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Agriculture and Forestry University / Fujian Provincial Key Laboratory of Agroecological Processing and Safety Monitoring,
Fuzhou 350002, China)

Abstract: The continuous monoculture problem commonly causes huge economic losses in modern agricultural production.
The occurrence and development of continuous cropping obstacles pose a serious threat to the yield and quality of Chinese
medicinal plants; therefore, it is important to explore effective strategies to alleviate the continuous cropping obstacles. In this
study, we evaluated the effects of microbial fertilizer application on the continuous cropping obstacles and pharmacological
activities of radix pseudostellariae (Pseudostellaria heterophylla). The effects of microbial fertilizer application on the yields
of continuous monocultured radix pseudostellariae for 4 years under field localization experiments were investigated. Quanti-
tative reverse-transcription polymerase chain reaction (qQRT-PCR) and high-performance liquid chromatography-mass spec-
trometry (HPLC-MS) were used to analyze the effects on the rhizosphere soil microorganisms and the main effective compo-
nents of radix pseudostellariae. We also used pharmacological tests to analyze the efficiency of radix pseudostellariae under
different treatments. Our results showed that microbial fertilizer significantly improved the growth of continuous monocul-
tured radix pseudostellariae, and the yield increased by 68.28%, 111.58%, 257.54%, and 133.23% in 4 years, respectively.
Microbial fertilizer application significantly increased the abundance of beneficial Pseudomonas spp., decreased pathogenic
Fusarium oxysporum in the rhizosphere soil, and increased the contents of total polysaccharides and heterophyllin B in radix
pseudostellariae as compared with those of the consecutive monoculture treatments. The types and contents of amino acids in
radix pseudostellariae under microbial fertilizer application were similar to those in the 1-year monoculture and standard radix
pseudostellariae. Eight types of amino acids in the microbial fertilizer amendment and the newly planted radix pseudostellariae
were not significantly different. Pharmacological tests showed that radix pseudostellariae alleviated the damage caused by
cyclophosphamide in mice. There were no significant differences in the spleen index, liver weight, epididymal fat weight, and
white or red blood cell content of mice treated with plants of the microbial fertilizer amended and newly planted radix pseu-
dostellariae. The effect of radix pseudostellariae on platelet recovery of mice under microbial fertilizer amendment was con-
sistent with that of standard radix pseudostellariae. Moreover, the total antioxidant capacity of radix pseudostellariae under
microbial fertilizer amendment was stronger, and the superoxide dismutase content was significantly higher than that of newly
planted and standard radix pseudostellariae. Compared with newly planted radix pseudostellariae, the microbial fertilizer
amendment significantly increased the expression of immune factors IL-2 and IFN-r in the liver tissue of mice. There was no
significant difference in the expression of TNF-a between the microbial fertilizer amendment and newly planted radix pseu-
dostellariae. In conclusion, microbial fertilizer amendment effectively alleviated the continuous cropping obstacle and im-
proved the quality and pharmacological activities of radix pseudostellariae. Our results provide guidance for studying allevia-
tion strategies in other Chinese medicinal plants under consecutive monoculture regimes and for evaluating the quality and
pharmacological activities of modified medicinal plants.

Keywords: Radix pseudostellariae; Continuous cropping obstacle; Microbial fertilizer; Rhizosphere management; Pharma-

cological activities
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x1 IEFRHBEDEFN)DRFEREETF qRT-PCR 2514955 KR KEE

Table 1 Taxon-specific and liver immune factors primer sets and their annealing temperatures for quantitative PCR
/ (5°-3%)
Target group/Gene name Primer name Sequence (5°-3) Annealing temperature ()
Ps-for 4] TTAGCTCCACCTCGCGGC 64.0
Pseudomonas spp. Ps-rev GGTCTGAGAGGATGATCAGT
ITS1F ¥ CTTGGTCATTTAGAGGA AGTAA 60.4
Fusarium oxysporum AFP308R CGAATTAACGCGAGTCCCAA
ACTB ACTB F 16171 GAAGATCAAGATCATTGCTCCT 60.8
ACTBR TACTCCTGCTTGCTGATCCA
IL-2 IL-2 F U617 CTGCGGCATGTTCTGGATTTG 60.5
IL-2 R TTGAGGGCTTGTTGAGATGATGC
IFN-y IFN-y F 16171 AATGMCGCTACACACTGCA 58.3
IFN-y R TGAAGAAGGTAGTMTCAGG
TNF-a. TNF-q F 1617 ATGAGCACAGAAAGCATGATCCGC 63.0
TNF-a R AAAGTAGACCTGCCCGGACTC

