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Revealing the relationship between excessive fertilization and soil microorganism diversity plays an important 

role in improving agricultural economic and ecological benefits. The soil without fertilization, reasonable 

fertilization and over fertilization for a long time were used as test materials to determine the diversity of 

microorganism after incubation. Shannon index was used to measure the number of microorganism species and 

individuals in soil and the evenness of their distribution. Excessive fertilization resulted in an obvious increase in 

Shannon index, indicating that excessive fertilization would lead to a decrease in the number of microorganisms in 

soil. The McIntonch index was used to evaluate the index of microorganism homogeneity. Excessive fertilization 

resulted in a significantly higher McIntonch index, indicating that excessive fertilization would lead to a single 

microorganism species in the soil. There were significant differences in microorganism diversity in soil with 

different degrees of fertilization, especially in the case of excessive fertilization, microorganism diversity in soil 

decreased significantly on the whole. This indicated that excessive fertilization would adversely affect the 

microorganism diversity in soil. 

Excessive fertilization; soil; microorganism; diversity 

1 INTRODUCTION 
Facility agriculture started late but developed rapidly in China. Due to the scattered management of farmers 

in facility cultivation, farmers have poor awareness of science and technology, and are greatly affected by 
traditional habits. As scientific research and technology application lag behind the status quo of production 
development, the fertilization of facility agriculture has brought about the misunderstanding that “excessive 
fertilization will inevitably lead to excessive returns”. As a result, the soil ecological environment of the farmland 
has been adversely affected, and the economic, social and ecological benefits have been decreasing year by year. 

Soil microorganism community structure is the foundation of soil ecological function, which is closely 
related to soil chemical properties, formation of soil aggregates and degradation of soil pollutants. The research 
indicates that ecology is going underground, and it would be worrying to ignore the study of biodiversity and 
ecological function in soil environment. Therefore, revealing the relationship between soil microorganism 
ecological changes and the environment has become a research hotspot. Fertilization is one of the important 
agricultural measures affecting soil quality and its sustainable utilization. Due to the influence of fertilizer 
application amount, soil type and utilization mode, the effect of fertilization on soil microorganism diversity is 
very complex, and this aspect needs to be further studied. At present, the research on the relationship between soil 
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microorganism community diversity and fertilization in China is lagging behind, which needs to be strengthened 
urgently.How to solve these problems, promote China's facility agriculture on the quality, high yield, efficient, 
sustainable and healthy development of the road, has aroused wide concern from all sectors of society. 

Ainash P. Nauanova, Raya S. Aidarkulovaet al. published an article in the Ekoloji (Issue 106, 2018), entitled 
“Ecology of Actinomycetes in Different Soil Ecosystems Common in North Kazakhstan: Assessment and 
Genotyping” (Nauanova et al. 2018). This paper investigated the growth and survival of pure and mixed 
actinomycetes in different soil ecosystems in kazakhstan. Streptomyces strains isolated from different soil 
ecosystems in northern kazakhstan were screened and their effects on phytogenesis, plant culture and cellulose 
hydrolysis were studied. Most of the actinomycetes isolated in northern kazakhstan are cellulose active and 
promote the growth of cereals, vegetables, oil-based cereals and legumes. Inspired by this article, the relationship 
between excessive fertilization and microorganism diversity in soil was studied. 

Zhang & Cai (2016) conducted a study on the impact of soil management measures and environmental 
factors on soil microorganism diversity. This paper reviewed the research progress of soil management measures 
and environmental factors on soil microorganism diversity, and introduced the research methods of soil 
microorganism diversity. Traditionally, the analysis of soil microorganism communities has depended on culture 
techniques, but only a small part of soil microorganism communities can be cultured and isolated using this 
technique. Through Biolog analysis, phospholipid fatty acid analysis, nucleic acid analysis and other modern 
technologies to study and characterize soil microorganism diversity, it is concluded that soil microorganism 
diversity is affected by soil management measures and a variety of environmental factors. However, this method 
is too theoretical and lacks practicality. Fan et al (2016) proposed the research method of soil microorganism 
diversity under different fertilization and cultivation systems. In this paper, the advantages and disadvantages of 
soil microorganism community were analyzed by phospholipid fatty acid and nucleic acid analysis. The effects of 
fertilization and tillage on soil microorganism diversity were reviewed. This paper pointed out that different 
fertilization treatments have different effects on microorganisms, and rational application of organic fertilizers 
was conducive to maintaining the diversity and activity of soil microorganisms. Different tillage practices had 
different effects on soil microorganism diversity due to other environmental factors. Based on the above studies, 
the effect of excessive fertilization on microorganism diversity in soil was studied. 

