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Abstract: There are many factors affecting the uncertainty of soil microorganisms. This paper aims at reviewing the 

influencing factors and research progress of soil microorganisms, such as bacteria, fungi and actinomycetes, soil microbial 

biomass, such as microbial biomass carbon, microbial biomass nitrogen and microbial biomass P, in the ecological distribution of 

Soil microbes has been discussed from the aspects of time, space and plant communities etc., focused on effects of natural factors 

including soil moisture, soil temperature, soil PH, soil nutrients, soil salinity, etc. and artificial measures including fertilization 

and spraying rare earth elements, grazing, different utilization and tillage practices, crop rotation, burning, fencing, tourism 

trampling, soil pollution, etc. on soil microbial. Although there are many reports about soil microbiology, overall it is still 

limited. And look into the distance for future research by combining with our project team for many years of work. 
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1. Introduction 

Soil microorganism is an important part of ecological 

system, is the core of the soil ecosystem, mainly plays the 

role of extensive decomposition, is involved in the regulation 

of soil nutrient cycling directly or indirectly [1], the energy 

flow [2], organic matter conversion [3], the formation of soil 

fertility [4], degradation of pollutants and environmental 

purification etc [5], especially play a leading role in the 

transformation of material and energy flow in ecosystem 

process, which has great biological chemical activity [6]. The 

soil is the stronghold of the microbial life, the components of 

soil microbial are complex, various and large in quantity. 

According to Whitman research estimates, there is about 2.6 

× 1029 prokaryotic cells the global soil [7]. In addition, the 

function of soil microbial is complicated and various, it 

makes up the earth’s most abundant biological recourse, it is 

also the most important gene resource library and metabolite 

Library [8]. The distribution of soil microbial community 

diversity, pattern, and important element in circulation, has 

been paid great attention to by scholars of soil science, the 

ecology and microbiology and other fields, and become the 

front and hotspot of current research. 

Study on Soil Microbiology generally includes soil 

microbial classification and soil microbial biomass. The 

classification of soil microorganism in general refers to soil 

bacteria, fungi and actinomycetes, includes everything else 

that is less than 5 × 103um3 biology. Soil microbial biomass 

is the total soil microbial biomass. Main includes the soil 

microbial biomass carbon, soil microbial biomass nitrogen 

and soil microbial biomass phosphorus, it’s part of living soil 

organic matter, but the large animal and plant body such as 

root, not to be covered [9]. Soil microbial biomass is the 

power of soil organic matter and soil nutrients (C, N, P, S) 
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transformation and cycle, it participates in the regulation 

decomposition of organic matter and the formation of humus, 

it also regulates and controls the biochemical process of the 

energy and nutrient cycling in soil, which is an important 

plant nutrient reserves [10]. 

The soil microorganism is the regulation of soil nutrient 

cycle and energy flow in soil ecosystem; it is also a part of 

organic matter and available nutrients, which is the most 

active part of the soil, and play important role in the 

metabolic process of soil. Therefore, it is very necessary to 

find out the number of microorganisms in soil, to explore the 

function of soil microbes, to mine and screen the application 

of beneficial soil microbial resources for understanding soil 

microorganisms and its relationship with environment. 

2. Affecting Factors of Soil Microbiology 

2.1. Effect of Physicochemical Factors on Soil 

Microorganism 

The physical and chemical properties affect greatly of the 

soil microorganisms [11-15]. In soil ecosystem, soil 

microbial biomass carbon content has varied greatly. There is 

110 ~ 2240 kg per hectare of topsoil [11], soil microbial 

biomass carbon increases by soil water content’s increase, 

but soil microbial biomass nitrogen reduces by the volume 

weight of soil’s increase [16]. In the vegetable greenhouse, 

with the characteristics of high temperature, high humidity 

also affect significantly on soil microorganisms [17]. 

The changes of soil quality has great influence on the 

population of soil bacteria and fungi [13]. Soil bacterial 

diversity index and soil total organic carbon, total nitrogen, 

dissolved organic carbon, ammonium nitrogen, available 

phosphorus, available potassium content and soil pH value 

had significant positive correlation. Soil fungal diversity 

index and soil carbon and nitrogen ratio was significantly 

positive correlation, and soil pH value is significant negative 

correlation. Soil pH value imbalance is one of the important 

factors for soil microbial flora imbalance. In vegetable 

greenhouse cultivation process, high input caused excessive 

accumulation of soil nutrients, it is directly caused by soil 

acidification [14]. Different microorganisms have differences 

adaptability of soil pH value, such as acidic for fungi, 

neutrophil for most bacteria [15], therefore, the soil acid-base 

imbalance will lead to soil microbial flora imbalance. 

