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Introduction 
 

A better understanding of the effects of zero 

tillage on microbial activity and abundance is 

necessary if nutrient availability, soil 

structure, and water availability are to be 

balanced. There are various global issues 

calling for reform. Soil erosion and 

degradation, biodiversity loss and pollution of 

adjacent natural systems all call into question 

current practises in agricultural management. 

In order to satisfy sustainability criteria, there 

is a particular need to build alternative 

systems that take into account the surrounding 

environment, beyond individual technologies. 

The world population is expected to be about 

9.8 billion by 2050 and 37 percent of them 

will live in China and India (UN, 2017), 

requiring an estimated 59-98 percent increase 

in food demand (Valin et al., 2014), putting 

more strain on natural resources. The world is 

facing a population boom today and there is 

an immediate need to sustainably improve 

agricultural productivity and overall food 
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The use of resource management technologies such as zero tillage, which can affect the 

soil properties, can restore soil health that is degrading at a rapid pace due to intensive 

agriculture, inefficient and imbalanced use of fertilisers, high-yielding crops, the use of 

heavy machinery, excessive tillage, etc. The health of the soil can be measured by the 

capacity of microorganisms that can act as early warning signals. To improve soil quality, 

zero tillage is recommended globally and has significant effects on soil microbial 

communities. We do, however, know much less about biological influences than about the 

physical and chemical properties of the soil. Tillage helps to establish a favourable soil 

condition for plant growth, but it modifies the soil ecosystem and microbial communities 

responsible for organic matter decomposition and nutrient cycling on a long-term basis. 

The intensity of tillage has different effects on the biological properties of soils through 

changes in soil habitat, affecting soil porosity, soil water quality, distribution of residues 

and availability of substrates, etc. Zero tillage can enhance the structure of the soil, soil 

temperature and water holding capacity, thereby improving the microbial properties of the 

soil. By improving soil structure, nutrient status, water holding capacity and, eventually, 

all soil microbial communities and their activities, this improves soil quality. Long-term 

zero tillage practises can therefore improve the soil's microbial properties. 
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production without sacrificing the atmosphere 

and natural resources. Technologies 

introduced in the country during the 1966-67 

green revolution led to food security, 

intensive cropping, inadequate and 

imbalanced fertiliser usage, high yielding 

crop varieties, heavy machinery usage, excess 

tillage, etc., resulting in soil health and 

deterioration of quality. Five of the top ten 

problems facing humanity (i.e. food, water, 

the environment, energy and poverty) have 

been directly related to soil health and quality 

for the next 50 years. The introduction of 

conservation agriculture therefore involves a 

growing concern for food security through 

best practises in soil management. 

Conservation agriculture is a resource-saving 

mechanism for producing agricultural crops 

that aims to achieve equal benefits along with 

high and sustained production levels in this 

era of climate change while protecting the 

environment at the same time (FAO, 2010). 

Zero tillage is the most significant aspect of 

conservation farming. The best way to 

challenge all these problems is zero tillage. 

Zero tillage refers to soil management 

systems that result in crop residues covering 

at least 30 percent of the soil surface, one of 

the aspects of conservation agriculture 

(Jarecki and Lal, 2003). Zero tillage (ZT) is 

an important part of conservation agriculture 

that, compared to conventional tillage (CT), 

reduces soil disruption, amplifies physical, 

chemical and biological properties of the soil, 

retains soil and water, and reduces the total 

cost of production (Baker et al., 2007). Soil 

edaphic variables as well as the biological 

properties of the soil are influenced by tillage 

practises. In fact, some of the biological 

characteristics can be used as useful soil 

quality and health indicators (Carbonetto et 

al., 2014). The impact of soil laying on the 

structure and functions of soil microbial 

communities has been documented in a wide 

body of literature (Degrune et al., 2016; Srour 

et al., 2017c). Under various tillage regimes 

and crop residue management methods, 

varying soil physical and chemical factors 

create distinct environments for microbes and 

result in changes in the composition of the 

soil microbiome (Murphy et al., 2016). 

