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Arthropods may make a significant fraction of the total number of soil organisms. They function as plant litter transformers or ecosystem engineers, and thus contribute positively to soil health. The present study was conducted during the 2020–2022 at International Rice Research Institute, South Asia Regional Centre, Varanasi. Study investigates the impact of different farming methods-conventional (Scenario 1; Sc1), LINF- Low-input natural farming (Sc 2); BBEF- Biochar-based ecological farming (Sc 3); CROF- Climate-resilient organic farming (Sc 4); RF- Regenerative farming (Sc 5) practices on soil arthropod populations in rice-wheat systems. Study utilized pitfall traps across various experimental setups. The findings revealed a significant increase in arthropod diversity and abundance, particularly in organic farming scenarios, where the Formicidae family (ants) and the Araneae family (spiders) were most prevalent. In an organically rich soil system, the five most diverse groups (Isopoda, Myriapoda, Insecta, Acari, and Collembola) were reported. This increase can be attributed to the nutrient-rich amendments that positively influence soil organisms. This study highlights a gradual increase in specific taxa, such as cockroaches, spiders, ants, and grasshoppers, following the transition to organic farming. Principal component analysis (PCA) further revealed distinct arthropod distribution patterns in the different farming systems, indicating the unique ecological impact of each method. Interestingly, predator populations in zero-till wheat fields under regenerative agriculture were greater than those in conventionally tilled fields. These results underscore the substantial role of organic and regenerative farming practices in promoting sustainable agricultural ecosystems. This study reveals the complex interplay between farming practices and arthropod dynamics and highlights the ecological benefits of sustainable agricultural methods, emphasizing their potential to enhance biodiversity and ecosystem health.
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HIGHLIGHTS

