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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
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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Fig.1 Schematic diagram of the rhizobox device for in-situ collection of root exudates
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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
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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 (¢ )

F1 TRWEFZPNEERARASDATMEZNEE

Table 1  Quercetin content in root exudates of wheat at the grain-filling stage collected by different methods

i 2 7 PR

Quercetin content /mg Average value/mg

FE Wz
Sample Concentration/ (mg-L™")
%% B 4EE Device collection
2.821
method
. 1 -1.255
IR AEY: Solution
2 0.924
collection method
3 7.064

0.01128 0.01128
-0.00502
0.00369 0.01597
0.02825

T B 120 3MEEAEE S WL 1 IR E L, RUIOR R T AR, 7E3 150 A (R T 4% o (HAL B

A, 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

REHITEE EEascliEl

Daidzein content /mg Average value/mg

R W

Sample Concentration/ ( mg-L™)
$H WY Device 1 1.363
collection method 2 0.738
3 0.661
AR TR 1 0.679
Solution collection 2 0.805
method 3 0.978

0.002 45 0.001 75
0.001 48
0.00 132
0.001 36 0.001 64
0.001 61

0.001 96
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Table 3 Comparison of different collection methods of root exudates and rhizosphere soil

W ik WSt 4 g fxi e s
Collection methods Collection target  Continuity Advantages Disadvantages
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JE AR R 43I (AR A2 & The RS 2 FEREIRYE . A, Sk Tk ) L AR s - b
thizobox device for in-situ collection of e s
root exudates
LA WEAR PR LI ARAE R 5L The by 145 = AWM R, L TP BRI R W)
rhizobox system for non-destructive B, AR HES R
collection of rhizosphere soil
VEPCHE R AR PR T SRR R A 0% ARBR AT FIAR = EIR727N Y DA 2 N SRARXS R J, AR
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