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Abstract: Conservation agriculture and conservation tillage have drawn the attention not only of 

scientists but of politicians and societies worldwide. This paper aims to present a method for 

selecting research studies on conservation agriculture, conservation tillage, and the role of straw 

residues on soil health and soil stability against climatic hazards. VOSviewer version 1.6.18 free 

software tool was used in this study to achieve the bibliometric and mapping approach for studies 

on the effects of climate change in terms of conservation, tillage, soil health, and straw and microbe 

or straw and climate interaction or other paradigms. Scopus database (accessed July 7, 2023) indexed 

a total of 752.2018 bibliographic items classified into 15 paradigms e.g., Carbon (AND Straw) or 

Microbes (AND Straw). From the examination of the selected papers, it was concluded that straw 

residue has an impact on soil's physical, chemical, and biological properties and the environment in 

general. 

Keywords: Agriculture; selective review; bibliometrics; bibliometric mapping 

 

1. Introduction 

Concepts like conservation agriculture and soil health have been receiving increasing scientific 

interest recently; both concepts are referred to as important sectors in agriculture economies and are 

critical because the requirement of more food needs to be produced every year should be related to 

minimize soil disturbance and enhances biodiversity. 

1.1. Conservation: Conservation Agriculture 

Our world is expected to reach the number of 8.6 billion people by 2030 and 9.8 billion by 2050, 

according to a new United Nations report [1]. In order to meet the growing needs of the expanding 

global population, the total cultivated land area has witnessed a staggering growth of over 500% in 

the past fifty years. This intensification has been accompanied by a 700% rise in fertilizer usage and 

a significant multiplication in the use of pesticides that causes negative impact to the environment 

such as poor nutrient-use efficiency, higher levels of greenhouse gas emissions, ground-water 

eutrophication, degradation of soil quality including soil erosion [2]. The intensification agriculture 

may lead upwards the agricultural production and yields, through the utilization of agrochemicals 

(pesticides and fertilizers), expanded irrigation practices, and shifts in seed varieties, but on the 

contrary intensification agriculture contributes to vitally important complications like climate 

change, land-system change, and freshwater use [3]. Because of the above, we are driven to new 

agriculture methods and practices with more ecological impact that combine the growth of the crop 

yield without using an extra land with the protection of natural resources and habitats like 

Sustainable Intensification Agriculture (https://www.nature.com/collections/jieihecica). 
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Similarly, the method of Conservation Agriculture (CA) supports a sustainable agricultural 

model that enables the profitable/gainful production of food while at the same time, natural resources 

are kept safeguarded [4,5]. As CA is followed by different practices based on no-till management, not 

only decreases the use of chemical fertilizer and pesticide practices but protects and controls soil 

erosion, declines soil degradation, and improves soil properties and health [6–8]. The consistent 

reduction of mechanical soil disruption to a minimum; the establishment of a lasting organic cover 

on the soil using crop residues and/or cover crops; and the promotion of species diversity by 

employing diverse crop rotations, sequences, and associations are the most significant principles of 

the CA [9,10]. The Ca could be applied to any agricultural landscape around the world providing 

numeral of advantages such as economical (reduced costs, labor savings) and environmental (carbon 

sequestration, controlling of air pollution, sustainability, water, improved biodiversity, and soil 

health) [11]. 

According to the Food and Agriculture Organization of the United Nations (FAO) [12], the 

foundation for reaching sustainable intensification of agricultural production is the CA when 

combined with other established effective practices such as utilizing high-quality seeds and 

implementing integrated management strategies for pests, nutrients, weeds, and water. The first CA 

principle which is based on the “minimum mechanical soil disturbance” requires low disturbance 

no-tillage techniques and direct seeding while there is a maximum of 25% of the cropped or a 

maximum of the area of 15 cm of the disturbed area, whichever value is smaller. Three categories are 

identified on the second principle based on the percentage of ground cover immediately after the 

direct seeding operation: a) 30-60%; b) > 60-90%; and c) > 90%. Any area that has less than 30% ground 

cover is not considered to be practicing conservation agriculture. The last principle includes species 

diversification, rotations or associations should consist of a minimum of three distinct crop species 

to meet the requirement [13]. 

The European Commission is making efforts to guide the agriculture sector of the European 

Union towards a more sustainable path, through various European policies emphasizing CA 

practices as a successful approach for protecting soil as well as a soil therapy to significant 

environmental challenges [14,15]. In general, European soils play a crucial role in the global carbon 

cycle as they act as a significant reservoir of active carbon, and also, their impact extends to changes 

in greenhouse gas (GHG) concentrations in the atmosphere [15].  

Decades of measurements indicate a significant decline in soil organic matter (SOM) levels, 

primarily attributed to agricultural land use. When there is a 1% decrease in soil organic carbon (SOC) 

within the topsoil layer of 30 cm, it corresponds to a loss of around 45 tons of carbon or 166 tons of 

CO2 per hectare. This calculation vividly demonstrates the influence of agriculture on the emission 

of CO2 into the atmosphere, as land use practices that result in SOC depletion contribute to this effect. 