2.2. Effects of Fertilization on Soil Microorganism 

The effect of chemical fertilizer, compost, green manure 

and straw returning on soil microorganism 

In soil ecosystem, high and low soil fertility changes the 

quantity of soil microbial [18, 19]. Fertilization can increase 

soil microbial biomass carbon [20], but its effect is connected 

with number of fertilization, the types of fertilizer and 

proportion. Fertilization can increase soil microbial biomass 

carbon, Because after fertilizing, the plants grow quickly, this 

makes root biomass and root exudates increase, promote soil 

microbial activity, thus increasing the soil microbial biomass 

[21]. Lu Lei studies result show are single fertilizer decreased 

soil microbial biomass carbon. The results are different from 

above. Straw application could significantly increase soil 

microbial biomass carbon, especially under high amount of 

straw effect more obvious. In the agricultural ecosystem in 

low fertility fertilizer can promote the growth of plants and 

other organisms, increase the crop roots and root exudates, 

thereby promoting the reproduction of the soil 

microorganism, increase microbial biomass [22]. 

During the fertilization, soil microbial biomass nitrogen 

changed significantly, but there are differences in the 

different processing. In field experiments, Li Zheng studies 

result show are single green manure or chemical fertilizers 

decreased soil microbial biomass nitrogen, Especially green 

manure application combined with chemical fertilizers 

increased soil microbial biomass nitrogen. In the process of 

growth and development of tobacco plant, the effects of 

application ratio of green manure and chemical fertilizer 

were obvious differences. In comparison with the control at 

different growth stages, soil microbial biomass nitrogen were 

increased 3.28% -157.69%. Comprehensive effect is better 

with quantity in 15000 ~ 22500 kg/hm
2
 of green manure [23]. 

But Lu Lei believes that chemical fertilizer decreased soil 

microbial biomass nitrogen [22], both viewpoints are 

contradictory each other, it need further study. 

In general, fertilization can significantly increase soil 

microbial biomass phosphorus, but increased the soil 

microbial biomass phosphorus is also different for different 

fertilizer. Which may be different with different fertilizer 

phosphorus content and under the action of microorganism 

organic fertilizer mineralization and decomposition rate of 

different relationships, especially organic fertilizer provided 

nourishment for microbial activity. Microbial blooms will 

part of organic phosphorus and mineralization of the 

inorganic phosphorus and assimilated into microbial biomass 

phosphorus, thus increasing the soil microbial biomass 

phosphorus. Application of phosphorus fertilizer could 

promote soil microbial biomass growth, and long-term 

application of ammonium sulfate and reduced soil microbial 

biomass [24]. 

When high quality of compost is put into the soil, it can 

increase soil microorganism significantly. Because compost 

is rich in carbon and trace elements, it is necessary for plant 

growth, it lives in a large number of plants and 

microorganisms. Which can improve soil physical and 

chemical properties, such as bulk density, pH, electrical 

conductivity, porosity, aeration, moisture and granule 

structure etc, which increase soil organic matter, improve soil 

microbial diversity, promote nutrient cycling, thus increasing 

the number of soil microorganisms [4, 19]. 

A 20-years field experiment on fertilization models, e.g. 

applications of inorganic fertilizer alone (CF) and inorganic 

fertilizer combined with wheat straw (CF/OM) was carried 

out to study responses of the soil in microbial abundance. 

Analysis indicates that the abundances of soil 

ammonia-oxidizing archaea (AOA) and ammonia-oxidizing 

bacteria (AOB) were significantly higher in treatment CF and 
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treatment CF/OM than in the control (no application of 

fertilizer, CK). The population of soil AOB increased at least 

16 times while that of soil AOA at best by 3 folds. Fertilizer 

with straw processing fertilization pattern not only maintain 

crop yield but also improve the quantity of soil microbial 

major groups. it shows chemical fertilizers with organic 

fertilizer is favour for keeping soil microbial diversity, it 

plays an important role on improving the soil quality [25]. 

The straw or planting green manure, the two measures 

often makes the soil microbial biomass increased 

significantly [23, 26], which may stimulate eating bacteria 

and fungi nematode reproduction. Soil microbial C/N ratio is 

relatively stable, so the C/N ratio of plant straw or manure 

moderate helps make the nutrient cycling and maintained at a 

relatively stable level [27]. 

