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Abstract: Mancozeb is extensively used fungicide to prevent citrus melanose in most Asian 
countries, especially in China. So far, however, there have been no reports of thet effect of 
Mancozeb on the citrus rhizosphere bacterial community. Therefore, this comparative experiment 
defined the genomic and functional related to community and soil health of  2-years old 
Citrus unshiu Marc. rhizosphere through amplicon sequencing and chemical analysis. This study 
evaluated the effect of mancozeb on the chemical properties of citrus-cultivated soil and the 
richness and diversity of rhizosphere bacterial community. We also investigated the abundance 
response of rhizosphere bacterial groups to 0, 2, 4, 6 and 8 times application of 2 g mancozeb (active 
ingredient content, ai.) 600 times diluted with water. Our data revealed that the abundance of 
rhizosphere-associated bacterial species increased significantly after planting citrus. The relative 
abundance of Candidatus, Saccharibacteria, Parcubacteria, and Proteobacteria increased with the 
increase in mancozeb watering times. Meanwhile, the abundance of Nitrospirae decreased with the 
increase in mancozeb application times. The findings indicated that the chemical properties of the 
soil and the richness and diversity of rhizosphere bacterial community did not significantly differ 
across the mancozeb gradients in soil. 
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1. Introduction 

Plants rhizosphere harbors a high diversity of microorganisms which mostly include bacteria, 
archaea, and fungi. [1]. Bacteria are the most dominant domain and accounted for more than 99% of 
the citrus root-associated microbiome, The rhizosphere bacteria play important role for benefit 
plants by preventing pathogenic infection and assisting in nutritional acquisition from the soil, as 
crucial components of agricultural ecosystems involve primary soil processes, soil fertility, and 
subsequent crop productivity [2-4]. 

 
Citrus is perennial plants, as a main fruit crops are grown in many tropical and subtropical 

regions worldwide [5], it has recently been hampered by environmental and disease pressures [6], 
Pesticides are the most important chemicals for enhancing the quality and the quantity of 
agricultural products [7]. Modern citrus industry largely relies on the wide application of pesticides. 
However, long-term, and over-application of pesticides not only kill pests and plant pathogens but 
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also have serious effects on soil ecology that may cause changes in or the erosion of beneficial or 
plant probiotic soil microflora [8], In addition, the continued application of pesticides will influence 
a series of soil properties, including soil nutrient content, pH, organic carbon (C), moisture, and 
diversity of microbial communities, which is an indicator of pesticide toxicity in agricultural soils 
[9-11],  it needs to pay attention to the detrimental effects of pesticides, especially when the same 
pesticide is continuously being used for crop protection [12-13]. 

 
Citrus melanose is an important disease caused by Diaporthe citri that affects a variety of citrus 

cultivars and reduces the commercial value of fresh fruit [14]. This disease is prevalent in most 
citrus-growing areas in more than 80 countries and regions, including 7 largest citrus-producing 
countries in the world [15]. Citrus melanose can persistently infect citrus in different stages, 
especially from the flowering period to fruit turning color stage. Therefore, a large amount of 
chemical fungicides are continuously being used to avoid severe damages throughout the whole 
growing season. It is time-consuming for citrus growers to control this disease because prevention is 
much better than cure. The citrus trees must be sprayed with fungicides at least four or five times 
every year. In most Asian countries such as China, Japan, Korea, and India, 80% wettable powder of 
mancozeb has been considered as one of the most effective measures to control citrus melanose via 
spraying from May to August [16-18]. The high concentration and spraying times of mancozeb are 
very helpful for the continuous control of the disease. In some orchards, mancozeb was sprayed 
more than 8 times a year at a concentration of 4–8 kg ha-1 (ai) to control citrus melanose.  

