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Effects of short‑term manure 
nitrogen input on soil microbial 
community structure and diversity 
in a double‑cropping paddy field 
of southern China
Haiming Tang*, Chao Li, Xiaoping Xiao, Lihong Shi, Kaikai Cheng, Li Wen & Weiyan Li

The soil physicochemical properties and soil microbial communities were affected by different fertilizer 
management. Fertilizer regime were closely relative to the soil texture and nutrient status in a double‑
cropping paddy field of southern China. However, there was limited information about the influence 
of different manure nitrogen (N) input on soil microbial communities in a double‑cropping rice (Oryza 
sativa L.) field. Therefore, the short‑term different manure N input rate management on soil bacterial 
and fungal diversity in a double‑cropping paddy field of southern China were studied by using Illumina 
sequencing and quantitative real‑time polymerase chain reaction technology in the present paper. 
The filed experiment were including 100% N of chemical fertilizer (M0), 30% N of organic manure and 
70% N of chemical fertilizer (M30), 50% N of organic manure and 50% N of chemical fertilizer (M50), 
100% N of organic manure (M100), and without N fertilizer input as control (CK). The results showed 
that diversity indices of soil microbial communities with application of organic manure and chemical 
N fertilizer treatments were higher than that of CK treatment. Application of organic manure and 
chemical N fertilizer management increase soil bacterial abundance of the phylum Actinobacteria, 
Proteobacteria and Gammaproteobacteria, and soil fungi abundance of the phylum Basidiomycota and 
Zygomycota were also increased. Compared with CK treatment, the value of Richness, Shannon and 
McIntosh indices, and taxonomic diversity were increased with M30, M50 and M100 treatments. This 
finding demonstrated that M30, M50 and M100 treatments modify soil bacterial and fungal diversity. 
Therefore, the combined application of organic manure and chemical fertilizer N management could 
significantly increase the abundance of profitable functional bacteria and fungi species in a double‑
cropping rice field of southern China.

Soil microorganisms play an important role in biogeochemical cycle, which were affected by different fertilizer 
management and was closely relative with crop growth, nutrient cycling, and sustainability of soil  productivity1. 
Soil microbial activity and community structure were affected by different agriculture management measures, 
such as the crop types, tillage, fertilizer regime, irrigation patterns, and so  on2–4. Soil physicochemical properties 
were mainly affected by different fertilizer management, and the soil microbial activities and communities were 
also changed under application of different fertilizer  condition5. Maintaining the complexity and diversity of 
soil microorganisms is critical to sustain soil fertility, because soil microbes mediate the biogeochemical cycles 
of carbon (C) and nitrogen (N), as well as serve as an important reservoir for plant  nutrition6.

Microbial communities exhibit immense diversity in terms of structure (i.e. community composition) as 
well as function (i.e. physiology of all species combined) that vary from place to place as well as over  time7. 
In recent years, the effects of different organic and inorganic N fertilizer regime on soil microbial properties 
were conducted by more and more researchers. Different organic and inorganic N fertilizer treatments affect 
microbial communities through direct influence on soil nutrient content and chemistry  properties8. Organic 
N fertilizer practices generally have positive effects on various soil  properties9, enhancing field soil structure 
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by increasing soil organic matter (SOM) content, and thus reducing soil  erosion10. Therefore, the influence of 
different organic and inorganic N fertilizer management was provided a way for us to study the soil biological 
processes. Some studies indicated that different organic and inorganic N fertilizer practices was major factor in 
affecting soil community structure, diversity, and abundance of soil microbes, Wang et al.11 result indicated that 
organic N input management enhance the diversity and stability of soil microbial community. Organic N input 
management had positive effects on SOM content, soil microbial community structure and diversity, and the 
abundance of soil bacteria and  fungi12,13. Previous studies found that abundance, activity and diversity of soil 
microbes were enhanced with the return of organic manure and crop straw to  soil8,14. In contrast, some study 
indicated that application of chemical N fertilizer practices reduced soil microbial community and  activity15. 
However, there is still limited information about the change of soil microbial community under different manure 
N input rate management condition.