Alternatively, this finding also highlights the opportunity for carbon sequestration through changes 

in agricultural practices. If successful in replenishing at least a portion of the soil organic carbon 

(SOC) that has been lost over many years of conventional tillage, such changes in agricultural practice 

hold the potential for carbon sequestration [15]. 

1.2. Tillage: Conservation tillage: 

Since the earliest advanced civilizations, soil tillage has played a crucial role in agricultural 

production as it helps to incorporate crop residues into the soil, manages weed control, and drives 

the best physical environmental soil conditions for seed growth and plant development [16]. These 

intensive farming methods are resulting in a decline in the quality of soil and excessive use of natural 

resources, leading to imbalances in nutrients and further damage to ecosystem functions [17]. On the 

contrary, over the past few decades, conservation tillage systems such as no-till, zero tillage, and 

reduced tillage have gained widespread adoption worldwide because of their beneficial effects on 

soil preservation [18].  

Conservation tillage (CT) is an agricultural technique designed to reduce the frequency or 

intensity of tillage operations, with rewards of specific economic and environmental advantages. 

These advantages encompass a reduction in carbon dioxide and greenhouse gas emissions, reduced 
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dependence on farm machinery and equipment, and lowered fuel and labor expenses. Additionally, 

the implementation of CT techniques has demonstrated positive effects on soil health, minimized 

runoff, mitigated erosion [19], the protection of moisture evaporation from the ground, the growth 

of plant and root, the preservation nutrients at both macro- and micro-levels and reduction of 

chemical pesticides, herbicides and fertilizers [20] are some extra benefits of the CT.  

The organic matter and the soil fertility are improved by adopting long-term no-till (NT) or 

reduced tillage (RT) methods. Nevertheless, over time, long-term implementation of NT or RT 

systems could be resulting excessive compaction of the surface layers due to heavy machinery traffic. 

This compaction can have negative consequences on the transport of air, water, and solutes in the 

soil, as well as hinder the penetration of roots [18]. The method of CT, such as reducing or eliminating 

soil inversion and maintaining soil cover through the use of straw returned to the field or 

incorporated into the soil, have been implemented on a worldwide scale [21], but also it is essential 

to have a better comprehension of how conservation tillage practices impact the physical and 

chemical properties of the soil. This understanding is crucial for effectively managing and preserving 

soil in various situations involving different soil management approaches, soil types, and climatic 

conditions [21]. 

The semiarid central Great Plains (CGP) of the United States observed better cropping strength 

and more efficient water storage when the NT system was adopted in dry yield areas while alongside 

NT offers a good soil structure and cuts down the initial cost of the farm [22]. Although the 

advantages mentioned previously are present, the continuous implementation of NT practices tends 

to result in the stratification of soil nutrients and soil organic matter (SOM). It can also lead to 

increased acidification in the upper soil surface and potentially elevate bulk density near the soil 

surface [23].  

To summarize, worldwide the adoption of NT practices has brought a positive impact on the 

environment and a significant transformation in agricultural systems. Also, the diversity of soil 

bacterial and archaeal was higher in the no-till system than standard till in a long-term soil 

experiment in the West Side Research and Extension Center, California’s Central Valley [24]. Finally, 

it has provided growers with the ability to effectively manage larger expanses of land while 

minimizing energy, machinery requirements (less fuel consumption) and reducing labor needs for 

farmers [25]. 

1.3. Soil: Soil conservation 

A part of sustainable agriculture, it is soil conservation. Soil conservation encompasses a variety 

of agricultural techniques and approaches that aim to prevent the degradation, erosion, and depletion 

of land. It involves implementing sustainable practices and strategies that prioritize the long-term 

use of the soil and consider future needs. By adopting appropriate and timely measures, farmers can 

enhance the productivity and viability of their fields for many years ahead [26]. 

Preserving the biodiversity of soil ecosystems and safeguarding their vital role in enhancing 

fertility is a key goal of soil conservation. These diverse eco-communities play essential roles by 

contributing to the soil's fertility in various ways. They introduce organic matter, decompose organic 

substances to release nutrients, and enhance water infiltration and aeration. Creating positive 

conditions for these living organisms within the soil is crucial for supporting healthy vegetation, as 

microorganisms play a vital role in processing organic matter to meet the nutritional needs of plants 

[27]. 

1.4. Soil: Soil health 

Soil is a dynamic and complex system that undergoes constant changes due to both non-living 

and living factors in the environment. Soil health refers to the soil's ability to sustain the activities of 

various microorganisms, such as bacteria, archaea, fungi, protists, plants, and animals [28–32]. It also 

involves the soil's capacity to interact with the non-living components of the environment, facilitating 

the exchange of matter and energy [33–36]. This perspective holds considerable influence and argues 

that the restructuring of agricultural systems to achieve objectives related to global food security, 
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sustainable intensification, and nutritional quality should prioritize soil microbes, giving them a 

central or even primary role [37]. In the absence of significant natural or human-induced disruptions, 

it is reasonable to assume that over time, each soil will gradually reach a state of soil health that is 

close to its maximum potential within the prevailing environmental limitations. These constraints 

may include factors such as temperature, climate conditions, water availability, parent material 

composition, the soil microbiome, and the presence of other organisms [33]. 