2 KFSINHK BN RME &G
Table 2 Elution conditions of the HPLC used to detect the
heterophyllin B of radix pseudostellariae

A B
Time (min) Mobile phase A (%) Mobile phase B (%) (uL]'{ritii’l)
0 95 5 300
2 70 30 300
12 60 40 300
15 55 45 300
16 50 50 300
20 40 60 300
2 30 70 300
2.1 95 5 300
26 95 5 300

A: ; B:
phase B: acetonitrile.

Mobile phase A: water; mobile

[20].

200 pL, 100 pL 100 pL
) 5 1 h
400 pL , 10 min
3, 0.22 pm HPLC
HPLC : ACE Excel SuperC18
(5 pm 250 mmx4.6 mm); A: 0.1 mol'L™
(pH 6.5)- 93 7); B: -
(80 20); : 1 mLmin'; : 5 uL;
1 254 nm; : 36 ; HPLC : 0~15

min (0~15% B), 15~18 min (15%~24% B), 18~25 min
(24%~40% B), 25~30 min (40% B), 30~30.1 min
(40%~100% B), 30.1~50 min (100% B), 50~50.1 min
(100%~0 B), 50.1~70 min (0 B)

1.4
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0.5%
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4505 mg-kg ! R
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BALB/c , 14 ,
7
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,1h
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3500 r'min”’ ,
1.4.4
05 g , RNA
RNA, RNA

http://www.ecoagri.ac.cn



1319

8
qRT-PCR , (P<0.05);
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g. 1 Effects of microbial fertilizer on the yields of radix
pseudostellariae

Fi

_

(P<0.05)

Different lowercase letters mean significant differences among treat-
ments in the same year at P<0.05 level.

2.2
qRT-PCR

[EE

Pseudomonas spp. [<10” copies-g™' (soil)]

03 1 ¢

IR T T 5 T ) LA

Ratio of Fusarium oxysporum/Pseudomonas spp.

& s 2N &

2 HERMREXTFSIREHMEMFEET L
Fig. 2 Effects of microbial fertilizer on populations of micro-
organisms in radix pseudostellariae rhizosphere soil
FY: ; SY: 1 ; TY: 2 ; BIO: +
(P<0.05) FY,SYand TY
indicate treatments of newly planted soil, one-year monocultured soil
and two-year monocultured soil, respectively. BIO indicates the treat-
ment of application of microbial fertilizer on three-year monocultured
soil. Different lowercase letters mean significant differences among
treatments at P<0.05 level.
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Fig. 3 Effects of microbial fertilizer on contents of total polysaccharide and heterophyllin B in radix pseudostellariae
FY: ; SY: 1 + (P<0.05) FY and SY indicate

the treatments of newly planted soil and one-year monocultured soil, respectively. BIO indicates the treatment of application of microbial fertilizer on
three-year monocultured soil. ST indicates the standard radix pseudostellariae. Different lowercase letters mean significant differences among treat-

ments at P<0.05 level.

2.4 (
HPLC 17 )
, ; 13 (

3),
2.5
2.5.1

, 10 mg- g"1 )
4
x3 ERMREAFSHEERZEANSETNH
Table 3  Effects of microbial fertilizer on contents of amino acids in radix pseudostellariae
Amino acid FY SY BIO ST

