUOCH —Fh S50 56 B o] 58 o br - 80 SRR R - i 0 e, EIA 2% 8 B A A
N SR PR, HAR R W S SE LR IR A A b A i R AT, BTS2 AR B s mm, [l ISCR B s
H A ERAE R S5 R 0 IS S S A ST, T SEBIAR s SRR 28 5 A4 1 UG i A4
HARRAEKLEFRAF, MR R HE KRS, A B 2 — P SRR BR L IERIAR R
PR B S, MR R I FIAR bR T R H R T Wb 25, WISl = SR XU g, HLWRE
AIHERA SR T [F] — XS AR R S e LA, B IR 3 WA AR s L 38 DT e Pk Ui 2

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

23 REMTIETHM

AR WIWER AR ZHFE, KRR R TR & R USSR 56 1), (H5(EAE
—EMELE (R 3. KGR R KRBT 5 FEOUEAR MR R AR, HERER
TAEIRE S 5 70 1 A E 28, B i R SR USCER I 2 A G 5 JEAL AR BRI A AE 22 57, "R 2 55 4b
ISIE FRRCRAERF IR AR T AL 40 RIS M DAHERR 48 3 B sy, (IR B i) 5 &
AR RAWYIH R KN, HH 7 LT5E 1555 8 a] EER IR R W 1 [ I Se B R &R
TR S IO EURE,  DARE 04 T s AT 7T R B AR AR R - RO .

A% B TR I s> B R o WA AR BT, R R B R T A AKX
=, MABEXF)RAPLEHEARBERKX S, REAEKXES IRX E L AIRGA S 5, @
it e MR X AR/ TR, REFIR R IE A KISE, T IEIRBE R R, IR o ik o Bk e
JEE IR R X 5, 1 g (13550 FK 2 L A AR AR R R, AT Rk 1 3B AR R 4 i
PR IE U T3, RER AR 2AK T LS, (A 25 um 3 &, HAARE KT
WEFL ARSI (W1 0.65 umy 0.2 um), BR{R T 0¥ siodes . BiEPA KX E it iR+
B, DR T AR E SRS, MY AKX E R R X Sl A N, AEYIIR R K
ARy . RRAKX E/MEEFAYLIIGN, HNEWAJE IR, LAY; LR Y BR & 55ET4)
JRE N ZE KPR B
2.4 REWESEME ST

AIE BT, HARR WY R ENA B2, BEN SCHL SRAE I (8] F0 (] B ()45, Xt
YR RIS/, REERCE & R R WY R, B R RIS TP 4 T B =K,
FEIATRE 10 min SRAE—IR, FRUCRFERS T2 2 min CRAE R] B A 18] AR R 08 75 22 ) . ARk
(RGO I AR RAE K X MR KRG, F @S E AR, SR R 75 Wi
Ko
2.5 REMFEEMM

XFFARBR ERERIUCEE, B AT 2 KA H RN LR ykR, R i R o, (HAE s Z R BEHL
PEFRREYE, AR T FORR R AT JEAR B 38 2 (] 1 22 5 B0, S REWF 90 BE AR SR T AS [H) BE B A2 Ik
IR, TR X AR/ LA . AR BIR R AKX FSMENF IR, IR L ma 2
AN, B R E 4 A S RO ARA A, CLSCEUAR R I 3 DCORFE s SRS 3R
B, AR S 75 B R — R B R R 08, A I BREE AR R R E B AR A BURE LS, A R 2
BAAAKE LN, WIS 2 AT AR, CEBCH RS, X RARE, FH L
FEo SCBLBEARR AN FIBE S . ASFZ IR IR0 0 JZ AR
2.6 THAS U

REMARERX EAMNBA T E R 5 vees, SEIUR RAEKORGL A R rT R B A I, %
EIMNE R BA PR, DUl GBI HER RAEK IR, BT & EEIR R A KRS, 52
DB o BRI 5, MY R T AL IS VAR E W (5, AR08 Puid SEILR AR 2 B R AL
T Eh A I, I AT [F]20 58 R 2 7 W R 8 o I B
2.7 BRMSENAG®R