In agricultural systems, the interactions between agricultural practices and the environment of 

the rhizosphere typically influence soil microbial communities and nutrient cycling [38]. Based on 

that, research shows that agricultural intensification harms a large microbial diversity of the soil and 

physical, chemical, and biological actions [39]. For instance, the soil bacterial diversity is reduced by 

the frequent use of inorganic nitrogen fertilizers which also affects the bacterial community structure 

[40]. For that reason, sustainable methods and environmentally friendly techniques like 

intercropping have the potential to preserve and improve the health, quality, and fertility of soil, and 

have beneficial effects on various soil quality attributes, including the promotion and preservation of 

soil organic matter, facilitation of biological nitrogen fixation (especially when legume crops are 

involved), enhancement of phosphorus availability, and mitigation of soil erosion [41–43].  

Straw return is a commonly adopted agricultural practice aimed at soil organic carbon levels 

and overall soil fertility, and numerous studies have focused on monitoring alterations in the soil 

microbial community after the application of straw. Also, the act of returning straw to the soil plays 

a positive impact on various indicators of soil quality, including the levels of essential nutrients, soil 

structure, and biological functions [44]. Moreover, litter decomposition, an essential ecosystem 

function, is primarily regulated by microorganisms, which has significant implications for both 

carbon sequestration and nutrient cycling in ecosystems globally, and approximately 90% of the 

decomposition of organic matter is contributed by bacteria and fungi [45].  

The aim of the research is to present a method for selecting research studies regarding 

agriculture and soil health. In this study, we mostly pay attention to articles published in leading 

journals mentioning conservation agriculture, conservation tillage, and the role of straw residues on 

soil health and soil stability against climatic hazards. The aim of this study is also to determine which 

approach might be appropriate to empirically address the connection between agriculture and 

impacts on soil health.  

2. Materials and Methods 

2.1. Search Strategy – Using Scopus & Web of Science to Thoroughly Search Scientific Literature 

This bibliographic research was conducted in accordance with the guidelines of bibliographic 

analysis using the VOSviewer program as presented in previous study [46].  On July 7, 2023, a 

literature search was performed using the electronic databases Scopus and Web of Science in order 

to access articles and book chapters provided by publishers regarding the Conservation, 

Conservation and Tillage, Conservation - Tillage - Soil, Conservation - Tillage – Soil – Health, 

Conservation - Tillage – Soil – Health, AND Carbon (AND Straw) or Microbes (AND Straw)  or 

Nitrogen (AND Straw) or Microorganisms (AND Straw) or Biodiversity (AND Straw) or Bacteria 

(AND Straw) or Climatic (AND Straw) or Climate (AND Straw) or Erosion (AND Straw) or SOM 

(AND Straw) or Organic matter (AND Straw) or Emission (AND Straw) or Water (AND Straw). In 

detail, the search query on Scopus or on Web of Science was as follows: 

Conservation AND 

Tillage AND 

Soil AND 

Health AND 

Carbon (AND Straw) or Microbes (AND Straw) or Nitrogen (AND Straw) or Microorganisms 

(AND Straw) or Biodiversity (AND Straw) or Bacteria (AND Straw) or Climatic (AND Straw) or 

Climate (AND Straw) or Erosion (AND Straw) or SOM (AND Straw) or Organic matter (AND Straw) 
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or Fungi (AND Straw) or Rhizosphere (AND Straw) or Emission (AND Straw) or Water (AND 

Straw).  

The initial search in both database (Scopus and Web of Science) used the keywords 

“Conservation” AND “Tillage” AND “Soil” AND “Health”, filtering the search results to keywords 

up to “Carbon” AND “Straw” or “Microbes” AND “Straw” ……. or “Emission” AND “Straw” or 

“Water” AND “Straw”, as described above. All keywords (selection criteria) for mapping studies 

were presented in Figure 1. 

 

Figure 1. Flow diagram for mapping studies using selection criteria (keywords). 

2.2. Data Analysis and Bibliometric Mapping 

The VOSviewer version 1.6.18 free software tool (https://www.vosviewer.com, accessed on 29 

September 2022) was used in order to distinguish the documents received from each query. In this 

study, the documents received from Scopus or Web of Science are presented as graph-based maps by 

create a map based i) on Bibliographic Data (Figure 2) and ii) on Text Data (Figure 3), and as distance-

based maps in order to reflect the strength of the relation between the items. All distance-based and 

graph-based maps were analyzed using the following methods of analysis (i) the type of analysis: 

Co-occurrence; (ii) the unit of analysis: All keywords; and (iii) the counting method: Full counting. 

