
 
This issue is published by Research Journals Online (SMC-Private) Limited 

 

 

 



 
This issue is published by Research Journals Online (SMC-Private) Limited 

 

About the Journal 

EcoBiotics is an international journal focusing on the study of animal and plant sciences, ecology, and 

biodiversity. It publishes high-quality research that advances our understanding of life sciences and 

environmental sustainability. The journal welcomes articles on agriculture, genetics, ecosystems, and 

conservation practices. With a commitment to ecological balance, it highlights the importance of research in 

preserving natural resources. EcoBiotics serves as a platform for scientists, educators, and environmentalists 

to share discoveries that benefit both nature and society. 

Aim / Objective 

EcoBiotics is committed to: 

 Advancing knowledge in animal and plant sciences, ecology, and agriculture 

 Publishing high-quality research that supports biodiversity and sustainability 

 Promoting interdisciplinary collaboration among biologists, ecologists, and environmental scientists 

 Encouraging diverse perspectives in ecological and life science research 

 Supporting innovation and evidence-based practices for sustainable development. 

Scope 

The scope of EcoBiotics covers a wide range of topics in biological and environmental sciences. It 

welcomes original research, reviews, and applied studies in (but not limited to): 
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 Microbiology and Biotechnology 

 Ecology and Ecosystem Studies 
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 Environmental Science and Climate Change 

 Soil and Crop Sciences 

 Forestry and Natural Resource Management 

 Aquatic Biology and Fisheries 

 Entomology and Pest Management 

 Sustainable Farming Practices 

 Food Science and Nutrition 

EcoBiotics provides a platform for both basic and applied research, promoting ecological balance, 

agricultural advancement, and sustainable development. 
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The biodiversity in agro-ecosystem is one of the key components that ensure stability, 
productivity and sustainability of the ecosystem. In the last few decades, agricultural 
intensification has caused a major change in the natural habitats which has resulted in 

reduced species richness, functional diversity, and ecosystem services. The paper evaluates 
patterns of biodiversity in agro-ecosystems with respect to the various farming systems, 
such as conventional, organic and diversified agro-farming. Based on standardized 
biodiversity metrics, including, species richness, Shannon diversity index, and functional 
group abundance, the study will compare plant, soil and arthropod biodiversity between 
two environmental management regimes. The results indicate that the organic and 
diversified farming systems are always able to contribute to a greater number of 
biodiversity as compared to the conventional systems, which are mainly based on the fact 
that their chemical input is low, the heterogeneity of the habitat is high, and the soil is 
healthy. The paper identifies the ecological trade-offs of intensive agriculture and the 
significance of agriculture that does not harm the environment in the long term and food 

security. 

 

Introduction 

Agro-ecosystems are ecological systems that are managed closely to natural ecological processes, where agricultural 
production is also intertwined with nature. Such systems consist of crops, livestock, soil organisms, pollinators, pests, natural 
enemies, and semi-natural environments around them which collectively define the agricultural productivity and 

sustainability of the environment. Agricultural biodiversity, also known as agrobiodiversity, is biodiversity in agro-
ecosystems, i.e. the diversity of life found important to agricultural processes directly or indirectly. This biodiversity plays a 
critical role in keeping the ecosystem services including nutrient cycling, soil fertility, regulation of pests, pollination, and 
climate stability (Altieri, 2018). 

The agricultural systems in the world have undergone significant changes within the last century due to the increase in 
population, technological changes, and food production demands. The massive use of traditional farming systems that were 
typified by mono-culture, mechanization, synthetic manure, and chemical pesticides has greatly boosted short term 
population. Nevertheless, such practices have led to simplification of the habitat, soil erosion, as well as significant reduction 
of biodiversity at various spatial levels (Tscharntke et al., 2012). Many works reported a reduction of plant communities, soil 
microbial communities, beneficial insects and farmland birds in highly managed agricultural landscapes (Benton et al., 2003). 

Extinction of species is not the only serious impact of the loss of biodiversity in agro-ecosystems. Decreased biological 
diversity inhibits ecosystem performance and robustness and subjects agricultural systems to pests, diseases, climatic 
fluctuations, and environmental disturbances. As an example, weakening of pollinators endangers crop production as well as 
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the disappearance of natural enemies promotes the use of chemicals to control pests, which leads to the formation of a 
negative feedback response that also weakens ecosystems (Garibaldi et al., 2013). These issues have raised the question of the 
sustainability of traditional agricultural systems and the need to explore alternative agricultural systems that would create a 
balance between productivity and ecological integrity. 

To this, organic and diversified farming systems have increasingly attracted the interest as the possible alternatives to 
sustainability. Organic farming focuses on ecological processes, conservation of biodiversity and soil health by avoiding the 
use of synthetic agrochemicals and crop rotations, organic amendments and biological pest control. Diversified agricultural 
systems such as intercropping, agroforestry and mixed crop-livestock systems are expected to improve the habitat 
heterogeneity and functional diversity in agricultural landscapes. Experimental data indicates that this type of systems is 
capable of sustaining or increasing the ecosystem services and biodiversity (Kremen and Miles, 2012). 

The measurement of biodiversity in agricultural systems is essential in the ecological effects of various agricultural systems. 
In the assessment of biodiversity, measuring species richness, abundance, diversity index and functional traits in various 
taxonomic group is usually conducted. Such tests can give us useful information regarding the management practices that can 
affect ecological communities and ecosystem services. Nonetheless, biodiversity adaptation to agriculture systems can be 

different based on the local environmental conditions, landscape setting, and methodology, which requires in-depth and 
comparative research. 

Besides, biodiversity measurement has gained relevance especially on the global sustainability agenda. The global policies like 

the Convention on Biological Diversity (CBD) and Sustainable Development Goals (SDGs) highlight the fact that biodiversity 
conservation should be integrated into the agricultural policies. Agro-ecosystem biodiversity assessments based on evidence 
are a requisite to agri-environmental schemes, land-use planning and transitions to sustainable food systems. 

Although there is increased awareness on the significance of agrobiodiversity, much about the relative effects of different 

agricultural systems on biodiversity of various biological groups is still unknown. Most studies are on single taxa, or 
restricted spatial scales, and their relevance to the management of agro-ecosystems in general is restricted. To give a better 
ecological picture of the sustainability of farming, there is a need to conduct a holistic evaluation of plant, soil, and arthropod 
biodiversity in contrasting farming system. 

To fill these gaps, the current study aims at performing a biodiversity evaluation of agro-ecosystems with conventional, 
organic, and diversified agricultural systems. The study will provide empirical evidence to the current debate or lack thereof 
on sustainable agricultural intensification and biodiversity conservation by assessing various biodiversity indicators and 
ecosystem service proxies. 

The main goal of this research is aimed to analyze and compare the level of biodiversity in agro-ecosystem with different 
farming systems namely conventional, organic and diversified agricultural methods. The research shall seek to measure the 
plant, soil and arthropod biodiversity using standard ecological indicators, such as species richness, abundance and diversity 
indices. The study also aims to study the connection between farming management activities and ecosystem service indicators 
which include soil health, pollinator activity and the natural regulation of pests. The study will use the incorporation of 
biodiversity measurement of various biological entities to create a comprehensive picture on the effects that various farming 
systems have on the ecological sustainability. 

This study is important in the sense that it adds to the research on sustainable agriculture and conservation of biodiversity. 
Due to the fact that, agricultural intensification is one of the biggest contributors to the reduction of biodiversity in the world, 
it is important to identify farming systems that would ensure the ecological integrity and still be productive. Results of this 
research provide evidence-based information to the policymakers, agricultural planners and farmers aiming to adopt more 
biodiversity-friendly practices. Additionally, the study helps in addressing the sustainability concept globally since it proves 
the ecological advantage of diversified and organic agricultural systems. Finally, this research results in the creation of 
resilient agro-ecosystems, which can meet the growing demands of food production, ecosystem services and environmental 

health in the adverse environment of increasing global demands. 

Literature review  

The prevalence of biodiversity in agro-ecosystems has become a matter of growing academic interest because of its 
importance in maintaining ecosystems and productivity in the agro-ecosystems. The difference between agro-ecosystems and 
natural ecosystems is in the fact that they are carefully manipulated to produce crops or livestock, but they still rely on 

ecological functions like nutrient cycle, soil formation, pollination, and biological control of pests. It is regularly stated in the 
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literature that the nature of farming system adopted has a significant influence on the outcome of biodiversity at the local, 
landscape, and regional levels (Altieri, 2018). 

Agro-ecosystem Biodiversity and Ecosystem Services It has been established in numerous studies that biodiversity and 
ecosystems services are directly associated with the agricultural landscape. The use of a variety of plant communities helps in 
increasing the soil structure and organic matter deposition where soil biodiversity increases nutrient availability and 
retention of water (Tilman et al., 2002). The arthropods (especially predators and parasitoids) also provide a means of 
natural pests control, which has lowered the use of chemical pesticides (Landis et al., 2000). The diversity of pollinators is 
also of utmost importance because only about three-quarters of world food crops are partially reliant on animal pollination 
(Garibaldi et al., 2013). Reductions in biodiversity therefore endanger ecological and food security. 

The Conventional Farming Systems and Biodiversity Loss The conventional farming systems are typified by monoculture 
agricultural practices, intensive tillage, high use of chemicals and simplification of the landscape. Though these systems have 
been found very useful in enhancing crop production, they have also been pinpointed as the cause of biodiversity loss in large 
proportions. Research studies in Europe, Asia, and North America document drastic declines in the richness of plant species, 
the diversity of soil microbes, and useful insects in traditionally controlled fields (Benton et al., 2003; Tscharntke et al., 2012). 

Chemical pesticides have adverse impacts on non-target organisms, such as pollinators and natural enemies, whereas 
synthetic fertilizers have an impact on soil microbial communities and nutrient cycling (Geiger et al., 2010). The habitat 
simplification caused by large scale monocultures also causes additional ecological niches and landscape connectedness, 

resulting in population losses in farmland birds and insects. A combination of all these negative impacts undermines the 
provision of ecosystem services and exposes them to pests and environmental stresses. 

Organic Farming Systems and Biodiversity Enhancement Organic farming has been researched extensively as an alternative 
system where ecological sustainability is considered a strong priority. Organic farming limits the usage of synthetic farming 

chemicals and encourages crop rotation, organic fertilization, and biological pest control. In meta-analyses, it is always the 
case that organic farms facilitate greater species richness and abundance of various taxa than conventional farms (Bengtsson 
et al., 2005; Tuck et al., 2014). 

Organic systems generally have a high level of plant diversity as herbicides are used less often and crop rotation is diversified. 

Greater diversity in plants gives insects and soil organisms a habitat and food sources, and has cascading ecological effects. 
Organic management enhances soil biodiversity such as earthworms, bacteria and fungi which helps in increasing soil fertility 
and carbon sequestration (Mader et al., 2002). Although it is feared that organic systems may yield below competitively, 
recent research has shown that organic systems are able to produce competitive yields with the support of diversified 
management systems and relevant policy systems in place. 

Diversified Farming Systems and Agroecological Approaches Diversified farming systems include intercropping, crop rotation, 
agro forestry, and integrated crop livestock systems. The goals of these systems are to replicate the natural ecosystems by 
enhancing the structural and functional diversity in the agricultural landscapes. There are studies showing that, diversified 
systems tend to have a better result compared to monocultures, regarding the biodiversity conservation and provision of 
ecosystem services (Kremen and Miles, 2012). 

The intercropping improves the diversity of plant species and the efficiency of resource utilization, limiting the burst of pests 
and increasing the stability of yields (Brooker et al., 2015). Agro forestry system incorporates trees with crops or livestock 
forming multi-layered habitats, which harbor birds, insects and soil organisms, and improves carbon sequestration and 
nutrient cycling (Jose, 2009). ICSS recycles nutrients by use of manures and minimizes external inputs and enhances 
biodiversity in the soil and resiliency to the ecosystem. 

Soil Biodiversity and Farming Practices Soil biodiversity is one of the indicators of healthy agro-ecosystem. The organisms in 
soil control decomposition, nutrient recycling, and soil structure and it has a direct effect on crop productivity. Research has 
demonstrated that intensive tillage and the use of chemicals decreases microbial biomass and functional diversity of soil, and 
conservation tillage, organic additions and crop diversification increases biological activity on soil (Brussaard et al., 2007). 

There is extended-period of investigations that organic and diverse farming systems have more soil organic carbon and 
microbial diversity as compared to the conventional farming systems (Mader et al., 2002). Such enhancements play the role 
of adding to the capacity and retention of water and drought resilience, and underscores the importance of soil biodiversity in 
climate change adaptation. 



EcoBiotics: Journal of Animal & Plant Sciences | 1(4), 01-10, 2025 

 

 

4 

Landscape Context and Biodiversity Beyond Landscape composition plays an important role in the agro-ecosystem 
biodiversity beyond field-level management. Heterogeneous landscapes with hedges, field margins and semi-natural habitats 
provide greater species richness than simplified landscapes (Tscharntke et al., 2005). These features can serve as home and 
foraging areas of wildlife and increase the potential of connectivity and recolonization. 

It has been proposed that positive impacts of organic and diversified agriculture are exaggerated in complex landscapes, but 
these benefits might be minimal in highly simplified landscapes. This highlights the need to combine land-use plans with 
farm-level practices in order to accomplish successful conservation of the biodiversity. 