Edaphic variables such as temperature, soil 

moisture, pH, oxygen, nutrient availability, 

organic matter, soil texture, and host plants 

also influence the soil microbial population 

(Leff et al., 2015). To enrich the soil 

microbial culture, zero tillage practises with 

crop residue retention have been shown. This 

can be due in part to the well-documented 

role that soil microbes play in the cycling of 

soil nutrients (He et al., 2007). In addition, 

zero tillage systems have been found to be 

associated with a greater diversity of bacterial 

and fungal species compared to traditional 

tillage (CT) (Helgason et al., 2010). Fungal 

and bacterial species commonly known as 

decomposers are typically found to be 

prevalent in soils with zero tillage (Nicolardot 

et al., 2007). Likewise, under conservation 

labour, arbuscular mycorrhizal fungi are 

typically more abundant (Sale et al., 2015). 

Natural biofertilizers that supply the host with 

water and nutrients and protect it from root 

pathogens in exchange for photosynthetic 

products are also considered to be arbuscular 

mycorrhizal fungi. Hobbs et al.. Via 

improving soil structure, soil water holding 

capacity, nutrient cycling and improving soil 

biological activities, (2008) reported 

improvements in soil quality. In addition, soil 

microbial biomass and soil nutrient cycling-

related enzymatic activities have been 

documented to enhance conservation tillage 

practises (Murphy et al., 2016). A successful 

assessment of soil quality and fertility has 

been considered to compensate for the 

concentration and availability of nutrients in 

the soil from mineralization (Polyakov and 

Lal, 2004; Olson et al., 2005). The dynamics 

of C and N accumulation in soils not only 

boost soil physical parameters, conserve soil 

moisture, and minimise erosion, but also drive 
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microbial activity and nutrient cycling, given 

the close relationship between soil organic 

carbon, total nitrogen and microbial metabolic 

activities (Manna et al., 2007). Study plays a 

vital role in dealing with the never-ending 

problems associated with human life. 

Through more and more experimenting, a 

greater understanding of the real world is 

achieved. Owing to the accumulated nature of 

science, hundreds or thousands of studies 

discuss the same subject from several 

perspectives (Shoemaker et al., 2003). In 

addition, outcomes are often highly complex, 

and extremely difficult to comprehend, 

leading to widely scattered processes in 

different parts of the globe. Narrative reviews 

will detail the exceedingly varied scientific 

results to create a description. A study 

cumulates and summarises all the available 

literature on a given topic in order to analyse 

the outcome quantitatively by relevant 

primary studies and the source of variance 

between these results (Olkin, 1995; 

Gurevitchet et al., 2018). 

 

Impact of zero tillage on soil microbial 

properties 

 

Due to tilling activities, changes in soil 

properties result in changes in its biological 

life. There are numerous indices that measure 

soil biological activities; both micro flora and 

micro fauna are equally concerned. Tillage 

practises affect soil aeration, which directly 

affects the growth of the aerobic population 

responsible for organic matter mineralization, 

so intensive tillage contributes to a reduction 

in soil humus content. Soil fauna activities are 

important in the formation and aggregation of 

organo-mineral complexes and thus the 

enhancement and diversification of soil fauna 

helps to improve soil structure. The strength 

of soil tillage greatly affects populations of 

earthworms and their operations. 

Decomposition and incorporation of straw are 

aided by earthworms. Increased activity of 

earthworms was also documented by 

Tebrugge and during (1999) and Rasmussen 

(1999) in no-till treatments. 