1. Arthropod diversity and abundance were found to be significantly greater under organic agricultural practices than under conventional methods.
2. Specific taxa such as cockroaches, spiders, ants, and grasshoppers gradually increased after the transition to organic farming, indicating a shift in ecological balance.
3. The study revealed that arthropod dynamics and farming techniques interact intricately, with organic additions influencing community structure and increasing soil organic carbon.
4. Different arthropod distribution patterns were found in each of the farming systems, emphasizing the distinctive effects of each technique.
5. The results highlight how organic and sustainable farming methods may improve arthropod variety and abundance while also having positive ecological effects.
1 INTRODUCTION
Countries like China, India, Pakistan, Nepal, Bangladesh, and the Philippines are distinguished by their predominant rice‒wheat cropping systems. This system spans approximately 10.3 million hectares in India alone, forming the cornerstone of the nation’s food security (Khedwal et al., 2023). However, the sustainability of this system is increasingly questioned due to various environmental and agricultural challenges (Yadav et al., 2021). The question here is whether ecosystem services are maintained and supported by existing agricultural practices. Soil arthropods, one of the most significant elements of soil-living communities, are crucial for preserving the health and quality of soil as well as for providing ecosystem services (Gonçalves et al., 2021). They play a highly recognized role in various ecosystem service-related processes, including the breakdown and decomposition of organic matter, the cycling of nutrients, the creation of soil structure, and ultimately the management of soil water holding and availability (Parisi and Menta, 2008; Bengtsson et al., 2005). Furthermore, since they are incredibly suited to certain soil conditions and because they live, feed, and reproduce in the soil, some groups are especially sensitive to changes in the quality of the soil (Holland and Luff, 2000).
Additionally, wheat is particularly susceptible to heat waves, and rice as a highly water-demanding crop, contributes significantly to greenhouse gas emissions. Moreover, there is a declining response per fertilizer unit, compelling farmers to use increased quantities to achieve similar yields, leading to groundwater contamination with nitrates (Datta et al., 2022). This situation underscores the growing importance of organic (farmyard manure, vermicompost, and jivamrit) and regenerative practices (ecological engineering for pest control, zero-tillage, and on-site crop residue management) for ensuring long-term production sustainability.
Advocated for integrating a short-duration mungbean crop and incorporating its residues during summer to enhance system sustainability. Prasad and Misra (2001) also recommend applying farmyard manure (FYM) at 10 t ha-1 alongside recommended NPK doses. These practices aim to maintain the viability of the rice-wheat cropping system.
Moreover, the success of the rice-wheat-mungbean production system is heavily influenced by effective weed management. Conservation agriculture, which has gained widespread adoption for its contributions to sustainability, plays a crucial role in this context. It is essential to recognize that altering faunal habitats, often through vegetation removal, significantly impacts arthropods, which are crucial for agroecosystem ecological functions (Quinn et al., 2016). Arthropods, which are sensitive to changes in vegetation, contribute to detritus degradation and organic matter cycling, thereby supplying nutrients to other organisms (Giesy et al., 2000; Roy et al., 2018). The mechanical alteration of soil, variations in plant residue quantity and placement, and changes in weed communities all affect arthropod communities (Ponce et al., 2011). Effects of tillage are important on soil arthropods frequency and intensity (Bhan and Behera, 2014). In direct planting systems, crop residues are concentrated at the surface, fostering a more intricate biological system and maintaining stable microclimatic conditions, particularly regarding soil humidity and temperature. This creates a more favorable habitat for soil fauna, and this was well reviewed by Chen et al. (2024).
Additionally, the diversity of natural enemies, including larger arthropods, plays a pivotal role in the biological control of arthropods (Menta and Remelli, 2020; Huot et al., 2018; Ponce et al., 2011). It has been found that agricultural expansion affects the species composition of communities, has a detrimental impact on the diversity of their functional traits, and thus attenuates the functioning of ecosystems and the benefits they provide (Emmerson et al., 2016). Contemporary agricultural practices such as conventional tillage, deep tillage, intensive and imbalanced use of chemical fertilizers, and widespread pesticide application have contributed to a decline in arthropod populations (Gonçalves et al., 2021). These practices result in complex interactions among natural enemies, leading to positive, negative, and neutral outcomes. A stable insect community emerging from these interactions forms an intricate food chain and web, providing significant opportunities for community interaction and compensation if one pathway is disturbed (Menta and Remelli, 2020; Huot et al., 2018).
Furthermore, Hong et al. (2022) demonstrated the connection between biodiversity and ecosystem health. The excessive use of fertilizers and pesticides, coupled with poorly coordinated development and landscape transformation in modern intensive agricultural practices, has led to pollution in water and soil environments and eradicated the biological refuge and habitat provided by wheat and rice fields (Hong et al., 2022). The biodiversity established in rice‒wheat fields is essential for stable ecosystems, contributing significantly to the ecosystem services offered by paddy fields and creating economic value for society.