Implication of policies and gaps in research Agri-environment schemes and policies on sustainable agriculture are starting to 
gain an awareness of the significance of biodiversity-friendly farming practices. Nonetheless, there is no consistent 
implementation, and evidence-based evaluations are necessary to inform the policy implementation. Although much 
literature has been done on the components of agro-ecosystem biodiversity, few studies have been done on the assessment of 
multiple biological groups and farming systems. 

Moreover, climate, soil, and social-economic factors vary in different regions, which requires context-based research. Multi-
taxa and long-term evaluations are specifically required to achieve time dynamics and functional implications of changing 
biodiversity. These gaps are important to address in order to design robust agricultural systems that will be able to cope with 
the food and environmental challenges in the future. 

Methodology 

The research was carried out in representative agro-ecosystem of different climatic conditions, soil and land-use types to 
describe a wide spectrum of agro-ecological diversity. Three different systems of farming were chosen that includes 
conventional farming systems, organic farming systems and diversified farming systems. Sustained agricultural activities 
were recorded in the chosen areas over a decade and this was to ensure that any patterns of observed biodiversity tracked the 
long term management patterns and not the short term changes. Farms were chosen according to their reachability, 

uniformity in the management practices, and the permission of the farmer. 

Experimental Design 

The comparative cross-sectional research design was used to evaluate the biodiversity in various farming systems. In every 
farming system, the sample population comprised of ten randomly selected farms, and this gave out thirty study farms. 
Standardized sampling plots of 50 m x 50 m were done on every farm. Selection of plot locations was carried out in such a 
way that the edge effects were minimized and to maintain uniformity in crop type and history of management. This design 
allowed the comparison of indicators of biodiversity in the farming systems directly and controlling the confounding factors 
of the environment. 

Components of Biodiversity measured 

The biodiversity evaluation was done in three significant biological units namely the plant diversity, soil biodiversity, and the 
arthropod diversity. The components were chosen because of their basic functions on the functioning of agro-ecosystems and 
how these components were sensitive to the way they were managed. 

Determination of plant biodiversity 

Quadrat sampling was used to measure biodiversity in plants. In each plot there were five quadrats (1 m x 1 m) set randomly 
and all the plant species found including crops, weeds and non crop vegetation were recorded. Identification of species was 
done by use of the standard floristic keys. The richness of the species (number of species in total) and relative abundance 
were measured. The indices of diversity, such as Shannon-Wiener and Simpson diversity indices were computed to measure 
the species diversity and evenness among farming systems. 

An Assessment of Soil Biodiversity 

The biodiversity of soil was determined by taking soil samples at the depth 0-15 cm with a soil auger. Five soil cores were 
taken in every plot and mixed to create a composite sample. Hand-sorting of soil macrofauna (earthworms, arthropods) was 
done at the field and extraction of mesofauna was done by means of Berlese-Tullgren funnels in the laboratory. The 
fumigation-extraction method was used to estimate soil microbial biomass. The most basic taxonomic level of soil organisms 
was determined and they were grouped into functional groups by their ecological functions. 
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Arthropod assessment of Biodiversity 

The pitfall traps, sweep nets and visual observations were used to assess the diversity of arthropods. Pitfall traps were put in 
place to sample ground dwelling arthropods and these would last 72 hours. The procedure was carried out on standard 
transects in order to sweep netting canopy-dwelling insects. The arthropods were named under functionality groups like 
predators, herbivores, pollinators, or decomposers as they were identified to family or species, where possible. 

Physicochemical soil Analysis 

Besides the biological measurements, physicochemical properties of the soils were also analyzed to be able to understand 

their correlation with the pattern of biodiversity. The soil pH, the content of organic matter, total nitrogen, available 
phosphorus, and potassium were determined using standard laboratory procedures. These were the variables which acted as 
a measure of soil health and fertility in various farming systems. 

Environmental Indicators of Ecosystem Services 

In order to connect the biodiversity and ecosystem functioning there were particular indicators of ecosystem services 
measured. The action of pollinators was measured by counting the number of visits of pollinators to each flowering plant per 
hour during the flowering season. The potential of biological pest control was determined by estimating the abundance of 

natural enemy arthropods. The content of organic matter and the level of microbial biomass were used to infer the soil 
ecosystem services. 

Data Analysis 

The statistical software was used to analyze the biodiversity data. All biodiversity and soil variables were calculated in 
descriptive statistics. Differences in biodiversity indicators of farming systems were tested using one way analysis of variance 
(ANOVA). The post-hoc tests were done to understand the significant differences at the level of pair-wise. Multivariate 
techniques (non-metric multidimensional scaling (NMDS) and permutational multivariate analysis of variance 

(PERMANOVA)) were used to assess the variation in the community composition among the farming systems. 

Ethical and Control of Quality 

Field sampling was done under the approval of farm owners and this was done in a manner that caused minimal disruption 
to the crops and habitats. All the sites followed standard protocols thus ensuring the reliability and comparability of data. In 
cases where identification of species was required it was confirmed by expert consultation and reference collections. 

Results and Discussion 

The study findings demonstrate that there are apparent and regular variations in biodiversity indicators across conventional 
and organic and diversified farming systems. In all the biological components that were evaluated including plants, soil life 
and arthropods, organic as well as diversified systems had a much higher level of biodiversity compared to conventional 
systems. These results emphasize the overpowering impact of agricultural activities on the organization and operation of the 
agro-ecosystem. 

Biodiversity of plants across the various farming systems 

The three farming systems had a great deal of difference in the plant species richness and diversity indices. The richest plant 
species were observed in the diversified farming systems, and organic systems, whereas conventional systems had the lowest 
ones. This was also reflected in the Shannon diversity index, meaning that not only the number of species was higher but also 
the distribution of species became even in diversified and organic systems. 

The low plant diversity of traditional systems may be explained by the intensive weeds regulation by use of herbicides and 
monoculture planting systems that restrict the development of non-crop vegetation. Organic systems, in contrast, supported a 
greater variety of plant species because of the lower usage of chemicals, whereas diversified systems supported heterogeneity 
through crop rotations, intercropping, and provision of non-crop habitats. These findings are consistent with other studies 
that have established that decreased input and a diversified management increases plant biodiversity in the agricultural 
landscapes (Bengtsson et al., 2005; Tuck et al., 2014). 
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Table 1: Plant Biodiversity Indicators under Different Farming Systems 

Farming System Mean Species Richness Shannon Diversity Index (H’) 

Conventional 13.2 ± 1.4 1.82 ± 0.11 

Organic 19.6 ± 1.7 2.46 ± 0.14 

Diversified 23.8 ± 1.9 2.89 ± 0.16 

Soil Biodiversity and Soil Health 

The indicators of soil biodiversity such as the abundance of macrofauna and microbial biomass were much higher in the 
organic and diversified systems of farming. The highest content of organic matter in the soil and microbial biomass was 
observed in diversified systems and then organic systems. Traditional systems had a relatively low level of soil biological 
activity, which was the long-term results of the intensive tillage and the use of synthetic fertilisers. 

Increased biodiversity of the soil in the organic and diversified systems can be attributed to increased inputs of organic matter 
through crop residues, composts, and manure and a low level of soil disturbance. The soil organisms are very important to 
the process of decomposition and their cycling of nutrients, and the fact that they are in a greater abundance implies that the 
soil ecosystem will be functioning better. The results are in line with long-term experimental results which indicate that 
organic and diversified agriculture systems have healthier and more bioactive soils (Mader et al., 2002; Brussaard et al., 
2007). 

Biodiversity and Functional Groups of Arthropods 

Farming system differences also had a strong response in the arthropod communities. The abundance of total arthropod and 
species richness were the greatest in diversified systems followed by organic systems whereas conventional systems had a 
low number of individuals and species. The functional group analysis showed that organic systems and diversified systems 
had a high number of predators, parasitoids, and pollinators. 

Pesticides and simplification of habitats were likely the causes of reduced diversity in arthropods in conventional systems. By 
contrast, diversified systems offered more than one niche and source of food, sustaining more arthropod functional groups. 
These systems have more natural enemies, thereby indicating a better potential of biological pest control, less reliance on 
chemical pesticides. 

Ecosystem Murals Service Indicators 

There was an observation of the biodiversity patterns as indicated by ecosystem service indicators. The use of pesticides and 
the diversity of flora were also greater in organic and diversified systems, which were accompanied by a higher rate of 
pollinator visits. Equally, the abundance of natural enemies increased most in diversified systems pointing to improved 
control of biological pests. 

Organic and diversified systems also had better soil ecosystem services as denoted by organic matter content and microbial 
biomass. These enhancements help increase the availability of nutrients and water retention, and resistance to environmental 
stress, and strengthen the ecological positive effects of biodiversity-friendly farming techniques. 

Table 2: Soil and Ecosystem Service Indicators under Different Farming Systems 

Indicator Conventional Organic Diversified 

Soil Organic Matter (%) 2.2 ± 0.3 3.6 ± 0.4 4.3 ± 0.5 

Microbial Biomass (mg C/kg) 220 ± 18 340 ± 22 390 ± 25 

Pollinator Visits (per hour) 9 ± 2 16 ± 3 19 ± 3 

Natural Enemy Abundance 32 ± 4 48 ± 5 55 ± 6 

Integrated Interpretation of Results 

The general findings indicate that there is a very good positive correlation between the diversification of farming systems and 
increase in biodiversity. Organizational and conventional systems always fared worse in comparison to diversified systems in 
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the majority of indicators, which has shown the significance of structural and functional heterogeneity in agro-ecosystems. 
Organic systems too indicated significant benefits of biodiversity as opposed to conventional farming which validates their 
participation in sustainable farming. 

These results are in line with the findings obtained in the literature that claim that biodiversity-friendly agriculture improves 
the ecosystem services and minimizes environmental degradation (Tscharntke et al., 2012; Kremen and Miles, 2012). The 
findings highlight the ecological externalities of traditional intensification, and also point to how diversified and organic 
systems may make productivity and sustainability to be consistent. 

Discussion 

This research has clearly shown that the farming systems are decisive in determining the trends of biodiversity in agro-
ecosystems. The ongoing increased biodiversity of plants, soil, and arthropods in organic and diversified agricultural systems 
are ecological gains of low levels of chemical inputs, greater ecology of habitat, and ecologically sensitive management 
systems. The findings support the emerging agroecological research field viewpoint that biodiversity-based agriculture 
systems promote ecosystems to work well and be resilient. 

The poor biodiversity values observed in the conventional farming systems are the aspects of the aggregate effects of the 
intensive farming methods which include monoculture, repetitive tilling, and the excessive use of synthetic fertilizers and 
pesticides. These practices make habitats simple, diminish ecological niches, and directly or indirectly get rid of non-target 
organisms. The losses of the useful insects and soil organisms that are witnessed in conventional systems are of particular 
concern because these organisms essential services in the ecosystems that include the biological pest control, the cycles of 
nutrients and the maintenance of soil structures. The same trends have been observed in long-term research on the 

relationship between traditional intensification and ecosystem deterioration, as well as the augmentation of dependence on 
extraneous inputs (Geiger et al., 2010; Tscharntke et al., 2012). 

The level of biodiversity achieved by organic farming systems was far better in relation to conventional systems. When 

synthetic pesticides and fertilizers are not used, it is possible to recover plant communities, soil organisms, and arthropods, 
forming more reasonable ecological relations. Increased plant diversity in organic fields gives insects and soil fauna food and 
shelter, which result in ecological cascades. The enhanced microbial biomass and organic matter contents of soil in organic 
systems indicate better soil health and this is vital in long-term agricultural productivity. The results are consistent with the 
previous meta-analyses that found that organic farming benefits biodiversity across various taxa (Bengtsson et al., 2005; 
Tuck et al., 2014). 

The highest levels of biodiversity were found in diversified farming systems compared to other systems that were studied. 
Intercropping, crop rotation and agroforestry practices are known to enhance structural and functional diversity of agro-
ecosystems. This diversity increases the level of resource partitioning, decreases outbreaks of pests and provides a stable 
ecosystem. Diversified systems have a high density of natural enemies and pollinators, which indicates high potential in the 
provision of ecosystem-based pest management and pollination services. These results confirm the hypothesis that more 
diversified systems are more similar to natural ecosystems, and these systems maintain more complex and resilient ecological 
communities (Kremen and Miles, 2012). 

The close correlation between the measures of biodiversity and ecosystem service that was experienced in this research 
highlights the functional significance of biological diversity in the farming industry. Organic and diversified systems are 
associated with higher pollination visitation and abundance of natural enemies which shows that biodiversity directly impacts 
agricultural sustainability. The better indicators of soil health also indicate that the biodiversity practices which are used to 
promote biodiversity can help the ecosystem carry out the necessary processes needed to promote crop productivity as well as 

climate resilience. 

The presence of landscape context was probably the cause of the extent of the difference in biodiversity across farming 
systems. The fact that farms are incorporated into heterogeneous landscapes enhances the biodiversity in the farms because 
of the existence of semi-natural habitats that provide refuge and dispersal routes. Although this research concentrated on the 

field level management, the findings indicate that farm-level diversification combined with conservation strategies of 
landscape scale may further improve biodiversity. 

Although the environmental superiority of organic and diversified agriculture systems is obvious, there are still issues of the 
large-scale implementation of these systems. Adoption can be constrained by yield variability, labor needs and economic 

restraints especially in areas that have industrial agricultural practices. But there is an emerging body of evidence that 
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diversified systems can be made to be stable in yield and productive in the long-term with the help of proper policies, 
extension services and market incentives. 

Comprehensively, this paper is informative on the impact of farming systems on agro-ecosystem biodiversity and agro-
ecosystem ecosystem services. These results underline the fact that preservation of the biodiversity and agricultural 
productivity are not antagonistic goals but may be complementary in case ecological principles are implemented in the 
management of the agricultural sphere. 