2.3. Effects of Microbial Fertilizer and Spraying Rare 

Earth Elements on Soil Microorganisms 

In soil microbial fertilizer and spraying rare earth elements 

effect on soil microbial activity. In field cultivation 

conditions, the fermentation liquid and antagonistic bacteria 

with soil disinfectant application, it can be based on reducing 

the pathogenic bacteria in soil, and increase the soil 

antagonistic microorganisms, increase soil microbial 

diversity of bacteria, improve soil microbial ecological 

structure [28]. The research result of Zhao Ji shows that, in 

during the from 6 to 7 month, forage on the spraying quality 

score of 1000×106 rare earth, 1 ~ 2 times, the total number of 

microorganisms per gram of soil control from 28.3 × 107 to 

53.4 × 107, especially the aerobic bacteria can increase 1 

time. The number of actinomycetes and bacillus were 

increased significantly. When the concentration of spraying 

rare earth is more than 10000×106, microbial groups within a 

certain period of time in the aerobic bacteria, bacillus and 

actinomycetes quantity will be significantly reduced [29]. So 

spraying rare earth elements reasonably has a stimulating 

effect on the number of soil microorganism, but if uses more, 

will produce negative effects. 

2.4. Effects of Stocking Rate for Soil Microorganisms 

Different grazing intensity not only influences the quantity 

of microorganisms and soil microorganisms, but also 

influences various kinds of microorganisms. England 

mountain grassland, due to because the large number of 

plants have been trampled into the soil, thereby significantly 

increased soil microbial biomass [30]. Australia's Northeast 

Semi-arid Grassland and subtropical grassland grazing, 

compared with the control and light grazing area, soil 

microbial biomass carbon decreased by 51% and 24% [31]. 

In Inner Mongolian Region, to investigate the response of 

meadow steppe ecosystem soil microbes in different grazing 

intensity. Study of the responses of a grazing intensity of soil 

microorganisms In Inner Mongolian Region showed that the 

number of microorganisms in different grazing areas had the 

same changing trends: bacteria > actinomycetes > fungi. The 

number of soil microorganisms and soil microbial biomass, 

such as carbon and nitrogen were higher in grazing areas than 

that of no-grazing areas. The descending range of the number 

of bacteria and fungi and the microbial biomasses, such as 

carbon and nitrogen increased along with the increasing of 

grazing intensity. Correlation analysis indicated that the 

number of soil microorganism was significantly correlated 

with soil microbial biomass. Moderate grazing increases soil 

microorganisms and soil microbial biomasses [32]. 

The types of bacillus and filamentous fungi were analyzed 

under natural grazing gradient in grassland soil by Zhao Ji, it 

discovered that microbial community diversity index is 

maximum in the moderate grazing area. In addition, after the 

4 years fence, the number of most microorganisms increased 

and the total number of microorganisms in the grazing 

intensity was 0, 4 and 12 sheep test area increased by 31.1%, 

15.6% and 21.3% [29]. 

Therefore, the moderate grazing helps to increase the 

quantity of soil microbial biomass and soil microorganisms, 

because moderate grazing increased the exudation of roots, 

thus increasing the activity of soil microorganisms [33] and 

over grazing make it decreased [32], the phenomenon 

consistent with “the intermediate disturbance hypothesis” 

which is proposed by Connell in 1977. Reasonable grazing 

contributes to the transformation of soil nutrients; it also has 

positive meanings in restoration of degraded grassland and 

promoting the transformation of soil nutrients. 

2.5. Effects of Different Utilization and Tillage Practices on 

Soil Microorganisms 

Different tillage and usage can change the soil microbial 

biomass in soil, compared with conventional tillage, no 

tillage, ditch sowing significantly increased soil microbial 

biomass carbon, nitrogen, and phosphorus [34]. The good 

soil structure can significantly increase improve soil 

microbial activity, in contrast, On the contrary, Tilling the 

soil not only changes the evolution in soil, but also exposes 

soil microorganisms into the air, soil microorganism is 

oxidized by air and shined by sun, so that the soil microflora 

is changed and the microbial biomass decreased. In the hilly 

and gully region of the Loess Plateau, no tillage with straw 

cover than conventional tillage soil microbial biomass 

nitrogen, phosphorus were increased by 89.6%, 29.6% [35]. 

But some studies suggest that soil microbial biomass 

phosphorus in no tillage and conventional tillage had no 

significant changes [27]. In addition, distantly related crop 

rotation or catch is conducive to microbial breeding and 

improve soil microbial function and species diversity, and the 

influence of soil microbial in rhizosphere associated factor, 

increase crop production purposes. In general, the long-term 

effect of these measures is short-term effect. Otherwise, the 

longer they crop, the more years that they need to repair 

function of soil microbiology and improve crop growth and 

development by cropping rotation or catching. 