Unfortunately, sufficient database on soil organisms (including arthropods) and their role in ecosystem functions are still lacking (Havlicek, 2012). Their significance in agriculture is presented only as worldwide statistics and in the form of straightforward facts suitable for mass audiences. The growing concern about sustainability in agriculture and the food industry, as well as the role of soil quality, may shed light on the significance of a thorough understanding of soil arthropod communities and the critical role they play in maintaining soil quality and health (Menta and Remelli, 2020). Thus, understanding soil arthropod communities under different soil nutrient management practices can aid in the development of management plans for sustainable agriculture. The hypothesis of the study is that different organically managed crop fields may help increase soil arthropod biodiversity for soil and agricultural sustainability. Thus, the study aimed to explore, evaluate, and compare the abundance, family diversity, and prey-predator composition of arthropods in rice-wheat cropping systems under conventional (chemical fertilizer- and pesticide-based agricultural practices), organically amended (use of compost and organic solutions), and regenerative (zero-tillage, crop residue management in the field, etc.) agricultural practices over three-year post-conversion from conventional practices. This study focused on a diverse group of arthropods with distinct functions, including insects such as spiders, ants, grasshoppers, earthworms, and beetle insects, and elucidated the importance of this existing cropping system.
2 MATERIALS AND METHODS
2.1 Experimental site
A field experiment involving rice (Oryza sativa), wheat (Triticum aestivum), and mungbean (Vigna radiata L.) crops was established seasonally in 2020, 2021, and 2022 at the International Rice Research Institute, Varanasi (25.302887 82.947973, 83 m above mean sea level), Uttar Pradesh, India. The average minimum and maximum temperatures at the site were 15 and 30°C, respectively. The annual rainfall ranges between 700 and 800 mm, with more than 70% falling between July and September during the monsoon season. The treatments included organic input, chemical base fertilizer, RA (75% chemical fertilizer and 25% organic input), and a sequence cropping rice‒wheat-mung bean system. The data were collected at the end of the season, which is twice a year. Initial soil parameters of the experimental agricultural soil are given in Table 1.
TABLE 1 | Initial soil properties of the experiment site before commencement of study.
[image: Table 1]Agricultural field soil samples were collected from the top layer (0–15 cm) randomly within each plot with the help of an auger. Three samples within a plot were thoroughly mixed to make composite samples followed by air drying. A part of soil sample was ground and the filtered using 2.0 mm sieve as per the requirement of different parameter analysis.
The initial soil properties (pH, EC, organic carbon, and available N, P, K) were estimated in air-dried samples using standard protocols.
2.2 Experimental details and descriptions of the scenarios
This study evaluated a portfolio of management practices under different crops and cropping systems (Figure 1). Five combinations of treatments with different crop rotations and associated management practices, referred to as scenarios (Sc), were evaluated according to the prevailing conditions in North India. Each scenario was replicated three times in a production-scale plot (14 m × 5 m = 70 m2) in a randomized complete block design. Distance between replicate field was 0.5 m and distance between treatments was 0.25 m. All the management practices in scenario 1 (Sc1) were based on current farmer practices (Table 2) in the region. Whereas, management practices in Sc2, Sc3, and Sc4 were based on organic farming, and that in Sc5 was based on regenerative agricultural farming (Table 3).
[image: Figure 1]FIGURE 1 | Schematic diagram of different crops and cropping sequences under different crop establishment methods (Sc1, conventional farming; Sc2, low-input natural farming; Sc3, biochar-based ecological farming; Sc4, climate-based ecological farming; and Sc5, regenerative agriculture).
TABLE 2 | Tillage, seed rate, cropping system, and agronomic management practices followed in organic farming systems and the five scenarios.
[image: Table 2]TABLE 3 | Crop rotation, tillage and crop establishment methods, residue management, and water management protocols under different scenarios. CT: conventional tillage, ZT: zero-tillage, DSR: direct seeded rice.
[image: Table 3]The following are the five scenarios with different agricultural management practices: 
Sc1- Conventional farming, CF-puddled transplanted rice (PTR), conventional tillage (CT), wheat without residue (-R), and chemical fertilizer use were used.
Sc2-Conventional tillage direct seeded rice (CTDSR) and conventional tillage wheat (CTW) with no residue (-R) Zero-tillage mungbean without residue (+R): This scenario is based on low-input natural farming (Bijamrit, Jeevamrit, Acchadan).
Sc3: No residue conventional tillage direct seeded rice (CTDSR) and wheat (CTW): This scenario is based on biochar-based ecological farming (biochar, ecozyme, amino acids, humic acid).
Sc4.-Rice was followed by conventional tillage direct seeded rice (CTDSR). Conventional tillage wheat (CTW) with no residue (-R). Zero-tillage mungbean (ZTM): This scenario is based on climate-resilient organic farming (Azolla, BGA, vermicompost, and vermiwash).
Sc-5: Zero-tillage direct seeded rice (ZTDSR); zero-tillage wheat (ZTW) with residue (-R) Zero-tillage mungbean (ZTM) with residue (+R) is based on regenerative agriculture (75% chemical and 25% organic fertilizer used).
2.3 Pitfall traps