Rice (Oryza sativa L.) is the major crop in the tropical and subtropical monsoon climate regions of  Asia16. 
The early rice and late rice (double-cropping) production system is the main crop system in southern of China, 
and the fertilizer regime (organic fertilizer, inorganic fertilizer, and so on) is an important influence factors that 
maintain the quality and fertility of paddy  soil17. And the soil properties including the soil pH, SOC content were 
affected by different manure N input rate management, which in turn influence the soil bacteria and fungi com-
munity structure and  function18. However, there is little information about the influences of different manure N 
input rate practices on soil microbial activities and communities structure in a double-cropping paddy field of 
southern China. We hypothesized that the function and structure of soil bacteria and fungi communities were 
changed under taken different manure N input rate management’s condition. Therefore, the abundance and 
community structure of soil bacteria and fungi were investigated by using Illumina sequencing and quantitative 
real-time polymerase chain reaction (PCR) technology, respectively.

As a result, the object of this study were: (1) to analyze the effect on soil microbial community following 
3-year of continuous application of different manure N input management, (2) to investigate the relationship 
between soil bacteria, fungi community and soil properties, and (3) to choose an proper fertilizer practice in a 
double-cropping paddy field of southern China.

Materials and methods
Sites and cropping system. The experiment was beginning in 2017. It was located in Ningxiang County 
(28° 07′ N, 112° 18′ E) of Hunan Province, China. At the beginning of the study, the surface soil physicochemical 
properties (0–20 cm) were as follows: soil organic carbon (SOC) 22.75 g kg−1, total N 2.24 g kg−1, available N 
178.90 mg kg−1, total phosphorous (P) 0.66 g kg−1, available P 18.45 mg kg−1, total potassium (K) 14.45 g kg−1, and 
available K 69.50 mg kg−1, pH 6.80. The climate condition (annual mean precipitation and evapotranspiration, 
monthly mean temperature) of experiment region, soil type and soil texture, and crop system were described by 
Tang et al.19.

Experimental design. The experiment was including five fertilizer treatments: (1) 100% N of chemical fer-
tilizer (M0), (2) 30% N of organic manure and 70% N of chemical fertilizer (M30), (3) 50% N of organic manure 
and 50% N of chemical fertilizer (M50), (4) 100% N of organic manure (M100), and (5) without N fertilizer 
input as control (CK). There were three replications and each plot size was 88.0 m2 (10.0 m × 8.0 m). The experi-
ment ensured all fertilizer treatments received the same amount of N, phosphorus pentoxide  (P2O5), potassium 
oxide  (K2O) (the total amount of N,  P2O5,  K2O include chemical fertilizer and that from organic manure) during 
the early and late rice growing season, respectively. The types of N,  P2O5 and  K2O were including urea, ordinary 
superphosphate and potassium chloride, respectively. For both early and late rice, the quantity of N were applied 
at the rate of 135.0 and 165.0 kg ha−1 (60%, 30% and 10% at basal, tillering and full heading stages), 54.0 and 
45.0 kg ha−1 of  P2O5 as superphosphate, 67.5 and 90.0 kg ha−1 of  K2O as potassium chloride. All the  P2O5 and 
 K2O fertilizer were applied at soil tillage before rice seedling transplanting. During the early rice growth period, 
the quantity of organic manure added into the paddy soil for the M30, M50 and M100 treatments were 828.0, 
1,380.0 and 2,760.0 kg ha−1, respectively. During the late rice growth period, the quantity of organic manure 
added into the paddy soil for the M30, M50 and M100 treatments were 1,012.5, 1687.5 and 3,375.0 kg ha−1, 
respectively. And the N,  P2O5 and  K2O content of organic manure were 48.9 g kg−1, 17.3 g kg−1, and 15.1 g kg−1, 
respectively. Before transplanting rice seedlings, organic manure was manually spread onto the soil surface and 
incorporated into the soil at a cultivation depth of 20 cm. Plots were irrigated at the same time as the tillage man-
agement was carried out and kept at 2 cm above soil surface during transplanting of rice seedlings. Thereafter, 
water depth was kept at 5 cm above the soil surface during the seedling stage, followed by drainage and drying of 
the field at tillering stage, and finally alternating wet/dry irrigation in the later growth  stages20.

