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Microorganisms in soils and plants affect soil physical and chemical characteristics, affect soil nutrient availability

and distribution and are crucial for soil and plant health, aiding in resilience to environmental stresses.

soil and root microbiome field management 16S rRNA bioindicator

| 1. Introduction

Conventional cropping systems, which rely heavily on chemical fertilizers and control agents, have been utilized for
decades, leading to a doubling of crop production and increasing food demand among the global population .
However, this agricultural practice has many negative effects on ecological diversity, soil structure and human
health WI2E] |n contrast, organic cropping systems, which have been practiced for thousands of years, conserve
natural sources and maintain environmental health by using organic materials and low intensive tillage, making
agriculture sustainable B, Field management makes a significant difference and has a great impact on biological

diversity, including microorganism community structures and compositions.

Previous reports have shown the effects of agricultural practices on soil and rhizosphere microbiomes. For
example, soil bacterial richness and diversity was significantly increased in organic farms, compared to
conventional farms 4. Zhang et al. & found that the abundance of bacteria which obtain acid phosphatase activity
was altered in rice when the irrigation regimes were changed. In semiarid vineyards, cover crop management not
only increased soil organic carbon but also enhanced bacterial diversity compared to conventional tillage. In
contrast, fungal diversity was higher under conventional tillage than under cover crop management 8. In addition,
evidence also suggested that soil fungal communities are more sensitive to crop rotation and cropping systems
than bacterial communities are D&l There are also reports that show the effects of field management on root
endophytic bacterial microbiomes RI19. However, there are only a few reports that examine the impacts of field
management on both soils and root microbiomes. Hartman et al. 24 reported that field management is a crucial
factor in determining soil fungal structure, but in root endosphere it is the main driving force for bacteria rather than
fungi. The responses of bacterial and fungal communities to agricultural practices vary based on environmental
conditions and crop species, suggesting that more investigation is required to elucidate the effects of agriculture

practices on soil, rhizosphere and endosphere microbiomes.

Tea (Camellia sinensis L.) is one of the most important economic crops in the world. It is a perennial crop that is

grown for the harvesting of young leaves. Thus, nutrient replenishment, especially nitrogen, is crucial for tea
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production. However, the long-term application of chemicals is harmful to soil health and the ecosystem at large.
Several studies showed that applying organic fertilizers to tea farms increases soil pH, organic carbon and total N
content 12131 The width and length of tea leaves are also greater under organic farming systems, although yield
might be reduced compared to conventional farming systems 12141 Moreover, leaves harvested on organic farms
also enhance tea’s antioxidant properties 4131161 |n addition, Qiu et al. 2 examined soil microbial diversity
through temperature gradient gel electrophoresis and found a lower Shannon index when applying chemical
fertilizers instead of organic manure, suggesting that field management affects microbial biodiversity in tea farms.
However, little is known about the microbial community structures and species that are sensitive to field

management in the tea farms.

2. Identification of OTUs That Are Sensitive to Field
Management and Growth Environments

The distinction of bacterial community composition among samples was demonstrated by PERMANOVA and
PCoA. Next, we performed the LEfSe procedure to display how taxonomic abundance was affected by field
management strategy. At all the levels, samples derived from organic farms were relatively abundant compared to
those from conventional farms. One phylum (Latescibacterota), four classes, six orders and six families (LDA score
> 4) were enriched in the samples from organic farms. In contrast, only one class, one order and one family were

enriched in the samples from conventional farms (Figure S4).

We further identified the OTUs that were sensitive to field management strategies by performing an indicator
species analysis. Among OTUs identified in the pool of soil bacteria, 11 and 26 OTUs were potential indicator
species of conventional and organic farms, respectively, and five OTUs were co-occurred in both types of cropping
systems, meaning that they might have been indicators of soil bacteria. Among root endophytic OTUs, 21 and 16
OTUs were identified as indicator species of root endophytes under conventional and organic cropping systems,
respectively, and only two OTUs, assigned to Phenylobacterium and Thermosporothrix, were co-occurred under
both cropping systems; these are the bioindicators of root bacteria. Interestingly, four OTUs were co-occurred in
the roots and soils derived from conventional farms, while only one OUT, assigned to Sphingomonas, was co-
occurred in the soil and root samples from organic farms, suggesting that these OTUs might be the indicator
species of cropping systems in either soils or roots (Figure 1; Table S2). In summary, we identified the indicator
species of different sample types under different cropping systems. Further validation will be required to establish a

strong association between bacterial groups and field management.
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Figure 1. The bipartite network shows soil and root OTUs that were sensitive to cropping systems. Each circle

represents an individual OTU that was significantly associated with the corresponding sample groups (p < 0.05).

