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Effects of different soil intensification treatments on growth and development
of Radix pseudostellariae in continuous cropping system
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Abstract: Continuous monoculture problems of medicinal plants are threatening the supply and quality safety of the source prod-
ucts in intensive traditional Chinese medicine agricultural practice. Therefore, it is of great ecological and economic significance
to intensively explore the ecological restoration of conducive-disease soil. Radix pseudostellariae is a tuberous Chinese medicine
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that suffers from serious continuous cropping impediments under intensive cultivation. In this study, to evaluate the effects of
different treatments on alleviating the continuous cropping obstacle of R. pseudostellariae and uncover the mechanism from the
perspective of soil micro-ecological environment, four different soil intensification treatments including tuber reserved, fallow,
flooding and rice rotation were set between two crops of R. pseudostellariae, and dynamically detected the changes of photosyn-
thesis, stress-resistance physiology, and dry matter translocation .The results showed that, compared with fallow treatment, rice
rotation treatment significantly slowed down the downtrend of soil pH, and the organic matter content in soil. The abundance of
beneficial microorganisms and nitrogen cycling genes in the rhizosphere of R. pseudostellariae was increased while the patho-
genic microorganisms decreased when rotated with rice in comparison with the fallow regime. This in turn led to significantly
increased net photosynthetic rate and improved process of dry matter translocation of R. pseudostellariae under rice rotation
treatment, indicating that the yield of R. pseudostellariae and the contents of polysaccharides and total saponins were significantly
increased by 19.5%, 22.9%, and 5.8%, respectively. The improved grey T’s correlation degree analysis showed that soil pH, soil
organic matter content, the abundance of specific microorganisms, the abundance of nitrogen cycling genes, the photosynthetic
rate and antioxidant enzyme system in leaves of R. pseudostellariae were highly correlated with the yield of tuberous roots (Ab-
solute correlation degree >0.6). In addition, the physiological parameters of R. pseudostellariae reflecting the growth status and
the improvement of soil environment in middle and pre-phases of tuberous root greatly contributed to high-yielding formation of
the medicinal plants when rotated with rice crop. Therefore, the seedling stage, early and middle tuberous root expansion stages of
R. pseudostellariae were critical to alleviate the continuous cropping obstacles of R. pseudostellariae. This study also suggested
that rice exudates and its residual bio-degradants entering soil ecosystem were conducive to accelerating the reconstruction of
specific microflora, alleviating soil acidification, and improving nutrition sequestration after rice rotation treatment, thus resulting
in the decreased environmental stress intensity, improved energy and nutrition metabolism, and optimized dry matter allocation in
the growth and development prophase, consequently improved yield and quality of the medicinal plants. These results provided
a theoretical basis for the ecological remediation of continuous cropping obstacles and the construction of the pivotal technology
system in ecological sustainable cultivation practice.

Keywords: ecological intensification; continuous cropping obstacles; Radix pseudostellariae; rice rotation; grey correlation
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Table 1 Detail information of each treatment
Treatment Abbreviation Description for treatments
NP >
Newly plant Radix pseudostellariae Plant Radix pseudostellariae in new farmland as control.
RP-S s
Remain tuberous roots in soil as R
storage Tuberous roots of former crop Radix pseudostellariae are left in soil and
planted in the next crop.
RP-F >
Keep soil fallow Keep soil fallow between two crops of Radix pseudostellariae.
RP-WF s
Submerge soil in water Submerge soil in water between two crop of Radix pseudostellariae, then dry
it before next crop.
RP-R

Rotate with rice

>

Plant rice between two crops of Radix pseudostellariae.
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Fig. 1 Schematic diagram of soil treatment of Radix pseudostellariae in 2019 and 2020
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NP: the newly planting Radix pseudostellariae; RP-S: the stands for remaining Radix pseudostellariae tuberous roots in situ soil as storage;
RP-F: the keeping soil fallow after harvesting Radix pseudostellariae; RP-WF: the submerging soil in water after harvesting Radix pseudos-

tellariae; RP-R: Radix pseudostellariae rotated with rice.

*2 MELHAZMEFTERLTEREIERE qPCR =231 FT

Table 2 qPCR primer sequences for specific beneficial and harmful microorganisms in rhizosphere soil and genes associated with

