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ITS2R (5'-GCTGCGTTCTTCATCGATGC-3").,
1.2.2  Tlumina Miseq U7 : ] 2%B50 i M8 i [m]
&t PCR 724y, F|H AxyPrep DNA Gel Extraction
Kit (Axygen Biosciences, Union City, CA, USA)
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1. BEMEESRETBEPEAEIXERGEREERARLITIEE
Figure 1. Visualized annular map of bacterial taxonomy and phylogenetic information in tomato continuous
cropping and rotation soils. The middle part of the circle is the evolutionary tree of the top 100 species in all
samples, and the doors corresponding to the top 20 species (marked by asterisks) are marked by different colors;
the size of circles and asterisks represents the abundance size; the outer ring is a thermal map; each ring is a
sample, and each sample corresponds to a color; the color depth varies with species abundance.
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Figure 2. A comparative map of the horizontal

community structure of Bacteriophyta in tomato
continuous cropping and rotation soils. A: Chinese
cabbage; B: cucumber; C: pepper; D: tomato; E:
eggplant; F: okra; G: pumpkin; H: CK; in order to get
the best view effect, only the top ten species of
abundance level are displayed, and other species are

merged into Others to show in the graph.

PCA1 (70%) vs PCA2 (13%)
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PCA analysis of bacteria in tomato continuous cropping and rotation soils. A: Chinese cabbage; B:

cucumber; C: pepper; D: tomato; E: eggplant; F: okra; G: pumpkin; H: CK; the closer the samples are on the

coordinate map, the greater the similarity.
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WRRMERM NG . AN . BRI
HAR ., AH., R4, BEESEGY. 5k
A B P ZE AU T A0 TR, AR A Sk
P70 LA s AT, Wk 20 MARE 8 4>

x1. HEZHMEREER
Table 1. Bacterial diversity index
Treatment OTU ACE index Chaol index Simpson index Shannon index Coverage/%
A 2294 2516.11 2542.31 0.0078 6.1598 99.34
B 2252 2519.87 2524.26 0.0055 6.3127 99.00
C 2351 2605.71 2625.53 0.0044 6.3467 99.27
D 2441 2741.09 2749.29 0.0051 6.3357 99.19
E 1981 2298.99 2301.19 0.0058 6.1298 99.07
F 2437 2661.86 2654.72 0.0047 6.4212 99.23
G 2396 2681.51 2702.06 0.0054 6.2788 99.21
H 2056 2299.74 2313.60 0.0086 6.0111 99.28

A: Chinese cabbage; B: cucumber ; C: pepper ; D: tomato; E: eggplant; F: okra; G: pumpkin ; H: CK.

x2 ITREAEmMARKREIESRITR
Table 2. Statistical tables of soil beneficial bacteria and their effects
Genus Species Function
Bacillus Bacillus subtilis Ammonifying bacteria
Bacillus mycoides Ammonifying bacteria
Bacillus putrefaciens Ammonifying bacteria
Bacillus mucilaginous Ammoniated bacteria, release soluble potassium
Bacillus megaterium Degradation of organic phosphorus
Bacillus licheniformis Disease Resistance
Bacillus thuringiensis Pest control
Bacillus laterosporus Promoting root growth, sterilizing and degrading heavy metals
Bacillus coagulans To break down the toxic gas
Lactobacillus Lactobacillus plantarum Improvement of alkaline soil, degradation of heavy metals, resistance to
Lactobacillus acidophilus pathogens
Streptomyces Streptomyces flavorectus Disease resistance
Proteus Proteus species Ammonifying bacteria
Nitrosomonas Nitrifying bacteria
Nitrococcus

Nitrosospira
Nitrosolobus
Nitrobacter
Nitrococcus
Nitrocystis
Nitrocellulose
Azotobacter
Azomonas
Beijerinekia
Derxia Jensen et al
Frankia

Azotobacter

http://journals.im.ac.cn/actamicrocn
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Figure 4. Thermogram analysis of beneficial
bacteria in tomato continuous cropping and rotation
soil. A: Chinese cabbage; B: cucumber; C: pepper; D:
tomato; E: eggplant; F: okra; G: pumpkin; H: CK;
each column in the figure represents a sample, the
rows represent beneficial species, and the color
blocks represent their relative contents; the more red
the color, the higher the content, the bluer the color,
and vice versa. In addition, cluster analysis was
conducted on the samples; the more similar the
contents of beneficial bacteria were, the closer the
samples were, and the closer they were in the
clustering tree above the figure.
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A: Pezizales_sp.
B: Ascobolaceae_sp.
C: Incertae_sedis_sp.

D: Botryotinia__fuckeliaria

E: Incertae_sedis_sp.
F: Microascaies_sp.