The pitfall traps were made using plastic cups of 8 cm in diameter at the top, 5 cm in diameter at the bottom, and 10 cm tall when buried in the soil (lined on top with the bottom of the leaf litter level) as described by Ponce et al. (2011) and Ruiz-Lupión et al. (2019). A 10 × 10 × 1 cm3 wood lid was gently placed on top, just sitting on the litter. Because the study aimed to capture active fauna within the leaf litter layer, which moves mainly in the dark, a lid was used to reduce incoming light in the traps. An open pitfall trap would have skewed the results toward nocturnal fauna or the small number of taxa that are active on top of the litter layer during the day (e.g., some species of carabid beetles) according to Moya-Larano (2011), and personal observations. Most meso-fauna and macro-fauna were prevented from escaping through the trap’s bottom while allowing water to drain. Furthermore, we included some leaves inside the trap to reduce the occurrence of predation as much as possible (i.e., to minimize the predation of small trapped arthropods by bigger arthropods) and have the same potential attractiveness as the other two trap types. However, we only used six leaves (dry mass mean: 2.67 ± 0.03 g) at the bottom of each pitfall trap, up to a height of 3 cm, far enough from the trap opening to prevent the larger organisms from climbing out (Figure 2).
[image: Figure 2]FIGURE 2 | Procedure for trapping soil litter fauna.
2.4 Statistical analysis
All experiments were independently performed with at least three replicates. All mean data were analyzed by one-way analysis of variance (ANOVA) using the least significant difference method (LSD) in SPSS statistical software (version 18.0 for Windows, SPSS, Inc.) to determine whether there was any significant difference in arthropod biodiversity among the treatments. The level of statistical significance was set at p < 0.05. Principal component analysis (PCA) was applied to the present datasets (families of arthropods). The effects of different scenarios on arthropods (as a response to the practices) were compared for higher inputs through PCA. PCA provides visual analysis of whether the responses are dependent or independent of the independent variables (practices/scenarios). The general patterns of arthropods in various soil environments across practices were also described.
3 RESULTS
3.1 Effect on the different taxonomic groups
Different arthropods taxon were observed depending on the year and tillage system (Figure 3), namely, Araneae (spiders), collembola (springtails), Acarina (mites), Formicidae (ants), Coleoptera (beetles), Diptera (flies), Homoptera (hoppers), Acarina, Gryllidae, Culicinae (mosquito), Acarina, Forficulidae, and Lumbricidae (earthworms).
[image: Figure 3]FIGURE 3 | Photographs of arthropod diversity under different scenarios (Sc1, conventional farming; Sc2, low-input natural farming; Sc3, biochar-based ecological farming; Sc4, climate-based ecological farming; and Sc5, regenerative agriculture).
In 2022, there was a notable increase in arthropod populations compared to those in 2020 and 2021. Among the various scenarios (Sc1, Sc2, Sc3, Sc4, and Sc5), Sc1 had lower counts of total sampled arthropods, and these were Araneae, Collembola, Acarina, Formicidae, and others, as details provided in Table 3.
3.2 Comprehensive analysis of arthropod distribution across farming systems
PCA was utilized to explore the distribution of arthropod families in various farming systems over several years, as depicted in Figure 4. This analysis revealed distinct patterns, with certain families predominating in specific farming scenarios. Notably, a considerable dispersion of arthropods was observed in Sc1, contrasting with the high diversity and number in Sc2. Over the mentioned study period, the variability among arthropod families in the rice‒wheat cropping system was clearly reported. Families such as Araneae and Formicidae exhibited specific associations with conventional (Sc1) and regenerative farming (Sc5) systems, respectively, while Coleoptera and Homoptera were more abundant in Sc2, Sc3, and Sc4 (detailed mean data is provided in Table 4).
[image: Figure 4]FIGURE 4 | PCA (biplot) between agricultural systems and the number of arthropod families under different scenarios (Sc1-conventional farming, Sc2-low-input natural farming, Sc3-biochar-based ecological farming, Sc4-climate-based ecological farming, and Sc5-regenerative agriculture).
TABLE 4 | The mean number of principal groups of arthropods collected under different scenarios in 2020, 2021, and 2022.
[image: Table 4]In the biplot analysis, the relationship between variables is denoted by the angle between vectors. This method accounted for 95.7% of the observed variability, demonstrating the intricate relationships among arthropod families and farming practices (Figure 4). Different arthropod families, represented by points, were analyzed in relation to the farming systems denoted by arrows. The analysis showed positive correlations for some families with specific farming systems, while others exhibited negative correlations, indicating varied impacts on specific farming practices.
3.3 Predator and prey population and species variation in wheat
Predator populations in zero-till wheat-sown fields demonstrated significant variations in regenerative agriculture practice from 2020 to 2022. The reported counts (average value) of arthropods were 6.6, 5.6, and 4.2 per square meter, respectively, which were notably higher (approximately double) than those in conventionally tilled fields within conventional farming settings (Figure 5). This trend was consistent for various species, with notable differences in population density based on tillage treatments. For instance, spider populations averaged 3.59 per square meter in zero-tillage wheat fields, in contrast to the average of 1.36 in conventionally sown fields. Rove beetles followed a similar pattern, with counts of 3.56 in ZT fields and 1.58 in conventional fields. This study emphasizes the critical role of rice stubbles in preserving predator populations within rice‒wheat systems. This finding underscores the importance of biodiversity in agroecosystems for maintaining stability in predator conservation and controlling pest outbreaks. If comparing the scenarios for all the 3 years, there was significant difference noted between all the scenarios for the predator population and difference was more prominently visible during the 2022.