The early and late rice seedlings were manually transplanted to the paddy in April and July, and harvested 
with a combine in July and October, respectively. The variety of early rice (Oryza sativa L.) Xiangzaoxian24 and 
variety of late rice Jinyou 59 were used as the materials during experiment period. The early and late rice seedlings 
were transplanted with a density of 280,000 plants  ha−1.

Soil sampling. Soil was sampled at maturity stage of late rice in late October 2019. Soil samples were col-
lected by randomly from six cores from each plot. After removing visible organic materials, stones and rice roots 
by hand, the samples were divided into two parts. The fresh soil samples were placed immediately in ice box 
and transported to the laboratory. One part of the fresh soil sample was passed through a 2-mm mesh sieve and 
then stored at room temperature until soil properties analysis (for pH, SOC, and total nitrogen), and another 
part was stored at − 20 °C until molecular analysis. The detail information about soil sampling was described by 
Tang et al.20.
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Soil laboratory analysis. Physical and chemical characteristics. The physical and chemical analyses of the 
soil were performed in the laboratory. Measurements of pH, SOC, total nitrogen (TN), and soil porosity were 
performed according to Zhao et al.21. Soil microbial biomass carbon (SMBC) and soil microbial biomass nitro-
gen (SMBN) contents were measured by the fumigation-extraction method as described in Wu et al.22.

DNA extraction, PCR amplification, and Illumina sequencing. The concentration and quality of the soil DNA 
were detected following the manufacturer’s instructions. Primers pairs F515 and R806 targeting the V3-4 region 
of the soil bacteria 16S rRNA gene were used for  PCR23. And the protocol for PCR amplification of the 16S rRNA 
gene were performed using the method described by Wang et al.24. And the target DNA fragment (ITS1 region) 
of soil fungal was amplified by PCR reaction system with ITS1 and ITS2 as  primers25. Each PCR product was 
subjected to pyrosequencing using the Illumina MiSeq platforms at Xidai Biotechnology Co., Ltd., Changsha, 
China. The original DNA fragments were merging the pairs of reads using FLASH  software24. Therefore, further 
sequence analyses were conducted using USEARCH v5.2.3226.

Sequence analysis and population identification. The merge and operational taxonomic units (OTU) partition 
of the obtained sequence, and select the representative sequence of each OTU by using QIIME software. There-
fore, the default parameters were used to obtain the corresponding taxonomic information of each OTU by 
comparing the representative sequence of each OTU with the template sequence of the corresponding database. 
The gene database of soil bacteria was Greenenes v13.8, and the identification of soil fungi was compared with 
UNITE database (https ://unite .ut.ee).

Statistical analysis. The Richness diversity, Shannon diversity and McIntosh diversity indices were cal-
culated by using Mothur software. Meanwhile, the relationship between abundance of dominant phyla and soil 
physicochemical properties were measured by using redundancy analysis (RDA).

The results of every measured item were presented in mean values and standard error. The data of each treat-
ment means were compared by using one-way analysis of variance (Anova) following standard procedures at 
the 5% probability level. All statistical analyses of correlations between soil properties and abundant phyla were 
calculated by using the SAS 9.3 software  package27.

Results
Soil properties. The effects of different manure N input rate management on soil pH, soil organic carbon 
(SOC) content, porosity, total N, soil microbial biomass carbon (SMBC), and soil microbial biomass nitrogen 
(SMBN) contents in a double-cropping rice field were shown in Table 1. At maturity stage of late rice, the low-
est soil pH, SOC, porosity, total N, SMBC, and SMBN contents in paddy field were observed with M0 and CK 
treatments, while the highest soil pH, SOC, porosity, total N, SMBC, and SMBN contents in paddy field were 
observed with M100 treatment. Meanwhile, the results showed that soil pH, SOC, porosity, total N, SMBC, and 
SMBN contents with M100 treatment were significantly higher (p < 0.05) than that of M0 and CK treatments in 
a double-cropping rice paddy field.

