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Effect of different rotation systems on the characteristic change of ecotype soilless

culture media for vegetables in greenhouse environments
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Abstract: With the development of ecological agriculture and sustainable circular agriculture, greenhouse tomato plants
develop rapidly in organic media culture. However, due to plant habitat requirements and reduction of production costs, the
reuse of the cultivation medium has become common. As reuse increases, the influence that diseases and pests have
increases, which decrease the yield and quality of fruits and impacts both the physical and chemical character, and so on.
This becomes a major bottleneck that restricts the sustainable development of the greenhouse tomato in organic media
culture. Self allelopathy is one of the most important obstacles to continuous cropping, commonly found in protected
vegetable cultivation. Therefore, in protected tomato cultivation systems, the biological character and physicochemical
character have an important theoretical and practical significance when exploring different enzyme activities in cropping

rotation organic ecotype soilless culture media. This paper studied the effects of three cropping rotations (i.e. normal
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cropping, alternate cropping and continuous cropping) on the ellulase activity, polyphenol oxidase activity, invertase
activity, dehydrogenase activity and pH, electrical conductivity and physical properties of the greenhouse tomato rhizosphere
matrix in soilless culture. The results showed that substrate enzyme activities and pH, electrical conductivity and physical
properties were strongly affected by the different cropping rotations. The absolute water content, invertase activity and
dehydrogenase activity were the highest in normal cropping matrix and the polyphenol oxidase activity was the lowest.
However, in the continuous cropping matrix, the substrate ellulase activity and polyphenol oxidase activity were the highest
and substrate bulk density and pH were the largest. In soilless culture, the chemical properties in the substrate are closely
related to the physical properties under normal cropping, alternate cropping and continuous cropping, leading to a change of
micro—ecological environment, and finally resulting in continuous cropping obstacles. There was a poor correlation between
dehydrogenase activity and the physical and chemical properties, but there were significant correlations of ellulase activity,
polyphenol oxidase activity and invertase activity with the physical and chemical properties, which leads to a conclusion that
the activities of sucrase, polyphenol oxidase and cellulase were the main factors influencing the pH, electrical conductivity
and physical properties of the matrix. Under normal cropping, the plasticity index of the substrate, bulk specific gravity,
total porosity and aeration porosity were statistically the greatest in all indexes, but the activities of dehydrogenase,
polyphenol oxidase, fiber luciferase, absolute water content, total porosity, aeration porosity and void ratio plasticity
indexes were the lowest when the tomato was continuously cropping. This leads to a conclusion that the normally cropped
matrix has a very good and more extensive environmental adaptability than the succession cropping stubble. The plasticity
index, void ratio, aeration porosity, dehydrogenase activity and absolute water content in all crops for rotation were greatest.
Therefore, the void ratio, aeration porosity, dehydrogenase activity and absolute water content can be used to evaluate
advantages of biological and physicochemical parameters in different rotation matrices. The observed results indicated that
the different crops used for rotation have advantages as follows: normal cropping>alternate cropping>continuous cropping.
Continuous cropping caused severe damage to the enzyme activity, biological and physicochemical characteristics of the
matrix, while normal cropping has little effect on its biological and physicochemical parameters.

Key Words: substrate; continuous normal
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Fig.1 Schematic diagram of cultivation bed used in the experiment
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Table 1 Effect of different cropping rotations on enzyme activities in rhizosphere matrix of tomato in solar greenhouse

i e LT YR it < At Z A LG
Treatment Invertase/ ( mg/g) Cellulase/ (mg/g) Dehydrogenase/ (Lg/g)  Polyphenol oxidase/( mg/g)

29.54+0.443aA
17.17+0.318¢C

6.12+0.108dD
20.19+£0.512bB

1E#E Normal cropping
HIFE Alternate cropping
M7 Continuous cropping
B FH (CK) New matrix

46.34+0.813¢B
66.55+0.703bA
68.41+0.564aA
35.68+0.958dC

13.15+0.512aA
9.66+0.325bB

1.97+0.069¢C
3.31+0.066bB
8.21+0.251cC 5.18+0.084aA
7.82+0.316¢C 2.07+0.038¢cC

ANTF /NG FREFRIR AR BRIRILE 5% 7K1 14 22 53 . 35 (P<0.05) s Al
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Table 2 Different cropping rotations on bulk density, pH, electrical conductivity and absolute water content of the media