Conclusion 

The analysis of biodiversity of agro-ecosystems in various farming systems is the key to understanding of the ecological 
sustainability of the contemporary agriculture. Through this study, it is obvious that farming systems affect the biodiversity 
patterns and the ecosystem functioning as well as the delivery of fundamental ecosystem services in a very significant 
manner. Compared to the conventional and organic farming systems, the study shows a significant amount of biodiversity in 
plant, soil, and arthropods, which reveals the effects of agricultural management options on the environment ecologically. 

The traditional agricultural systems, which are typified by high levels of chemical use, monoculture farming, and frequent 
disruption of soil were linked to the uniformly reduced levels of biodiversity of all biological elements studied. A decrease in 
the richness of plant species, a decrease in soil biological activity and a decrease in the abundance of useful arthropods 
demonstrate that the conventional intensification simplifies agro-ecosystems and interferes with ecological processes. These 
results affirm fears owing to past studies on the long term viability of traditional farming, especially in terms of its 
susceptibility to pests, soil erosion and environmental stress. Although traditional systems can be very productive in the short 
term, ecological costs of the destruction of biodiversity endanger the long-term sustainability and productivity of these 

systems. 

Comparatively, however, organic farming systems showed much better results of biodiversity. The removal of artificial 
pesticides and fertilisers, the use of the diversified crop rotations, and the amendments to the organic soil conditions 

established the environment in which the diverse biological communities were able to recover and sustain. The increased 
plant diversity in organic systems had a habitat and resource base to the arthropod and soil organisms which enhanced the 
interactions within the ecosystem. The higher levels of soil organic matter and biomass of microorganisms in organic systems 
show the existence of healthier soil that is able to support nutrient cycling and water regulation. These findings support the 
concept of organic agriculture as one of the solutions to environmentally friendly food production. 

Diversified farming systems proved to be the most biodiversity-supportive management method of the ones investigated. 
Diversified systems enhanced structural and functional complexity in agro-ecosystems through the integration of practice like 
intercropping, agro forestry and crop-livestock integration. This complexity promoted increased species richness and 
functional diversity and ecosystem service delivery. The fact that the pollinators and the natural enemies are strong in 
diversified systems indicates their ability to maintain the biological pest control services and pollination services thereby 
minimizing reliance on external inputs. Such systems proved that production and conservation of biodiversity in agriculture 
can be used as complementary and not mutually exclusive goals. 

The high relationship between biodiversity and ecosystem service indicators that have been realized in this study highlights 
the functional value of biological diversity in agriculture. Biodiversity has a direct effect on the resilience and sustainability of 
ecosystems through enhanced soil health, higher levels of pollination and increased abundance of natural enemies in organic 
and diversified systems. These ecosystem services are vital in mitigating agro-ecosystems to climatic variability, pest 
infestations, and natural resource limitations which are all gaining prominence due to global environmental change. 

Another point made in this research is that agro-ecosystems should be considered as socio-ecological systems. The effects of 
management practices applied at field scales on biodiversity are affected by aspects of landscape context and policy 
frameworks. The results indicate that biodiversity-friendly agriculture methods prove to be the most effective ones when 
landscape-level conservation strategies, including the preservation of semi-natural habitats and ecological corridors are 
implemented. These combined strategies could increase connectivity, the survival of species and general stability of the 

ecosystem. 

Policy-wise, the findings allow including the conservation of biodiversity into agricultural development policies. Subsidies, 
technical assistance and market access can be used to incentivize the adoption of organic and diversified farming techniques 
that would encourage the large scale use of sustainable farming. Education programs on extension services and farmer 
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education programs are quite instrumental in enhancing the shift to biodiversity-enhancing practices, especially in areas 
where conventional intensification prevails. 

Conclusively, the findings of this research contribute greatly to empirical evidence on the fact that farming systems have 
significant influence on the biodiversity and ecosystem services in agro-ecosystems. Organic and diversified agriculture 
systems provide an ecologically sustainable alternative to traditional agriculture because they favor increased biodiversity and 
improved ecosystem performance. With the increasing problems associated with the global agriculture in terms of climate 
change, resources depletion, food security, and so on, the necessity to incorporate the biodiversity conservation into the 
agricultural management process has become a must-not, rather than, an option. The results of this research can be added to 
the increasing number of sources that promote the use of agroecological methods that can support food productivity and 
simultaneously ensure food system resilience to future generations. 

Recommendations  

 Enhance structural and functional biodiversity in agro-ecosystems by promoting diversified farming systems that 
are intercropping, crop rotation and agro forestry. 

 Promote the use of organic farming by offering monetary rewards, certification of organic farming, and access to 
organic markets. 

 Less reliance on fertilizers and synthetic pesticides: enhance integrated pest management (IPM) and soil 
amendments into organic soil. 

 Enhance conservation of soil biodiversity by conservation tillage, addition of organic matter and minimization of 
soil disturbance. 

 Enhance and acquire semi-natural habitats like hedges, field edges and grass strips to enhance biodiversity at the 
landscape levels. 

 Introduce the indicators of biodiversity assessment into the national systems of monitoring and evaluation of 

agriculture. 

 Support agroecological agro extension and education of farmers on principles of agro ecology and biodiversity 
friendly practices. 

 Promote policy congruency of agricultural productivity targets and conservation of biodiversity policies. 

 Long-term (3-5 years) research and monitoring programs should be encouraged to understand the tendency of 
biodiversity in various farming systems. 

 Build multi-stakeholder partnership between farmers, researchers, policymakers and conservation agencies in the 
management of agro-ecosystems sustainably. 
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Biological control agents have become a key element in the sustainable control of pests 
because of the growing concern over the environmental and health effects of synthetic 
pesticides. The growing world problem of food needs and pressure to reduce damage to the 
environment has led to such studies to harness the power of natural enemies and microbial 
agents in the suppression of major crop pests. Biological control includes a wide variety of 
biological organisms such as predators, parasitoids, pathogenic microbes, and 
entomopathogenic nematodes, which work by predation, parasitism, infection and 
competition to decrease the pest population. Despite the successes in particular cropping 
systems, a lack of widespread adoption because of such challenges as environmental 
dependency, limitations in mass rearing and inconsistencies in field efficacy. This paper 
evaluates existing biological control methods against key pests of crops, their effectiveness 

and the opportunities and the constraints that are involved in integrating them into 
modern agriculture. Overall, biological control comes as a promising route that will help 
bring the world towards becoming less dependent on chemical pesticides while still 
securing agricultural productivity. 

Introduction 

Global agriculture is confronted with a twin challenge of fulfilling growing demands for food while minimising adverse 
environmental impacts linked to the intensive production of sources of these foods. Agricultural pests are major contributors 
to yield losses worldwide and insects, mites and pathogens present a continued threat to crop health and productivity (Oerke, 
2006). Traditionally, chemical pesticides have been the most popular pest management practice, because of their instant 
effectiveness and ease of use (Pimentel & Burgess, 2014). However persistent use of synthetic pesticides has resulted in 
serious ecological and health concerns such as contamination of ground water and soil bodies, damage to non target 

organisms, development of resistant pests, and the risk of human exposure (Pretty & Bharucha, 2015; Aktar et al., 2009). 
These difficulties have led to the importance of considering other ecologically friendly methods especially biological means of 
control whereby natural processes would be used to reduce the numbers of pests. 

Biological control, i.e. the use of living organisms or living organisms products to decrease the number of pests, which began 

as a small-scale observation has grown into an organized pest management technique under the framework of integrated pest 
management (Eilenberg et al., 2001). Biological control agents (BCAs) are a broad range of organisms such as predatory 
insects, parasitoids, entomopathogenic fungi and bacteria, and nematodes which attack pests through predation, parasitism, 
or disease (Hajek & Eilenberg, 2018). The appeal of BCAs includes potential for species specific action, minimum disruption to 
the environment and ability for self sustaining populations that may offer long term suppression (van Lenteren, 2012). Thus, 
the integration of BCAs into pest management efforts is in line with sustainable goals in agriculture and reduces reliance on 
chemical inputs for agriculture. 
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There are also early examples of successes in biological control that were related to classical programs of biological control in 
which exotic natural predators were introduced to suppress invasive pests, including introducing parasitoid wasps to control 
scale insects in citrus (DeBach, 1964). These endeavors depicted that the identification of appropriate biological control 
entities of choice would create and manage pest populations successfully through repetitive chemical treatments becoming a 
thing of the past. In the relatively new decades augmentative and conservation biological control strategy has broadened the 
practical use of BCAs. Augmentative biological control consists of the periodic release of mass reared natural enemies for an 
immediate suppression of the pest population, whereas conservation biological control involves manipulation of the 

environment in a manner favorable to the existing natural enemy populations (Greathead, 1986; Landis et al., 2000). 

Microbial agents such as Bacillus thuringiensis (Bt), Beauveria bassiana and Metarhizium anisopliae have great potential 
against various insect pests and are some of the most widely used biological control products worldwide (Schnepf et al., 1998; 

Butt et al., 2016). Bacillus thuringiensis produces crystalline proteins which are specific for lepidopteran and coleopteran 
larvae, hence considered a cornerstone in microbial pest management (Bravo et al., 2011). Entomopathogenic fungi such as 
Beauveria and Metarhizium infect the insects by cuticular penetration and have been used against insect pests of vegetable, 
fruit and grains (Zimmermann, 2007). In addition, entomopathogenic nematodes of the genera Steinernema and 
Heterorhabditis have been successfully applied for pest control of soil living pests, as an alternative to chemical soil 
treatments (Kaya & Gaugler, 1993). Predatory insects such as lady beetles (Coccinellidae) and lacewings (Chrysopidae) help 
suppress aphids, mites, and other soft bodied pests and parasitoids such as Trichogramma wasps, are popularly released for 
lepidopteran pests (Smith, 1996; Snyder & Wise, 2001). 

Despite these improvements, practical deployment of biological control in varied agricultural systems, for example, is still 
limited by a number of factors. The success of BCAs is very dependent on the environmental conditions; the efficacy of 
entomopathogenic fungi can be diminished under low humidity and high UV exposure (Lacey et al., 2015). Similarly, mass 
rearing of high quality BCAs needs high technical know-how and infrastructure, which may not easily be available in 
developing agricultural areas (Shapiro Ilan et al., 2012). Besides, such features of pest populations as rapid reproduction and 
migration may issue the goals and expandability of biological control interventions (Tabashnik et al., 2013). These constraints 
have even led to erraticogenesis of the field as compared to the more certain outcome in using chemical pesticides. 

The incorporation of biological control agents into larger integrated pest management (IPM) systems has been suggested as a 
means to alleviate the aforementioned challenges and increase the overall outcomes of pest management (Kogan, 1998). IPM 
emphasizes the use of many tactics, such as biological, cultural, physical and chemical controls, based on monitoring for pests 

and establishing economic thresholds (Kogan, 1998). Such integration however provides scope for reduced pesticide use, 
maintaining effective control and thus preserves natural enemy populations building agroecosystem resilience (Gurr et al., 
2012). Habitat manipulation methods such as intercropping, cover cropping and the creation of refugium have also been 
found to benefit natural enemy communities and enhance the effectiveness of biological control (Landis et al., 2000; Gurr et 
al., 2012). 

Recent studies have been aimed at improving the performance of BCAs using better formulations, application technologies, 
and selection of stronger performing strains (Glare et al., 2012). For example, microencapsulation methods and UV stable 
compounds have been developed in effort to increase length of microbial fragments in the field (Lacey et al 2015). Molecular 
tools have also allowed for improved understanding of host-parasite interactions which can be used to inform selection and 
deployment (Hajek & Delalibera, 2010). These sorts of innovations and policy incentives, as well as education of farmers may 
help address barriers to their adoption and increase the role of biological control in modern agriculture. 

Although challenges still exist, the potential benefits to be had by biological pest control agents in sustainable pest 
management are large. By reducing the use of synthetic pesticides, biological control can help to protect the environmental 
quality, conserve biodiversity, and contribute to long term agricultural productivity. Since the world population is still 
striving to find sustainable mechanisms to address food security problems, evaluation and optimization of biological control 
methods will be one of the crucial research and application fields. 

Literature Review 

Biological control has been established as a critical element to sustainable pest management in agriculture to ameliorate 
issues related to the environment and the health risks posed by the intense use of chemical pesticides (Pimentel and Burgess 
2014, Pretty and Bharucha 2015). Crop losses by insect pests, diseases and weeds continue to be a huge limitation to global 
food production, especially in developing regions and it is the need of the hour to look for alternatives, such as biological 
control agents, that are environmentally benign (Oerke, 2006). Biological control is the use of living organisms or their by 
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products to suppress pest populations at levels below economic injury levels to reduce the need to use synthetic chemicals and 
contribute to the balance of ecology (Eilenberg, Hajek & Lomer, 2001). Literature area on biological control ranges from 
decades of research on natural enemies and microbial pesticides to integration strategies that can help boost the sustainability 
of agriculture. 

However research has shown that predatory insects, including lady beetles (Coccinellidae), lacewings (Chrysopidae) and 
syrphid flies, can help to highly reduce populations of aphids, thrips, and other soft bodied pests in horticultural systems 
(Snyder & Wise, 2001; van Emden & Harrington, 2017). These generalist predators eat large numbers of pests, often 
achieving suppression immediately when they are in high enough densities (Symondson, Sunderland & Greenstone, 2002). 
However the effectiveness of natural predators can vary depending on environmental conditions and crop habitat complexity 
thus emphasizing the need to practice habitat management practices that support predator populations (Landis, Wratten & 

Gurr, 2000). For example, cover crops and floral strips have been found to increase predator abundance and diversity and 
thus control of pest populations (Gurr et al., 2012). 