[image: Figure 5]FIGURE 5 | Predator and prey population dynamics in rice‒wheat cropping systems under different tillage treatments (Sc1-conventional farming, Sc2-low-input natural farming, Sc3-biochar-based ecological farming, Sc4-climate-based ecological farming, and Sc5-regenerative agriculture). Alphabetical symbols on the bars shows the significance difference (at p < 0.05) between the treatment.
3.4 Rice population and species variations
Cultivating rice after harvesting reduced-tillage wheat crop in Sc2, Sc3, and Sc4 resulted in a notably greater predator population as compared to rice cropping following conventional wheat farming (Figure 5). In both locations, there was a marginal increase in the predator population for rice planted in conventionally sown wheat. Notably, the disparity in predator populations between zero-till and conventional-tillage wheat crops was less pronounced in the rice crop than in the wheat crop. This observation suggests that the impact of tillage practices on predator populations may vary across different crops within the agricultural system.
3.5 Macrofauna and mesofauna population dynamics in the rice‒wheat cropping system
Explored fauna within a three-year rice–wheat cropping system revealed significantly positive trend. Analyses for 2020, 2021, and 2022 revealed that Sc2 had the greatest macrofaunal population in 2020 and 2022, while Sc3 showed peaked data in 2021. Mesofaunal numbers were highest in Sc2 during 2020 and, in Sc4 during 2021. Conventional farming consistently had the lowest populations of both macrofauna and mesofauna, likely due to the use of pesticides and chemical fertilizers (Figure 6). In contrast, organic farming exhibited the greatest population, surpassing conventional, regenerative, and other farming practices. This study also sheds light on the temporal dynamics of the transition from conventional to organic farming and its impact on arthropod abundance. The population trends sometimes followed a nonlinear saturation pattern, suggesting that the equilibrium in arthropod populations might take up to a decade to stabilize post transition to organic farming. If comparing the scenarios for all the 3 years, there was significant difference noted between Sc1 and Sc5. Sc2, Sc3, and Sc4 did not show any regular trend for both macrofauna and mesofauna during the experimental period.
[image: Figure 6]FIGURE 6 | Macrofauna and Mesofauna population dynamics in rice‒wheat cropping systems under different tillage treatments (Sc1-conventional farming, Sc2-low-input natural farming, Sc3-biochar-based ecological farming, Sc4-climate-based ecological farming, and Sc5-regenerative agriculture). Alphabetical symbols on the bars shows the significance difference (at p < 0.05) between the treatment.
4 DISCUSSION
The study, encompassing five scenarios and 13 arthropod families, explored the fauna within a three-year rice-wheat cropping system and revealed significant results of the management The present study aimed to assess the impacts of various long-term crop establishment, residue management and sustainable agricultural practices on arthropod diversity and composition under the subtropical humid climate of the Eastern Indo-Gangetic Plain of Uttar Pradesh, India. Soil flora–fauna diversity has been reported to be strongly affected by tillage in our findings and supported by literature (Moretti et al., 2017; Gora et al., 2022). As a significant number of arthropoda (13 arthropod families) were found in the study, it is to be noted that the number of soil-dwelling Diptera in temperate zones can reach higher, may be 50–150 species (Frouz, 1999; Ponce et al., 2011; Vera-Aviles et al., 2020). Depending on the family to which they belong—for example, Chironomidae in wet grasslands and Empididae in deciduous tree formations—they are more prevalent in forests than on arable land (Menta and Ramelli, 2020). Coleoptera, another arthropod reported in the study, is the largest order of beetles, and are frequently utilized as indicators because of their quick reaction to disturbances (forest cutting, grazing, fertilization, and habitat fragmentation). Additionally, they are also dependent on numerous biotic and abiotic variables that regulate their population as well (Rainio and Niemelä, 2003). However, the integration of organic farming is expected to result in a delayed positive response in species groups due to slow changes in soil properties and limitations in organism dispersal. Spiders, which are more abundant in the food web, may respond more slowly than other arthropods.
The decrease in Acarina abundance in Sc1, attributed to habitat modification rather than glyphosate use (van Eekeren et al., 2022; Giesy et al., 2000; George et al., 2017). Furthermore, the increased survival of specific mite groups in tilled soil could be due to their resilience to water scarcity, which is consistent with the findings of Moretti et al. (2017). This analysis describes and supports the complex interplay between population dynamics and environmental factors.
It is well known that organic amendments significantly enhance soil organic carbon and micronutrient levels, and thus influencing soil organisms (Crystal-Ornelas et al., 2021). In the compost-treated plots, it was found in our study that spiders exhibited larger abdomens, suggesting increased prey availability and reduced leaf damage. Despite no decrease in herbivore numbers, the larger spiders indicate potential shifts in predator‒prey dynamics. Spiders also played a significant role in neem-treated rice plots, as reported by Baitha et al. (2000a and 2000b). These findings highlight the complex relationships within the ecosystem and the positive impact of organic farming on plant resistance and pest control (Muneret et al., 2018) and meta-analyses by Crystal-Ornelas et al. (2021).
