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Abstract: [ Objective ] This paper aimed at understanding the relationship between continuous monocropping of vegetable and
soil-borne diseases, which will contribute a lot to development of green ecological agriculture. [ Method ] Based on the important
role of rhizodeposition in plant-soil functional feedbacks, a field experiment was carried out to study incidence variation of root
knot nematode diseases and explore its relationships with rhizospheric soil properties, especially composition of rhizodeposits in
tomato fields under monocropping for 2, 6 and 8 seasons and the same cultivation management. [ Result] Results show that
compared with the plot of 2 season, the plots of 6 and 8 seasons were significantly lower in soil pH (P<0.05) , and significantly
higher in concentration of soil total organic carbon and nitrate nitrogen. Root knot index of the tomato and incidence of the root
knot nematode disease increased with the monocropping going on. A total of 150 kinds of rhizodeposits were identified with the
gas chromatography/time of flight mass spectrometry (GC/TOF-MS) metabolomics, including alcohols, organic acids, amino
acids, carbohydrate, terpenes, alkaloids and steroids compounds. Meanwhile, with the monocropping going on, composition and
relative contents of the components of the rhizodeposits varied significantly, and the amount and relative abundance of organic
acids, such as 3-(3-hydroxyphenyl) propionic acid, salicylic acid, thymol, succinic acid, lauric acid, as main components of the
rhizodeposits increased, too. The network architecture analysis of soil chemical properties, rhizodeposits and root knot index
shows that the network was reducing in complexity, but intensifying in modularization after continuous tomato monocropping.
The compounds in the rhizosphere were quite closely related to soil chemical properties and root knot index of the tomato.
Among them, 3-(3-hydroxyphenyl) propionic acid, salicylic acid and succinic acid were negatively related to soil pH, and 3-
(3-hydroxyphenyl) propionic acid, salicylic acid and atropine were positively to concentration of soil NO;-N . The relationships
between root knot index and other nodes were strengthened with the monocropping going on.  Conclusion In the plot of 8
season, the root knot index was negatively related to content of lauric acid but positively to concentration of soil NO5-N,
atropine and ergosterol. The findings shows that the monocropping of tomato aggravates root knot nematode disease, which is
closely related to soil chemical properties, especially variation of the rhizodeposits. Therefore, more efforts should be made in
future studies, based on screening of key differential compounds, to specify, through simulation of the composition of the
rhizodeposits, functions of specific compounds in the rhizosphere and their synergic effects with biological and abiotic factors on
incidence of root knot nematode diseases.

Key words: Monocropping obstacle; Ecological agriculture; Soil health; Rhizodeposition; Root knot nematodes; Differential
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Fig. 1 Conceptual framework showing the relationship between

rhizodeposits and root-knot nematodes under continuous
monocropping systems ( Solid arrow represents positive impact and

dotted arrow represents negative impact )
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Table 1 Chemical properties of the rhizosphere of monocropping tomato relative to history of monocropping

MRS . :
soc/ NH,-N/ NO;-N/ DOC/ AP/ pH EC/

History of

(g-kg™) (mg-kg™) (mgkg™?) (mg-kg™) (mgkg™) (H,0) (mS-cm™)

monocropping

o2 7Y 14.1+0.16¢ 3.71+0.04a 153.5+1.0b 7.3+0.1a 90.8+3.9a 7.21+0.03a 0.75+0.04c
%6 7Y 15.7+0.12b 3.59+0.03b 162.3+1.9a 6.6+0.0b 36.5+2.8b 6.91+0.02b 2.50+0.12a
%8 Y 16.8+0.15a 3.55+0.03b 160.2+1.0a 6.2+0.1c 37.7+3.2b 6.88+0.04b 1.49+0.15b

ﬂf SOC: iﬁ@ﬁﬂﬁb’%, NHZ-N: %ﬁ?ﬁf/ﬁu

NOg-N : A

DOC: #fftEH UK ; AP: HHE; pH: MRIRE; EC: S

o FPBIE AT E = iR (n=3), [FZ1AK 8] 58] 3 7% b B i) 22 5 1 3 ( P<0.05 ). ' [A), Note: SOC: soil organic carbon; NHz-N :

ammonium nitrogen; NO3-N :

nitrate nitrogen; DOC: dissolved organic carbon; AP: available phosphorus; pH: potential of hydrogen;