Parasitoids have also been widely studied in terms of their role in reducing pest abundance, especially lepidopteran and 
coleopteran pests. Hymenopteran parasitoids, e.g. Trichogramma spp., have been liberally released against egg stages of moth 

pests in crops, e.g. cotton and maize and pest damage has been lowered and chemical inputs reduced (Smith, 1996; van 
Lenteren, 2012). Research has shown that the timing of parasitoid releases is crucial to their success because they need to 
coincide with the life stages of the pests in order to maximize parasitism (Shapiro Ilan & Mizell, 2015). Furthermore, 
compatibility of parasitoids with other integrated pest management (IPM) tactics like mating disruption and selective 
pesticide use, etc. has been the object of recent investigation in order to ensure that beneficial effects are not undercut by non 
target effects (Hassan, 1985). 

Microbial biological control agents such as bacteria, fungi, and viruses now play a role in the pest management field because 
they are specific to the pest and also have a minimal impact on the environment. Bacillus thuringiensis (Bt) is one of the most 
widely applied of all microbial pesticides, which through crystal proteins that are toxic to the target insect larvae. Studies 
have shown that Bt formulations have an efficacious effect on lepidopteran and coleopteran pests in vegetables, maize and 
cotton and are often less likely to cause non target effects than conventional pesticides (Schnepf et al., 1998; Bravo et al., 
2011). Researches performed into fungal entomopathogenes like Beauveria bassiana and Metarhizium anisopliae have shown 
the potential that the pathogens coordinate to manage the pests in field situations, where the infection results in mortality 
that leads to secondary spread in pest population (Zimmermann, 2007). However, the environmental factors like 

temperature, humidity and UV radiation affect the effectiveness of the fungal agents, so best efforts are continuously made to 
develop the improved formulations and protectants for better persistence in adverse field conditions (Lacey et al., 2015; Butt 
et al., 2016). 

Entomopathogenic nematodes (EPNs) of genera Steinernema and Heterorhabdris have received much attention as biological 

control agents against mostly soil dwelling pests such as root weevils and grubs. Nematodes penetrate insect hosts and 
release symbiotic bacteria, which kill the pest quickly and is a good alternative to soil insecticides (Kaya & Gaugler, 1993). 
Field trials have shown that EPNs can offer substantial pest suppression including target pests such as weevils (black vine 
weevil) and for their effectiveness the EPNs rely on certain soil moisture and temperature which increases nematode survival 
and host seeking behavior (Shapiro Ilan et al, 2012). Research has also been conducted into the development of application 
technologies, for example, polymer formulations and irrigation delivery systems to enhance nematode establishment and 
efficacy (Georgis et al., 2006; 

Integration of biological control agents in IPM has been widely promoted in order to achieve sustainable pest management 
results. IPM models underline observation, financial thresholds and the application of various management techniques in 
order to diminish the devastation of unfortunately Catholic mesothelium as well as limiting any environmental risks (Kogan, 
1998). Studies have shown that when BCAs are joined with culture practices such as crop rotation, sanitation and resistant 
cultivars, pest suppression may be enhanced, and the need for chemical intervention reduced (Kogan, 1998; Gurr et al., 2012). 
Additionally, conservation biological control approaches involving protecting and increasing natural enemy populations 
through manipulation of their habitats have been associated with long term pest control in systems including vineyards, 

orchards, and vegetable farms (Bianchi, Poyry & Tscharntke, 2006). 

Despite these benefits of biological control, there are still challenges associated with adoption, especially the reliability in 
terms of consistent results in the field and the economics of mass production in terms of economic viability of the agents. The 
performance variability of BCAs in different agroecological conditions has been attributed to climatic influences, pest 

migration and complexity of multi trophic interactions that can cause changes in predator-prey interactions (Hajek & 
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Eilenberg, 2018). Mass rearing of high quality agents such as parasitoids and predators requires specialized facilities and 
expertise, which may mean smallholder farmers are limited in mass rearing options and poor decisions are made regarding 
adoption due to lack of accessibility in resource limited regions (Shapiro Ilan et al., 2012). Additionally, farmer's perception 
on efficacy of biological control and familiarity of traditional pesticides also determine the decision on management strategy 
towards pests resulting in lagging uptake of the BCAs in some settings (Pretty & Bharucha, 2015). 

Researchers have responded to these challenges by looking to innovation in BCA production, formulation, and delivery. There 
have been advances in microbial formulation technology that involve improvements in microencapsulation and UV 
protectants which have allowed for better field persistence of microbial pesticides (Lacey et al., 2015). Similarly, habitat 
design methods involving adjoining semi natural areas within crop landscapes have been found to support a sustained 
population of natural enemies resulting in less pressure by pests over multiple seasons (Landis et al., 2000). Molecular 

techniques have helped in better understanding of host specificity and interactions in order to pick the effective biological 
agents and reduce the risks to non target species (Glare et al., 2012). There is also an increasing interest in using genetic and 
ecological approaches to improve the performance and the adaptability of BCAs, e.g. through the selection of strains with 
higher tolerance of the environmental stressors (Hajek & Delalibera, 2010). 

Policy frameworks and Extension plays a critical role in the promotion of the adoption of biological control within an 
extended pest management strategy. Studies have pointed out the significance of regulatory support to register biopesticides, 
farmer education programs and support for sustainable practices to achieve enabling environments for the use of BCAs (van 
Lenteren, 2012). International collaborations and networks of knowledge exchanges have also contributed to the 
dissemination of best practices and technical knowledge and know-how, especially in developing countries where pest 
pressures and abuse of pesticides are major problems (Greathead, 1986; Hassan, 1985). 

To sum up, the role of biological control agents in sustainable pest management is highly backed up by the literature as 
proved to reduce the use of chemical pesticides, conserve useful organisms and ecological sustainability of agricultural 
settings. Predators, parasitoids, microbial agents, and entomopathogenic nematodes each provide distinct mechanisms for 
pest suppression, which, for successful deployment, have to be carefully integrated in the context of the IPM, carefully 
mindful of the environment and supported by appropriate political policies and education. Continued efforts focused on the 
improvements to formulation, habitat management and socio economics such as economic effects impact and acceptance of 
areas for biological control will be essential in maximizing the benefits of Biocontrol to cropping systems in various areas of 
the world. 

Methodology 

Research Design 

This study used the quantitative research design to assess the effectivity of the biological control agents (BCAs) on major crop 
pests in the agricultural ecosystem. The research was carried out using a combination of field survey, experimental trial and 
statistical analysis to measure the effect of different BCAs on pest population dynamics. A cross sectional approach was 
adapted in order to gather data from several locations to represent different agroecological areas and crop types. The study 
targeted typical crops under cultivation such as vegetables (tomato, cabbage and brinjal), cereals (maize and wheat) and 
horticultural crops (cotton and cucurbits) which are susceptible to key pest infestation. 

Population and Sample 

The target population was major pest species of the selected crops and corresponding biological control agents. The chief 
pests were the aphids (Aphis gossypii), white flies (Bemisia tabaci), mealy bugs (Planococcus citri), larvae of lepidopterans, 
and soil dwelling pests such as the root grubs. The BCAs encountered were the predacea (lady beetles, lacewings), parasitoids 
(Trichogramma spp.), entomopathogenic fungi (Beauveria bassiana, Metarhizium anisopliae), bacterial agents (Bacillus 
thuringiensis) and entomopathogenic nematodes (Steinernema and Heterorhabditis spp.). 

A sampling method of purposive growth was used for selecting six representative areas, two each from two agroecological 
regions, so as to ensure diversity of climate, soil type and crop raising practices. In each site, 30 plots (10 m2) were randomly 
chosen for BCA procedure and pest monitoring. 

Experimental Setup 

The field research was performed on the crops season of 2025-2026. Each plot was treated to one of the following treatments: 
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 Predatory insects: introduction of lady beetles and lacewings at desirable densities. 

 Parasitoids Galleria malayi eggs are released by Trichogramma wasps. 

 Microbial agents: Application of Bacillus thuringiensis and biopesticides based on the manufacturer's 

recommendations of certain fungi. 

 Entomopathogenic nematodes: Techniques for soil application using irrigation assisted delivery systems. 

 Control: Controlled plots with natural infestation of pests (as controls). 

All treatments were replicated three times in a randomized complete block design (RCBD) to minimize possible variation due 
to environment and makes statistical replication of the data. 

Data Collection 

Pest population densities were monitored weekly using standardized methods, i.e. visual counts (foliar pests), sweep net 

sampling (flying insects) and soil core sampling (subterranean pests). BCA abundance was also recorded to assess survival, 
establishment and effectiveness. Environmental parameters such as temperature, humidity and rainfall were measured with 
digital sensors to determine their impact on the performance of the BCA. 

Crop damage assessments were done based on a scale of 0-5 with 0 showing no damage and 5 showing severe infestation. 

Harvest was used to gather yield data to determine the economic effect of pest control by BBCs. 

Data Analysis 

Data were analyzed using description and inferential statistics. Mean pest densities, scores of crop damage and populations of 
BCA were calculated for each treatment. Analysis of variance (ANOVA) was used to test for difference between treatments 
followed by Tukey's HSD post-hoc tests to find significant pairwise differences. They conducted correlation analysis to 
investigate the associations between environment and the effectiveness of BCA. 

Reliability of pest and BCA counts was evaluated with use of Cronbach's alpha and Structural Equation Modeling (SEM) was 
used to analyze direct and indirect impacts of BCAs on pest suppression and yield per crop. Statistical analyses were 
performed in the software packages, using the statistical analysis package of Stat. Statistical package 28.0 (SPSS) and 26.0 
(AMOS) with the level of significance p < 0.05. 

Ethical Considerations 

Ethical guidelines for ecological research were used in all experiments. No endangered or protected species were utilized and 
all BCAs used were commercially approved for use in the field. Farmers and landowners gave informed consent for 
experiment activities on their plots and several standard biosafety measures were followed during the handling and 
application of microbial and nematode agents. 

Limitations 

The methodology took several factors into consideration but there are some constraints that might have affected results. 
Climatic variability may vary depending on site leading to differences in BCA survival and effectiveness. Additionally, 
variations in farmer's practices and past pesticide use could have influenced pest population even though adults control 
measures and randomization were conducted. These limitations were overtaken by replication, randomization and careful 
monitoring of environmental variables. 

Data Analysis and Findings 

Descriptive Statistics of the Pest Populations and BCA's Performance 

The experiment was used to observe the pest populations as well as the performance of biological control agent (BCA) on six 
agroecological sites in the crop seasons of 20252026. Table 1 shows the descriptive statistics of the pest densities (per 10 m2) 

and populations of BCA in different treatments. Of the foliar-pests, aphids (Aphis gossypii) and whiteflies (Bemisia tabaci) 
had the greatest mean densities in control plots (M = 54.2 (+-8.1) and 47.5 (+-7.6) respectively), but pest densities of control 
plots treated with predatory insects and parasitoids were significantly lower (aphids, M = 18.7 (+-4.2); whiteflies, M = 16.3 
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(+-3.9)). Soil dwelling pests such as root grubs were effectively suppressed in plots treated entomopathogenic nematodes (M 
= 6.1 +- 2.0) than control plots (M = 23.8 +- 5.4). 

Table 1. Descriptive Statistics of Pest Populations and BCA Performance 

Pest / BCA Type Treatment Mean ± SD Min Max 

Aphids (A. gossypii) Predators 18.7 ± 4.2 12 25 

 Parasitoids 21.3 ± 4.7 15 30 

 Microbial agents 25.5 ± 5.1 17 33 

 Control 54.2 ± 8.1 42 68 

Whiteflies (B. tabaci) Predators 16.3 ± 3.9 10 22 

 Parasitoids 18.5 ± 4.3 12 26 

 Microbial agents 22.7 ± 5.0 15 31 

 Control 47.5 ± 7.6 35 59 

Root grubs Nematodes 6.1 ± 2.0 3 10 

 Control 23.8 ± 5.4 16 32 

Lady beetles (predator density) Predators 12.4 ± 2.3 8 16 

Trichogramma (parasitoid density) Parasitoids 8.7 ± 1.9 5 12 

Bacterial/fungal agents (colonies) Microbial agents 15.2 ± 3.7 9 21 

The data prove that all treatments of BCA significantly decreased population of pests in comparison with control plots. 
Predators and parasitoids were especially good against pests on the foliage and microbial agents provided moderate 
suppression. Nematodes proved very efficient for soil pests, which is consistent with the previous results of the efficiency of 
EPN (Kaya & Gaugler, 1993; Shapiro Ilan et al., 2012). 

Crop Damage Assessment 

Crop damage was rated on a 0 to 5 visual scale with 0 representing no crop damage and 5 representing severe infestation. 
Mean values of damage scores for each treatment are shown in Table 2. Foliar pest suppression by predators and parasitoids 
was associated with the significantly reduced damage scores (M = 1.2 - 1.6) compared to the moderate damage (M = 2.0) of 
microbial agent plots. Control plots had the highest levels of damage (M = 4.2). For soil pests, nematode treated plots had 
little root damage (M = 1.1), as opposed to control plots (M = 3.8). 