 

Microbial biomass carbon and nitrogen  

 

Tillage practises interrupt soil aggregates that 

expose organic matter to microbial 

degradation, eventually oxidising CO2 to 

organic matter. Balota et al., (2004) stated 

that, as opposed to traditional tillage, zero 

tillage significantly increased the soil 

microbial biomass C (MBC). Other zero 

tillage systems increased total C by 45 percent 

over traditional tillage, microbial biomass by 

83 percent and MBC: total C ratio by 23 

percent at the upper 5 cm depth. With ZT up 

to 0-20 cm deep, the C and N mineralization 

improved to 74 percent. A relatively small 

element of the SOM is the MBC. It only 

accounts for 1-3 percent of total soil C. A 

source (mineralization) or a sink 

(immobilisation) of labile nutrients (Hu et al., 

1997) with a turnover period from days to 

years (Tedla et al., 2004) is also considered 

labile C by the MBC. Guo et al., (2015) 

reported that, compared to conventional 

tillage treatments, zero tillage treatments 

increased MBC by 11.5 percent, and 20 

percent in > 0.25 mm aggregate and < 0.25 

mm aggregate in 0-5 cm soil layer, 

respectively. As indicated by enhanced 

microbial biomass and activity, increased C 

storage can also boost biological soil quality 

(Sainju et al., 2007). In soil fertility 

considerations, microbial biomass, a small (1-

5 percent by weight) but active fraction of soil 

organic matter, is of particular concern 

because it is more sensitive to management 

activities than organic matter in bulk (Janzen 

et al., 1992). In contrast to being 

homogeneous in the 0-15-cm layer under 

plough tillage (Alvarez and Steinbach, 2009), 

microbial biomass C (MBC) is also stratified 

under zero tillage. This significant increase in 

microbial biomass carbon and nitrogen under 
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zero tillage might be due to more crop 

residues retention and undisturbed conditions 

which enhances organic matter and more 

organic matter increases microbial activity for 

its decomposition, consequently more 

microbial biomass carbon. With the rise in 

profile moisture under zero tillage, microbial 

biomass carbon and nitrogen also increased as 

high moisture provides favourable conditions 

for microbial activity (Kandeler et al., 

(2006)). 

 

Microbial count 

 

Phospholipid fatty acid (PLFA) analysis and 

automated ribosomal intergenic spacer 

analysis (ARISA) assessed soil microbial 

group structure varied by tillage practise. 

Compared to the drier and warmer soils under 

more extensive tillage, the soil micro climate 

in zero tilled soils is usually cooler and 

moister (Martens, 2001). Under zero tillage 

soils, some researchers recorded greater 

microbial abundance with a more favourable 

microclimate compared to soils under 

traditional tillage (Das et al., 2014). This 

large increase in the zero tillage microbial 

population was attributed to high soil organic 

carbon, which gave the microbes better food 

availability (Govaerts et al., 2008). Crop 

residues under zero tillage provide substrate 

for the microbial growth. More substrate was 

supplied by crop residues under zero tillage 

and higher moisture also provided favourable 

conditions for the microbes to proliferate. 

Ghimire et al., (2014), Govaerts et al., (2008) 

and Choudhary et al., (2018) have noted the 

same findings. 

 

Root density 

 

In addition to sustaining the plant system, 

plant roots are regarded as a critical 

component with a significant function in 

providing the plant system with nutrients and 

water (Spedding et al., 2004). In addition, the 

growth of the above-ground shoot and grain 

yield depends greatly on the growth of the 

under-ground root (Jeschke et al., 1997). 