TR S T ARER LIRS W R A DAL USCEE , (H s RS T T A SRR
FSAGEIM T Z X B, HJeigB e I d U 4errtiae, SR SR . ARRATEETF
RICEAE GRS R IR, &S RS I LA Es i, 51N 3D #TEIHEORSEIAE 2N
et —RE, MBS SRR, REIA R FFTmmshaid:, HEik
NI B 2R . KRR GG b B ISR B S Y B SRR FE R A A, i — DR
MR . RGN L, AEEEHTAEKEYE. RASAEFPEARMEY) G/ BETF &
SRR, HpRg vt vl gl SR RN AKX %, LIRS, EXARAE Y 5L
IR R P F5 R X = RSP SREA . R3S i, A B b o - Bl L@ B B, T e

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

AT RE AR I ZE R RN IR 7 SZ Ht
2.8 FEBEETENMERS
B REXT EE M A HAR R 2 AR B 38 1) 3 BRIk, ASCE A T % HI LB 5. (R 3D,
# 3 RS WAFARIF TR EMEE 77 AL

Table 3 Comparison of different collection methods of root exudates and rhizosphere soil

Wtk T7 1 ESTE B = [/
Collection methods Collection target Continuity Advantages Disadvantages
A WA, HRRE e 4
#5442 Soil culture collection I TEMIN LA K N
MR 53 s i o L BRI AR 2R 7364
method PR

EAT
BRAERIME, 5 THmH
Bioktt, ALk

RABAEZE, HAREHE

s Solution collection method R R - 7 T S B SRS I I
AR E TCE N G I
ERS N
g
W85 5 A AR BRI A AE
F R fiesi i Matrix culture collection HERR 338 5 AR R 43
R W) 5 R, WEFBIBINE TR
method WK
TORAERF IR 53 FNREE
BEHLPESR, T2
#1432 Soil shaking method R b - 458 o BRI
IR
JEAT SRR 2R WA IAR A 26 B The
E 3278 i A VAN U~ -
rhizobox device for in-situ collection of R W) 2 e TV [P AR o 1
root exudates
FEBIR SR AR bR LR AR A RS The AemRtE Fhr, et
rhizobox system for non-destructive HE PR 1338 & gk, WSl R TR EEAR R 50
collection of rhizosphere soil PR3
VT PRI SR o - SRR 2R 2 WA 2 R JFhL,
MR BR WAAFIAR
# The device for coordinated collection o = St VLPCPEWCEE, SOFF SRR RS, RAREDH
e
of rhizosphere soil and root exudates B

3 4 ®

A E B MR TR E K IR AW SR PR 380 |2 S REREBR BRAE DI RE T 14,
LTSRS T X R R IR bR S RS AE L RO LR KA. R E
RRFER G B R BRI SRR, S/ MU YR R T, RT3 ORAR R WA
R . SRR IR S JE B IRE D BEEOR, AMUA e TR A I IE W AEKIAE, B
TR FE TSI S E o B, R IXCE AR R AT 45 K BRI AR A HOHURESL, SR AN R I
AT AR T (AR B AT RO EE R . 25 P, 2R E DU DIRE . W URR AR fE
PAGHERHE RIS, DR A B A A A U L 1 oAy A TR, A BT HESIIR PR L SR AR
IR TERIR N RS o

S Hk (References)

[1] HeY, Lin H, Yu G, et al. Spatio-temporal characteristics of O, in rhizosphere of hyperaccumulator Leersia hexandra Swartz under

chromium stress[J]. Soils, 2022, 54(5): 1024-1031. [%18%, MAE, AT, 5. BRACHE NS S YA IORAR BRid fif U 25 40 A RHAIE

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

[2]
[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[J]. 3%, 2022, 54(5): 1024-1031.]

Ling N, Wang T T, Kuzyakov Y. Rhizosphere bacteriome structure and functions[J]. Nature Communications, 2022, 13(1): 836.

Yang X H, Wang L Y, Li H X, et al. Effects of root exudates from buckwheat and sorghum on the root border cellsand root growth of
maize[J]. Acta Ecologica Sinica, 2023, 43(9): 3778-3788. [#%/Nih, TOLED, 2%, 5. 53 MR R 5yt ToKARILG AN
MAAR AR e [J]. AEAS 23R, 2023, 43(9): 3778-3788.]