 
Mancozeb is a very important protective non-systemic dithiocarbamates, which is a 

broad-spectrum fungicide. However, mancozeb is not persistent in the soil under aerobic conditions, 
and it is easy to be chemically and microbially degraded into ethylene thiourea and ethylene urea, 
and finally converted into CO2. Ethylene thiourea may persist longer in soils. Fungicides and 
degradation product usually have toxic environmental effects and can inhibit the sensitive 
communities of soil bacteria, thus leading to a decrease in bacterial diversity. For instance, repeated 
applications of the fungicide carbendazim had a transiently harmful effect on the functional 
diversity of soil culturable microbial communities and the first application significantly decreased 
the Shannon–Wiener index [19-20]. In addition, Sang and Kim indicated that application of 
metalaxyl could reduce both bacterial and fungal communities [21]. Previous studies about 
mancozeb are mainly focused on the effect of soil physicochemical properties, soil microbial 
populations, soil biological processes, and enzyme activities in soil, C and N mineralization after 
treatment with mancozeb [22-24].  

 
To our knowledge, the effect of mancozeb residues in the citrus orchard soil microbial diversity 

by high-throughput sequencing has not been reported. Here, we performed this comparative 
experiment and defined the genomic and functional features of the citrus rhizosphere from 
amplicon sequencing of the community, evaluating the impact of mancozeb on the citrus orchard 
soil rhizosphere bacteria. In our work, the objectives of the present study are: (1) to study the effects 
of mancozeb on soil chemical properties; (2) to investigate the effect of mancozeb on the 
rhizosphere bacterial community of citrus soil; and (3) to evaluate the impact of mancozeb 
application times on the soil rhizosphere bacterial community in citrus orchard. 

2. Materials and Methods  

2.1. Experiment design 
The yellow loam [25] was collected from Huangyan District, Taizhou City, Zhejiang Province 

(121°07'37 E, 28°36'01" N), mixed with chemical fertilizers (N:P:K 15:15:15; mixed mass ratio of 
fertilizer:soil was 0.003:1), and then dried in the air. The experiment was conducted in a green 
house by filling the pot with mixed soil and planting the 2-year-old satsuma mandarin 
(Citrus unshiu Marc.) trees. Holes were made at the bottom of the pot (60*60 cm of diameter and 
height) and covered with a 1-m-diameter plastic plate. Pots with mixed soil without any tree 
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plantation were used as control (named C and set in four replicates). With no watering of mancozeb 
was set as treatment-0 (T0), watering twice with 2 g (ai.) of 80% mancozeb wettable powder 600 
times diluted with water to soil as treat-2 (T2), watering 4 times with same concentration to soil as 
treat-4 (T4), watering 6 times with same concentration to soil as treat-6 (T6), and watering 8 times 
with same concentration to soil as treat-8 (T8). All treatments were performed in triplicate. The 
experiment started on May 4, 2018, the second watering on May 23, 2018, the third watering on June 
8, 2018, the fourth watering on June 29, 2018, the fifth watering on July 27, 2018, the sixth watering 
on August 11, 2018, the seventh watering on September 5, 2018, and the eighth watering on 
September 23, 2018. 

 
2.2. Soil sampling 

All soil samples (500 g soil pot-1) were collected on October 11, 2018, about 25 cm underneath 
soil far inside 10 cm from the citrus canopy drip line in three directions (120° as the boundary) from 
each tree was gathered and mixed as one sample, four samples were pooled together as one 
replication. After air drying, the samples were gently ground, sieved (2 mm) and put in the ice box 
and transported to the laboratory for subsequent analysis [26-28]. 