G: Pseudalescheria_boydii

H: Microascaceae_sp.
I: Sordariomycetes_sp.
J: Chaecomiaceae_sp.
K: Serdariales_sp.

L: Eurctiomycetes_sp.
M: Incertae_sedis_sp.
N: Mortierellales_sp.
O: Mortierellaceae_sp.
P: Cortinariaceae_sp.
Q: Conocybe_rickerii
R: Conocybe karinae
S: Conocybe_opala

T: Conocybe_fimetaria

Taxonomic tree

@ Ascomycota
® Basidiomycota
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. Class
o4
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5. BEMEEESRELBETEESXSRAELXERFEEANLIATEE

Figure.5. Visualization of fungal taxonomy and phylogenetic information in tomato continuous cropping and
rotation soils. The middle part of the circle in Figure 1 is the evolutionary tree of the top 100 species in all

samples, and the doors corresponding to the top 20 species (marked by asterisks) are marked by different colors;
the size of circles and asterisks represents the abundance size; the outer ring is a thermal map; each ring is a
sample, and each sample corresponds to a color; the color depth varies with species abundance.
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Figure 7. PCA analysis of fungi in tomato continuous
cropping and rotation soils. A: Chinese cabbage; B:
cucumber; C: pepper; D: tomato; E: eggplant; F: okra; G:
pumpkin; H: CK. The closer the samples are on the
coordinate map, the greater the similarity.

*3. HEZHMEHER

Table 3. Diversity index of fungi
Treatment OTU ACE index Chaol index Simpson index Shannon index Coverage/%
A 315 345.04 343.00 0.0783 3.513 99.82
B 341 351.45 352.11 0.0493 3.8316 99.92
C 327 352.29 364.28 0.0625 3.6782 99.84
D 337 379.57 382.38 0.0708 3.6882 99.77
E 298 338.35 331.00 0.0712 3.3146 99.85
F 337 356.99 376.14 0.0842 3.6311 99.86
G 368 395.28 401.11 0.0900 3.3561 99.86
H 272 281.60 288.87 0.0625 3.5947 99.95

A: Chinese cabbage; B: cucumber; C: pepper; D: tomato; E: eggplant; F: okra; G: pumpkin; H: CK.
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x4 BEMBFTEEREERAFRITER

Table 4. Statistics and their effects of harmful fungi in tomatoes

Genus Species Function
Alternaria Alternaria solanacearum Tomato early blight
Botrytis Botrytis cinerea Tomato gray mold
Fusarium Fusarium oxysporum tomato Tomato fusarium wilt

Fusarium solani Tomato basal stem rot
Nectria Nectria haematococca The sexual state of Fusarium solani
Didymella Didymella lycopersici Tomato basal stem rot
Diplodina Diplodina lycopersici The asexual state of Didymella lycopersici
Corynespora Corynespora cassiicola Tomato basal stem rot
Pythium Pythium cucumerinum Tomato cataplexy
Rhizoctonia Rhizoctonia solani Tomato blight/Tomato basal stem rot
Phytophthora Phytophthora solanacearum tomato late blight/Tomato phytophthora root rot
Pyrenochaeta Pyrenochaeta Brown root rot
Verticillium Verticillium dahliae Tomato Verticillium wilt
Sclerotium Sclerotium rolfsii Tomato Sclerotium rolfsii
Septoria Septoria musiva tomato septoria leaf spot
Cladosporium Cladosporium fulvum Tomato leaf mold

WA HEEIERE, AL 8 A b R
B KON FE AL B (Verticillium dahliae), H AN
A (0%-0.029%)
2.2 FHihEeAES EAEXS SR M AR e
2.2.1 RAESBEAEX L EREVERG AR . NG
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M2 5 A5, AHEEAL PR 7 2 4 3 v B bl 1 1
RN AR IR g BTN > PR | 3l >3 il > >
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RO 2R, PR IR S P2 IS Ry
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AP, A AR A B 3 S R R T A DR/
WO EIR . CK, BKZE | P F i, R
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A AN JOHLRAE , AR N 00 36 Mt 48 /R AT )
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[, WML r] o0 g FRAE BRI . FP I AR I 1
PERRTREE 3 Fho  TASLI PR i LAEZ pH
MSE SRR T 7 BB A, A e
THRPERERR BRI RS . B 5 nl g, S AHEAL B
7 3 oA W0 TR T ) P DR/ N I R AU
Fai>e IN>FKE . CK PU#T P> >R 2>
2R 38
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x5 BhRESEEIENIIREEN