| 3. Discussion

There is growing evidence to support the impacts of agriculture practices on soils, rhizosphere and root
endosphere biota, including microbiota, and to suggest that the effects may be varied by crop species IZIS]11][18]
(191 Being different from most reports that study microbial community structure and diversity in soil or root-
associated compartments, our investigation examined the bacterial microbiome in both soils and tea root
endosphere from three organic and conventional farms, respectively. A total of 18 soil samples and 17 root
samples were harvested for analysis. Through this study, we demonstrated the impacts of field management on

bacteria communities in both soils and roots.

Previous studies showed that soil organic carbon (C) and total N content was higher in organic tea farms than in
conventional farms, which might lead to an increase in soil microbial biomass C, N, phosphorus content and the
Shannon index R34 Our work was different from previous studies that predominantly used chemicals or
temperature gradient gel electrophoresis to analyze the properties of soil microbes. As such, we performed 16S
rRNA amplicon-based sequencing to provide a global view of both soil and root endophytic bacterial microbiomes.
First, we found that all of the a-diversity indices of soil bacterial microbiomes were higher than root endophytic

bacteria. When comparing the effects of field management on a-diversity, only the evenness of soil bacteria in
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organic tea farms was significantly higher than in conventional farms, while no difference was observed for root
endophytic bacteria. This is consistent with previous studies that suggest that species richness in soil bacterial
communities is higher than in root communities; clearly, organic cropping systems enhance the a-diversity of soll

bacterial communities while field management has no or marginal effects on root bacterial communities [/

Root endophytes are transmitted from seeds or recruited from soils 2421, The strength of physical barrier in roots
is one of the selection forces for soil bacteria to pass. Only a limited number of bacteria species can successfully
colonize root cells 22, Thus, it is not surprising to see a lower a-diversity in root bacterial populations than in soil,
as well as a difference in soil and root bacterial community structure. When examining the variation of bacterial
community composition using PCoA and PERMANOVA, field management, sample type and the interaction
between the two variants significantly affected bacterial community structures. The difference between soil
bacterial communities under different cropping systems might affect rhizosphere bacterial composition, which is the
pool of root endophytes. At the phylum level, Proteobacteria, Actinobacteriota and Chloroflexi were the three major
phyla in roots, and they occupied more than 80% abundance, while, in soils, Proteobacteria, Acidobacteriota and
Chloroflexi were the three dominant phyla. Although Proteobacteria was abundant both in soil and in root
communities, its relative abundance in soils was significantly lower than in roots. In addition, Actinobacteriota and
Bacteroidota were also enriched in roots rather than in soils, while Acidobacteriota, Gemmatinonadota and
Nitrospirota were more abundant in soils than in roots; this finding is partly consistent with a study on winter wheat
(L1 Next, we investigated the effects of field management on soil and root bacterial communities, respectively. We
observed the enrichment of Verrucomicrobia, Plantomycetota and Gemmatinonadota in soil bacterial communities
derived from organic farms. In contrast, Verrucomicrobia and Acidobacteriota were abundant in roots under
conventional cropping systems and Bacterioidota was enriched in roots under organic cropping systems.
Verrucomicrobia is a ubiquitous bacterial phylum in soils and other studies even identified Verrucomicrobia
communities in the rhizosphere and root endosphere (28241 suggesting that this phylum might interact with plants.
A large-scale study of tallgrass prairie soils showed that the abundance of Verrucomicrobia is affected by climate
conditions. In addition, it is positively correlated with carbon metabolism function but negatively correlated with
nitrogen metabolism 23], Another study showed that Verrucomicrobia communities decrease when soil fertility
increases [281 supporting the notion that this phylum may be involved in complex carbohydrate degradation and
could have a high affinity for nutrients. Some studies showed that the relative abundance of Verrucomicrobia was
not affected by cropping systems or even lower in organic-farmed soils [ZZ[28] \which is different to what we
observed. Comparisons between climate conditions regarding this and previous studies, the latter of which were
conducted in temperate climates, might suggest that the difference in results could be attributed to the carbon
sources, nutrient availability and consumption. Moreover, the difference in nutrient demand and utility between
vegetable crops and tea might also lead to a different response to a novel farming system, thus affecting the
microbial community structure. At the genus level, Acidothermus and Rhodanobacter were enriched in roots from
conventional fields. Previous studies showed that Acidothermus and Rhodanobacter preferred saline and acidic
environments, respectively (231291 |t js known that the long-term application of chemical fertilizers affects soil pH