 
2.3. Soil chemical property measurements 

The soil pH was determined in 1:2.5 (soil: water) soil water suspensions using a pH meter. The 
soil organic matter content was determined on the basis of oxidation with K2Cr2O7 in a heated oil 
bath. Hydrolysable N was determined by the alkaline hydrolysis diffusion method. Available P was 
extracted from the soil with 0.5M NaHCO3 (pH 8.5) and determined spectrophotometrically as blue 
molybdate-phosphate complex under partial reduction with ascorbic acid. Available K and 
exchangeable Mg, Ca, and Mn were extracted from the soil with 1M ammonium acetate (pH 7.0) 
and assayed using atomic absorption spectrophotometry (Ca, Mg, and Mn) or flame 
spectrophotometry (K). Available Cu and Zn were extracted using solutions of 
diethylenetriaminepentaacetic acid (DTPA) at pH 7.3 and determined using atomic absorption 
spectrophotometry [29-30]. 
 
2.4. Soil microbial biomass measurement 

The soil microbial biomass C was determined using the fumigation–extraction method 
followed by titration with an acid solution [31]. The C content in the extract was determined by 
following the modified procedure of Snyder and Trofymow [32]. A portion of the soil sample (10 g) 
was fumigated using ethanol-free chloroform under reduced pressure followed by incubation at 25℃ 
for 24 h. The fumigated soil and another portion of the same soil sample (10 g, unfumigated) were 
separately extracted with 0.5M K2SO4. The C content in the extract was determined by digesting an 
aliquot of the filtered extract with K persulfate/sulfuric acid. The evolved CO2 was trapped in a 
NaOH solution and quantified titrimetrically in the presence of BaCl2. The microbial biomass C was 
determined by calculating the difference in the C content of fumigated and unfumigated soil using 
a correction factor (Kc) of 0.45 [33-34]. 

 
2.5. Sequencing library construction 

DNA extraction and polymerase chain reaction (PCR) amplification microbial DNA was 
extracted from 0.5 g soil samples using the QIAampFast Soil DNA Stool Mini Kit (Qiagen, Germany) 
according to the manufacturer’s protocols. The V3–V4 regions of the bacterial 16S rRNA gene were 
amplified using PCR (94°C for 3 min, followed by 20 cycles at 94°C for 10 s, 55°C for 15 s, 72°C for 
30 s, and a final extension at 72°C for 7 min), hold at 10℃ using primers 
(336F:5′-GTACTCCTACGGGAGGCAGCA-3′; 806R:5′-GTGGACTACHVGGGTWTCTAAT-3′). PCR 
reactions were performed in triplicate in a 25-μL mixture containing 2.5 μL of 10× Ex Taq Buffer, 1 
μL of 2.5mM dNTPs, 0.5 μL of each primer (5μM), 0.1 μL of Takara Ex Taq, and 10 ng template 
DNA. Two rounds of amplification were performed. Illumina MiSeq sequencing amplicons were 
extracted from 2% agarose gels and purified using the AxyPrep DNA Gel Extraction Kit (Axygen 
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Biosciences, CA, USA) according to the manufacturer’s protocols and quantified using 
QuantiFluor-ST (Promega Corporation, WI , USA). Purified amplicons were pooled in equimolar 
amounts and paired-end reads were sequenced (2 × 300) on an Illumina MiSeq platform 
(Genenergy Laboratories, Shanghai, China) according to the standard protocols. 

 
2.6. Statistical analyses 

The resultant data from each experiment were analyzed using SPSS version 20.0 software with 
advanced models (SPSS Japan Inc., Tokyo, Japan). The mean values of replicates were expressed as 
mean ± standard error (SE). Means were compared for significant differences using the Duncan's 
test (P ≤ 0.05 and P ≤ 0.01). The rarefaction analysis based on Mothur software (v.1.21.1) was 
conducted to reveal the diversity indices, including the Chao, ACE, and Shannon diversity 
indices[35]. The beta diversity analysis was performed with UniFrac to compare the results of the 
principal component analysis (PCA) using the R package prcomp and nonmetric multidimensional 
scaling (NMDS) using the R package meta MDS (Version 2.20) [36]. Venn diagrams were 
implemented using the Venn Diagram R package. Mantel test, redundancy analysis (RDA), and 
heatmap generation were performed in Vegan packages in unweighted pair group method with 
arithmetic (UPGMA) mean clustering using the R package hclust [37]. The coverage of the 
predicted diversity in each clone library was calculated using the formula C = [1 – (n1/N)] × 100%, 
where N is the total number of clones, and n1 is number of operational taxonomic units (OTUs) 
appearing only once in the library [38]. 
3. Results 
3.1. Soil chemical properties 