Furthermore, VOSviewer’s visualization such as Network Visualization, Overlay Visualization and 

Density Visualization type were used for displaying bibliometric maps for each Scopus search query, 

e.g., “Conservation” – “Tillage” – “Soil” – “Health” AND “Climate” AND “Straw” (FiguresS1a-S15d 

Supplementary Materials). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 September 2023                   doi:10.20944/preprints202309.0333.v1

https://doi.org/10.20944/preprints202309.0333.v1


 6 

 

 
a 

 
b 

Figure 2. Bibliographic map based on Bibliographic Data type of VOSviewer software. Results were 

obtained with the VOSviewer software based on bibliographic data for the “Conservation - Climate” 

AND “Straw” query. Supported read data were from Scopus (a) and Web of Science (b) bibliographic 

database files. 
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b 

Figure 3. Bibliographic map based on Text Data type of VOSviewer software. Results were obtained 

with the VOSviewer software based on bibliographic data for the “Conservation - Climate” AND 

“Straw” query. Supported read data were from Scopus (a) and Web of Science (b) bibliographic 

database files. 

3. Results 

3.1. Characteristics of the Scopus and the Web of Science bibliographic database studies 

The two bibliographic databases, Scopus and Web of Science yielded a total of 752.2018, 19.267, 

18.640, and 4.483 publications for Scopus search and 527.000, 9.907, 8.947, and 730 publications for 

Web of Science search based on the search strategy criteria “Conservation,” “Tillage”, “Soil” and 

“Health” as presented with the Figures 4 and 5. 

The comparison for the remaining 15 criteria, e.g., “nitrogen” AND “straw,” are presented in 

Figures 4 and 5. Among those criteria, the Scopus bibliographic database yielded a significantly high 

number of publications compared Web of Science database. In detail, based on Scopus and Web of 

Science bibliographic database search, “rhizosphere” AND “straw” criteria yielded a total of 4.483 

AND 261 for Scopus (Figure 4) and 19 AND 1 for Web of Science (Figure 5), publications, respectively. 

Furthermore, as we show with map bibliography graphs (Figures SA1 – SA15, supplementary 

material), this influence significantly the subject of selection criteria based on i) bibliographic data 
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and ii) text data. Therefore, we concluded that the Scopus database demonstrates more publication 

results to study our selective criteria. 

 

Figure 4. Flow diagram of studies identified based on Scopus bibliographic database files, including 

results (count numbers marked by bold format) for the selective criteria (keywords, e.g., “nitrogen”). 

 

Figure 5. Flow diagram of studies identified based on Web of Science bibliographic database files, 

including results (count numbers marked by bold format) for the selective criteria (keywords, e.g., 

“nitrogen”). 

3.2. Using Scopus to Thoroughly Search Scientific Literature 

The Scopus database on July 7, 2023, indexed a total of 4.483 AND 946 bibliographic items for 

“Nitrogen” AND “Straw,” 4.483 AND 261 bibliographic items for “Rhizosphere” AND “Straw,” 3.186 

AND 955 bibliographic items for “Carbon” AND “Straw,” 3.168 AND 966 bibliographic items for 
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“Water” AND “Straw,” 2.931 AND 790 bibliographic items for “Climate” AND “Straw,” 1.564 AND 

564 bibliographic items for “Emission” AND “Straw,” 1.525 AND 302 bibliographic items for 

“Biodiversity” AND “Straw,” while results for the remaining searches, were limited to less than 1000 

bibliographic items (Figure 4), and was included in the supplementary materials only. All results 

retrieved from the Scopus database according to topic “Carbon” AND “Straw” or “Microbes” AND 

“Straw” ……. or “Emission” AND “Straw” or “Water” AND “Straw”, as described above (2.1), were 

presented in Figures SB1 – SB15 (supplementary material). 

3.2.1. The “Nitrogen” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Nitrogen” AND “Straw” 

results are distinguished in five groups – red; blue; mustard color; green; and purple circles,  

associated with: conservation agriculture; crop rotation; crop yield; zero tillage; zero tillage; crop 

practice and soil aggregate (red circles, Figure 6), is also associated with, conservation tillage; straw; 

soil microorganism; bacteria; microbial community; and microbiota (blue circles, Figure 6), with soil 

conservation; soil; biochar; nitrogen; chemistry; bulk density; pyrolysis; soil pollution; 

bioremediation; and soil remediation (mustard color circles, Figure 6), more with, climate change;  

sustainable development; greenhouse gases; soil carbon and emission control (green circles, Figure 

6), even more with, water conservation; soil water; water supply; runoff and evapotranspiration 

(purple circles, Figure 6). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Nitrogen” AND 

“Straw” query, the most recently scientific results are: biochar; soil remediation; microbiota; fungal 

community, and proteobacteria (Figure 7). 

VOSviewer Density Visualization data indicated that for the “Conservation - Nitrogen” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation agriculture; 

conservation tillage; agriculture; nitrogen; crops; crop yield; crop rotation; tillage; zero tillage; no-till; 

climate change; soil water; erosion; and runoff (Figure 8). 

 

Figure 6. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Nitrogen” AND “Straw” 

query. 
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Figure 7. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Nitrogen” AND “Straw” 

query. 

 

Figure 8. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Nitrogen” AND “Straw” 

query. 