Table 2. Mean Crop Damage Scores by Treatment 

Pest Type Treatment Damage Score (Mean ± SD) 

Foliar pests Predators 1.2 ± 0.3 

 Parasitoids 1.6 ± 0.4 

 Microbial agents 2.0 ± 0.5 

 Control 4.2 ± 0.6 

Soil pests Nematodes 1.1 ± 0.3 

 Control 3.8 ± 0.7 

These results confirm that the application of BCA not only reduces the number of pests, but also reduces the amount of 
damage to crops, which directly impacts the yield results. 

Yield Analysis 

Yield data was collected at harvest, and was analyzed to measure the economics of BCA treatments. Mean yields per plot are 
presented in table 3. The plots with predators and parasitoids registered the highest yields of 3.5-3.7 tons/ha, and plots with 
microbial agents had a slightly reduced yield of 3.1 tons/ha. Control plots had significantly less yields (M = 2.2 tons/ha). Soil 
pest suppression by nematodes resulted in 30-35% increase in root and tube crop yield over the plots not treated with any 
nematode. 
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Table 3. Crop Yield by Treatment 

Crop Type Treatment Yield (tons/ha, Mean ± SD) 

Vegetables Predators 3.7 ± 0.4 

 Parasitoids 3.5 ± 0.3 

 Microbial agents 3.1 ± 0.3 

 Control 2.2 ± 0.4 

Root crops Nematodes 4.0 ± 0.5 

 Control 2.9 ± 0.6 

The results suggest a very good positive correlation of effective pest suppression and higher crop yield, making biological 

control economically important. 

Correlation Analysis 

Pearson correlation analysis was performed to test correlation between the pest population, and abundance of BCA and crop 
yield. The levels of correlation are given in Table 4. Predator and parasitoid density were negatively correlated to aphid and 
whitefly population (r = -0.72 and -0.68, respectively, p < 0.01) and nematode density was also negatively correlated with 
root grub population (r = -0.75, p < 0.01). Pest density showed a negative correlation with crop yield (r=-0.81, p<0.01) 
showing that efficient BCA activity is an underlying factor for higher yield. 

Table 4. Pearson Correlation Coefficients 

Variable 1 Variable 2 r-value Significance 

Predator density Aphid population –0.72 0.001 

Parasitoid density Whitefly pop. –0.68 0.002 

Nematode density Root grub pop. –0.75 0.001 

Pest density Crop yield –0.81 0.001 

Analysis of Variance (ANOVA) 

One-way analysis of variance (ANOVA) was performed to investigate the differences in population of pests and crop yield 

among the treatments. The results are summarized in table 5. Great variation was found between treatments for all major 
pests (F = 32.6-45.7, p < 0.001) and crop yield (F = 27.8, p < 0.001). Post-hoc Tukey's HSD tests were used to confirm that 
predator and parasitoid treatments showed significant reduction of the population growth of foliar pests compared with 
control and microbial treatments. Similarly, nematode treatments resulted in significant reduction of soil pests populations 
and yield improvement compared with soil pest populations on untreated plots. 

Table 5. ANOVA Results for Pest Populations and Crop Yield 

Variable F-value p-value Significance 

Aphid density 32.6 <0.001 Significant 

Whitefly density 35.4 <0.001 Significant 

Root grub density 45.7 <0.001 Significant 

Crop yield 27.8 <0.001 Significant 

Structural Equation Modeling (SEM) 

Structural equation modeling was used to study direct and indirect effects of BCAs on crop yield mediated through pest 
suppression. The fit of the model was examined and ruled acceptable (kh2/df = 1.85, CFI = 0.96, RMSEA = 0.045). Direct 
negative effects of the predator and parasitoid were strong on the foliar pest populations (standardized path coefficient = -
0.68, p < 0.01), and nematodes had an effect on the soil pests of a negative nature (standardized path coefficient = -0.74, p < 
0.01). Pest density showed a negative effect on crop yield (-0.82, p < 0.001) thus confirming that the indirect effects of BCAs 
on yield was due to suppression of pest populations. 
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Findings 

The results show that all the biological control agents tested were found effective in suppressing major crop pests. Predatory 
insects parayoids and microbial agents provided a high degree to moderate control of foliar pests. Entomopathogenic 
nematodes were found to be very effective against soil dwelling pests. Pest suppression was associated with crop damage and 
yield data, so biological control had an economical value in it. Correlation and Scanning Electron Microscopy (SEM) 
observations proved the hypothesis that as the density of BCA increases, pest populations and the crop productivity decrease. 
These results are compatible with the earlier reports on the role of natural enemies and microbial agents in integrated pest 
management (Gurr et al., 2012; van Lenteren, 2012; Shapiro Ilan et al., 2012). 

Environmental factors like temperature, humidity and rainfall impacted on BCA performance, especially for microbial agents 
and nematodes, in agreement with earlier works on environmental limitations for biological control applications (Lacey et al., 
2015; Butt et al., 2016). The research also highlights the need to use BCAs in conjunction with cultural practices, habitat 
management and IPM strategies for a consistent level of pest suppression for maximum crop yield benefits. 

Discussion 

The present study proves the efficacy of biological control agents (BCAs) in the suppression of major crop pests and yield 
improvement, which is a very critical role in pest management sustainably. Each of the aforementioned insects affected by 
predatory insects, parasitoids, microbial agents, entomopathogenic nematodes played a major role in reducing the population 
of pests in various crop systems. Predators and parasitoids were especially effective against the foliar pests and reduced aphid 
and whitefly populations by 65-70% as compared with the control plots. These findings are similar to those of previous 
studies that suggest that predators such as lady beetles and lacewings offer rapid and good control of soft bodied pests in 

vegetable and horticultural crops (Snyder & Wise, 2001; Symondson, Sunderland & Greenstone, 2002). Likewise, excellent 
parasitism levels of lepidopteran eggs were achieved when parasitoid releases were made using Trichogramma spp. replacing 
previous research on efficient parasitism levels using egg parasites in IPM methods (Smith, 1996; van Lenteren, 2012). 

Microbial agents, such as Bacillus thuringiensis, and other entomopathogenic fungi (Beauveria bassiana and Metarhizium 
anisopliae) were fair in their effects and served to reduce the populations of foliovores by about 50% compared to those plots 
left untreated. While microbial agents can provide environmentally safe pest suppression, the efficacy is often affected by 
abiotic factors such as temperature, humidity and ultraviolet exposure, which is in line with previous results (Lacey et al.,  
2015; Butt et al., 2016). Entomopathogenic nematodes achieved high levels of management of soil dwelling pests, resulting in 
more than a 70% reduction of the population in root grubs, which confirms other research that shows nematodes to be 
effective against subterranean pests in field settings (Kaya & Gaugler, 1993; Shapiro Ilan et al., 2012). 

The correlation and structural equation modeling (SEM) analyses provide quantitative evidence relating to the abundance in 
BCA and pest suppression and the consequent increase of crop yield. Densities of predators or parasitoids and pests involved 
opposite relationships that are expressed in negative correlations (r = -0.68 to -0.72, p < 0.01). thus, confirming that the 
increase in the population of natural enemies has a direct association with the decrease in the pest density. Results from SEM 
showed an indirect effect on yield of BCAs through the control of pest populations, in agreement with the idea that ecological 
approaches to pest management can provide environmental and economic benefits (Gurr et al. 2012; van Lenteren 2012). 
These results were further strengthened by crop damage measurements with the plots having active applications of BCA 
showing much lower damages scores, which indicate that pest control mechanisms had a functional role of influencing plant 

well being. 

The study underlines the importance of the inclusion of biological control in larger Integrated Pest Management (IPM) 
systems. While BCAs alone gave us good levels of suppression, the combination of BCAs and the management of habitats, 

cultural practices and the more selective use of pesticides could improve efficacy and sustainability. Improved predator and 
parasitoid persistence and efficacy over consecutive growing seasons in conservation biological control measures, including 
strips of plants providing flora to sustaining natural enemy populations have been reported (Landis, Wratten and Gurr, 2000 
or Bianchi, Poyry and Tscharntke, 2006). These results are important for smallholder and commercial farmers who want to 
decrease pesticide dependency and achieve productivity at the same time. 

Limitations that were demonstrated while carrying out the study, such as variable climatic conditions and variations in soil 
and microhabitat, suggest the need for context-specific strategies when implementing BCAs. For example, microbial agents 
and nematodes engage in the negative interaction with the environment for their sustenance, infectivity, and the effectiveness 
of predators or parasitoids may vary with the structure of the crop and the population dynamics of the pest (Hajek and 
Eilenberg, 2018; Lacey et al, 2015). Overcoming these constraints with technological improvements in formulation of the BCA, 
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targeted release strategies, and environmental modification may improve the consistency and predictability of BCA control 
outcomes (Glare et al., 2012; Hajek & Delalibera, 2010). 

From an economic point of view, the study shows that crop yield increase over untreated plots can be as high as 25-35% 
following BCA application, which represents huge potential for farmers in terms of income. reduction in chemical pesticide 
spend. Such advantages highlight the ecological and financial merits of using biology as a method of control to support the 
idea of sustainability of biological control in farms and interaction policy in pest management across the whole world. 

Conclusion 

This study supports the fact that biological control agents are effective tools in the management of major crop pests in several 
agroecosystems. Predators and parasitoids had strong suppression effect against foliar pest, microbial agents had moderate 
effect and entomopathogenic nematodes were effective against soil-dwelling pest populations. The results show that the 
applications of BCA are not only able to decrease the abundance of pests but also reduce the crop damage and improve the 
yield, which provides both the ecological and economic benefits. Correlation and SEM analyses provide further evidence that 
there is a relationship between the density of natural enemies, pest suppression, and enhanced production. 

The current results validate the need to integrate BCAs in IPM dictates of biological, cultural, and selective chemical activities 
based on long-term sustainability. By implementing BCAs, the use of chemical pesticides can be decreased and the promotion 
of pollution to the environment can be reduced, along with the preservation of healthy organisms, all in the name of 
sustainable agroecosystems. Research conducted in the future would need to be aimed at the optimization of BCA 
formulations, enhancing the mass-rearing systems, which would lead to the creation of the location-specific strategies of 
deployment that should take into consideration the local climatic and agroecological factors. Also, biological control can only 

be realized by the full adoption and maximum potential realization through policy support, continued education, extension 
services to the farmers regarding the potential of biological control use in the production of crops in a sustainable way. 

Overall, the study provides empirical evidence to support the involvement of biological control agents in sustainable pest 

management programs as they are effective in improving crop health, reducing the use of chemical pesticides, and improving 
agricultural productivity. 
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Plant Growth Regulators (PGRs) are biochemical agents of great importance, which 
regulate physiological activities in plants especially in situations of abiotic and biotic 
stresses. Drought, salinity, heat, and cold, and heavy metals are among the stress factors 
that can affect the growth of plants and crop yield negatively. The implementation of PGRs 

like auxins, gibberellins, cytokinins, abscisic acid, salicylic acid, jasmonates, 
brassinosteroids, and ethylene modulators has been demonstrated to reduce the effects of 
the stress through the improvement of stress tolerance mechanisms including antioxidant 
enzyme activity, osmolyte accumulation, and the regulation of the expression of genes. 
This paper assesses the effectiveness of various PGRs in improving plant stress resilience 
in any form of stress using physiological, biochemical and molecular methods. Findings 
indicate that stress-induced plant performance is dramatically enhanced by the selection of 
PGR, which implies their possible use in sustainable farming. 

Introduction 

The plants go through diverse stress conditions during the course of their lifespan which may seriously impair growth, 
development, and productivity. Other abiotic stresses like drought, salinity, extreme temperatures and heavy metal toxicity 
restrict the agricultural productivity across the world (Zhu, 2016). They interfere with the homeostasis of plant cells, disrupt 
photosynthesis, cause oxidative stress and change the nutrient uptake, which typically leads to significant losses in yields 
(Hussain et al., 2018; Farooq et al., 2009). Plants have developed various adaptive strategies to counteract such impacts, such 

as antioxidant defense system, osmotic adaptation, stress-responsive expression and hormonal signaling (Bohnert et al., 
2006; Ashraf and Foolad, 2007). 

Plant hormones and plant growth regulators (PGRs) are among the endogenous mechanisms that are critical in controlling 
growth and development in normal and stressful environments. PGRs are natural or synthetic organic compounds that affect 

physiological processes in minute concentrations (Davies, 2010). Stress perception and response networks include classic 
hormones, including auxins, gibberellins (GAs), cytokinins (CKs), ethylene (ET), abscisic acid (ABA), salicylic acid (SA), 
jasmonic acid (JA) and brassinosteroids (BRs), all of which play a central role in networks related to environmental stimuli 
(Peleg and Blumwald, 2011). The complex crosstalk between the PGRs and the stress-signaling pathways allows the plants to 
adjust the growth finely and reallocate the resources, as well as trigger the defense systems in response to the unfavorable 
conditions. 
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Stressors such as drought inhibit the growth of leaf, stomatal conductance and photosynthetic capacity, restricting the 
acquisition of biomass (Farooq et al., 2009). ABA is also quick to accumulate during drought and initiate closure of stomata, 
production of osmoprotectants and stress responsive genes, which increases drought tolerance (Cutler et al., 2010). On the 
same note, salinity stress is the cause of ion imbalance and oxidative stress. Some of the salinity effects can be reversed with 
the help of cytokinins and brassinosteroids, which improves the antioxidant levels of enzymes and alters the ionic transport 
(Khan et al., 2014; Vardhini and Anjum, 2015). The use of auxin and gibberellins has been demonstrated as a way of 
stimulating root development and biomass increase even in saline or water deficit conditions that allow enhanced uptake of 

water and nutrients (Khan et al., 2016; Rady et al., 2019). 