The influence of mancozeb on soil chemical properties revealed that the pH value, soil organic 
matter content, available P, Fe, and exchanged Mg had no difference (P < 0.05) for all treatments. 
The content of hydrolysable N, available Mn, Zn, and exchanged Ca increased with the increase in 
the watering mancozeb times, while the available Cu and K decreased accordingly. Compared with 
T0, available Mn and Zn increased four and three times, respectively, in the T8 treatment (Table.1). 

 
3.2. Soil microbial biomass 

The soil microbial biomass was 1.09–1.14 g kg-1, with no significant difference (P < 0.05) in all 
treatments. 
 
3.3. Sequencing summary  

The two-terminal sequences and the base with a tail mass value less than 25 were removed 
simultaneously, 50 bp sliding window and 1-bp genomic DNA walking were set, and the average 
base mass in the window was no less than 25. Finally, the sequences with a length of less than 100 
bp were removed. The available sequences for the OTU analysis were 17,052–34,476. The number of 
OTUs was 214–721, and the mean length of the sequence was 448.23 after eliminating repetitive 
sequences, chimeric sequences, mitochondria, and contamination sequences. The rarefaction curve 
leveled off after the total number of sequences reached 15,000 in the sequencing process (Figure. 
1A), indicating that the sequencing amount was more reasonable. The Shannon curve tended to 
flatten, indicating that the sequencing amount was sufficient to reflect the information of most 
species in the sample (Figure. 1B).  
 
3.4. Rhizosphere-associated bacterial richness and diversity 

Table 2 shows that the coverage of each sample was 0.9934–0.9997, indicating that the 
probability of species detected in the sample was very high. The Shannon index was 0.8352–0.8554, 
indicating that the distribution of species in the sample was relatively uniform. The Shannon index 
under different times of mancozeb application after citrus planting was 5.547–5.597, with no 
significant difference. However, the Shannon index of the soil with citrus planting was significantly 
higher than that of the soil without citrus planting, it was similar to richness, Chao and ACE indices, 
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indicating that the abundance of rhizosphere-associated bacterial communities increased 
significantly after planting citrus. 
 
3.5. Correlation of rhizosphere-associated bacterial communities in different samples  

The PCA plot of bacterial communities based on the relative abundance of phyla in control and 
treated soils showed variation in the profiles of the first component (PC1) (39.67%) and the second 
component (PC2) (9.13%)(Fig. 4). The rhizosphere-associated bacterial communities of the control 
soil without planting citrus (C-1 to C-4), soil without mancozeb application (T0-1 to T0-3), soil with 
mancozeb application twice (T2-1 to T2-3), soil with mancozeb application four times (T4-1 to T4-3), 
soil with mancozeb application six times (T6-1 to T6-3), and soil with mancozeb application eight 
times (T8-1 to T8-3) clustered in different quadrants, indicating that the rhizosphere-associated 
bacterial community structures of the soil differed substantially between without planting citrus 
and citrus growing. However, there were no significant difference in treated samples with citrus 
growing. Moreover, the PCA ordination clearly indicated the significant differences in bacterial 
communities between samples of the control with no citrus planting and other treated samples 
(Figure. 2A). The NMDS analysis showed that the result was the same as that of PCA (Figure. 2B). 
A significant difference in rhizosphere-associated bacterial communities was found between the 
sample with no citrus planting and the soil sample with citrus planting (Figure. 2C). A minor 
difference was observed between soil microorganisms after mancozeb application for different 
times in the Venn graph (Figure. 2D).  