3.2.2. The “Rhizosphere” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Rhizosphere” AND 

“Straw” results are distinguished in four groups – red; blue; green; and mustard color circles, 

associated with: soil conservation; conservation agriculture; conservation tillage; climate change; 

sustainability; crop rotation; crop residue; tillage; soil microorganism; microorganisms; and 
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nematoda (red circles, Figure 9), is also associated with, soil; agriculture; rhizosphere; microbial 

community; microbiology; microbiota; microflora; microbial diversity; fungus; bacteria; plant roots; 

proteobacteria; and actinobacteria (blue circles, Figure 9), with soil pollution; nutrients; carbon; soil 

amendment; biochar; charcoal; soil remediation; phosphorous; nitrogen; soil pollutant; heavy metals; 

and cadmium (green circles, Figure 9), even more with, ecosystems; composting; food supply; soil 

erosion; and drought (mustard color circles, Figure 9). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Rhizosphere” 

AND “Straw” query, the most recently scientific results are: soil pollution; biochar; charcoal; soil 

remediation; phosphorous; nitrogen; soil pollutant; heavy metals; pyrolysis; and cadmium (Figure 

10). 

VOSviewer Density Visualization data indicated that for the “Conservation - Rhizosphere” 

AND “Straw” query, the most important scientific results are: soil conservation; conservation tillage; 

agriculture; conservation agriculture; bacteria; microbial community; and climate change (Figure 11). 

 

Figure 9. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Rhizosphere” AND “Straw” 

query. 

 

Figure 10. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Rhizosphere” AND “Straw” 

query. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 September 2023                   doi:10.20944/preprints202309.0333.v1

https://doi.org/10.20944/preprints202309.0333.v1


 12 

 

 

Figure 11. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Rhizosphere” AND “Straw” 

query. 

3.2.3. The “Carbon” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Carbon” AND “Straw” 

results are distinguished in five groups – blue; purple; green; red; and mustard color circles, 

associated with: conservation agriculture; conservation tillage; zero tillage; crop residue; organic 

carbon; and health (blue circles, Figure 12), is also associated with, conservation tillage; straw; 

microbial community; soil microorganism; bacteria; fungus; microbiota; microflora; metabolism; soil 

fauna; nematode; and proteobacteria (purple circles, Figure 12), with soil conservation; soil; carbon; 

organic matter; biochar; soil pollution; soil pollutant; heavy metals; potassium; and nitrogen (green 

circles, Figure 12), with soil erosion; soil degradation; and drought (red circles, Figure 12), even more 

with climate change; crop production; sustainable development; greenhouse gases; sustainability; 

and environmental impact (mustard color circles, Figure 12). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Carbon” AND 

“Straw” query, the most recently scientific results are: biochar; pyrolysis; soil remediation; microflora; 

microbiota; and soil acidity (Figure 13). 

VOSviewer Density Visualization data indicated that for the “Conservation - Carbon” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation tillage; 

conservation agriculture; soils; crop residue; zero tillage; organic carbon; crop production; soil 

erosion; erosion; sustainability; and climate change (Figure 14). 
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Figure 12. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Carbon” AND “Straw” 

query. 

 

Figure 13. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Carbon” AND “Straw” 

query. 
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Figure 14. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Carbon” AND “Straw” 

query. 

3.2.3. The “Water” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Water” AND “Straw” 

results are distinguished in five groups – red; purple; blue; green; and mustard color circles, 

associated with: conservation agriculture; conservation tillage; zero tillage; crop residue; soil quality, 

legume; brassica napus; no-tillage; and system productivity (red circles, Figure 15), is also associated 

with, mulch; cover crop, soil ecosystem; and nematoda (purple circles, Figure 15), with microbial 

community; soil microorganisms; bacterium; microbiota; and actinobacteria (blue circles, Figure 15), 

with: soil; soil pollution; biochar; soil remediation; pyrolysis; and pollution  (green circles, Figure 

15), even more with carbon sequestration; climate change; environmental protection; greenhouse 

gases; and global warming (mustard color circles, Figure 15). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Water” AND 

“Straw” query, the most recently scientific results are: biochar; soil remediation; pyrolysis; and 

microbiota (Figure 16). 

VOSviewer Density Visualization data indicated that for the “Conservation - Water” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation agriculture; 

conservation tillage; zero tillage; soil quality; carbon sequestration; climate change; mulching; and 

irrigation (Figure 17). 
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Figure 15. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Water” AND “Straw” query. 

 

Figure 16. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Water” AND “Straw” query. 
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Figure 17. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Water” AND “Straw” query. 

3.2.4. The “Climate” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Climate” AND “Straw” 

results are distinguished in five groups – blue; mustard color; red; green; and purple circles, 

associated with: conservation agriculture; crop rotation; mulching; and residue management (blue 

circles, Figure 18), is also associated with, crops; carbon sequestration; water conservation; fertilizers; 

greenhouse gases; and soil temperature (mustard color circles, Figure 18), with soil; nitrogen; carbon; 

soil fertility; manure; phosphorous; soil pollution; biochar; pyrolysis; soil remediation; potassium; 

and soil acidity (red circles, Figure 18), with soil conservation; soil moisture; and cover crops (green 

circles, Figure 18), even more with organic carbon; crop residue; zero tillage; tillage; soil carbon; soil 

organic carbon; aggregates; and soil aggregates (purple circles, Figure 18). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Climate” AND 

“Straw” query, the most recently scientific results are: soil conservation; conservation agriculture; 

agriculture; crop rotation; zero tillage; tillage; crop residue; soil carbon; carbon sequestration; organic 

carbon; and greenhouse gas (Figure 19). 