Furthermore, Formicidae are the most commonly utilized hymenopteran bio-indicator at the family level. Collembolan, mite, spider, and beetle species are richer than ant species and are more frequently used as environmental indicators. However, counting and identifying them takes longer than identifying ant species. They are also better indicators of assemblage composition than other groups and have a well-established ecology (Hoffmann and Anderson, 2003; Majer et al., 2007). Ants are well-known social insects that exhibit stationary nesting behavior. This characteristic of their ecology enables ant associations with the regions from which they are collected. Ants have been effectively employed as bio-indicators in Australia (Andersen and Majer, 2004), where their richness is connected with microbial activity in restored mining sites, as well as markers of pollution, the health of forests, and the state of rangelands. Since species assemblage, abundance, and richness are related to soil management factors, soil variables, and cropping practices, ants may have potential as biological indicators of soil conditions and management in agroecosystems. Previous research has indicated that ants respond to land changes in predictable ways. Additionally, because they may improve soil drainage, aeration, and nutrient supply, ants are crucial ecosystem engineers who help to implement low-impact farming practices. As indicated in Table 3, the Formicidae (ant) family boasts the greatest number of members, followed by the Araneae (spider) family. Table 3 shows the delayed or gradual responses of arthropods, potentially attributed to factors such as dispersal extent (referred to as “colonization credit”), residual effects of pesticides, the presence of chemical fertilizers in the soil, and the lag time associated with organic matter mineralization. Within the scope of the current study, specific taxa, including cockroaches, spiders, ants, and grasshoppers, gradually increased after the shift to organic farming. Among the factors mentioned above, dispersion limitation may not be the primary reason for the gradual increase, particularly in units adopting organic farming, such as the individual Sc2, Sc3, and Sc4 scenarios. Consequently, rapid immigration from neighboring habitats to these areas is anticipated. However, dispersal limitation could account for the observed changes in spiders and ants. These particular spiders are recognized for congregating in regions abundant in prey populations, yet their modus operandi revolve around daily site changes.
The study also highlighted the enhanced predator populations in zero-till wheat fields compared to conventionally sown fields (PCA analysis), suggesting that predator conservation could be a viable strategy for insect pest management in rice-wheat systems. The comprehensive PCA sheds light on the dynamic interplay of arthropod families in different agricultural contexts and underscores the potential of specific farming practices in promoting ecological balance.
A diverse ecosystem provides vital environmental buffers, offering necessary hosts, food, shelter, and overwintering sites, thereby reducing the likelihood of pest outbreaks and contributing to agricultural sustainability (Salim et al., 2003; Emmerson et al., 2016). This relationship, as provided in our study sites, between biodiversity and agricultural health highlights the need for integrated pest management strategies prioritizing ecological balance and sustainability. Additionally, this study provides vital insights into the time-dependent responses of organisms in rice‒wheat fields, highlighting the benefits of organic farming in supporting arthropod diversity. This diversity is crucial and is influenced by the scale and context of the agricultural system. The findings suggest that the arthropod population observed is sufficient for the needs of the organic farming community, emphasizing the overall benefits of organic practices in agricultural ecosystems.
5 CONCLUSION
The results of this study revealed a significant increase in arthropod populations in rice-wheat cultivation under organic farming practices (Sc2 and Sc3) as compared to conventional methods. The use of organic fertilizers and the integration of legume (mungbean) crops in this study showed a critical factor in enhancing the abundance and diversity of arthropods in organic (Sc2) and no-till (ZT) systems. A notable increase in arthropod populations as well predator-prey population was observed in Scenario 2, where implementing cover crops such as mulch played a critical role (no-tillage). Macrofauna and mesofauna were higher in Sc4 supporting the climate based ecological farming. This research underscores the complex relationship between agricultural practices and arthropod dynamics, emphasizing the ecological advantages of adopting organic and sustainable farming approaches for enhancing biodiversity and contributing to a more sustainable ecosystem.
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Scenarios  Treatments Crop Tillage Crop establishment Residue Water
rotation method management management
Scenario 1 (Sc1) | Control (Conventional | Rice-wheat- | Rice: CT Rice: Puddled transplanted rice (PTR) | All crop residue removed | Border irrigation
Farming, CF) fallow Wheat: CT | with random geometry
Wheat: Conventional till (CT) with
broadcast seedling
Scenario 2 (Sc2) | LINF Rice-wheat- | Rice: CT Rice: Puddled transplanted rice (PTR) | Rice: Retention Border irrigation
‘mungbean Wheat: RT | with random geometry (mulching)
Mungbean: | Wheat: Reduce till (RT) - line seedling | Wheat: 10%-20%
zr Mungbean: Zero tillage (ZT) with row | anchored residue retained
geometry Mungbean: Fully
incorporated
Scenario 3 (Sc3) | BBEF Rice-wheat- | Rice: CT Rice: Puddled transplanted rice (PTR) | Rice: Removed Border irrigation
mungbean | Wheat: RT | with random geometry Wheat: 10%-20%
Mungbean: | Wheat: Reduce till (RT) - line seedling | anchored residue retained
zr Mungbean: Zero tillage (ZT) with row | Mungbean: Fully
‘geometry incorporated
Scenario 4 (Sc4) | CROF Rice-wheat- | Rice: CT Rice: Puddled transplanted rice (PTR) | Rice: Removed Border irrigation
mungbean | Wheat: RT | with random geometry Wheat: 10%-20%
Mungbean: | Wheat: Reduce tillage (RT) - line anchored residue retained
b seedling Mungbean: Fully
Mungbean: Zero tillage (ZT) with row | incorporated
geometry
Scenario 5 (S¢5) | RA Rice-wheat- | Rice: ZT Rice: Puddled transplanted rice (PTR) | All crop residue Alternate wet drying
mungbean | Wheat: ZT | with random geometry incorporated
Mungbean: | Wheat: Zero tillage (ZT) - drill seedling
zr Mungbean: Zero tillage (ZT) - drill