 
3.6. Rhizosphere-associated bacterial community structure and abundance ratio 

Two hundred and ten rhizosphere-associated bacterial genera were identified, which were 
mainly affiliated with 20 phylums, including Proteobacteria, Acidobacteria, Chloroflexi, 
Bacteroidetes, Actinobacteria, Armatimonadetes, Candidatus Saccharibacteria, Chlamydiae, 
Cyanobacteria, Elusimicrobia, Firmicutes, Gemmatimonadetes, Nitrospirae, Parcubacteria, 
Planctomycetes, Spirochaetes, Unclassified_Bacteria, Verrucomicrobia, candidate division WPS-1, 
and candidate division WPS-2. The most dominant bacterial group was Proteobacteria (31.28%–
44.65%), followed by Acidobacteria (16.32%–37.28%) and Actinobacteria (2.10%–10.90%). The 
proportion of other bacterial groups was relatively low. 

 
The relative abundance of Acidobacteria increased after planting citrus, in addition, it 

decreased with the increase in mancozeb application. Similarly, the relative abundance of 
Armatimonadetes, Candidatus_Saccharibacteria, Gemmatimonadetes, Thermosporothrix, 
Planctomycetes, and Verrucomicrobia increased after planting citrus, although their relative 
abundance was lower than that of Elusimicrobia and Spirochaetes bacterial phyla in the soil after 
planting citrus. Conversely, the relative abundance of Proteobacteria, Actinobacteria, Bacteroidetes, 
Chlamydiae, and Firmicutes decreased after planting citrus. Further, the relative abundance of 
Candidatus Saccharibacteria, Parcubacteria, and Proteobacteria increased with multiple 
applications of mancozeb. Meanwhile, the abundance of Nitrospirae decreased with multiple 
applications of mancozeb. However, the abundance of Bacteroidete, candidate division WPS-1, and 
candidate division WPS-2 showed no significant changes (Figure. 3). At the genera level, the lowest 
diversity was observed in the sample with no citrus planting, it was 102 strains, soil without 
mancozeb application, 177 strains, soil with mancozeb application twice, 176 strains, soil with 
mancozeb application four times, 170 strains, soil with mancozeb application six times, 173 strains, 
and soil with mancozeb application eight times,180 strains. Meanwhile, the abundance of Genera 
Humibacter, Subdivision3_genera_incertae_sedis, Gp16 increased and the abundance of Genera 
Nitrospirae decreased after applications times of mancozeb (Figure. 4). 

4. Discussion 

Our result showed the abundance of rhizosphere-associated bacterial species increased 
significantly and changed in rhizosphere bacterial community composition in response to citrus 
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planting, plants root exudates have important effects on the abundance, diversity, and activity of 
soil microorganisms supporting the findings of this study [39].  

 
Citrus is an important perennial fruit tree in the world. Citrus rhizosphere microbiome are the 

microorganism closely attached to the rhizosphere, which plays an important role in promoting 
citrus growth and development. Xu et al. suggested that plant–microbe interactions are very likely to 
be important factors that influence the assembly of rhizosphere microbiomes, such as bacterial 
secretion systems [40]. The enrichment of rhizosphere microbes can be attributed to their lifestyles 
[41-42]. Delgado-Baquerizo et al. reported that only 2% of bacterial taxa made up nearly half of the 
soil bacteria at various sites around the world [43]. Meanwhile, Xu et al. also found that there are 
only a few bacterial taxa, such as Proteobacteria, Actinobacteria, Acidobacteria, and Bacteroidetes, 
which are abundant in the citrus rhizosphere [40]. Similarly, we found that the dominant bacterial 
groups were Proteobacteria, Acidobacteria, and Actinobacteria in the citrus-cultivated rhizosphere 
soil, while the other bacterial groups were non-dominant bacteria. 