Qb3 Eaay . HLA 3 (EC) Y% 7K
Treatment Bulk density/ (g/cm?) P /(ms/cm) Absolute water content/ %
IE#E Normal cropping 0.405+0.014¢C 6.477+0.075dD 1.737+£0.038bB 9.71£0.249aA

7 Alternate cropping
%7 Continuous cropping
B (CK) New matrix
AR BL T Tdeal matrix

0.575+£0.007bB

0.695+0.010aA

0.329+0.005dD
0.1—0.8

6.88+0.075¢B

7.60+0.140aA

7.18+0.148bB
6.0—7.5

1.303+0.153¢C

1.127+0.015dD

1.923+0.057aA
<2.5

9.402+0.263abA
9.206+0.218bA
8.202+0.187¢B

£3 TRFEOXEHEEHREERTLIEE

Table 3 Effect of different cropping rotations on porosity in rhizosphere matrix of tomato in solar greenhouse

Ab P

Treatment

SALBEE
Total porosity/ %

il AL

Aeration porosity/ %

Rk LB E

Water retaining porosity/ %

RANMLBR I

Void ratio

IE#E Normal cropping
7 Alternate cropping
7 Continuous cropping
B (CK) New matrix
FRAHSLIT 1deal matrix

72.94+0.715bB

70.80+0.383¢C

64.86+0.196Dd

75.29+£0.513aA
>75

17.77+1.172bB

15.93+0.996¢B

12.45+0.597dC

21.55+1.404aA
>15

55.17+0.717aA
54.88+0.868aA
52.40+0.788bB
53.75+1.314abAB
40—75

0.322+0.025bB
0.290+0.022bB
0.238+0.015¢C
0.401+0.036aA
0.25—0.67

2.3 FEJREEHE A 32 B MR B AR S 2

M 4 T LA 5 o i 0 - 32 2 B o
AE BN ICFR B[R H AL 1 5T 28 B0 1 9 AH OGPk
FAAEZEse . 20 Wy S AL | R I A 27 4 2K i 1k 5

ST PR AR R A0 A G T R T S Bk
PR AR DGR/ e B SR 1 5 pH (2 )
BEMMIE(P<0.01) , 546 5%F &k B S0 8 EM
K, HRKFLBUE 5 W35 A 2 A kS S

F4 ERHBEESEAERABEXXER

Table 4 The correlation between enzyme activities and physicochemical characters of the media

. N . FEKFLBR
MEK(EC) MHAKR A mem IR ‘
) K . Holding K/NFLER L
pH Electrical Absolute . Total Aeration . )
. Bulk density . . water Void ratio
conductivity ~water content porosity porosity .
porosity
i S Dehydrogenase -0.838"" 0.213 0.719 " -0.244 0.235 0.036 0.591" -0.035
Z A AL Polyphenol oxidase 0.746 " -0.910"" 0.175 0.947 ** -0.963 " -0.867 " -0.602 " -0.810""
FEBEER Invertase -0.901 ** 0.766 ** 0.172 -0.803 " 0.807 ** 0.650 " 0.696 " 0.578 "
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LFYEER[ Cellulase 0.339 -0.983 7" 0.512

0.963 ** -0.858"" -0.894""  -0.226 -0.879 ™"

n=12, % P<0. 05, * * P<0. 01
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Table 5 The plasticity index of enzyme activities and physicochemical characters in the media

A A SR

Eco-physiological parameter

1E#E
Normal cropping

BT (CK)

New matrix

B

Continuous cropping

pulk:s
Alternate cropping

Wi i Dehydrogenase 7.455 6.232 5.588 7.665
L AL Polyphenol oxidase 3.153 3.937 3.145 6.494
HEWERE Invertase 2918 3.363 3.148 4.412
L1 4 Z i Cellulase 3.042 2.048 1.589 4.846
PR T (pH 1) 2.290 2.158 3.351 3.673
B S % (EC) Electrical conductivity 3.933 2.273 2.632 5.584
4%t 5 /K & Absolute water content 4.949 4.993 4.166 4.466
%57 Bulk density 6.018 2.223 2.581 3.158
BFLBE Total porosity 1.715 1.066 0.597 1.244
A FLBRAE Aeration porosity 12.381 11.723 9.103 11.788
K FLBRE Holding water porosity 2.376 3.025 2.953 4.726
K/NFLBREE Void ratio 14.147 14.393 11.787 15.957
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