Soil bacterial taxonomic distribution. The phylum level analysis results indicated that phyla Actinobac-
teria (8–17%), Acidobacteria (11–14%), Alphaproteobacteria (8–11%), Chloroflexi (7–10%), Fimicutes (9–14%), 
Proteobacteria (8–13%) and Planctomycetes (9–13%) were the most abundant in the soil samples. And the phyla 
Proteobacteria, Actinobacteria with M30, M50 and M100 treatments were significantly higher (p < 0.05) than 
that of with M0 and CK treatments (Fig. 1). The phyla Alphaproteobacteria, Acidobacteriales, Chloroflexi, and 
Fimicutes with M30, M50 and M100 treatments were significantly lower (p < 0.05) than that of with CK treat-
ment. The results also indicated that relative abundance of Gammaproteobacteria were richer higher with M30 
(5%), M50 (6%) and M100 (4%) treatments soil, and the relative abundance of Acidobacteriales and Chlorobi 
were higher with CK (14%, 10%) treatment soil. Compared with CK treatment, the relative abundance of Proteo-
bacteria and Actinobacteria with M100 treatment were increased 62.50% and 112.50%, respectively. Significant 

Table 1.  Basic soil properties with different fertilizer treatments in paddy field at maturity stage of late rice. 
M0, 100% N of chemical fertilizer; M30, 30% N of organic manure and 70% N of chemical fertilizer; M50, 
50% N of organic manure and 50% N of chemical fertilizer; M100, 100% N of organic manure; CK, without 
N fertilizer input as control; SOC, soil organic carbon; SMBC, soil microbial biomass carbon; SMBN, soil 
microbial biomass nitrogen. Different lowercase letters in the same column indicated significantly difference at 
p < 0.05. The same as below.

Treatments pH SOC (g kg−1) Porosity (%) Total nitrogen (g kg−1) SMBC (mg kg−1) SMBN(mg kg−1)

M0 6.78 ± 0.19b 21.72 ± 0.68b 45.2 ± 1.2b 2.24 ± 0.06ab 426.15 ± 12.30b 46.24 ± 1.41ab

M30 6.93 ± 0.17ab 22.96 ± 0.66ab 48.6 ± 1.3ab 2.26 ± 0.05ab 444.69 ± 12.83b 46.94 ± 1.37ab

M50 7.01 ± 0.18ab 23.47 ± 0.65ab 49.5 ± 1.3ab 2.31 ± 0.06a 469.05 ± 13.54ab 47.49 ± 1.36a

M100 7.15 ± 0.18a 24.03 ± 0.62a 51.7 ± 1.6a 2.42 ± 0.07a 524.99 ± 15.15a 48.81 ± 1.33a

CK 6.77 ± 0.14b 21.30 ± 0.62b 44.3 ± 1.1c 2.23 ± 0.05b 387.34 ± 11.18c 43.09 ± 1.24b

https://unite.ut.ee
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differences in soil bacterial composition were observed between the M30, M50, M100 and M0, CK treatments 
soil (Fig. 1).

Soil fungal taxonomic distribution. The results showed that phyla Ascomycota (50.3–72.5%), Basidio-
mycota (17.4–31.2%) and Zygomycota (7.5–16.6%) were the most abundant in the soil samples. And the order of 
phyla with different fertilizer treatments was showed Ascomycota > Basidiomycota > Zygomycota. And the phyla 
Ascomycota with CK (72.5%) treatment were significantly higher (p < 0.05) than that of with M30 (59.4%), M50 
(55.6%) and M100 (50.3%) treatments (Fig. 2). The phyla Basidiomycota and Zygomycota with M30, M50 and 
M100 treatments were significantly higher (p < 0.05) than that of with M0 and CK treatments. The results indi-
cated that relative abundance of Basidiomycota and Zygomycota were richer higher (p < 0.05) with M30 (26.6%, 
11.3%), M50 (28.6%, 13.5%) and M100 (31.2%, 16.6%) treatments soil, and the relative abundance of Ascomy-
cota were higher (p < 0.05) with CK (72.5%) treatment soil. Compared with CK treatment, the relative abun-
dance of Basidiomycota and Zygomycota with M100 treatment were increased 79.31% and 121.33%, respectively.