 
You et al. showed the relative abundance of sequences affiliated with Proteobacteria, 

Gemmatimonadetes and Nitrospirae were increased after treatment with fungicide metalaxyl–
mancozeb [19], but the relative abundance of sequences affiliated with Acidobacteria, 
Planctomycetes, Chloroflexi and Firmicutes were reduced. Moreover, fungicide treatment caused 
the disappearance of sequences affiliated with Bacteroidetes and appearance of sequences affiliated 
with Verrucomicrobia. In our study, the data indicated that the relative abundance of major phyla 
slightly differed between different times of mancozeb application, the multiple application of 
mancozeb significantly improved the relative abundance of Candidatus Saccharibacteria, 
Parcubacteria, and Proteobacteria, but reduced the relative abundance of Nitrospirae. The relative 
abundance variation of Proteobacteria is same as their result, the other rhizosphere-associated 
bacterial species relative abundance variation differed from their result likely due to the different 
fungicide. Mancozeb is generally unstable in the presence of moisture or oxygen and in biological 
systems, the degradation products such as ethylene thiourea, ethylene urea are suitable substrates 
for some microorganisms [44-45], thereby, the relative abundance of Candidatus Saccharibacteria, 
Parcubacteria, and Proteobacteria increased with multiple applications of mancozeb in present 
study. 

 
Walia et al. found that the population of Actinomycetes generally decreased when mancozeb 

was sprayed to the soil without growing any plant [24]. In additon, 1000 and 2000 mg kg-1 of 
mancozeb had adverse effects on the population of Actinomycetes. The more mancozeb was 
sprayed, the less of Actinomycetes population was. After 4 weeks of incubation, the bacterial 
population on an average returned the original level. Meanwhile, at different concentrations 
incubating for 20 days, the decrease of microbial biomass C of soil samples at concentrations of 0 
and 10 mg kg-1 and the increase in the microbial biomass C at concentrations of 100, 250, and 500 mg 
kg-1 were not statistically significant [22]. In the present study, mancozeb was sprayed at 1333 mg 
kg-1 (600 times) concentration in the citrus planting pot, the relative abundance of Actinomycetes in 
all treatmentshad no significant change. Meanwhile, there was no significant difference in the 
microbial biomass C in different treatment of mancozeb application, the last watering date of this 
study was September 23, 2018, and the soil sampling time was on October 11, 2018, and the present 
study lasted 1 year, the soil sample was detected after 20 days, which did not reflect a complete 
response to the potential risk of using mancozeb on soil microorganisms, possibly the adverse effect 
is not lasting. However, the potential risk of using mancozeb on soil microorganisms may still exist 
but likely happen in dose dependent manner, previous studies have shown that mancozeb has toxic 
effects on soil ammonification, nitrification and denitrification. It is a strong inhibitor of soil 
nitrification [46], the population of nitrifying bacteria in the soil treated with fungicides mancozeb 
drastically reduced with the application of 1500 mg kg-1 of the soil and an exposure time of 28 days. 
A similar but comparatively less pronounced effect was observed for insecticide diazinon and 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2020                   doi:10.20944/preprints202003.0115.v1

https://doi.org/10.20944/preprints202003.0115.v1


 7 of 16 

 

herbicide linuron [22,47]. Kinney et al. observed the toxic effects of mancozeb, chlorothalonil, and 
prosulfuron (fungicides and herbicides) on nitrification and denitrification during an incubation 
period of 48 h, nitrification and denitrification produced nitrous oxide (N2O) and nitric oxide (NO), 
which are environmentally significant trace gases produced in soil by the processes of nitrification 
and denitrification [48]. The present study showed that the Nitrospirae decreased after applications 
times of mancozeb, the residue of hydrolysable N in the soil increased with mancozeb application 
times especially in T8 treatment, probably because mancozeb significantly inhibited Nitrospirae thus 
led to decreased release of nitrogen in the acid soil. 