seedling

*CE- conventional farming; LINF- Low-input natural farming; BBEF- Biochar-based ecological farming; CROF- Climate-resilient organic farming; RF- regenerative farming; CT- conventional

llage; RT- Reduced tillage and ZT- zero tillage practices.
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Properties Value Method used

Sand (%) 58 Particle size analysis

Slit (%) 20

Clay (%) 2

Textural class Sandy clay loam USDA triangle

Bulk density (g cm™) 166 + 0.03 Blake and Hartage (1986)
PH (1225 soil: water) 7.94 +003 Jackson (1967)

EC (dS m™) 0.151 + 1.37 Jackson (1967)

Organic carbon (SOC%) 053 0,03 Walkley and Black’s method
Available N (kg ha') 143.1 + 3.66 Subbiah and Asija (1956)
Available P (kg ha'') 362 £ 3.60 Olsen (1954)

Available K (kg ha™") 464 % 205 Hanway and Heidel (1952)
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Operations

Scenario 1 (CF) Scel

2 (LINF)

Scenario 3 (BBEF)

rio 4 (CROF)

Scenario 5 (RF)

Field Preparation Rice: CT Rice: CT Rice: CT Rice: ZT
Wheat: CT Wheat: RT Wheat: RT Wheat: RT Wheat: ZT
Mungbean: ZT Mungbean: ZT Mungbean: ZT Mungbean: ZT
Seed rate (kg-ha-1) | Rice: 25 Wheat: 100 Rice: 25 Rice: 25 Rice: 25 Rice: 25
- Wheat: 100 Wheat: 100 Wheat: 100 Wheat: 100
Mung Bean: 20 Mungbean: 20 Mungbean: 20 Mungbean: 20

Sowing method

Manual transplanting of
rice and broadcasting of
wheat

Manual transplanting in
rice and seed drill sowing
in wheat and mungbean

Manual transplanting in rice
and seed drill sowing in
wheat and mungbean

Manual transplanting in
rice and seed drill sowing
in wheat and mungbean

Seeding with a happy
seeder machine

Crop geometry &
spacing (cm)

Random

(22.5-22.5-45)

(22.5-22.5-45)

(22.5-22.5-45)

(225-22.5-45)

Fertilizer (NPK) in
kg-ha-1

Water management
(no. of irrigation)

Rice: 120:60:40

Rice: Soil was wet for up to
20 days after sowing
irrigation was applied at
hairline cracks

(30-35 irrigations)