Plant potential for water and nutrient uptake is 

entirely determined by the distribution and 

production of underground roots (Fageria, 

2005). There was more root system 

contribution to corn yield than shoot 

contribution (Hammer et al., 2009). The 

combined effect of physico-chemical 

properties of the soil and genetic build-up of 

the plant is typically determined by root 

growth characteristics and exhibits high 

plasticity in different growing environments 

(Lynch, 2011). A plant's ability to obtain 

water along with essential nutrients from soil 

layers depends on the growth and extension of 

the root. Mosaddeghi et al., (2009) stated that 

due to modifications in the root growth 

environment, the most significant effect of 

tillage could be on the root function and 

production. In both surface and subsurface 

soil layers, soil compaction can seriously limit 

root growth, preventing the root system from 

taking up water and nutrients from deeper 

layers. Soil compactions limit the penetration 

of the root (Batey, 2009; Kadžienž et al., 

2011), impede the proliferation of the root 

(Tracy et al., 2013), and reduce the elongation 

of the root in the soil profile (Guaman et al., 

2016). Due to greater water and nutrient 

availability, root proliferation was maximal in 

the surface soil layer (Lynch, 2011). The 

existence of a compact subsurface layer 

reduced the plant's ability to extract water and 

nutrients from deeper layers and increased the 

risk of leaching nutrients in ground water, 

particularly NO3 (Thorup-Kristensen, 2011). 

Clark et al., (2008) and Bengough et al., 

(2011) have reported reduced yield capacity 

and restricted root growth under the 

compacted subsoil layer. Conventional tillage 

creates a fine seed bed and, particularly in the 

surface soil layer, encourages root growth. 

However, due to long-term conventional 

tillage, compacted subsurface soil layer 
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formation can negate the beneficial effect of 

conventional tillage. In stubble seeding of 

maize than rotary tillage in a thick loam soil, 

Bian et al., (2016) observed lower root length 

density (7, 10, 12 percent at 0-20, 20-40, 40-

60 cm, respectively) and lower root average 

diameter (8 percent at 0-20 cm, 24 percent at 

20-40 cm, and 14 percent at 40-60 cm). 

Similar findings were published by other 

researchers (Guan et al., 2014). However, 

contrasting findings are available and deep 

and better root production was recorded due 

to higher soil moisture retention in zero tillage 

(Lampurlanés et al., 2001). Due to improved 

physical conditions of the soil, Chen and Weil 

(2011) observed greater root growth and yield 

under the zero tillage scheme. Experimental 

results showed that the density of root mass 

decreased with the depth of the soil. In the 

mungbean-wheat cropping method, high crop 

residues under zero tillage are due to 

improved soil structure and the balance of 

macro and micro porosity may have resulted 

in high density of root mass. Costa et al., 

(2010) and Dusserre et al., (2012) have also 

found greater root density. 

 

In conclusion the number of food-insecure 

individuals will increase because of the 

unparalleled increase in the world population 

and rapid economic growth. Furthermore, the 

per capita cropland area is also decreasing due 

to increased popularity, soil erosion, 

urbanisation, and other competitive uses. The 

Green Revolution of the 1960s improved food 

production, but due to industrial agriculture, 

heavy field machinery, excessive use of 

irrigation, and indiscriminate use of fertilisers 

and pesticides, there were strong climate 

confrontational effects, including loss of SOC 

stock, increased chances of soil erosion and 

depletion of salinization, and deterioration of 

soil biological properties Therefore, the 

strategic goal is to balance the need for food 

production with the need for soil regeneration 

and the reduction of the environmental 

footprint of agro-ecosystems, and this can be 

accomplished by using sustainable methods 

such as zero tillage. The plan is to improve 

the quality of the soil by restoring SOC 

stocks, improving the productivity of inputs 

for use, reducing the yield gap and 

implementing sustainable intensification 

systems for agro-ecosystems. The aim is to 

generate more from less ground, less water 

usage, less input of fertiliser and pesticide, 

and less use of electricity. The much needed 

paradigm change would also include 

identifying and implementing successful 

policies in order to turn empirical knowledge 

into reality. It is possible to extend its usage 

by developing site-specific packages and 

educating the farming community and the 

general public about the merits of zero tillage 

and soil resource stewardship. One of the best 

solutions with the potential to optimise all the 

physical resources of the land, conserve soil 

and water, and maintain productivity is zero 

tillage, properly implemented. Finally, we 

concluded in a nut shell that long-term zero 

tillage practises could boost the biological 

properties of the soil and conserve soil 

resources for sustainable farming. 
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