You C, Yang T J, Zhou X G, et al. Research advances on mechanisms and preventions of soil-borne diseases exacerbated by root exudates
in continuous cropping systems[J]. Acta Pedologica Sinica, 2024, 61(5): 1201-1211. [3#%)1l, #RA, JHNI, 2. EER RS wym
JAll AL 95 2 ML RN R A HE T 030 R (D], R34, 2024, 61(5): 1201-1211.]

Ding A F. Introduction and application about a novel tool for sampling plant root exudates[J]. Chinese Journal of Soil Science, 2016,
47(3): 746-750. [T Z 7. HilUMR R IWYRFERE NN A5 RA]. L86EKR, 2016, 47(3): 746-750.]

Meng T T. Effects of rhizosphere/endophytic microbial communities and growth-promoting microorganisms on host growth and
metabolism of Codonopsis pilosula[D]. Lanzhou: Lanzhou University of Technology, 2023. [# /%, %S HbRIN AERZE MRS I
PRAE AR AR KRS MA[D]. 220 220N BT K2, 2023]

Niu S Q. Physiological research on growth promotingrhizobacteria from Haloxylon ammodendron regulating perennial ryegrass growth
and stress tolerance[D]. Lanzhou: Lanzhou University, 2017. [2-£FH. MR AR bl A 200 1 147 28 27 B A KA Ui 1 14 A BEF 2 [ D).
2 MR, 2017]

Liu Y X, Li X, Cai L T, et al. Identification of phenolic acid in tobacco root exudates and their role in the growth of rhizosphere
microorganisms[J]. Plant Nutrition and Fertilizer Science, 2016, 22(2): 418-428. [XI#f5, ZE48, XK, &5 JHEAR R4 ik
PV T 4 58 I FERTARBR S AE M s [J]. AEAE 77 5 kL3R, 2016, 22(2): 418-428.]

Baidullah N, Bratibai E. Research progress on the relationship between plant rhizosphere microorganisms and crop growth and
development[J]. Seed Science and Technology, 2023, 41(22): 142-144. [£%>% « JE&[ R, BAFDTE « MAfide A, BRERED 54
TR KR & 2 H 56 R BTSR[], AR, 2023, 41(22): 142-144.]

Pu Z T, Wang F, Li C, et al. Research progress of arbuscular mycorrhizal fungi affecting plant nitrogen absorption and transport[J].
Journal of Agricultural Science and Technology, 2024, 26(11): 171-179. [T K, E3E, 2%, 25 BB E B S 2 R
ORI I2 R ST RE R (D], R AR R S48, 2024, 26(11): 171-179.]

ZhuJ N, Bi'Y, Zhang Y, et al. Effects of HH103 effector NopT of rhizobium on nodule fixation and symbiotic early defense response of
soybean[J]. Biotechnology, 2024, 34(4): 517-524. [4nA, He5=, K, 5. HUBEH HH103 AN+ NopT M K &7 2598 ] 4 S
A RLUBE R SLJ]. VIR, 2024, 34(4): 517-524.]

Shi XY, Zhao Y G, Xu M W, et al. Insights into plant-microbe interactions in the rhizosphere to promote sustainable agriculture in the
new crops era[J]. New Crops, 2024, 1: 100004.

Hu L F, Robert C A M, Cadot S, et al. Root exudate metabolites drive plant-soil feedbacks on growth and defense by shaping the
rhizosphere microbiota[J]. Nature Communications, 2018, 9(1): 2738.

Naz M, Afzal M R, Raza M A, et al. The significant effects of strigolactones on plant growth and microbe interactions: A review[J].
Plant Growth Regulation, 2025, 105(4): 937-957.

Wang P Q, Wu Y L, Li Y F, et al. Research and prospects of plant root exudates and micro-environment[J]. Rural Science and Technology,
2021, 12(27): 96-98. [T, 222, 2k E, % MR RS WY RIS M S RED]. 2ARHE, 2021, 12(27): 96-
98.]

Li Y L, He H P, Liu J, et al. Analysis of organic acid components in root exudates and their effects on soil nutrients and enzyme
activities[J]. Northern Horticulture, 2024(12): 73-79. [Z 4k, BATAME, XI#F, & AR RIS WAHUERA 737 M B 5 13577y
B s R[], JbJ7 R, 2024(12): 73-79.]