VOSviewer Density Visualization data indicated that for the “Conservation - Climate” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation agriculture; 

carbon sequestration; zero tillage; organic carbon; crop residue; crop rotation; soil carbon; and water 

conservation (Figure 20). 
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Figure 18. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climate” AND “Straw” 

query. 

 

Figure 19. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climate” AND “Straw” 

query. 
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Figure 20. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climate” AND “Straw” 

query. 

3.2.5. The “Emission” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Emission” AND “Straw” 

results are distinguished in four groups – blue; green; red; and mustard color circles, associated with: 

conservation agriculture; conservation tillage; crop residue; tillage; soil quality; soil carbon; cropping 

practice; soil organic carbon, fertilizer; organic compounds; porosity; soil depth; and aggregates (blue 

circles, Figure 21), is also associated with, soil conservation; nitrogen; soil; carbon; biochar; charcoal; 

soil property; biomass; soil pollution; soil amendment; organic matter; microbial community; fungus; 

bacterium; and soil microorganisms (green circles, Figure 21), with agriculture; crop production; 

water conservation; fertilizers; nutrients; food security; food supply; and topsoil (red circles, Figure 

21), even more with carbon sequestration; sustainability; sustainable development; carbon dioxide; 

global warming; greenhouse gases; gas emissions; and energy use (mustard color circles, Figure 21). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Emission” AND 

“Straw” query, the most recently scientific results are: biochar; profitability; bioremediation; soil 

remediation; pyrolysis; degradation; microflora; microbiota; and aggregates (Figure 22). 

VOSviewer Density Visualization data indicated that for the “Conservation - Emission” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation agriculture; 

carbon sequestration; crop production; water conservation; sustainability, crop residue; and 

conservation tillage (Figure 23). 
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Figure 21. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Emission” AND “Straw” 

query. 

 

Figure 22. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Emission” AND “Straw” 

query. 
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Figure 23. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Emission” AND “Straw” 

query. 

3.2.5. The “Biodiversity” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Biodiversity” AND 

“Straw” results are distinguished in five groups – red; green; purple blue; and mustard color circles, 

associated with: soil conservation; soil; conservation agriculture; sustainable development; soil 

erosion; cultivation; water conservation; restoration; and biogeochemistry (red circles, Figure 24), is 

also associated with, carbon sequestration; organic carbon; crop residue; crop rotation; agricultural 

management; soil carbon; soil organic carbon; and soil nitrogen (green circles, Figure 24), with 

conservation tillage; ecosystem services; fungi; straw; soil biodiversity; nematoda; soil fauna; and 

earthworm (purple circles, Figure 24), with soil; microbial community; bacteria; soil microbiology; 

microbiology, soil fertility; plant growth; microflora; microbiota; and metabolism (blue circles, Figure 

24), even more with biodiversity; sustainability; climate change; biochar; ecosystem; charcoal; and 

water (mustard color circles, Figure 24). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Biodiversity” AND 

“Straw” query, the most recently scientific results are: conservation agriculture; organic carbon; 

restoration; bacteria; microbiology; soil microbiology; microflora; microbiota; biochar; charcoal; 

chemistry; and metabolism (Figure 25). 

VOSviewer Density Visualization data indicated that for the “Conservation - Biodiversity” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation agriculture; 

conservation tillage; soil quality; microbial community; sustainability; biodiversity; organic carbon; 

carbon sequestration; water conservation; and climate change (Figure 26). 
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Figure 24. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Biodiversity” AND “Straw” 

query. 

 

Figure 25. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Biodiversity” AND “Straw” 

query. 
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Figure 26. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Biodiversity” AND “Straw” 

query. 

3.2.6. The “Climatic” AND “Straw” Results Based on the Literature Search Query on Scopus 

VOSviewer Network Visualization data indicated that “Conservation - Climatic” AND “Straw” 

results are distinguished in five groups – red; blue; purple; mustard color; and green circles, 

associated with: soil conservation; soils; moisture; soil erosion; runoff; water conservation, erosion; 

and runoff (red circles, Figure 27), is also associated with, conservation agriculture; zero tillage; crop 

rotation; nutrient management; and gangetic plain (blue circles, Figure 27), with carbon 

sequestration; climate change; soil organic matter; manure; and carbon (mustard color circles, Figure 

27), with nitrogen; microbial community; microbiology; and bacteria (purple circles, Figure 27), even 

more with soil management; environmental restoration, and conservation of natural resources (green 

circles, Figure 27). 

VOSviewer Overlay Visualization data indicated that for the “Conservation - Climatic” AND 

“Straw” query, the most recently scientific results are: conservation agriculture; vegetation; irrigation; 

carbon footprint; and bulk density (Figure 28). 

VOSviewer Density Visualization data indicated that for the “Conservation - Climatic” AND 

“Straw” query, the most important scientific results are: soil conservation; conservation tillage; 

agriculture; climate change; carbon sequestration; zero tillage; sustainable development; and 

microbial activity (Figure 29). 
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Figure 27. Bibliographic map based on Network Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climatic” AND “Straw” 

query. 