2.6. Effect of Fire on Soil Microorganisms 

There is has a great influence on the quantity and the 
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amount of soil microbial biomass by effect of fire. After the 

fire, the quantity and the amount of soil microbial biomass 

was lower than that of the non burning in the fire, the fire, the 

second year, microbial biomass increased gradually and 

exceeds the unburned site. Compared with burning field in 

spring, autumn burning field is more beneficial to the 

increase of the number of soil microorganisms [29]. Mainly 

reason is that after the fire, a lot of ground vegetation, animal 

and soil microorganisms was burned, this changes the plant 

community, soil physical properties, micro and large animal 

fauna and soil microbial populations. So that makes the 

surface of soil microbial quantity and biomass decrease. 

After a certain time to recover, because there is plenty of 

nutrition after burning, soil microbial biomass increased 

gradually with growth season. 

2.7. Effect of Closing Fencing on Soil Microorganisms 

The closing generally helps to increase soil microbial 

quantity and soil microbial biomass. After 4 years of 

degraded grassland fence, railing column microbes than 

grazing control area increased significantly, an increase of 

increased about 18% ~to 33%. After closing fence for ten 

years, the total number of microorganisms than the column 

was increased by 40% ~ 88% [29]. Guo Mingying suggest 

that under different land using types, such as closing, grazing 

and cutting, closing the soil microbial biomass carbon is 

higher than grazing and mowing’s, but microbial biomass 

nitrogen content and soil microbes is lower than grazing and 

cutting’s. [36]. 

2.8. Effects of Pollution on Soil Microorganism 

Oil pollution in the average color of microbial metabolic 

active characterization of the rate of change (AWCD), 

species diversity index and carbon source utilization number 

increase [37]. Falling oil pollution in soil, the polluted soil 

which the oil fell, bacterial biomass increased significantly, 

apparently falling oil on the growth of bacteria have certain 

stimulation. Because many of them has degradation and 

transformation of the role of oil pollutants. Among them, the 

secondary pollution is caused by largest microorganisms. 

Actinomycetes and fungi growth by oil pollution limits. In 

general, effects of oil pollution on soil has “characteristics of 

secondary pollution.” The critical value of grassland soil 

petroleum pollution was 5% ~ 6% [29]. When the soil is 

polluted by heavy metal which has higher concentration, the 

soil microbial biomass will decrease significantly [38]. 

2.9. Effects of Tourism Trampling on Soil Microorganism 

Serious human tourism trampling activities than that of not 

trample on the original reserve of soil microbial biomass 

carbon, nitrogen, and phosphorus were decreased by 52%, 

79%, 62% [39], therefore, tourism trampling significantly 

reduced soil microbial biomass. 

In summary, there is a close relationship between soil 

microbes and the influence factors. This response interaction 

results may both competitive relationship and mutually 

beneficial relations. However, from the development of the 

ecological system, competition is not unfavorable factors on 

microorganism, but also the necessary. It is actually a kind of 

reciprocity that microbial fixed nitrogen behavior not only 

slow down the leaching loss of nitrogen, at the same time 

during the growing season by inorganic nitrogen uptake by 

plants release form [5]. Therefore, competition is the 

coexistence basic of foundation and development. 

3. Conclusion 

From the current progress of study on soil microbiology, 

although there are many reports about soil microbiology, 

overall it is still limited, the related research of soil 

microbiology may also need further exploration from the 

following aspects: 

1) Soil Microbiology in the past mainly in agriculture, 

grassland, forest. The study on soil microbial secondary 

succession process is relatively less, especially on soil 

microorganism of arid secondary grassland research is not 

reported. But in fact, we during our work on using and 

rebuilding the vegetation, it is concerned about the problem 

of Secondary succession. Therefore, we need to research for 

different climate zones, different plant communities and soil 

type, soil microbial dynamics of secondary succession in 

different soil depth and adjusting mechanism. 

2) Deeply research for Effect factor on the soil microbial 

uncertainty, such as fertilizer, temperature, closing, tillage 

methods, strengthen the study of carbon dioxide 

concentration on soil microbial biomass of other factors such 

as pollution. According to the research in arid area in Minqin 

Oasis, the research results showed that the temperature and 

the closing have a promoting effect on soil microorganisms, 

the soil microbial biomass carbon increased significantly by 

prolongation of closing [40]. Other uncertain factors still 

need further researching and discussing. 

It has not only economic significance, but also ecological 

significance. So study needs further strengthening. Although 

our research group does some work about it, it is not enough 

[41-44]. 

Although the research on soil microbiology of China has 

made significant progress, compared with similar 

international research, its depth is still not enough, and most 

research mainly focuses on artificial management effects on 

soil microbiological factor and the general change. It lacks 

the deep research of soil ecological service function’s 

change. In addition, there is a very large ascendant space in 

terms of research methods and theoretical innovation in 

China [45]. 
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