2 IDEA DESCRIPTION 
2.1 Significance of soil microorganism diversity study 

Soil microorganism is an important part of soil, and the change of soil environment is bound to affect the 
composition, quantity and distribution of soil microorganism community. Soil microorganism diversity refers to 
microorganism changes at the level of heredity, species and ecosystem. Diversity is the study of the number and 
relative abundance of microorganisms in soil. It is usually reflected by the change of soil biota and the 
relationship between biochemical processes, which represents the stability of microorganism community 
structure, and also reflects the impact of soil ecological environment and soil stress on microorganism community 
(Han et al.2016). Rich and diverse microorganism species are not only important factors for maintaining soil 
health, but also sensitive indicators for monitoring soil quality changes. Generally speaking, soil with diverse 
biological communities has relatively rich soil nutrients, and the structure and composition of soil microorganism 
communities are diverse and homogeneous.The research on soil microorganism is of great significance for 
improving the stability and harmony of soil ecosystem and buffering ability against soil microenvironment 
deterioration. 
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2.2 Effects of fertilization on soil microorganism diversity 
In addition to directly influencing the change of soil chemical composition, caused the change of soil 

microorganism activity and soil microorganism community structure, fertilizer application can also affect the 
growth status of aboveground vegetation by changing the physical properties of soil, thus indirectly affecting soil 
microorganism diversity. No matter which fertilization method is adopted, it will affect soil microorganism 
species and diversity. The response of soil microorganisms to inorganic fertilizers depends on whether nutrients 
inhibit the growth and activity of microorganisms (Luo et al.2016, Ayob and Simarani 2016; Albokari et al. 
2017). The number of soil microorganisms is related to the amount of fertilizer applied, but the higher the level of 
fertilizer applied, the higher the number of microorganisms. Excessive fertilization will not only not enhance the 
microorganism activity in the soil, but also lead to a decline in microorganism activity in some cases. In the most 
serious case, it will kill the microorganisms in the soil and reduce the microorganism diversity (Han et al.2016). 
Under the condition of a certain number of microorganisms in the soil, excessive fertilization can reduce the 
utilization efficiency of carbon source by microorganisms and greatly reduce the diversity of microorganisms. 
Excessive fertilization reduces root exudation, leading to a decrease in soil microorganism biomass by providing 
less energy to soil microorganisms. Excessive fertilization increases plant residues above and below ground, and 
even if microorganism populations are increased at some stage, in the long run, microorganism diversity in the 
soil is bound to decrease (Xiao et al.2016).  

Different fertilization methods have different soil physical and chemical properties depending on soil type 
and intensity of action, so have different effects on soil microorganism diversity.Due to the relatively stable soil 
microorganism diversity, short-term excessive fertilization has limited impact on soil microbes. Once long-term 
excessive fertilization, it will adversely affect the biodiversity of soil. Excessive fertilization can neither 
supplement organic carbon sources nor improve soil physical properties, and is not conducive to maintaining soil 
microorganism diversity and activity. Relevant scholars have studied the effects of organic matter cycle 
transformation on biodiversity in mountain grassland, and believed that microorganism structural diversity and 
microorganism functional diversity are corresponding.Some scholars have also studied the soil microorganism 
functional diversity under different fertilization treatments.The results show that excessive fertilization treatment 
will reduce the activity of microorganisms in the soil, reduce the soil microorganism quantity and soil quality, and 
is not conducive to plant growth. Therefore, it is necessary to verify the adverse effects of excessive fertilization 
on microorganisms in the soil in practice. 

3. RESULTS
3.1 Test soil pretreatment 

The test soil was collected from a local farm and the farm was tested for long-term fertilizer positioning.The 
study area has three treatment areas: no fertilization, reasonable fertilization, and excessive fertilization. The same 
variety of rice is planted in the area. After 3 years of fertilization treatment, the number of microbes in the soil in 
each small area is different.The topsoil was taken in the three test areas. After removing the plant residues and 
gravel, the fresh soil samples were naturally air-dried, sieved, and placed in plastic bags for use. The fertilization 
amount of fertilization treatment is N 89 mg/kg, P 22 mg/kg, K67 mg/kg, which is equivalent to N 200 kg, P 50 
kg and K 150 kg. In the chemical fertilizer treatment, the nitrogen fertilizer is urea, the phosphate fertilizer is 
calcium dihydrogen phosphate, and the potassium fertilizer is potassium chloride.Three kinds of soil take 500g 
each, according to the fertilization scheme in different species, different amounts of fertilizer, after full 
immersion, put in a plastic beaker, maintain a constant water level, at 25℃ and biochemical culture flooded in the 
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oven. 
3.2 Determination of basic physical and chemical properties of soil 

The basic physical and chemical properties of the tested soil and fertilizer were determined by conventional 
analytical methods. 
3.3 Preparation for the determination of soil microorganism diversity 

