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Effects of Continuous Cropping and Crop Rotation on Fungal Diver-

sity in Greenhouse Soil
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Abstract [ Objectives | To explore the effects of continuous cropping and crop rotation on fungal diversity in greenhouse soil. [ Methods ]

Using the greenhouse soil grown with Ganoderma leucocontextum in different continuous (rotation) cropping years as experimental materials,

the change trend of soil fungal diversity in different continuous (rotation) cropping years was studied. Through high-throughput sequencing

technology combined with related bioinformatics methods, the richness, diversity index and community structure of the fungal ITSI + ITS2 re-

gion in the soil were analyzed. [ Results] Continuous cropping or crop rotation could increase the diversity of microbial communities. Ascomy-

cota, Basidiomycota and Zygomycota were dominant fungi. The proportion of Basidiomycota gradually increased with the increase of continuous

cropping years, and the abundance decreased after crop rotation. [ Conclusions ] This study is intended to provide a theoretical basis for the

research on continuous cropping and crop rotation obstacles.
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1 Introduction

Microorganisms in the soil mainly influence the utilization of
nutrients through absorption and transformation, while the reason
for the low soil nutrient level and the decline of product yield and

A long

quality may be the changes in microbial population
continuous cropping period of the crop will lead to a simplification
of the microbial population structure in the soil, resulting in a
sharp decline in soil quality, changes in soil pH, and even a large
reduction in product yield or total crop failure. The cause of crop
yield reduction is mainly fungi, such as Fusarium oxysporum,
Phytophthora and Anthracnose and other pathogenic fungi. In view
of these, we studied the effects of continuous cropping and crop
rotation on fungal diversity in soil from the aspects of fungal quan-
tity and species, to provide a theoretical basis for continuous crop-

ping obstacles” ™.

2 Materials and methods
2.1 Time and place The experiment was carried out in the
greenhouse of the Tibet Autonomous Region Modern Agricultural
Industry Demonstration Park from March to August 2019.

2.2 [Experimental materials The experiment set up 5 adjacent
greenhouses: (i) G. leucocontextum has not been planted for
many yvears; (ii) G. leucocontextum has been continuously
cropped for 2 years; (iii) continuous cropping of G. leucocontex-
tum for two years and then rotation of Morchella; (iv) continuous
cropping of G. leucocontextum for 3 years and then rotation of gar-
lic seedlings; (v) continuous cropping of G. leucocontextum for
three years and replacing soil. Kit: E.Z. N. A.® Soil DNA Kit.
2.3 Sampling and storage Soil samples were taken from five

greenhouses before and after G. leucocontextum was planted and
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stored at —20 C.

2.4 Experimental methods

2.4.1 Extraction of soil microbial genomic DNA. Weighed 0.5 g
of soil samples and stored at —20 °C, and extracted the total mi-
crobial DNA according to the test procedure of the kit, and stored
the DNA samples at —20 °C for later use.

2.4.2 Experimental procedure. After extracting the total DNA of
the sample, the primers synthesized by the fungus ITS1 + ITS2
were obtained according to the design, and the primer adapters
were combined for PCR amplification. PCR reaction system:; 10.0
WL of 10 x Buffer containing 15 mmol/L MgCl,, 2.0 pL of 2.5
mmol/L dNTPs, 5.0 pL of each 10 mmol/L primer; 5 U/uL Taq
enzyme 1.0 L, DNA template 4.0 pL, sterilized deionized water
73.0 pL, total volume 100 pL. PCR reaction conditions: 94 C
for 5 min; 94 °C for 30 s, 55 °C for 30 s, 72 °C for 30 s, 30 cy-
cles; 72 °C for 1 min. Library construction; purified, quantified
and normalized the products to form a sequencing library. The
built library was first checked for library quality. The qualified li-
brary was detected by HiSeq PE250 and sequenced by Lianchuan
Biotechnology Company'*.

2.4.3 Data processing. The experimental data were statistically

analyzed using Excel and SPSS software.

3 Results and analysis

3.1 Cluster analysis of soil fungal OTUs with different con-
tinuous cropping years The effective sequences of all samples
were clustered, and these sequences were clustered into OTUs ac-
cording to the sequence similarity of 97% , to obtain the sequence
of each cluster and its representative sequence (namely, OTU) ,
for using to count the sequence and abundance of each OTU for
downstream analysis>’. From the Venn diagram in Fig. 1, it can
be known that the total OTUs of greenhouse No. 1 were 448, the

total OTUs of greenhouse No. 2 were 1 390, the total OTUs of
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greenhouse No.3 were 1 211, the total OTUs of greenhouse No. 4
were 925, and the total OTUs of greenhouse No. 5 were 421.
There were 143 common OTUs among the five samples, among
which the number of OTUs unique to greenhouse No. 2 was the lar-
gest, reaching 240. (Due to abnormal data during the soil re-
placement process of greenhouse No. 5, no follow-up analysis
would be carried out).