 
Genera Subdivision3_genera_incertae_sedis is affiliated to the phylum Verrucomicrobia, which 

was negatively correlated with soil fertility [49-50], hence, the abundance of Subdivision3_ genera 
_incertae_sedis genus increased with multiple applications of mancozeb possibly resulted the soil 
fertility decreasing. The Genera Gp16 was found to be highly positively correlated with plant growth. 
No evidence relating Gp16 to plant disease or disease suppression exists in the literature [51], in 
present study, with multiple applications of mancozeb, the input of mancozeb may promote the 
Gp16 growth, we speculated besides the mancozeb degradation products increased the abundance 
of Gp16, the Mn and Zn element as micronutrients fertilizer has the advantages of stimulating plants 
root exudates. Members of Genera Burkholderia and Bradyrhizobium have been known to benefit 
plants, because Burkholderia is one of the most abundant bacteria associated with citrus roots, and 
Burkholderia showed the best antagonistic activities against Sinorhizobium meliloti, a relative of the 
HLB causal agent Las, and several other citrus pathogens, such as Phytophthora spp. and Alternaria 
alternate, the majority of the Bradyrhizobium were associated with cell wall synthesis [1], we found the 
abundance of Burkholderia and Bradyrhizobium improved slightly with multiple applications of 
mancozeb. 

 
Chaudhry et al. reported a negative effect of zinc on the copper uptake by rice plants. As copper 

and zinc have two plasma membrane transporters in common (P1B-Zn-ATPases) [52], these findings 
suggested that the competition at the common plasma membrane transporters might be relevant in 
the case of an antagonist. In the present study, the available Zn increased in the soil with the increase 
in the watering frequency of mancozeb. Also, the Cu uptake increased on account of the available Zn 
sufficiency, and therefore the available Cu in the soil decreased accordingly. 

 
It is also worth noting that the rhizosphere-associated bacterial community structures of the 

soil were no significant difference in treated samples for without mancozeb application (T0-1 to 
T0-3), soil with mancozeb application twice (T2-1 to T2-3), soil with mancozeb application four 
times (T4-1 to T4-3), soil with mancozeb application six times (T6-1 to T6-3), and soil with mancozeb 
application eight times (T8-1 to T8-3) in our correlation analysis, it suggested that mancozeb 
sustainably application maybe had little effect. However, long-term use of mancozeb may pose a 
risk of environmental damage to the orchard soil caused by excessive Mn [22,53]. 

5. Conclusions 

Overall, this study showed that the abundance of rhizosphere-associated bacterial species 
increased significantly after citrus planting. With the repeated application of mancozeb, the less 
adverse effects of mancozeb on the citrus-cultivated rhizosphere soil were observed. The relative 
abundance of Candidatus Saccharibacteria, Parcubacteria, and Proteobacteria increased with 
multiple applications of mancozeb. Meanwhile, the abundance of Nitrospirae decreased with 
multiple applications of mancozeb. Further investigation on of mancozeb on the citrus rhizosphere 
bacterial community is needed to evaluate for consecutive year application.  
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Table 1. Soil properties of citrus rhizosphere under different times of mancozeb application. 1 
Soil property T0 T2 T4 T6 T8 

pH 4.90 ± 0.07 4.95 ± 0.11 4.84 ± 0.07 4.83 ± 0.08 4.81 ± 0.03 

SOM (g/kg) 37.70 ± 2.17 39.17 ± 1.52 39.93 ± 0.92 38.63 ± 0.08 37.30 ± 1.06 

HN (mg/kg) 171.67 ± 9.36c 192.63 ± 12.99bc 204.80 ± 7.24ab 224.83 ± 5.34a 229.20 ± 15.81a 

AvP (mg/kg) 543.33 ± 14.14 560.00 ± 14.14 516.67 ± 10.80 523.33 ± 8.17 546.67 ± 10.80 

AvK (mg/kg) 221.00 ± 23.06ab 241.33 ± 4.32a 226.67 ± 8.29ab 197.00 ± 15.99b 194.67 ± 23.34b 