 

Figure 28. Bibliographic map based on Overlay Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climatic” AND “Straw” 

query. 
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Figure 29. Bibliographic map based on Density Visualization type. Results were obtained with the 

VOSviewer software based on bibliographic data for the “Conservation - Climatic” AND “Straw” 

query. 

4. Discussion 

Our research raised some important keywords, such as:  

 crop production; system productivity; crop rotation; crop practice; cover crop; crop residue; 

legume and Brassica napus; 

 conservation tillage; zero tillage; tillage and no-tillage; 

 soil; soil property; soil quality; soil management; soil conservation; soil aggregate; soil 

microorganism; soil pollution; soil remediation; soil organic matter; soil carbon; soil organic 

carbon; soil amendment; soil erosion; soil degradation; soil ecosystem; soil fertility; soil 

temperature; soil acidity; soil moisture; aggregates; soil aggregates; porosity; soil depth; topsoil 

and gangetic plain 

 rhizosphere and plant roots; 

 chemistry; metabolism; bulk density; pyrolysis; and bioremediation  

 nutrients; fertilizers; carbon; carbon sequestration; nitrogen; potassium; phosphorous; heavy 

metals and cadmium 

 water conservation; soil water; water supply; runoff and evapotranspiration 

 biomass; straw; mulch; mulching and residue management; 

 organic matter; organic compounds; manure; biochar and charcoal; 

 microbiology; microflora; microbial community; microbial diversity; microbiota; bacteria; 

microorganisms; fungus; nematoda; proteobacteria and actinobacteria 

 climate change; global warming; greenhouse gases; carbon dioxide; emission control; gas 

emissions and drought; 

 sustainable development; sustainability; ecosystems; food supply; food security; 

environmental protection; pollution; energy use; environmental restoration, and conservation 

of natural resources 
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So far, there is little information available on the impacts of straw grass cropping systems on soil 

quality. A search for the most important above keywords on Scopus showed that, 36,484; 9,099; and 

4,818; documents were found for tillage, no-tillage; and zero tillage, respectively.  

Tillage of the soil has been used mainly to prepare a seedbed, reduce weeds and manage crop 

residues using a variety of systems such as plow, chisel, and disk. Throughout the years, tillage 

systems have changed as the cost of fuel and labor increased, and new tillage technologies have 

become available such as direct seeding or the no-till. It is well-known that tillage systems affect soil 

properties such as temperature, moisture, bulk density, aggregation, organic matter content, and 

plant properties such as root density [47]. Concerning no-till studies shows that no-till farming 

increased the soil organic matter and porosity, which led to better water infiltration in semi-arid 

regions of Spain [48], improved soil structure and water-holding capacity in semi-arid regions of 

western India [49], improved the soil porosity and water-holding capacity in a semi-arid region of 

South Africa [50], similarly improved soil moisture and water infiltration into the soil and reduced 

runoff and erosion [51], in long-term trials in different regions of Morocco the no-till system improved 

yields and soil stability against climatic hazards [52], and found that no-till systems improved the 

physical properties of the soil, including an increased soil structure, soil organic matter (SOM) 

accumulation, water-holding capacity, and reduced erosion in the Merchouch region of northwest 

Morocco [53].  

The literature shows that returning straw to the field, including burying, composting, 

decomposing agent, and mainly mulching (wheat straw mulch), which is the most economical and 

accepted method, can avoid the environmental pollution caused by straw burning and accumulation 

[54]. Moreover, returning straw can also fertilize the soil, decrease the runoff of surface water, 

improve soil water storage, and prevent soil compaction induced by a single application of chemical 

fertilizers [55]. Soil organic matter (SOM), soil aggregates, and soil microbes (Proteobacteria, 

Acidobacteria, and Ascomycota species) play key roles in agriculture soil fertility. Understanding those 

dynamics, e.g., SOM or soil microbiota, is essential for the sustainability of the agroecosystem. Based 

on that, research [56] showed that wheat straw incorporation increased the soil SOM and SOM 

fractions, improved soil physical structure, and enhanced the soil microbial community diversity. 

It is well acknowledged that soil tillage practice and straw returning treatment redistribute 

carbon in soil and promote bacterial biomass. According to Bu et al., [57], tillage practices and straw-

returning methods affect topsoil bacterial community and organic matter, whereas a long-term no-

tillage and straw retention management enhances soil bacterial community diversity of 

Proteobacteria and Acidobacteria, and soil properties, e.g., the soil C/N ratio [58]. Straw retention, 

regardless if the straw remains on the soil surface or is mixed into the soil, has been shown to support 

soil carbon stocks, improve soil physical, soil structural stability, maintain soil nutrient levels, and 

alter microbial biomass formation [59,60]. Even more, research showed that crop residue retained in 

the field, in no-tilled plots, significantly increased total carbon stocks, water aggregate stability, soil 

bulk density, and penetration resistance [61], whereas tillage decreased the N and K stocks in the 

surface soil [62]. Overall, long-term monoculture cropping systems decrease soil health, while 

continuous no-till showed improvements in crop yield and also increased organic matter indicators 

such as active carbon, respiration, and protein or other soil physical indicators, e.g., the available 

water capacity, the water stable aggregation, the penetration resistance and water infiltration rate 

[63]. 