EC: electrical conductivity. Data are means + SE (n =3), different letters in the same column represent significant difference between
treatments ( P<0.05) . The same below. (D2" season, 26" season, (8™ season
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Fig. 2 Morphology of tomato roots relative to history of monocropping
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Fig. 3 Nonmetric multidimensional scaling ( NMDS ) plot of the
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Table 2 Composition and relative contents of its components in the rhizodeposits relative to history of monocropping

25| Categories

05 Number

AHX] £ & Relative contents/%

c2 C6 cs c2 C6 cs

2% Alcohols 9 9 10 19.330.52a 14.12+0.73b 12.55+0.39b

A LI Organic acids 46 51 52 51.25+0.45a 53.62+1.43a 54.36+1.76a
IR Amino acids 16 17 16 5.23+0.15a 4.88+0.26a 5.07+0.16a
B2 Carbohydrate 14 12 14 4.89+0.40a 2.56+0.13b 2.22+0.10b
2% Terpene 5 5 5 2.77x0.57a 2.230.15a 2.79+0.05a

A= Ym8 Alkaloids 0 1 1 0 8.96+0.34a 9.33+1.25a
{2 Steroids 14 14 12 6.23+0.46ab 4.93+0.11b 7.55+1.03a
HAlh Others 31 32 32 10.30£0.33a 8.7+0.46b 6.130.18c

e OGS A — b e & A A AT i, IR AT B RN T 0.5% LA W IE 2B AL S B, Note: Relative contents
of the components determined with the photospectral peak area normalization and compounds<0.5% in proportion sorted into other categories.
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Fig. 4 Distribution of predictions of importance of variable projections of differential compounds in the tomato rhizosphere relative to history of
monocropping
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Table 3 Network topology structure indices of the tomato relative to history of monocropping

& 4 B+ Graph metric

HEAVEFERL History of monocropping

C2

C6 Cc8

A9 #5%% Number of nodes 128 140 137

1% Number of edges 607 653 624
SEHRE Average degree 9.484 9.329 9.109
B4R K Average path length 5.744 8.947 9.686
FiH b5 % Modularity index 2.071 3.029 2.977

W4 4% Diameter 18 30 31
1EH3% Positive correlation 69.85% 66.62% 67.47%
1A% Negative correlation 30.15% 33.38% 32.53%
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- %Y e \} su ARV, | e {5y 4:Phenols
e ¥ 0L N 545 Aldchydes
w7 RS @ 55255 5L Root-knot index
AR w2 e HAlh Other
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=== (1) 1 P 3
@ --edl e ) ® FEISS e e [ J— . S/ 4
[ L b I @ o o«
G e s R ©) I e (10)
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° Q a L 4 -
(6) wmwwm g pe 4! o Mo . o
° RKI A [
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3 NO N -y ¢ - NH N, ® Lo
<) NH'N }D_____(i](ll) ¢ R + DOC m It J‘
N oy ¥ ! -—%Q--—-(B)
\ NG

23 2w season S6TE 6 season SH8FE 81 season

e LR LRYORT 0.6 (IEMK-LL) di/hT-0.6 (ARG ) MGt B &M (P<0.05). AJFBE R M RN
AEBAEEGYB . LIREAAEFURRE 8, I E AN SR () WIER. 2RMEE6WaHE. (1) D-2E3E; (2) L-3¥
HAR; (3) WFR; (4) AAIHERR; (5) 3-FEENMR; (6) HAER; (7) MIREAPIRR; (8) WU (9) /KiHMR; (10) BEIMR; (11)
Z MW, Moi: TR ; RKI. 84538 %(. Note: Continuous lines stand for correlation coefficient >0.6( positive correlation - red line )
or <-0.6 ( negative correlation - green line ) and statistical significance ( P < 0.05) . Nodes different in color indicate different compounds,
soil chemical properties and root-knot index, and size of the node is proportional to degree of the connection ( degree ) . Differential
compounds include (1) Galactose, (2) L-Malic acid, (3) Oxalic acid, (4) Gluconic acid, (5) 3-Hydroxypropionic acid, (6 ) Lauric

acid, (7) 3- ( 3-hydroxyphenyl ) propionic acid, ( 8) Atropine, (9) Salicylic acid, ( 10 ) Succinic acid, and ( 11 ) Ergosterol. Moi:
soil moisture; and RKI: root-knot index.

K5 AREEAEFEMMRRTERY) . LA ARZ B IL N o) MAEHYTHIEEY, b) iR
TERY P19 2: AL S

Fig. 5 Network co-occurrence analysis of rhizodeposits, soil chemical properties and root-knot index relative to history of monocropping a )

All compounds in rhizodeposits, and b ) Differential compounds in rhizodeposits
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