nitrogen cycle

Ttem Primer Sequences (5'-3")
Polyscytalum algarvense POL-F GCTGCGTTCTTCATCGATG
POL-R ACATACCTGTTGCCTCGGC
Fusarium oxysporum ITS1-F CTTGGTCATTTAGAGGAAGTAA
AFP308R CGAATTAACGCGAGTCCCAA
Pantoea ananatis PANT-F GAGGTCGCTTCTCTTTGTATGC
PANT-R GCTCGTGTTGTGAAATGTTGG
Metschnikowia MET-F TAACAAGGTTTCCGTAGGTGA
MET-R ATTCGCTGCGTTCTTCATC
Humicola grisea HUM-F CGATGCCAGAACCAAGAGA
HUM-R CCAAACCATTGTGAACATACCT
Trichoderma harzianum ITS1S TACAACTCCCAAACCCAATGTGA
ITSI R CCGTTGTTGAAAGTTTTGATTCATTT
Burkholderia Burk3 CTGCGAAAGCCGGAT
Burk R TGCCATACTCTAGCYYGC
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Item Primer Sequences (5'-3")
Pseudomonas Ps-for GGTCTGAGAGGATGATCAGT
Bacillus Bac F GGGAAACCGGGGCTAATACCGGAT
R1378 CGGTGTGTACAAGGCCCGGGAACG
AOA 19F ATGGTCTGGCTWAGACG
CrenamoA616r48x GCCATCCABCKRTANGTCCA
AOB amoA-1F CCCCTCKGSAAAGCCTTCTTC
amoA-2R AAAGGYGGWATCGGYAARTCCACCAC
nifH nifH-F AAAGGYGGWATCGGYAARTCCACCAC
nifH-R TTGTTSGCSGCRTACATSGCCATCAT
narG narG1960m2F TAYGTSGGGCAGGARAAACTG
narG2050m2R CGTAGAAGAAGCTGGTGCTGTT
nirk nirK876 ATYGGCGGVCAYGGCGA
nirK1040 GCCTCGATCAGRTTRTGGTT
nirS nirSCd3aFm AACGYSAAGGARACSGG
nirSR3cdm GASTTCGGRTGSGTCTTSAYGAA
nosZ nosZ2F CGCRACGGCAASAAGGTSMSSGT
nosZ2R CAKRTGCAKSGCRTGGCAGAA
2
2 GERE5HW
>
2.1 217%  55%,
2 B
>
(2019 2020 ),
, 73.75% ,
(P<0.05, )
21.1%
5.8%; ,
19.5% 27.8% 2 2021 31.3%
), 1 22.9% 8.1%,

R3 FRLEBHKFEEERamRFN
Table 3 Effects of different treatments on yield and quality of Radix pseudostellariae

2020 2021

Yield of the first year Yield of the second year Content of polysaccharide

Content of total saponin

Treatment S 72 B B

(kg hm™) (kg hm™) (mgg ) (mgg)
NP 3850.69+83.37 a 3771.844£32.92 a 15.15+0.65 a 0.86+0.02 a
RP-S 1010.81+144.40 d 600.64+19.20 ¢ 10.78+0.16 d 0.72+0.02 d
RP-F 2069.74+166.74 ¢ 1230.38+42.56 b 11.53+0.28 d 0.82+0.02 be
RP-WF 2214.14+83.37 ¢ 1798.67+71.10 a 13.10+0.01 ¢ 0.83+0.01 ab
RP-R 2644.99+79.296 b 1906.13+34.00 a 14.16+£0.24 b 0.87+0.01 a

1 P<0.05

Treatments are the same as those given in Fig. 1. Different lowercase letters indicate significant differences in the same year between different

treatments at P < 0.05.
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Fig. 2 Dry matter content accumulations and distribution ratio of different organs of Radix pseudostellariae at different growth

stages under different treatments
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Treatments are the same as those given in Fig. 1. SS: seedling stage; EE: the early expanding stage of tuber roots; ME: the middle expanding

stage of tuber roots; LE: the late expanding stage of tuber; HS: the harvesting stage. Different lowercase letters indicate significant differ-

ences at P < 0.05 in the same stage and same plant tissue between different treatments.
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Table 4 Photosynthetic rate of Radix pseudostellariae leaves at different growth stages under different treatments

Leaf net photosynthetic rate (umol CO, m 2 s™")

Treatment EE ME LE
NP 11.5+0.2 a 10.9£0.1 a 9.2+0.1a
RP-S 7.5+0.1d 6.2+0.1 ¢ 4.1+0.2 ¢
RP-F 8.4+0.4 c 8.7+0.1d 5.9+0.2d
RP-WF 8.4+0.1 ¢ 9.1+0.1 ¢ 6.8+0.1 ¢
RP-R 9.6+0.3 b 9.7+0.1 b 7.0£0.1b

1 P <0.05

Treatments are the same as those given in Fig. 1. EE: the early expanding stage of tuber roots; ME: the middle expanding stage of tuber roots;
LE: the late expanding stage of tuber. Different lowercase letters indicate significant differences between different treatments at P < 0.05 in

the same period.
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Fig.3 Antioxidant enzyme activities of continuously monocultured Radix pseudostellariae in under different treatments
1 SS: ; EE: ; ME: ; LE: ; HS:
Treatments are the same as those given in Fig. 1. SS: the seedling stage; EE: the early expanding stage of tuber roots; ME: the middle ex-
panding stage of tuber roots; LE: the late expanding stage of tuber; HS: the harvesting stage.
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SS: the seedling stage; EE: the early expanding stage of tuber roots; ME: the middle expanding stage of tuber roots; LE: the late expanding
stage of tuber. Treatments are the same as those given in Fig. 1. Different lowercase letters indicate significant differences between different

treatments at the same stage at P < 0.05.
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