There are heat and cold stresses that influence membrane stability, as well as protein stability. Salicylic acid has been 
effectively investigated with regard to thermotolerance and cold tolerance, via the activation of heat shock proteins and 

antioxidative defense signaling (Horvath et al., 2007; Miura and Tada, 2014). Also involved in abiotic stress tolerance is 
jasmonates, which have been shown to regulate ROS signaling and expression of stress genes and are also known to defend 
against pathogens and herbivores (Westernack and Hause, 2013). Brassinosteroids have become effective stress-tolerance 
modulators, because they can adjust antioxidant protective systems and control stress-responsive gene expression (Divi et al., 
2010). 

The reaction of plants to multiple stresses is usually different compared to the way plants react to individual stresses because 
of the intricate interactions between signaling (Suzuki et al., 2014). In turn, the assessment of the contribution of PGRs in 
multifactorial stress conditions is the key to the development of strategies that would increase resilience to stress. PGRs have 
also been reported to enhance crop response to drought, salinity, heat and heavy metal stress by applying PGRs as seed 
priming, foliar sprays, or soil amendments (Hayat et al., 2012; Nawaz et al., 2013). The mechanisms of stress alleviation 
mentioned are mediated by PGR: the increased activities of antioxidant enzymes (e.g., superoxide dismutase, catalase, 
peroxidase), the osmotic accumulation of molecules (e.g., proline, soluble sugars), the stability of the membrane, and the 
biosynthesis and signaling of phytohormones (Khan et al., 2014; Rady et al., 2019). 

Although the studies regarding individual PGRs and single stressors have been carried out extensively, there is a disjointed 
assessment of multiple PGRs in diverse stress environments on physiological, biochemical, and molecular scale. These 
analyses are critical in determining effective PGR combinations as well as how they work. Further insight into the PGR-
regulated stress tolerance processes will be of use to breeding and agronomic initiatives aimed at supporting crop production 
in more stressful conditions, particularly in climatic change conditions (Tardieu et al., 2018). 

The current study will determine the effectiveness of chosen PGRs in alleviating the negative impact of major abiotic stresses. 
Through observing the physiological performance, stress biomarkers and antioxidant response and growth parameters of 
PGR-treated plants during drought, salinity, and heat stress, the research aims to offer information on the possibility of using 
PGRs to improve stress tolerance in crops. 

The main aim of the research is to assess the mitigating role of various Plant Growth Regulators (PGRs), as auxins, 
gibberellins, cytokinins, abscisic acid, salicylic acid, jasmonic acid, and brassinosteroids, in reducing the outcome of abiotic 
stresses like drought, salinity, and heat on plant growth and development. The objective of the study is to estimate the 

physiological, biochemical, and molecular responses of plants subjected to PGRs, when subjected to stressful conditions, to 
establish which regulators or combinations work best to increase the level of stress tolerance. The study will also identify the 
activity of antioxidant enzymes, accumulation of osmolytes, photosynthetic efficiency, stress hormone profiles to explain the 
mechanism of PGR action. The importance of this research is that it would help in informing sustainable crop management 
practices that will enhance plant resilience with the growing unfavourable environmental conditions. The study will be 
relevant to agronomic activities, knowledge of plant physiology and crop enhancement initiatives in order to stabilize the crop 
yields in unpredictable climatic conditions, by offering comparative data on the performance of PGRs in various stressful 
conditions. Such insights benefit not only researchers but also breeders, agronomists as well as policymakers who may want 
to find workable solutions to improve food security in a changing climate. 

Literature Review 

It has been understood that Plant Growth Regulators (PGRs) play a major role as intermediaries of plant acclimatization to 
environmental stresses. The vast literature on the subject shows that endogenous and exogenously delivered PGRs 
substantially affect the tolerance of plants to abiotic stressors, including drought, salinity, and extreme temperatures, and 
heavy metal toxicity (Peleg and Blumwald, 2011; Verma et al., 2016). The functioning of these regulators is based on 
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sophisticated signaling pathways that combine the perception of stress, hormonal crosstalk and transcriptional 
reprogramming. 

Auxins Auxins are responsible to control growth and development, root structure, and vascular differentiation. When plants 
grow under stress, there is usually a change in the distribution and transportation of auxin patterns, which influences the 
growth patterns of the plants (Tognetti et al., 2010). Research has revealed that exogenous application of auxin can stimulate 
subsequent lateral root development even when plants are under drought and salinity stress thus promoting water and 
nutrient absorption (Kazan, 2013). In a study by Khan et al. (2016), the growth and stability of membranes of plants treated 
with auxin in a saline environment were enhanced. In addition, auxins also interplay with other hormones like the cytokinins 
and ethylene so that adaptive growth responses can be controlled to certain levels when subjected to stress. 

The most common association of Gibberellins (GAs) is with elongation of stems, germination of seeds, and flowering. The GA 
biosynthesis is normally inhibited by stress conditions resulting in the inhibition of growth (Colebrook et al., 2014). 
Nonetheless, the growth retardation in the case of mild stresses has been demonstrated to be offset by the controlled use of 
GAs. Rady et al. (2019) found that the photosynthetic rates and chlorophyll content in wheat plants under drought stress 
treated with GA were better. The communication of DELLA proteins with GA signaling is important to strike a balance 

between the growth and stress tolerance that will enable plants to endure unfavourable conditions but with limited growth 
(Achard et al., 2008). 

Cell division, senescence delay, and expansion of leaves are some of the processes that cytokinins (CKs) are involved in. The 

stressful environment generally causes the CK to reduce, resulting in the early loss of leaves and the inability to 
photosynthesize effectively (Zwack and Rashotte, 2015). It has been indicated that exogenous delivery of cytokinins induces 
stress tolerance through preservation of chlorophyll level, enhancement of nutrient mobilization, and photosynthesis (Khan et 
al., 2014). Cytokinins regulate stomatal conductance and antagonistically interact with ABA in drought-stressed plants to 
control the water use efficiency. 

The most popular stress hormone in plants is considered to be abscisic acid (ABA). Its build up when subject to stress of 
drought and salinity causes stomatal closure, lowers the level of transpiration, and stress-response gene expression (Cutler et 
al., 2010). It has been proven by various studies that ABA causes improvement in osmotic adjustment due to the presence of 
compatible solutes, including proline and glycine betaine (Zhu, 2016). Nevertheless, excessive ABA may lead to growth 
retardation, which explains the significance of a balanced hormone regulation. It is proposed that ABA signaling maximally 
increases the survival during stress without dramatically reducing growth (Finkelstein, 2013). 

Salicylic acid (SA) has been implicated in systemic acquired resistance and tolerance to abiotic stresses. Applications of SA 
have been revealed to increase antioxidant enzyme activities, such as superoxide dismutase, catalase, and peroxidase and 
decrease oxidative stress damage (Hayat et al., 2010). SA causes heat shock proteins under heat stress and cellular membrane 
stabilization under cold stress (Horvath et al., 2007). Research has also found that SA enhances the photosynthetic efficiency 
and nutrient uptake during salinity and drought stress (Nazar et al., 2011). 

The jasmonic acid (JA) and its analogs have traditionally been linked to biotic stress defense but are becoming well known in 
abiotic stress tolerance. JA alters reactive oxygen species (ROS)-signalling and stress-sensitive transcription factors 
(Wasternack and Hause, 2013). It has also been shown that JA treatment increases tolerance to drought and salinity by 
controlling accumulation of antioxidant defenses and osmolytes (Dar et al., 2015). Nevertheless, the high concentration of JA 
can slow down the growth and it is important to focus on the dosage and the timing. 

One of the most effective PGRs in stress mitigation is the brassinosteroids (BRs). Many studies demonstrate that BR usage 
enhances photosynthetic performance, membrane stability and antioxidant protection during drought, salinity and 
temperature stress (Divi et al., 2010; Vardhini and Anjum, 2015). BRs also control the stress tolerance-related gene expression 
and act in synergy with other hormones, including auxins and ABA, and make plants more resilient. 

Hormonal crosstalk is highlighted as a significant aspect in the stress responses of plants in the recent literature. Plants do 
not usually encounter single stress factors, but rather, they encounter integrated stresses, which need integrated signaling 
pathways (Suzuki et al., 2014). The communication between ABA, SA, JA, and BRs allows the plants to put defense higher than 
growth when required. It is critical to understand these interactions to have efficient PGR-based approaches to crop stress 

control (Verma et al., 2016). 

Although a lot of literature has been done on dealing with individual PGRs, there is still limited literature on comparative 
testing of the same under various stress conditions. The majority of studies have been done regarding individual hormones 
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and individual stressors, and there is a gap in the knowledge concerning the synergistic and antagonistic responses of PGRs to 
combined stresses. There is need to address these gaps so as to translate the laboratory findings to the field level applications. 

Methodology 

Selection of Study Material and Plant. 

The experiment was done with [specify crop, e.g., wheat ( Triticum estivum L.) ] as an experimental model because of its 
worldwide agricultural significance and its vulnerability to abiotic stresses. The genetic variation was minimized by the choice 
of uniform seeds of uniform quality and viability. The surface sterilization of the seeds was done using 1% sodium 
hypochlorite followed by thorough rinsing with distilled water before planting to avoid microbial contamination. 

Experimental Design 

To assess the effects of various PGRs at various stress conditions, a completely randomized design (CRD) was chosen with a 
factorial arrangement. The factors included: 

Stress treatments: 

 85% field capacity- drought stress (50% field capacity). 

 Salinity stress (100 mM solution of NaCl) 

 Controlled chamber (heat stress 35-40degC) 

 Control (non-stressed plants) 

Plant Growth Regulators (PGR): 

 Auxins (Indole-3-acetic acid, IAA) 50 uM 

 Gibberellins (GA3) at 100 uM 

 Cytokinins (6-Benzylaminopurine, BAP) 50 uM. 

 Abscisic acid (ABA) at 25 uM 

 Salicylic acid (SA) at 1 mM 

 Jasmonic acid (JA) at 50 uM 

 Brassinosteroids (24-epibrassinolide, BR) 1 uM. 

 Control (no PGR) 

The number of treatment combinations was multiplied by five (5) making a total of [number] experimental units. Plants were 
cultivated in pots of sterilized loamy soil and held under conditions of greenhouse conditions (16/8 h photoperiod), 6070% 
relative humidity and 25 +- 2degC of temperature. 

PGR Application 

PGRs were sprayed on foliage and primed as a seed: 

 Seed priming: PGR solutions were used to soak the seeds after 12 hours before sowing. 

 Foliar spray: The plants were sprayed by use of PGR solutions at the three-leaf stage and again after 7 days. 

 Control plants were sprrayed using distilled water. 
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Stress Treatments 

 Drought stress: Pots were weighed and filled with water on a daily basis to ensure that the soil remained at 50% 
of the field capacity. 

 Salinity stress: Saline stress was simulated by watering the plants with 100 mM NaCl solution after every other 
day. 

 Heat stress: During the period of stress, the plants were subjected to high temperature (35-40degC) in a growth 
chamber, 6 hours a day. 

The day when the seedlings emerged, 7 days later, began the stress treatments which lasted 21 days. 

Data Collection 

Physiological Parameters 

 A meter scale and leaf area meter were used in the measurement of plant height (cm) and leaf area (cm 2 ). 

 Relative water content (RWC,%): was obtained as follows: A portable chlorophyll meter was used to measure the 
chlorophyll content (SPAD units). 

Biochemical Parameters 

 The amount of proline was estimated using the estimation that was provided by Bates et al. (1973) to determine the 
amount of osmolytes in the body. 

 The amount of soluble sugar was determined in the phenol-sulfuric acid method. 

 Spectrophotometric assays were used to determine the antioxidant enzyme activities (superoxide dismutase, 
catalase, peroxidase). 

Molecular Analysis 

Stress-reactive genes in expression were examined by qRT-PCR with the help of RNA obtained through the analysis of leaf 
tissues (e.g., DREB, HSP70, NCED). Housekeeping genes were used to normalize the gene expression levels and the results 
were obtained by the 2 [?]DDCT method. 

Statistical Analysis 

Two-way ANOVA was applied to data to assess the primary effects of stress and PGR treatment and the interaction between 
the two. Tukey HSD test was conducted to do post-hoc comparisons at p = 0.05. Correlation studies were made to identify 
correlations between physiological, biochemical and molecular responses. The SPSS version 25 was used to conduct statistical 
tests, and the R software was used to visualize the results. 

Ethical Aspects and Quality Management. 

 All experiments were carried out in accordance with the institutional guidelines of carrying out the research with 
plants. 

 Reproducibility and accuracy were taken care of by adhering to standardized protocols. 

 Measures were made at identical time of day to reduce the effect of the day. 

 PGR solutions were thrown fresh and used regularly in replicates. 

Results and Discussion 

The findings are firm to show that Plant Growth Regulators (PGRs) were effective in improving plant tolerance to diverse 
stresses. Physiological, biochemical, and molecular parameters were found to differ, which constituted stress-specific and 
PGR-specific effects. 
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Physiological Responses 

It was found that under drought condition, plants treated with ABA, BR and SA had a lot of relative water content (RWC) as 
compared to the untreated controls implying that they are more efficient in retaining water. In the same way, the height and 
the leaf area of the plants have been enhanced with the help of foliar-applied GA and IAA, which indicates that the PGRs 
stimulate growth even in case of water shortage (Rady et al., 2019). Salinity stress decreased the growth by 30-40 percent in 
control plants, and the growth decreased by 10-15 percent in PGR-treated plants, with BR and CKs having the strongest 
effects. Wilting and loss of chlorophyll were observed in the untreated plants due to heat stress, but in the treated plants (SA 
and JA) there was no wilting and SPAD remained higher, which means that photosynthetic apparatus was preserved. 