and salt content, and has a great impact on microbial community composition in the rhizosphere BBl Fyrther
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studies will be required to examine the seasonal change in soil fertility, plant nutrition status and microbiome to

reveal the association between microbiomes and other environmental factors.

We further identified the indicator species in soils and roots that were sensitive to field management. In soils, most
OTUs that were enriched in conventional farms with more than 1% relative abundance belonged to
Gemmaproteobacteria, while three out of four organic farm-enriched OTUs, with more than 1% abundance,
belonged to Acidobacteriae. Previous studies showed that the long-term application of chemical fertilizers
increases the abundance of Gemmaproteobacteria and Acidobacteriae in the 0-10 cm soil compared to no
fertilizer control, and applying organic-inorganic mixed fertilizers further boosts their abundance 2223l Enebe and
Babalola 24! also observed an increase in Gemmaproteobacteria when applying higher amounts of inorganic
fertilizer. These pieces of evidence support the notion that an abundance of Gemmaproteobacteria is highly
associated with chemical fertilizers. Similarly, we also found that most OTUs enriched in roots from conventional
farms with more than 1% abundance belonged to Gemmaproteobacteria, while others belonged to
Alphaproteobacteria, Actinobacteria and other classes. Interestingly, in the roots from organic farms, we found an
increased abundance of Bradyrhizobium, Streptomyces, Burkholderia-Caballeronia-Paraburkholderia, and
Sphingomonas, all of which are genera enriched by well-known plant growth-promoting bacteria B2IB8IE7I38] Thijg
result is consistent with a recent report by Reid et al. Bl showing a reduction in the population of plant growth-
promoting bacteria in the rhizosphere after applying chemical fertilizers. Through both previous studies and this
present study, we can see the benefit of organic cropping systems on microbial composition, which might increase

crop growth and resilience to environmental stresses.

In order to understand the function of bacterial communities, functional analysis was performed, and 28 and 38
level-three KEGG categories in soil and root microbiota, which were significantly affected by field management,
were identified. In soils, it is worth noting that a few pathways related to xenobiotics degradation, including
“aminobenzoate degradation”, “benzoate degradation” and “naphthalene degradation” were more abundant in
organic farms than in conventional farms. Xenobiotics are chemicals that accumulate in the environment that are
harmful to human and environmental health. The biodegradation of xenobiotics is one effective way of removing
the toxins B2, The increase in xenobiotics’ degradation capability in organic farms suggests that soil bacteria might
be capable of degrading xenobiotics and removing toxic chemicals. Further analysis is required to validate the
presence of xenobiotics degradation-related genes and enzyme activity in organic soils. In roots, we noticed that
two KEGG functional groups, “ABC transporters” and “transporters” were enriched in samples from organic fields,
which are vital for bacterial growth and survival “9[%1 A study in Allium root bacterial endophytes showed that
“ABC transporters”, “transporters” and “secretion system” were the richest pathway 2], Here we further found that
these functions are more abundant in roots under organic cropping systems. More research is needed to ascertain

whether these functions benefit the nutrient uptake and stress tolerance of plants.
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