In the 9th week of culture, soil samples treated with three kinds of fertilizers were collected with a special 
syringe several times and multiple points, respectively concentrated in a beaker, and stirred well with a glass rod 
to make mixed soil samples, so as to measure the diversity of microorganism community. 
3.4 Soil microorganism functional diversity 

The determination of soil microorganism functional diversity is mainly based on the BIOLOG microplate 
test method. According to the absorbance value of the color change in the reaction hole, the utilization mode of 
different carbon sources is indicated, so as to reflect the difference of microorganism functional and metabolic 
capacity. The carbon utilization method based on BIOLOG ECO was adopted for the determination of functional 
diversity. There were 31 different carbon sources in the BIOLOG ECO microplate, and 1 water control hole was 
added. A total of 96 reaction holes were found in the 3 replicates. The specific operation process is as follows: 
Will BI - OLOGECO micro plate are taken from the refrigerator, warm up to 25℃. 

The soil diluent meeting the requirements of BIOLOG ECO system was taken from the 200µI automatic 
multi-head shifter and added into the micro-plate hole of BIOLOG ECO, Each hole to add 150µI, keep 25℃ to 
develop 7 hours. BIOLOG automatic counting device was used to measure the light absorption value at 590 nm 
every 24 hours, and the average absorbance of each hole was taken as one of the effectiveness indexes of the 
overall microorganism activity in the soil. 
3.5 Diversity of soil microorganism structure 

The diversity of soil microorganism structure was analyzed by using phosphoric acid. In this paper, the 
modified method was used for lipid extraction and phosphate fatty acid separation. The basic steps are as follows: 
First, put fresh soil sample in freeze drying - 50℃ environment, then sieve samples from 2.0 g to clean in vitro, 
lipids were extracted by oscillating chloroform - methanol - citric acid buffer (volume ratio 1:2:0.8). The fatty 
acids of phosphates were separated by silica gel column chromatography and then the contents of fatty acids were 
analyzed by gas chromatography after basic methylation. 
3.6 Soil microorganism diversity index under different fertilization treatments 

Due to the preparation of 1 control and 31 carbon sources with different properties in BIOLOG ECO plate, 
different groups of microorganisms in the soil have selective use of their preferred carbon source matrix during 
the cultivation process, and the color changes of the reaction pores in BIOLOG ECO plate are different to 
different degrees.Therefore, the number of color changes in the plate pores of BIOLOG ECO can indirectly 
reflect the differences in the structure and composition of soil microorganisms to a certain extent. The more the 
number of color changes in the pores, the richer the soil microorganism community is. 

According to the experimental results, the maximum number of color holes in the control group was 20 
mesh, the maximum number of color holes in the control group was 15 mesh, and the minimum number of color 
holes in the control group was 14 mesh, indicating that excessive fertilization reduced the richness of functional 
diversity of the microorganism community to some extent, and could not maintain the functional diversity of the 
microorganism community compared with rational fertilization. 

Shannon index is a comprehensive index for studying microorganism species, number of individuals and 
evenness of distribution. It is one of the most widely used indexes for testing microorganism diversity. Compared 
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with no fertilization, rational fertilization can significantly improve Shannon index, and the effect of organic 
fertilizer is more obvious. Excessive fertilization resulted in a significant decrease in Shannon index, and the 
Shannon index was significantly different among different fertilization treatments (P<0.05), it can be seen that 
excessive fertilization has adverse effects on soil microorganism diversity. 

The McIntonch index is an index used to evaluate the homogeneity of microorganism species. Different 
fertilization treatments have different effects on McIntonch. The McIntonch index without fertilization is higher 
than that without reasonable fertilization, while the McIntonch index with excessive fertilization is higher than 
that without fertilization. Different diversity indexes can only reflect different aspects of functional diversity of 
soil microorganism community, but cannot fully reflect the information of relative abundance of functional 
diversity of soil microorganism community. Only the comprehensive analysis of all indexes can obtain the 
comprehensive and accurate information related to the functional diversity of soil microorganism community. 
Comprehensive analysis showed that there were significant differences in soil microorganism diversity at 
different levels of fertilization, especially in the case of excessive fertilization, soil microorganism diversity 
decreased significantly on the whole. 

4 CONCLUSION 
Soil microorganism is the main participant of soil material cycle and energy cycle and the most active 

component in soil ecosystem. Soil microorganisms are the "transfer stations" of nutrients in soil. Most nitrogen in 
soil can only be absorbed by plants after microorganism mineralization.At the same time, soil microorganisms are 
important reservoirs of carbon and nitrogen, which play an important role in plant growth. Based on this study, it 
was shown that excessive fertilization would have adverse effects on soil microorganism diversity. Therefore, it is 
of great scientific significance to explore the role of microorganisms in soil and apply fertilizers rationally to 
promote the development of ecological agriculture. 
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