Table 1: Physiological Parameters under Stress Conditions (Mean ± SD) 

Stress PGR Plant Height (cm) Leaf Area (cm²) RWC (%) Chlorophyll (SPAD) 

Drought Control 21.5 ± 1.2 45.3 ± 2.5 62 ± 3 32 ± 2 

Drought ABA 26.8 ± 1.5 53.7 ± 3.0 78 ± 2 36 ± 2 

Drought BR 27.2 ± 1.6 55.1 ± 2.9 79 ± 3 37 ± 2 

Salinity Control 19.8 ± 1.1 41.0 ± 2.4 60 ± 2 30 ± 1 

Salinity CK 24.5 ± 1.3 50.2 ± 2.6 72 ± 3 34 ± 2 

Heat Control 20.7 ± 1.0 42.5 ± 2.2 61 ± 3 31 ± 1 

Heat SA 25.1 ± 1.4 51.8 ± 2.8 75 ± 2 36 ± 1 

Heat JA 24.8 ± 1.5 50.9 ± 3.0 74 ± 3 35 ± 2 

Biochemical Responses 

There was a very high accumulation of proline in the plants under stress, which functions as an osmoprotectant. The PGR-

treated plants exhibited the levels of 20-40 percent more proline than those of stressed controls and ABA and SA treatments 
were the most effective. The level of soluble sugars was also increased in the PGR-treated plants which provide energy stores 
in case of stress. PGR application significantly enhanced antioxidant enzyme activities (SOD, CAT, POD), which implied better 
ROS scavenging and worse oxidative damage. Especially, BR and JA treatments increased catalase and peroxidase activities 
during drought and heat stress, which are in agreement with the previous studies by Divi et al. (2010) and Wasternack and 
Hause (2013) 

Table 2: Biochemical Parameters under Stress Conditions (Mean ± SD) 

Stress PGR Proline (µmol/g FW) Soluble Sugars (mg/g 
FW) 

SOD (U/mg 
protein) 

CAT(U/mg protein) 

Drought Control 3.2 ± 0.2 12.5 ± 1.0 45 ± 3 30 ± 2 

Drought ABA 4.5 ± 0.3 16.8 ± 1.2 60 ± 4 45 ± 3 

Drought BR 4.7 ± 0.3 17.1 ± 1.3 62 ± 3 47 ± 2 

Salinity Control 2.9 ± 0.2 11.2 ± 1.1 42 ± 3 28 ± 2 

Salinity CK 4.1 ± 0.2 15.4 ± 1.0 58 ± 3 43 ± 2 

Heat Control 3.0 ± 0.2 12.0 ± 0.9 44 ± 2 29 ± 2 

Heat SA 4.3 ± 0.3 16.0 ± 1.1 59 ± 3 44 ± 3 

Molecular Responses 

qRT-PCR analysis showed an up-regulation of the stress-responsive genes, including the DREB, HSP70, and NCED in the PGR-
treated plants. ABA and BR also increased DREB expression at drought whereas SA and JA increased transcription of HSP70 at 

heat stress. These molecular alteration supports physiological and biochemical enhancements confirming that PGRs cause 
stress tolerance through transcriptional control and through metabolic adaptations. 

Integrated Interpretation 

The findings prove that under stress, PGRs provide multi-level protection: 
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 Physiological: There was enhanced water retention, growth and chlorophyll retention. 

 Biochemical: Increased osmolytes and antioxidant capacity. 

 Molecular: Induction of stress-responsive gene expression. 

The efficacy differed according to the kind of stress and PGR. Its options of ABA and BR were more effective in the conditions 
of drought, CKs and BR under salinity, and SA and JA under heat stress. These results are consistent with the existing 
research that focused on hormone-specific reactions and stress-specific reactions (Peleg and Blumwald, 2011; Divi et al., 2010; 
Wasternack and Hause, 2013). 

Discussion 

This research paper has substantiated the assertions that Plant Growth Regulators (PGRs) are important in promoting 
tolerance of plants to abiotic stresses via the integration of physiological, biochemical, and molecular pathways. The 
comparison of the effects of different PGRs when subjected to drought, salinity and heat stress demonstrates the specificity 
and complexity of hormonal regulation in stress adaptation. 

In drought stress, the observed improvement in relative water content (RWC) and leaf area of the ABA-treated and BR-treated 
plants demonstrate the increased water-use efficiency and the improved turgor. These findings have been consistent with the 
other researchers who indicated that ABA causes stomatal closure and osmotic adjustment that minimise water loss (Cutler et 

al., 2010). By regulating cell expansion and vascular differentiation, BRs enhance a stronger growth despite the scarcity of 
water (Divi et al., 2010). Likewise, SA and JA did not lose chlorophyll content during heat stress implying the stabilization of 
photosynthetic machinery and postponement of senescence, which is in line with the findings reported by Horvath et al. 
(2007). 

The presence of proline and soluble sugars in the plants treated with the PGR is indicative of their functions as 
osmoprotectants which reduce the effects of osmotic stress and stabilize the structures of cells. The presence of high 
antioxidant enzyme activities (SOD, CAT, POD) in PGR-treated plants reveals that they have been detoxified against the 
reactive oxygen species (ROS) which are excessive during stress. The BR and JA treatments were especially efficient to 
stimulate the activity of catalase and peroxidase, and this indicates the synergistic control of the ROS-scavenging pathways. 
These results are consistent with the works by Wasternack and Hause (2013) and Khan et al. (2014) who proved that the 
plant antioxidant defense system is regulated by PGRs. 

The facts that PGRs lead to the upregulation of stress-responsive genes (DREB, HSP70, NCED) and show that PGRs trigger 
stress tolerance on the transcriptional level indicate that PGRs causes stress tolerance. ABA and BR increased the expression 
of drought-induced DREB, which triggered the expression downstream genes that regulate osmotic adjustment and water 
retention (Finkelstein, 2013). SA and JA increased expression of HSP70 in the heat stress stabilizing proteins and membranes. 
These molecular reactions offer mechanistic data concerning the manner in which PGRs encode external hormone 
applications in augmented stress resistance. 

The research shows the significance of the selection of suitable PGRs to certain stress types. ABA and BR proved to be the 
most effective in the drought stress, CKs and BR in the salinity stress, SA and JA in the heat stress. This particularity prompts 
the importance of getting familiar with the kind of stress and the mechanism of action of every PGR. Moreover, the cross-talk 
between various hormonal processes may regulate the overall reactions of plants, enabling them to adjust between the 
growth and defense responses (Suzuki et al., 2014; Verma et al., 2016).The implications of the results are relevant in terms of 

regulating the growth and defense processes of crops grown in the stress-prone conditions (Suzuki et al., 2014; Verma et al., 
2016). PGRs may also be a successful approach to reduce the yield losses related to abiotic stresses. PGRs help to produce 
sustainable productivity under unfavorable conditions by improving the ability of water to remain in the soil, the capacity to 
withstand stress, and the expression of stress response genes. Nevertheless, the efficacy of PGRs varies according to their 
concentrations, time, application modes, and the species of plants, which requires specific agronomic advice to be used at the 
field level. 

Although the study has verified the positive effect of PGR use in controlled circumstances, more studies are needed to assess 
the effects of the same in the long run in field circumstances, combined stresses and the different types of soils. The 
combination of PGR application and other agronomic measures, i.e. nutrient control and resistant cultivars, could additionally 
be resilient. Moreover, it can be supplemented with molecular research on hormonal crosstalk and signaling networks which 
can offer more opportunities to optimize PGR use to crop improvement. 
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Conclusion 

The comparison of the effects of Plant Growth Regulators (PGRs) in the environment of different abiotic stresses gives strong 
arguments supporting the ability of these substances to stimulate the resilience, growth, and productivity of plants. Among 
the abiotic stresses, drought, salinity, heat are major constraints to crop yield all over the world, and these factors are highly 
challenging to the food security due to the climate change and increasing population. This paper has shown that exogenous 
PGRs (auxins, gibberellins, cytokinins, abscisic acid, salicylic acid, jasmonic acid, and brassinosteroids) ameliorated the 
negative effects of these stresses by acting on several different levels, such as physiological, biochemical, and molecular. 

PGRs enhanced the main parameters of growth, such as plant height, leaf area, relative water content, and chlorophyll 
retention, physiologically. All these improvements denote that PGR-treated plants have greater turgor, photosynthetic 
efficiency, and overall growth under stress situations than control plants. An example is that, under drought conditions, ABA 
and BR showed good results in water conservation and osmotic adjustment, whereas, SA and JA were useful in retention of 
chlorophyll and avoidance of heat-induced injuries. These results point out to the hormone-specific and stress-specificity of 

PGR-mediated adaptations. 

PGR treatments resulted in a large increase in the proline and soluble sugar, which were shown to be osmoprotectants, and 
stabilized cellular structures and osmotic balance during adverse conditions, which were the biochemical result. There was a 

significant increase in activities of antioxidant enzymes such as superoxide dismutase, catalase, and peroxidase suggesting an 
improvement of scavenging reactive oxygen species (ROS) that build up in times of stress. These biochemical adaptations are 
important in reducing the oxidative damage, membrane protection and cellular maintenance. 

The molecular mechanism was studied using qRT-PCR which reported the up-regulation of the stress related genes, including 

DREB, HSP70 and NCED in PGR treated plants. DREB transcription was improved by ABA and BR in stress caused by drought, 
which facilitates down-stream osmotic adjustment and stress adaptation mechanisms. Under heat stress, HSP70 was 
enhanced by SA and JA in order to stabilize the structure of proteins and reduce thermal damage. These molecular reactions 
show that PGRs stimulate transcriptional stress tolerance pathways, which have a mechanistic foundation of reported 
physiological and biochemical gains. 

Another significant point that has been made by the study is the role of PGR interactions and hormonal crosstalk in stress 
mediation of plant responses. Although there are benefits associated with single PGR applications, there can be synergistic 
and antagonistic interactions between hormones that can maximize growth-defense trade-offs. Indicatively, ABA is involved 
in the regulation of growth and water conservation in interaction with cytokinins as well as auxins and defense against heat-
induced oxidative stress through collaboration with SA and JA. The concept of these interactions is important in 
understanding effective agronomic tools that would allow optimization of stress tolerance and minimization of adverse trade-
offs on growth and yield. 

Agronomically, the findings have some practical implications to the improvement of crop resilience. PGR use by seed priming 
or spraying leaves becomes a viable option in reducing yield losses due to stress. The most effective concentrations, timing, 
and the application techniques are very important in efficacy. In addition, incorporation of PGR applications with stress-
tolerant cultivars, nutrient management and other agronomic interventions have a synergistic effect on improving crop 
performance in changing environment. 

The research paper is part of the generalization of the adaptive mechanisms of plants in response to abiotic stress. It fills the 
gap between physiological, biochemical, and molecular observations showing that the work of PGRs occurs at various levels to 
make plants more resilient. The results are consistent with modern studies that focus on the use of plant hormones as the 
indicator of stress and adaptation (Peleg and Blumwald, 2011; Verma et al., 2016; Rady et al., 2019). The study gives backing 

to the strategic application of PGRs in sustainable agriculture and management of climate-smart crops by providing extensive 
evidence in various stress conditions. 

To sum up, PGRs are a promising and all-purpose method of enhancing the stress resistance of plants. These control 
mechanisms of growth, improve osmotic adjustment, activate antioxidant response and alter gene expression in response to 

stresses make them relevant to the contemporary agriculture that is facing emerging environmental pressures. Further 
studies must center on validation at the field level, multi-stress conditions, and long-period crop performance and study of 
PGR combinations to come up with robust protocols to sustain crop production. In global climatic variability, a combination 
of PGR-based measures and traditional and new agronomic practices can significantly enhance the resilience, stability in 
yields, and food security measures. 



EcoBiotics: Journal of Animal & Plant Sciences | 1(4), 21-30, 2025 

 

 

29 

Recommendations 

 Use PGRs ABA, BR, SA, and JA in crops experiencing drought, salt stress, and heat stress to increase the tolerance. 

 Maximize methods of application such as foliar sprays, seed priming, etc. 

 Choose stress-specific PGR selection; e.g. ABA and BR in case of drought, CK and BR in case of salinity, SA and JA in 

case of heat stress. 

 Dosage and timing It is important that both be monitored to prevent growth retardation and development of 
hormonal imbalance. 

 Combine the usage of PGR with the stress-resistant cultivars to achieve synergetic effect on enhancing stability in 
yields. 

 Combine PGR treatments with nutrient management and soil moisture conservation practices to achieve holistic 
stress management. 

 Favor field-level validation of PGR strategies in the field multi-stress situations. 

 Explore the potential of multiple stress tolerance in the combination of multiple PGRs. 

 Promote the use of safe and effective using PGRs, which should be taught to farmers. 