Glutamic acid

13.27+2.36aA

10.42+2.13aB

12.61+3.75aA

10.30+3.17aA

Serine 3.93+1.75aDE 2.28+0.44aD 2.91+1.31aBC 2.25£0.91aC
Histidine 5.99+0.83aC 4.31+0.89aC 5.57+1.45aB 4.67+1.13aB
Glycine 0.29+0.08aG 0.17£0.05aF 0.23£0.09aC 0.17£0.06aC
Arginine 11.44+2.52aB 12.35+£2.02aA 13.58+4.16aA 11.61+2.67aA
Threonine 3.70+1.32aDE 2.00+0.53aDE 2.32+0.75aC 2.03+0.50aC
Tyrosine 2.20+0.63aF 0.90+0.28bDEF 1.30+0.35bC 1.15+0.30bC
Valine 2.00+1.18aF 0.24+0.20bF 0.69+0.46bC 0.41+0.25bC
Methionine 0.58+0.17aG 0.47+0.16aEF 0.64+0.14aC 0.56+0.13aC
Isoleucine 2.27+1.32aF 0.47+0.18bEF 0.81x0.32bC 0.62+0.23bC
Leucine 3.95+1.09aDE 1.64+0.45bDEF 2.39+0.71bC 2.00+0.53bC
Phenylalanine 3.07+£0.94aEF 1.28+0.35bDEF 2.06+0.59abC 1.73+0.39bC
Lysine 4.47+0.77aD 1.86+0.56bDE 2.89+0.93bBC 2.2340.63bC
FY: ; SY: 1 ;BIO: + ; ST: (P<0.05),

(P<0.01) FY and SY indicate the treatments of newly planted soil and one-year monocultured soil, respec-

tively. BIO indicates the treatments of application of microbial fertilizer on three-year monocultured soil. ST indicates the standard radix pseudostel-
lariae. Different lowercase letters in the same line mean significant differences among treatments at P<0.05 level. Different capital letters in the same
column mean significant differences among amino acids at P<0.01 level.
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Fig. 4 Effect of radix pseudostellariae under different treat-
ments of application of microbial fertilizer on weight of mice

CK: ; CTX:

; CTX+FY: ; CTX+SY:
; CTX+BIO:

; CTXA+ST: CK:
no-radix pseudostellariae treatment and physiological saline injection;
CTX: no-radix pseudostellariae treatment and cyclophosphamide injec-
tion; CTX+FY: newly planted radix pseudostellariae treatment and
cyclophosphamide injection; CTX+SY: one-year monoculture radix
pseudostellariae treatment and cyclophosphamide injection; CTX+BIO:
microbial fertilizer amendment radix pseudostellariae treatment and
cyclophosphamide injection; CTX+ST: standard radix pseudostellariae
treatment and cyclophosphamide injection.

2.5.2
= & (9,
, 150 mg-kg™ )
( 5A), ,
(1.49%) , (1.3%);
( 5B 5C)
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> >
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2.5.5
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IFN-r -,
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6 ,  CTX
IL-2 IFN-y TNF-o

IL-2 IFN-r ;
TNF-a , )
IL-2 TNF-a
, IFN-y
3 itit
3.1
) ) [ (Cucumis sativus
L) (Capsicum annuum L.) (Lycopersicon

esculentum Mill.) (Solanum melongena L.)]

[ (Rehmannia glutinosa Libosch.)
(Panax notoginseng Burkill.)
Panax quiquefolium L. Angelica sinensis
quiq g

Oliv.) (Panax ginseng C. A. Mey)] ,
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Fig. 5 Effect of radix pseudostellariae under different treatments of application of microbial fertilizer on physiological and bio-
chemical indexes of mice
CK: ; CTX: ; CTX+FY: ; CTX+SY:
; CTX+BIO: ; CTX+ST:
(P<0.05) CK: no-radix pseudostellariae treatment and physiological saline injection; CTX: no-radix pseudostellariae

treatment and cyclophosphamide injection; CTX+FY: newly planted radix pseudostellariae treatment and cyclophosphamide injection; CTX+SY:
one-year monoculture radix pseudostellariae treatment and cyclophosphamide injection; CTX+BIO: microbial fertilizer amendment radix
pseudostellariae treatment and cyclophosphamide injection; CTX+ST: standard radix pseudostellariae treatment and cyclophosphamide injection.
Different lowercase letters mean significant differences among treatments at P<0.05 level.
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Fig. 6 Effect of radix pseudostellariae under different treat-
ments of application of microbial fertilizer on the expression of
liver immune factors in mice
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AR
Relative expression level
o

0

W
T

CTX:
CTX+BIO:

(P<0.05) CTX: no-radix pseudostellariae treatment and cyclophos-

phamide injection;, CTX+FY: newly planted radix pseudostellariae
treatment and cyclophosphamide injection, CTX+SY: one-year mono-
culture radix pseudostellariae treatment and cyclophosphamide injection;
CTX+BIO: microbial fertilizer amendment radix pseudostellariae
treatment and cyclophosphamide injection; CTX+ST: standard radix
pseudostellariae treatment and cyclophosphamide injection. Different
lowercase letters mean significant differences among treatments at
P<0.05 level.
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