Globally, the long-term no-till farming challenges crop productivity, soil health, and ecosystem 

services address the direct effects on crop production and soil health compared to conventional 

farming practices, such as the loss of fertile topsoil via runoff and erosion or declining soil quality 

due to soil degradation [64]. On the contrary, studies on plant pathogenic fungi show that the no-till 

increases significantly in topsoil the soil-borne plant pathogens, e.g., Rhizoctonia solani, as well as the 

frequency of others, such as Pythium spp., compared with conventional tillage [65]. On that matter, 

no-till farming probably be unnecessary and not economically feasible on that, we assume that more 

research is needed. Besides soil tillage practices like conservation tillage which defined as any method 

of soil cultivation that leaves the previous year's crop residue, conservation agriculture practices and 
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associated ecosystem services showed greater rates of soil organic carbon sequestration in tilled than 

no-tilled systems [66].  

However, several studies [67], showed that soil structure under no-till should be considered 

carefully before implementation, especially the root and canopy characteristics of the cover crop; the 

thick rooted cover crops beneficial to soil structural remediation can cause negative effects in soils 

sensitive to erosion even to water framework and more research is needed.  

Leaving straw in the field and the use of cover crops increases organic matter inputs to the soil, 

besides that in our days; as an environmentally friendly practice, crop straw is widely used to manage 

soil organic carbon sequestration and, together with cover crop and tillage practices, may interact 

positively and promote sustainable and environmentally friendly agricultural practices [68]. 

Several studies confirm that no-till soils have the potential to hold higher water content than 

soils under conventional tillage, meaning that conserving water could be important for crop growth 

and maintenance during periods of drought [67]. 

It is widely acknowledged that Conservation Agriculture with water management, with the 

improves overall land husbandry for rainfed and irrigated production, but little is known about the 

evapotranspiration and how this affect soil health in general. According to USGS 

[https://www.usgs.gov/special-topics/water-science-school/science/evapotranspiration-and-water-

cycle], evapotranspiration includes water evaporation into the atmosphere from the soil surface, 

evaporation from the capillary fringe of the groundwater table, and evaporation from water bodies 

on land. Evapotranspiration also includes transpiration, which is the water movement from the soil 

to the atmosphere via plants.  

According to FAO Irrigation and Drainage Paper No. 56 [69], evaporation and transpiration 

occur simultaneously and there is no easy way of distinguishing between the two processes. Apart 

from the water availability in the topsoil, the evaporation from a cropped soil is mainly determined 

by the fraction of the solar radiation reaching the soil surface. This fraction decreases over the 

growing period as the crop develops and the crop canopy shades more and more of the ground area. 

When the crop is small, water is predominately lost by soil evaporation, but once the crop is well 

developed and completely covers the soil, transpiration becomes the main process. So, 

‘Evapotranspiration,’ - both actual evaporation and transpiration - is probably a base term for 

sustainable agricultural production which contribute to increased water and nutrient use efficiency 

and to improved and sustained crop production. 

The bulk density is one of the most common physical parameters to assess the impact of tillage 

and crop residue on agricultural soils, as it is an indicator of the soil’s compaction and reflects the 

soil’s ability to function in terms of structural support, water and solute movement, and soil aeration 

[70]. High bulk densities cause root impedance and lead to poor crop emergence. According to Li et 

al. [71] in a global meta-analysis, the no-tillage system increased bulk density with residue retention 

of 1.4% compared with the conventional tillage. So, traditional agriculture through conventional 

tillage provokes a significant alteration of physical soil properties, such as degradation of the 

structure, compaction problems, soil bulk density, etc. and Conservation Agriculture can reduce 

these negative effects of conventional tillage [70,71]. 

Moreover, soil structure is a significant parameter in the sustainability of agroecosystems, and 

aggregate stability against different stresses (rainfall, tillage, etc.) is a useful measure to define soil 

structural stability [70]. According to Six et al., [72], the soil organic matter (SOM) promotes 

macroaggregate formation; meanwhile, soil aggregates improve the physical protection of organic 

matter.  

So, under conservation agriculture, higher aggregate stability is obtained as a  result of the 

interaction of various factors, such as (i) the retention of organic residue on the soil surface, which 

protects soil aggregates from raindrop impact and avoids soil compaction [73]; (ii) decomposing 

organic matter which increases the aggregation process [74]; (iii) no soil disturbance which increases 

fungal populations and the persistence of root networks that encourage the stability of the aggregates 

[75]; and (iv) reducing soil disturbance in conservation agriculture systems which allows the 

development of a more stable soil structure than in conventional tillage systems [76]. 
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5. Conclusions 

This research tries, based mainly on a bibliography study, to determine the important effects of 

straw residue on soil's physical, chemical, and biological properties and the environment in general. 

Moreover, in this bibliography study, we used detailed findings related to indicators of soil quality, 

the conservation agriculture and no-till practices. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. 
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