Wheat: 3-4

Nutrients applied through
bioinput (Bijaamrit,
Jiwaamrit, Acchadan)

Rice: Soil was wet for up to
20 days after sowing
irrigation applied at
hairline cracks

(25-30 irrigations)

Wheat: 3-5

Mungbean: 1-2

Nutrients applied through
bioinput (Biochar, Ecozyme,
Amino-acid and Humic

acid)

Rice- Soil was wet for up to
20 days after sowing
irrigation was applied at
hairline cracks

(25-30 irrigations). Wheat:
3-5

Mungbean: 1-2

Nutrients applied through
bioinput (Azolla, BGA,
Vermicompost and
Vermiwash)

Rice: Soil was wet for up to
20 days after sowing
irrigation applied at
hairline cracks

(25-30 irrigations)

Wheat:
Mungbean:

75%RDF (90:45:30 NPK)
+25% through bioinput

Rice: After transplanting,
irrigation was done by
alternate wet and dry
methods

(20-25 irrigation). Wheat:
3-4

Mungbean: 1-2

Crop Varieties

Rice: Arize 6444 Gold
Wheat: PBW 187

Rice: Arize 6444 Gold
Wheat: PBW 187
Mungbean: Virat

Rice: Arize 6444 Gold
Wheat: PBW 187
Mungbean: Virat

Rice: Arize 6444 Gold
Wheat: PBW 187
Mungbean: Virat

Rice: Arize 6444 Gold

Wheat: PBW 187
Mungbean: Virat

“CE- conventional farming; LINF- Low-input natural farming; BBEF- Biochar-based ecological farming; CROF- Climate-resilient organic farming; RF- regenerative farming; RDF-
lizer; CT- conventional tillage; RT- Reduced tillage and ZT- zero-tillage practices.
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Araneae 168c | 1067a | 833ab | 9.00ab | 467bc | 100a | 100a | 666a | 9.67ab | 100a | 183 | 200a | 250a | 3.17a | 367a
Formicidee | 250a | 120a | 933 | 172 | 6162 | 20a 1062 | 943 12.1a [ 233 | 183 | 133 | 6l6a | 283 | 20a
Coleoptera 283 | 130a | 900a | 107a | 850a | 100a | 1l3a | 9.30a 100a | 100a | L17a | 113a | 900a | ll6a | 367a
Parasitoids 117a | 633% | 367a | 400a | 283% | 18% | 633 |400a | 467a | 150a | 0.07a | 333 | 433%b | 333 | 150c
Collembola 050a | 700a | 533 | 567a |250a | 100a | 7.33%a | 667a | 633 | 100a | 033 | 400a | 433 | l67a | 067a
Diptera 050a | 368 | 233 | 333 | 150a | 150a | 267a | 233% | 267a | 350a | 050a | 7.00a | 533 | 633 | 250a
Homoptera 150a | 800a | 700a | 667a | 218a | 18% | 900a |667a | 7.3% | 250a | 033% | 467a |367a | 167a | 067a
Acarina 017a | 33% 13 233 | 0% | 050 | 43% | 2008 | 3002 | 150 | 0502 | 633 | 4dda | 33 | 13%
Gryllidae 033a | 400a | 367a | 267a |0.67a | 083% | 467a | 433% 167a | 117a | 033 | 066a | 0.17a | 066a | 0.3%
Culicinae 050a | 63% | 500a | 633 | 117a | 067a | 633% | 433% | 333% | 133 | 050a | 368a | 233 | 333 | 150a
Acarina 083 | 433% | 433 | 067a | 050a | 083 | 467a | 433% 13%a | L17a | 017a | 333 | 133 |23% | 083k
Forficulidae | 0.33a | 200a | 333 2002 | 0.67a | 066a | 167a | 300ab | L66a | 060a | 0.33% | 167a | 3.ab 2000 | 0672
Lumbricidae | 0.17a | 133 | 133 133 | 050a | 100a | L67a | 200a 100a | 100a | 033 | 400a | 367a | 267a | 067a
Total 1301 | 8200 | 6398 | 66.4 3268 | 1465 | 8057 | 6505 | 6476 | 1960 | 832 | 533 5026 | 4492 | 2007

The different letters indicate significant differences in mean value at p < 0.05. Sel-Conventional farming, Sc2-Low-input natural farming, Sc3-Biochar-based ecological farming, Sed-Climate-
basid aasloitoal Biing Sob- Rasnacinre sdncdls
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