AvFe（mg/kg） 102.00 ± 4.20 100.97 ± 4.35 99.77 ± 3.79 103.23 ± 4.83 105.43 ± 4.99 

AvMn（mg/kg） 38.30 ± 14.91d 57.60 ± 2.74c 68.07 ± 3.12c 124.00 ± 6.48b 178.30 ± 7.95a 

AvCu（mg/kg） 3.06 ± 0.05a 2.97 ± 0.10a 2.83 ± 0.05a 2.55 ± 0.10b 2.21 ± 0.11c 

AvZn（mg/kg） 13.90 ± 2.18c 21.00 ± 0.60b 21.97 ± 1.60b 32.60 ± 2.86a 37.37 ± 2.69a 

ExCa (cmol/kg) 2.20 ± 0.16b 2.50 ± 0.07ab 2.80 ± 0.21a 2.73 ± 0.16a 2.60 ± 0.04a 

ExMg (cmol/kg) 0.47 ± 0.00 0.53 ± 0.04 0.53 ± 0.04 0.50 ± 0.00 0.50 ± 0.00 

The values shown as mean ± standard error (SE), the letter after the value showing the significant level using the post-hoc Duncan's test (P < 0.05). AvB, Available B; AvCu, 2 
available Cu; AvFe, available Fe; AvK, available K; AvMn, available Mn; AvP, available P; AvZn, available Zn, ExCa, exchanged Ca; ExMg, exchanged Mg; HN, hydrolysable N; 3 
SOM, soil organic matter content. 4 
 5 
Table 2. Bacterial Alpha diversity index with the 97% sequence similarity of the soil under different times of mancozeb application. 6 
α-Diversity T0 T2 T4 T6 T8 C 
Richness 721.00 ± 16.54b 718.67 ± 8.20b 708.67 ± 9.91b 694.00 ± 26.17b 708.00 ± 26.87b 214.50± 0.41a 
Shannon 5.55 ± 0.085b 5.63 ± 0.02b 5.56 ± 0.06b 5.54 ± 0.10b 5.60 ± 0.02b 4.48 ± 0.02a 
Chao 771.07 ± 31.69b 761.84 ± 3.83b 770.13 ± 15.27b 744.81 ± 21.79b 760.08 ± 24.20b 215.71 ± 0.80a 
ACE 756.89 ± 23.72b 754.74 ± 1.58b 761.52 ± 13.44b 735.58 ± 23.31b 745.46 ± 21.79b 215.93 ± 0.61a 
Coverage 0.9959（±0.0006） 0.9957（±0.0013） 0.9934（±0.0014） 0.9944（±0.0008） 0.9949（±0.0016） 0.9997（±0.0001） 
shannoneven 0.8430（±0.0105） 0.8554（±0.0023） 0.8475（±0.0082） 0.8476（±0.0120） 0.8531（±0.0074） 0.8352（±0.0031） 
The values shown as mean ± standard error (SE), the letter after the value showing the significant level using the post-hoc Duncan's test (P < 0.01).  7 
 8 
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 10 
Figure 1. Rarefaction (A) and Shannon (B) curves of each sample at the 3% cutoff level.11 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 March 2020                   doi:10.20944/preprints202003.0115.v1

https://doi.org/10.20944/preprints202003.0115.v1


 

  12 

  13 
Figure 2. Principal component analysis (A) and nonmetric multidimensional scaling (B) of rhizosphere 14 
bacterialcommunity in the citrus rhizospheric soil under different times of mancozeb application, Cluster tree 15 
(C) and venn graph (D) of different citrus rhizospheric soil samples. 16 
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17 
Figure 3. Relative abundance of bacterial phyla in the citrus rhizospheric soil under different times of mancozeb 18 
application.19 
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 20 

Figure 4. The changes of relative abundance of some bacterial genus in the citrus rhizospheric soil under 21 
different times of mancozeb application. 22 

 23 
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