Soil enzyme activities in tomato rotation and continuous cropping soils

Alkaline
phosphatase

Catalase

Polyphenol
oxidase

0.2135+0.0017b
0.1515+0.0035d
0.2554+0.0074a
0.1461+0.0094d
0.0972+0.004¢

0.1729+0.0046¢

2.093+0.018f
2.424+0.005b
1.965+0.066g
3.001+0.022a
2.169+0.096¢
2.30940.011c

0.7521+0.007¢
0.7781+0.012b
0.5628+0.004d
0.4539+0.008¢g

0.475240.012ef

0.4847+0.006¢

0.2481+0.0038a
0.2575+0.0033a
0.2173+0.0058a
0.2292+0.061a

0.2386+0.0128a
0.2339+0.0037a

Table 5
Treatment  Sucrase Urease Protease
A 4.140+0.018¢  0.5072+0.0041b
B 9.869+0.610a  0.5192+0.002a
C 6.017£0.008d  0.5051+0.0049b
D 7.53240.047¢  0.5109+0.002ab
E 8.960+0.074b  0.4885+0.0016¢
F 2.7224+0.014f  0.5121+0.0019ab
G 9.196+0.034b  0.5117+0.0068ab
H 2.442+0.008f  0.5130+0.0010ab

0.1404+0.0019d
0.0432+0.0048f

2.268+0.016d
2.286+0.104cd

0.2457+0.0054a
0.2670+0.0079a

0.4658+0.006fg
0.8443+0.005a

A: Chinese cabbage; B: cucumber; C: pepper; D: tomato; E: eggplant; F: okra; G: pumpkin; H: CK.
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*6. EMRESEFEIEMNpHESHFNEE

Table 6. pH value and nutrient content of tomato rotation and continuous cropping soil
. Available Available Available
Treatment pH Organic matter/(g/kg) nitrogen/(mg/kg) phosphorus/(mg/kg) potassium/(mg/kg)
A 8.09+0.006a 20.424+0.042¢ 157.4+1.318f 198.2+0.962h 340+1.684¢
B 7.66+0.015d 37.091+0.485b 422.3+2.589b 252.7+0.998f 402+1.482d
C 7.83+0.01b 27.349+0.131f 270.8+1.642¢ 307.0+1.146¢ 424+1.461c
D 7.74+0.015¢ 29.162+0.198¢ 344.2+1.196¢ 331.5+2.209¢ 466+0.819b
E 7.50+£0.021e 33.047+0.096d 270.8+3.368¢ 417.4+1.047a 398+2.383d
F 7.844+0.017b 34.840+0.222¢ 273.542.400e 240.9+0.627¢g 420+1.833c
G 7.67+£0.01d 45.261+0.774a 328.240.952d 337.4+1.907b 333+1.527f
H 7.66+0.01d 29.21740.453¢ 553.0+£2.740a 320.7+£2.019d 616+2.105a

A: Chinese cabbage; B: cucumber; C: pepper; D: tomato; E: eggplant; F: okra; G: pumpkin; H: CK.
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(OM) . HACH(AN) . HAHABEAP) . HEAH(AK) 243 L8R A B4 T E RSB S FILE
SRR (ENT) . IRAB(EN2) . EEEHEN3). 484y, (3% o nll, ot LI AL ARG,
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x 7. TIREBHIEREXEER

Table 7. Relevance matrix of soil fertility indicators
Indicators pH OM AN AP AK ENI1 EN2 EN3 EN4 ENS5 EN6
pH 1.000 -0.612 -0.564 —-0.829 -0.283 -0.536  0.266 0.693 -0.204  0.220 -0.184
OM -0.612 1.000 0.299 0.342 -0.226  0.537 0.208 -0.304  0.130 -0.380  0.137
AN -0.564  0.299 1.000 0.250 0.785 -0.034  0.455 -0.719  0.315 0.438 0.598
AP -0.829  0.342 0.250 1.000 0.204 0.449 -0.614 -0.513 0.117 -0.471 -0.157
AK —-0.283 -0.226  0.785 0.204 1.000 -0.489  0.187 -0.588  0.246 0.397 0.323
EN1 -0.536  0.537 -0.034  0.449 —-0.489 1.000 -0.154  -0.004 0.219 -0.329  —0.098
EN2 0.266 0.208 0.455 -0.614 0.187 -0.154 1.000 0.047 0.349 0.411 0.371
EN3 0.693 -0.304 -0.719 -0.513 -0.588 —0.004  0.047 1.000 -0.297 —-0.193  -0.668
EN4 -0.204  0.130 0.315 0.117 0.246 0.219 0.349 -0.297 1.000 -0.236  —0.004
ENS 0.220 —0.380  0.438 -0.471 0.397 -0.329 0411 -0.193  -0.236 1.000 0.745
EN6 -0.184  0.137 0.598 -0.157 0.323 —-0.098 0.371 -0.668  —0.004  0.745 1.000
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x8. ERASAMHFHEESAESHTEHER

Table 8. Eigenvalues of principal component analysis and contribution rate of variance analysis