3.2 Analysis of Alpha diversity of soil fungi in different con-
tinuous cropping years Alpha diversity is also called species
diversity within a habitat"®", including Chaol , Observed_species,
Goods_coverage, Shannon and Simpson indices. Using the Alpha
diversity analysis method to analyze the total number of OTUs and
Chaol index in soil samples, the diversity and value of fungi in
continuous cropping soil could be obtained”’. Table 1 indicates
the results of soil fungal Alpha diversity under continuous (rotary)
cropping of different years.

3

Fig.1 Venn diagram for soil samples of each greenhouse

From Table 1, it can be seen that during the growth of
G. leucocontextum , the total number of OTUs and Chaol index of
the fungi in the rotation and continuous cropping soils were higher
than those in the greenhouse without Ganoderma lucidum. The va-
riety of crop rotation after continuous cropping had a certain effect
on the total number of OTUs and Chaol index of the greenhouse
soil fungal community. The analysis of Alpha diversity showed that
both continuous cropping and crop rotation could increase the di-
versity of microbial communities.

Table 1 Results of soil sample diversity index

Greenhouse No. Chaol Total of OTUs
254.28 448

2 512.69 1390

3 555.50 1211

4 436.56 925

3.3 Species analysis of soil fungal community phylum com-
position in different continuous cropping years
the species abundance table, we selected the 20 species with the

According to

highest abundance to classify, calculate the relative abundance,

obtained the relative abundance data, and plotted the sample
abundance histogram, which is convenient for more intuitive com-
parison of sample abundance® ™', In Fig.2 and Fig. 3, the hori-
zontal axis is the sample name, each sample has 3 replicates, and
the vertical axis represents the relative abundance of phyla and
genera; different colors correspond to different species. From the
phylum-level histogram in Fig. 2, it can be seen that the fungi with
the highest proportion in each greenhouse soil were Ascomycota,
followed by Basidiomycota and Zygomycota. Continuous cropping
increased the relative abundance of Basidiomycota, and crop rota-
tion decreased the relative abundance of Basidiomycota, but in-
creased the relative abundance of Zygomycota.

From the histogram of genus level in Fig. 3, it can be seen
that the content of endophytic bacteria ( Phialocephala) in green-
houses No.2, 3 and 4 was more, and the content of endophytic
bacteria in greenhouse No. 1 was less. The content Hypocrea in
each greenhouse soil was high. The content of Plectosphaerella
was higher in greenhouses No.2 and No.4, and less in greenhou-
ses No. 1 and No. 3. The content of Massarina was higher in
greenhouses No.2 and No. 3, less in greenhouse No. 4, and not in
greenhouse No. 1. Ganoderma exists in greenhouses No. 2 and
No. 3, and No.4 except greenhouse No. 1.
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4 Conclusions

Through microbial sequencing technology, we obtained the
phylum, genus and abundance of fungi in soil samples of G. leuco-
contextum in rotation and continuous cropping were obtained. We
found that continuous cropping or crop rotation could increase the
diversity of microbial communities. Ascomycota, Basidiomycota
and Zygomycota were the dominant fungi. The proportion of Basid-
iomycota gradually increased with the increase of continuous crop-
ping years, and the abundance decreased after crop rotation, but
the relative abundance of Zygomycota increased. However, there
are still a large number of categorical fungal species that have not
been identified, especially the genus-level fungi. Therefore, it is
necessary to make further research and identification.
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(From page 39)

T3SS depend on corresponding chaperones to maintain their stabil-
ity in bacterial cytoplasm, and chaperones can assist effector pro-
teins to secrete or transport’’ . Some chaperones can also be
transported into host cells and participate in the intracellular func-
tions of the host'""". VscB belongs to Tir chaperone ( CesT) fami-
ly. This family consists of a large number of bacterial sequences,
which are highly similar to Tir chaperones in E. coli. In Yersinia,
YscB and SycN are chaperones of YopN. The secretory channel
width of T3SS is only 2 nm, Yops protein needs to be maintained
in a semi-folded state if it passes through the channel. It is specu-
lated that SycN and YscB chaperones play this function and make

effector protein exist stably before secretion'” .
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