Soil bacterial and fungi alpha diversity. Richness, Shannon and McIntosh indices were used to reflect 
the richness and evenness of soil microbial community species, respectively. At soil bacterial alpha diversity, 
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Figure 1.  Relative abundance of the dominant bacterial phyla in all soil samples combined and in each fertilizer 
treatments. M0: 100% N of chemical fertilizer, M30: 30% N of organic manure and 70% N of chemical fertilizer, 
M50: 50% N of organic manure and 50% N of chemical fertilizer, M100: 100% N of organic manure, CK: 
without N fertilizer input as control. Relative abundance were based on the proportional frequencies of those 
DNA sequences that could be classified.
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Richness indices were increased with M100 treatment compared with CK treatment, and the order of Rich-
ness indices with different fertilizer treatments was showed M100 > M50 > M30 > M0 > CK. Compared with CK 
treatment, the Shannon and McIntosh indices were increased with M30, M50 and M100 treatments (Table 2). 
Compared with CK treatment, the Richness indices, Shannon indices and McIntosh indices with M100 treat-
ment were increased 11.25%, 43.28% and 35.39%, respectively.

At soil fungi alpha diversity, Richness indices were increased with M100 treatment compared with CK treat-
ment. Compared with CK treatment, the Shannon and McIntosh indices were increased with M50 and M100 
treatments (Table 2). Compared with CK treatment, the Richness indices, Shannon indices and McIntosh indices 
with M100 treatment were increased 10.76%, 34.15% and 23.50%, respectively. The results indicated that Richness 
indices, Shannon indices and McIntosh indices with application of manure N input management were higher 
(p < 0.05) than that of with chemical fertilizer and without N fertilizer input management.

RDA of soil bacterial and fungal abundant phyla and soil characteristics. The results revealed 
there was a significantly correlation between soil bacterial abundant phyla and soil chemical properties (Fig. 3a). 
The soil properties can explain the variation (84.36% and 14.58%) in soil bacterial abundant phyla between the 
M0, M30, M50, M100 and CK treatments. Under different fertilizer treatments, M0 and CK treatments were 
separated from application of organic manure treatments (M30, M50 and M100 treatments), indicating that 
fertilizer treatments significantly change the characteristics of soil bacterial abundant phyla. The soil bacterial 
abundant phyla was significantly correlated with soil physical and chemical properties including the porosity 
(r = 0.965), SOC (r = 0.947), total N (r = 0.967), SMBC (r = 0.947), and SMBN (r = 0.913) contents. But there was 
negative correlation between soil bacterial abundant phyla and soil pH (r = −0.635).

The results indicated that soil properties can explain the variation (86.75% and 12.47%) in soil fungal 
abundant phyla between the M0, M30, M50, M100 and CK treatments (Fig. 3b). Under different fertilizer 
treatments, M0 and CK treatments were separated from application of organic manure treatments (M30, M50 
and M100 treatments). The soil fungal abundant phyla was significantly correlated with the soil physical and 
chemical properties including the porosity (r = 0.961), SOC (r = 0.874), total N (r = 0.743), SMBC (r = 0.736), 
and SMBN (r = 0.765) contents. But there was negative correlation between soil fungal abundant phyla and soil 
pH (r = −0.608).

Discussion
In the present study, the results showed that soil microbial community were mainly changed by different manure 
N input rate management, including soil structure, soil pH, SOC, total nitrogen, SMBC, and SMBN contents 
(Table 1), the soil total nitrogen, SOC, SMBC, and SMBN contents were increased with application of organic 
manure incorporation treatments compared with the without N fertilizer input treatment soil, consistent with 
the results of a previous  studies8,12. Application of organic manure practices significantly increased the SOC 
content, the reason maybe that soil C redistribution and microbial habitat were altered under manure N input 
management  condition28. Soil aggregation mediated were changed by porosity, and soil C sequestration were 
increased under application of organic manure N  condition29. Based on those findings, the results were indicated 
that distribution of the soil bacterial and fungal communities in a double-cropping rice system were changed 
due to the changes in soil properties.