Initial eigenvalue

Extract the sum of squares of factor loads

zé;ri;f;i nt Eigenvalues of principal ~ Proportion of Cumulative  Extract factor Proportion of Cumulative
components total variance percentage  eigenvalues total variance percentage

pH 3.787 34.428 34.428 3.787 34.428 34.428

oM 3.227 29.336 63.764 3.227 29.336 63.764

AN 1.607 14.605 78.369 1.607 14.605 78.369

AP 1.229 11.169 89.537 1.229 11.169 89.537

AK 0.623 5.665 95.202

EN1 0.466 4.238 99.440

EN2 0.062 0.560 100

EN3 1.86E-16 1.69E-15 100

EN4 1.10E-16 9.97E-16 100

ENS —6.01E-17 —5.46E-16 100

EN6 —9.66E-17 —8.78E-16 100

*9. EHNBENEEEENE

Table 9. Principal component score and comprehensive
score table

Treatment F1 F2 F3 F4 F Ranking
-1.530 1.098 -0.218 —0.672 -0.311
0.600 0.406 1.487 -0.731 0.461
-1.051 -0.236 —0.636 0.163 -0.506
0.226 -0.441 0.321 2.110 0.231
0.401 -1.560 -1.345 -0.778 -0.603
-0.544 0.242 0.227 0.643 -0.011
0.280 -0.932 1.170 -0.716 -0.086
H 1.617 1.424 -1.006 -0.018 0.825 1

A: Chinese cabbage; B: cucumber; C: pepper; D: tomato; E:
eggplant; F: okra; G: pumpkin; H: CK.
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Effect of vegetables-tomato rotation on soil microbial diversity,
enzyme activity and physicochemical properties of vegetables in
greenhouse

Huifang Liu, Hongwei Han, Qiang Wang, Hongmei Zhuang, Hao Wang

Research Institute of Horticultural Crops, Xinjiang Academy of Agricultural Sciences, Urumqi 830091, Xinjiang Uygur

Autonomous Region, China

Abstract: [Objective] Tomato is a vegetable that is largely affected by continuous cropping. We investigated the
effect of the rotation of different crops and tomato on soil microbial diversity, enzyme activity, and soil
physico-chemical properties, with the aim to select rotation crops suitable for tomato and thus to provide a
theoretical basis for alleviating or avoiding continuous cropping obstacles in tomato cultivation. [Methods]
Together with tomatoes, cultivated over 2 consecutive years, we planted six crops, namely Chinese cabbage (A),
cucumber (B), pepper (C), eggplant (E), okra (F), and zucchini (G); treatments with continuous tomato cultivation
(D) and temporary non-crop soil (H) were used as controls. Using 16S rRNA and fungal ITS region sequencing,
soil enzyme activity, pH value, organic matter content, and available nitrogen, phosphorus, and potassium levels
were determined. This enabled us to investigated the effects of the rotation of different vegetable crops and tomato
on soil microbial diversity, enzyme activity, and soil physicochemical properties. [Results] The diversity index
values of bacteria and fungi in soil from treatments A, B, C, E, F, and G were significantly higher than that in H.
The community structure of bacterial phyla in D soil and in A, B, C, E, F, and G soils was relatively stable, albeit
with differences in species abundance. Fungi were more sensitive to environmental changes than bacteria, and the
differences in fungal community structures were greater than those in bacterial communities. The abundance of
nitrifying bacteria (Nitrosomonas and Nitrosospira) in soil was significantly increased by rotation of eggplant and
Chinese cabbage in the tomato field. Principal components analysis showed that the community structure of
bacteria and fungi in E and H soil was significantly different from that of other treatments. Soil enzyme activity of
different crops in rotation soils (A, B, C, E, F and G) was significantly different, but the change law was not
obvious. Catalase activity in A, B, and H soil was significantly higher than that in other soils. According to the
results of the soil fertility analysis, soil pH, organic matter, available nitrogen, and available phosphorus were the
main contributing factors. [Conclusion] Crop cultivation can significantly increase the soil microbial diversity;
rotation of eggplant and Chinese cabbage in the tomato field can significantly increase the abundance of nitrifying
soil bacteria, which is beneficial to nitrogen metabolism and use. Rotation of cucumber and Chinese cabbage in the
tomato field can significantly increase soil catalase activity, which is conducive to reducing the self-toxic effect
produced by tomato in continuous cropping mode. Based on our results, eggplant, cucumber, and Chinese cabbage
are potential dominant crops for avoiding or alleviating the tomato continuous cropping obstacle.

Keywords: tomato, continuous cropping and rotation, soil microorganisms, enzyme activity

(AXTT%h: &%)

Supported by the National Key Research and Development Plan (2016YFD0201005)
"Corresponding author. E-mail: Wanghao183@163.com
Received: 11 March 2020; Revised: 28 June 2020; Published online: 25 September 2020

actamicro@im.ac.cn