Guo W J, Zhang Z L, Liu Q, et al. Research progress of root exudates collection technology[J]. Chinese Journal of Applied Ecology,
2019, 30(11): 3951-3962. [#h#idl, 5k F R, XK, & WRSUWYIBER ARG T RD]. NHAER R, 2019, 30(11): 3951-3962.]
Chen Q B, Peng L X, He L M, et al. Allelopathic substances in root and rhizosphere-soil of eucalyptus 12ABL[J]. Chinese Journal of
Tropical Agriculture, 2002(4): 28-34. [FREkiE, ZEIN, BRIR, 5. WIR 12 SRR K& ARPR 38 i A0 @Y 5 (0 B i3], #

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

HAOI R, 2002(4): 28-34.]

Hartmann A, Rothballer M, Schmid M. Lorenz Hiltner, a pioneer in rhizosphere microbial ecology and soil bacteriology research[J].
Plant and Soil, 2008, 312(1/2): 7-14.

Tang C S, Young C C. Collection and identification of allelopathic compounds from the undisturbed root system of bigalta limpograss
(Hemarthria altissima)[J]. Plant Physiology, 1982, 69(1): 155-160.

Oburger E, Dell‘'mour M, Hann S, et al. Evaluation of a novel tool for sampling root exudates from soil-grown plants compared to
conventional techniques[J]. Environmental and Experimental Botany, 2013, 87: 235-247.

Wei Z, Gu Y A, Friman V P, et al. Initial soil microbiome composition and functioning predetermine future plant health[J]. Science
Advances, 2019, 5(9): eaaw0759.

Zhang Z Y. Effects of insect herbivory on mycorrhizal fungi colonization and root-associated microbial community in common
ragweed(Ambrosia artemisiifolia )[D]. Kaifeng, Henan: Henan University, 2022, [Fk4h 5. & dBCEr ol i 5 B AR 2 1 T2 5 MR 2R ik
A BTN IA[D]. R R K%, 2022.]

Graham T L. Flavonoid and isoflavonoid distribution in developing soybean seedling tissues and in seed and root exudates[J]. Plant
Physiology, 1991, 95(2): 594-603.

Liao J P, Lin X G, Cao Z H, et al. A new system for continuous trapping of root exudate[J]. Soils, 2003, 35(4): 311-313. [ 4kf, st
ot, WA, S5 A RS W CR S BT, L%, 2003, 35(4): 311-313]

Ma W M, Tang S H, Dengzeng Z M, et al. Root exudates contribute to belowground ecosystem hotspots: A review[J]. Frontiers in
Microbiology, 2022, 13: 937940.

Luo Y, Chen Y, Ding N, et al. Research progress on the composition, release mechanism and collection technology of plant root
exudates[J]. Rural Science and Technology, 2023, 14(1): 127-131. [/ [, BRIE, T4, 5. WM R0 WP Byl Al
BT R]. £ FRME, 2023, 14(1): 127-131]

Wenzel W W, Wieshammer G, Fitz W J, et al. Novel rhizobox design to assess rhizosphere characteristics at high spatial resolution[J].
Plant and Soil, 2001, 237(1): 37-45.

Han C H, Zhang H Y, Zhao L, et al. Effects of sorbitol-chelated potassium through foliar spraying on wheat yield, potassium availability,
and rhizosphere microbiome[J]. Soils, 2025, 57(2): 290-299. [#ifk¥s, SKMPE, #XS7, 5. -t | B R 2 A B N Fe .
I FH 26 AR B - 98 AR W VA (e [J]. 3, 2025, 57(2): 290-299.]

LiY, Wang Y, Xiong Z Y, et al. Effect of manure with biomass carbon on forms of nutrients and nitrogen in rhizosphere / non-rhizosphere
soils[J]. Acta Pedologica Sinica, 2024, 61(2): 495-505. [45#%, £, AET1h, . BHUILECHEAE YR 3 AR br/AEAR br 1 35 2 A7

TASHIMI). 1+, 2024, 61(2): 495-505.]

(RfE4RLE: R

http://pedologica.issas.ac.cn