Compared to the chemical fertilizer and without N fertilizer input treatments (M0, CK), the organic manure 
incorporation treatments (M30, M50 and M100) strongly increase the Richness, Shannon and McIntosh indi-
ces in the soil samples. At the indices of soil microbial communities, the results indicated that indices of soil 
microbial communities were increased with application of organic manure management (Figs. 1, 2), which may 
be the disturb of microbiota were moderated, the soil texture and moisture content were decreased, therefore, 
the competitive niche and selection mechanisms among different populations were excluded. As a result, the 
Richness, Shannon and McIntosh indices were increased in agree with the previous  studies8,11. This result maybe 
explained from the soil texture and moisture condition by using organic manure practices. The soil pore con-
nectivity were mainly affected by soil texture and moisture, which was the important influence factor of changes 
in soil bacterial and fungal diversity, and was closely related to the Simpson and Shannon  indices11. There were 
more nutrient and carbon source with organic manure treatments than that with chemical fertilizer and without 
N fertilizer input treatments, which was provide an appropriate soil environment and nutrient for soil bacteria 

Table 2.  Soil bacterial and fungal diversity parameters with different fertilizer treatments. Different lowercase 
letters in the same line indicated significantly difference at p < 0.05. The same as below.

Microorganism Diversity parameters

Treatments

M0 M30 M50 M100 CK

Soil bacterial

Richness indices 14.57 ± 0.35b 15.05 ± 0.40ab 15.45 ± 0.41ab 15.92 ± 0.42a 14.31 ± 0.37b

Shannon indices 4.76 ± 0.13b 5.25 ± 0.14a 5.37 ± 0.16a 5.76 ± 0.17a 4.02 ± 0.11c

McIntosh indices 5.78 ± 0.14b 6.15 ± 0.15ab 6.43 ± 0.15a 6.58 ± 0.17a 4.86 ± 0.11c

Soil fungi

Richness indices 11.43 ± 0.35ab 11.83 ± 0.34ab 12.06 ± 0.34ab 12.35 ± 0.33a 11.15 ± 0.32b

Shannon indices 3.76 ± 0.13b 4.02 ± 0.12ab 4.15 ± 0.12a 4.36 ± 0.11a 3.25 ± 0.09c

McIntosh indices 4.53 ± 0.14b 4.84 ± 0.14ab 5.06 ± 0.13a 5.15 ± 0.13a 4.17 ± 0.12c
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and fungal multiplying. Therefore, this study was supports the idea that soil bacteria and fungal alpha diversity 
and abundance were changed with application of organic manure practices, which the soil texture, soil moisture 
content, and soil properties were obvious altered.

Some studies indicated that structure and diversity of soil bacterial community were changed under different 
fertilizer  condition1,8,11. In the present study, the soil bacterial community was investigated by using Illumina 
sequencing and PCR technology. The results showed that the relative abundance of Proteobacteria and Actino-
bacteria with M30, M50 and M100 treatments were higher than that with M0 and CK treatments (Fig. 1), which 
were provide an appropriate soil environment and nutrient for Proteobacteria and Actinobacteria multiplying 
under application of organic manure condition. The relative abundance of Fimicutes with CK treatment were 
higher than that with M30, M50 and M100 treatments, which were mainly benefit for produce endospores under 
without N fertilizer input  condition21. Jenkins et al.30 reported that Proteobacteria was a fast-growing copiotrophs 
under higher SOC environment, competed with soil nutrient with Firmicutes was the main reason for the reduced 
abundance of Alphaproteobacteria and Betaproteobacteria with M30, M50 and M100 treatments compared to 
M0 and CK treatments soil as observed in the present study. Meanwhile, the results indicated that abundance of 
Alphaproteobacteria with M0 and CK treatments soil were higher than that of the other treatments soil, which 
were considered as heterotrophic, nitrogen-fixing  organisms31. These findings were significantly correlated with 
soil texture and soil nutrient condition change (Table 1), which was main reason for the higher relative abun-
dance of Alphaproteobacteria with M0 and CK treatments soil than that of with other fertilizer treatments soil. 
Some study indicated that abundance of Acidobacteriales and Chloroflexi were regarded as  oligotrophs32, and its 
soil textures and soil nutrient contents were the main reason for the lower abundance of Acidobacteriales and 
Chloroflexi with organic manure treatments soil than that with M0 and CK treatments soil. Therefore, fraction 

Figure 3.  Redundancy analysis of soil bacterial (a) and fungal (b) abundant phyla and soil characteristics 
(arrows) of different fertilizer treatments. M0: 100% N of chemical fertilizer (triangle); M30: 30% N of organic 
manure and 70% N of chemical fertilizer (square); M50: 50% N of organic manure and 50% N of chemical 
fertilizer (prismatic); M100: 100% N of organic manure (circle); CK: without N fertilizer input as control 
(asterisk).
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of soil texture were changed, soil aeration and nutrient contents were improved with organic manure treatments, 
thus the relative abundance of profitable functional bacteria species were increased.

There were significantly differences in response patterns of soil fungal community structure and diversity to 
different fertilizer regime. In this study, the results showed that phyla Ascomycota, Basidiomycota and Zygomy-
cota were the most abundant in the soil samples, consistent with the results of previous  study33. And the phyla 
Ascomycota with organic manure treatments were significantly lower than that of with CK treatment (Fig. 2), 
which were considered as the growth of Ascomycota was not good with application of organic manure practices. 
The main reason maybe that it was not benefit for the growth and reproduction of Ascomycota under experiment 
soil condition. On the other hand, the application of organic fertilizer contains a lot of nitrogen, phosphorus 
and potassium nutrients, and the excessive application of organic manure fertilizer in the soil will promote the 
pathogenic characteristics of  fungi34, leading to the inhibition of Ascomycota growth. Compared with M0 and 
CK treatments, the phyla Basidiomycota and Zygomycota were increased with application of organic manure 
treatments (M30, M50 and M100 treatments), which was provide nutrient and appropriate soil environment for 
Basidiomycota and Zygomycota multiplying. The reason may be that application of organic manure treatments 
can increase the SOC content, improve the ventilation condition of soil, and create favorable soil condition for 
Basidiomycota and Zygomycota growth. However, the application of chemical fertilizer treatment were cause the 
deterioration of soil physical and chemical properties and soil hardening, which was not benefit for the growth 
and reproduction of Basidiomycota and Zygomycota.

In the present study, the redundancy analysis results showed that soil bacterial community structure was 
closely related to soil porosity, SOC, total nitrogen, SMBC, and SMBN contents, and soil fungal community 
structure was closely related to soil porosity and SOC content. However, there were not obvious effects of soil 
pH on soil bacteria and fungi community structure (Fig. 3). Many studies have shown that soil microbial growth 
was affected by soil moisture and aeration  condition6,22. Soil microbial biomass carbon content was also an 
important parameter reflecting the turnover of soil organic  manure35, which was influence on soil bacterial and 
fungal community structure. Meanwhile, some studies also indicated that soil bacterial and fungal community 
structure were affected by soil organic matter and total nitrogen  contents12,13. In this study, the soil fertility were 
improved with application of organic manure practices, and the soil microorganisms growth and reproduction, 
carbon/nitrogen content of soil microbial biomass were also  increased36, and soil microbial community structure 
were changed. Some studies showed that soil pH has a profound impact on soil bacterial and fungal community 
 structure34,37, while our research results indicated that there were not obvious effects of soil pH on soil bacte-
rial and fungal community structure, the reason maybe that change of soil pH was not sufficient impact on soil 
microbial community (Table 1). Therefore, the soil microbial function was an important indicator of soil quality, 
which was influenced by different fertilizer management. And the mechanism of soil microbial function responds 
to different manure N input fertilizer management needs further study.

Conclusions
In this study, the results indicated that soil physical and chemical properties were significantly changed under 
3-year fertilizer treatments condition, and the soil bacterial and fungal diversities and community compositions 
were also modified in a double-cropping paddy field of southern China. And the higher value of Richness, Shan-
non and McIntosh indices were found in organic manure and chemical fertilizer soil, and more diversification 
soil bacterial community were observed in combined application of organic manure with chemical fertilizer soil, 
which had higher rich functional microorganisms (including Actinobacteria, Proteobacteria and Gammapro-
teobacteria), and more diversification soil fungi community were observed in combined application of organic 
manure with chemical fertilizer soil, which had higher rich functional microorganisms (including Basidiomycota 
and Zygomycota). Most importantly, the results demonstrated that fraction of soil physical and chemical prop-
erties (porosity, SOC, total nitrogen, SMBC, and SMBN contents) were improved under combined application 
of organic manure with chemical fertilizer condition, leading to changes of the soil bacterial and fungi com-
munity. Therefore, it was found that combined application of organic manure with chemical fertilizer is feasible 
management contribute to increase soil bacterial and fungi community and to build stable soil environment in 
a double-cropping paddy field of southern China.
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