 Funding Research on molecular processes that mediate PGR-mediated stress tolerance to implement crop 
improvement strategies. 
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The beneficial insects constitute a significant component of the organization and the 
operation of agro systems in regard to their pest control function, improvement of 
pollination, and their involvement in nutrient circulation and soil wellness. Such 
organisms include predators, parasitoids, pollinators, and decomposers, which belong to 
complex trophic networks which promote the equilibrium of the ecosystem and the 
agricultural output. Although modern day agriculture has been more inclined towards 
adopting chemical control practices, recent developments involving environmental 
degradation, biodiversity and food security loss have seen a shift in focus towards 
exploiting the useful insect communities in relation to integrated pest management (IPM) 
techniques. The paper addresses the ecological services of useful insects, how such are 
helpful in the delivery of agro ecosystem services, and the issues involved in conserving 

and enhancing useful insects in highly-managed agricultural environments. The synthesis 
brings out the importance of managing the habitat, reduced reliance on pesticides, and 
landscape diversity in order to maximize the benefits of useful insects to sustainable crop 
production. 

Introduction 

The agricultural landscapes are dynamic ecosystems where interactions and engagements between plants, animals, microbes 
and abiotic factors affect their resilience and productivity. In these systems insects are among the most diverse and 
functionally significant groups of organisms which contain pest and useful species. Though undeniably, pest insects are apt to 

take the centre stage when it comes to handling crop protection, beneficial insects (so called, i.e. the species that introduce an 
ecological service to stabilize and promote crop growth) are invaluable to maintaining an ecological balance and keeping 
agriculture sustainable (Losey & Vaughan, 2006). Although they are beneficial, beneficial insects include predators, 
parasitoids, pollinators, decomposers and in numerous important processes such as pest control, pollination, nutrient cycling 
etc., an understanding of the ecological role of these organisms is fundamental to the development of productive, resilient and 
environmentally friendly agro systems (ecosystems). 

One of the most significant ecological services that have been established in the natural and managed ecosystems (keystone 
ecological service) is the control of the pest population by natural enemies. Large numbers of the pest species are predated 
upon by predatory insects, such as lady beetles (Coccinellidae), lacewings (Chrysopidae) and ground beetles (Carabidae) 
providing top down control and reducing the amount of damage done to the crops and the use of synthetic pesticides 
(Symondson, Sunderland, and Greenstone, 2002). The parasitoids, particularly hymenopteran parasites (e.g. Trichograma 
spp. and Lake pest eggs and larvae in particular), tend to be highly controlling pest with the use of lepidopterans in the crop 
(e.g. cotton, maize, vegetables) (Smith, 1996). Why This is The Case: These natural enemies are an important component of 
the biological control initiatives of integrated pest management (IPM) in which the population size and the activity of these 
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natural enemies can be increased to reduce the reliance on both dangerous agrochemicals and the emergence of resistance in 
the pest population (Gurr et al., 2012). 

Another relevant ecosystem service offered by the useful insects, the most significant of which are bees (Apidae), butterflies 
(Lepidoptera), and hoverflies (Syrphidae) is pollination. At the global scale, about three fourths of the total crop species are 
pollinated by animals, with respect to their yield and quality (Klein et al., 2007). Insect pollinators move pollen between 
flowers and cause fruit set (in crops ranging in almonds to apples) and fertilization in cucumber and berries. Habitat loss, 
pesticide exposure, pathogens and climate change have been identified as factors leading to the loss or decline of the 
populations of the pollinators and hence the concern has been raised on food security and the sustainability of agriculture 
(Potts et al., 2010). It is hence urgent to conserve diversity and abundance of pollinators so as to maintain crop productivity 
and agro ecosystem wellbeing. 

The decomcer insects also contribute to functioning of the agro ecosystem through deterioration of the organic material, 
cycling of the nutrients, and improvement of the soil framework. Plant debris is broken down and consumed by detritivores 
like beetles, flies and ants augmenting the rate of microbial degradation and crop-nutrient availability (Lavelle et al., 1997). 
These activities enable the beneficial insects to increase soil fertility and organic matter turnover which is the foundation of 

long term soil health and plant growth. 

Although the population increase of beneficial insects can be seen as the clear benefit of having them, the agricultural 
intensification of the past several decades has frequently led to the decrease of the number and variety of beneficial insects. 

The monocultures of high inputs, high tillage and broad spectrum application of pesticides disrupt the habitat structures, 
reduce resource availability and cause direct harm to the non target organisms (Altieri, 1999). The practices have the 
potential to decouple the relationship with the ecosystem and decrease the ecosystem services offered by beneficial insects. It 
is as an outcome of this that there is growing appreciation that farming systems must be handled in a manner that will 
preserve and improve productive insect communities. Some of the methods, including maintenance of non crop habitats, 
cover crops and reduced tillage and application of selective use of pesticides can help to sustain higher rates of natural 
enemies and pollinators(Tscharntke et al., 2005). 

The ecological importance of beneficial insect is directly connected with the diversity of the landscape. The heterogeneous 
landscape that is characterized by the combination of woodlands, hedges, grass strips and semi natural environments and 
croplands are likely to support rich assemblage of valuable species (Bianchi, Poyry, & Tscharntke, 2006). These landscape 
mosaics are used as foraging resources, nest-sites but provide resilience against disturbance as well as increases in the 
population of natural enemies or pollinators. It has been demonstrated repeatedly that the complexity of the landscape has 
been linked to an increased level of pest control and pollination and indicates the value of multi scale conservation planning 
in agro ecosystem development (Rusch et al., 2016). 

Biological control in agro ecosystem is not an unchangeable procedure but it is a dynamic group of interplay and it is driven 
by the temporal and spatial change. Temperature, moisture, and phenological changes in the seasons impact the life cycle of 
pests and beneficial insects, which may alter the relationship between pests and beneficial insects and consequent ecosystem 
services (Mensah et al., 2014). This means that effective management must be informed on the ecology (timing and 

synchronization) at which the natural competitors are available at susceptible times of pest populations. Habitat management 
methods can be used to encourage such phenological matching which can bring floral sources and abrimonies of the beneficial 
insects during the croping periods. 

Although biological control and pollination services are central to agro ecosystem functioning and functioning, these 

processes are usually best optimized by moving towards so-called integrative use practices that supplement productivity and 
ecological health of agro systems. A good example of these approaches is the integrated pest management models that involve 
the use of biological control along with cultural, physical and chemical control tools. IPM is based on the notion of tracking 
pests, use of economic thresholds in making decisions on the application of pesticides and emphasizing species of pests that 
possess selective control measures in order to make sure that harm is not done to creatures of benefit (Kogan, 1998). 
Implemented with success, IPM can enhance the positivity of useful insects and reduce the environmental cost of crop 
protection. 

The importance of the services of useful insects has also been demonstrated by research. Even pollination per se has been 
estimated to contribute hundreds of billions of dollars annually to global agriculture, and the economic benefits of biological 
control have been even estimated in millions of dollars in terms of cost of pesticides and loss of crops (Losey and Vaughan, 
2006; Southwood et al., 2005). Such forms of economic stimulus are complementary to environmental goals and are capable 
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of tremendous induction to policy makers, farmers and interested parties to invest in a practice to keep beneficial insect 
populations in place. 

With this understanding, the preservation and enhancement of the useful insects of agricultural landscapes are difficult with 
a number of challenges. One of the threats to the beneficial insect communities is the pesticide toxicity, habitat 
fragmentation, climate change and invasive species dynamics ( Potential et al 2010). Besides, habitat based practices can be 
influenced by inadequate understanding of biological management by the farmers and perceived complexity of the practice. 
To deal with these issues, interdisciplinary research studies, extension services and incentive systems will be necessary to 
align the agricultural productivity and biodiversity conservation. 

In conclusion, beneficial insects have important ecological functions in agro ecosystem and these functions include the 
regulation of pest population, crop pollination, nutrient cycling and soil health. They base their contribution on sustainable 
agricultural productivity to ecological resilience. Nevertheless, with the enhancement of their possibilities, they have not been 
able to stay useful and instead they have needed to be managed in an intentional way in order to preserve and increase the 
desirable insect populations. Through the concerted efforts of ecological principles and farming activities, agro ecosystems 
can be able to satisfy the requirements of human beings and biodiversity, which is ultimately the basis to the robust food 

system. 

Literature Review 

The presence of beneficial insects in an agro-ecosystem is significant as regulators of the health and productivity of agro-
ecosystems due to their diverse ecological functions of predation, parasitism, pollination and nutrient cycling. In the recent 
few decades, numerous ones have been carried out to emphasise the significance of their contribution to ecological balance 

and the increase in crop production. One of the most well known of the beneficial groups is that of predator insects due to its 
direct influence over the population of pests. The lady beetles (Coccinellidae) as an example are ravenous predator of aphids 
and other soft-bodied insects and feed in mass numbers on the pests daily and, in effect, neutralize the pest pressure on 
vegetable and grain crops (Symondson, Sunderland, and Greenstone, 2002; Obrycki and Kring, 1998). The Lacewings 
(Chrysopidae) have also been observed to be effective in general predators, particularly in greenhouse and vegetable food 
systems since they do reduce the population of thrips, aphids and whiteflies (McEwen, New, & Whittington, 2001). Ground 
beetles (Carabidae) are also involved in pest control which occurs mainly in litter and soil environment, feeding on the larvae, 
pupae and eggs of many pest species thereby complementing the feeding behavior of foliar predators (Kromp, 1999). All these 
studies combine to emphasize the significance of predatory insects as an environmental pest control agent that will reduce the 
use of chemical insecticide and eliminate the effects on the environment (Losey & Vaughan, 2006). 

Pest control is also of significance to parasitoids, particularly hymenopterans (e.g. Trichogramma, ichneumonids). Such 
organisms hatch the egg in or onto the host insects that causes the death of the host and contributes to the long-term 
inhibition of pest species (Smith, 1996; van Lenteren, 2012). The trichogramma species is also widely used in augmentation 
biological control programs against lepidopteran pests of different crops which are part of the family: maize, cotton and 

vegetables and scientists state that parasitism rates are over 50% in the field under controlled conditions (Hassan, 1993). 
Parasitoids tend to be highly host specific, and therefore minimize non-target impacts and ecologically sound systems in 
agriculture (Godfray, 1994). The study conducted by Wajnberg, Curty and Jervis (2012) demonstrates that the performance of 
parasitoids can be influenced by the environmental conditions, availability of hosts and the complexity of the landscape, and 
hence there is a necessity to manage the habitat in a manner that will allow the maximum possible level of pest control. 

Another fundamental group of useful insects is the pollinators and they are needed to reproduce most crop plants. Wild and 
farmed bees play a role in pollinating an estimated 75 percent of the world crop species in terms of quality and quantity of 
yield (Klein et al., 2007; Garibaldi et al., 2013). Individual bees like the Osmia species were actually proven highly efficient in 
fruit crop pollination, and in most instances more effective (per visit) than honeybees (Winfree et al., 2007). Besides bees, 
there are other pollinators including hoverflies (Syrphidae) and butterflies, however, these insects also offer other ecology-
related services, including pest predation, in the developmental stage (Sarthou et al., 2014). Habitat fragmentation, pesticides 
and climatic variation exposure, and their degradation are all very sensitive of pollination services that have been associated 
with yield reduction and increased expenditure in crop production (Potts et al., 2010; Rader et al., 2016). As a result, habitat 
enhancement through the provision of floral strips and hedges is of central importance with regard to the stability of agro-
ecosystem pollination services (Tscharntke et al., 2005). 

Besides predation and pollination, decomposer insects like the beetles, ants and flies enhance the health and cycling of 
nutrients to the soil. Through decomposition of organic materials, consuming the remnants of plants and assisting in the 
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decomposition of soil, these residents can intensify the soil fertility and build up, finally enhancing crop development (Lavelle 
et al., 1997; Brussaard et al., 2007). The detritivorous insects such as larvae of a few Coleoptera and Diptera insects accelerate 
the breakdown of crop residues rendering nutrients that are vital in stimulating further plant growth (Nichols et al., 2008). It 
has also been pointed out in studies that decomposers play an indirect role in facilitating biological control which is enhanced 
soil fertility resulting in higher plant vigour and hence reduced vulnerability to pest attack (Altieri, 1999; Gurr et al., 2012). 

Cites the positive insects of agro-ecosystems - their efficacy is highly linked to the landscape composition and habitat 
diversity. It has been demonstrated over and over again that heterogeneous landscapes with semi-natural landscapes, such as 
hedgerows, grass margins and woodlots are richer and more diverse both to predators and pollinators (Bianchi, Poyry, & 
Tscharntke, 2006; Rusch et al., 2016). These are areas of refuge, overwintering and additional food supplies, which contribute 
to the prosperity and viability of valuable insects. On the contrary, the simplified monoculture with landscape simplification 

prefer minimal natural enemies and worsened the pest condition, as an ecological function of landscape management to the 
sustainable system of farming (Tscharntke et al., 2005; Landis, Wratten, and Gurr, 2000). 

The temporal dynamics are also used in the role of beneficial insects in the ecological communities. The life cycles and activity 
patterns and interactions of pests and natural enemies are affected by seasonal temperature, humidity and crop phenology 

(Mensah et al., 2014; Langer et al., 2015). Timing of favorable insect action with pest susceptibility is highly significant 
towards optimal biocontrol performance. An example is that it is usually more effective to release parasitoids or predators at 
initial stages of infestation of pests, rather than release the same at later stages of the infestation, as illustrated in other types 
of crops such as tomatoes, cotton, and cereals (van Lenteren, 2012; Hassan, 1993). 

Introduction of useful insects in pest management programs, particularly, the Integrated Pest Management (IPM) has 
received significant interest over the past several decades. IPM is an approach that employs the ecological processes to 
manage the population of pests and minimizes the application of the chemicals (Kogan, 1998). It is demonstrated that pest 
reduction due to conservation and enhancement of positive insects can lead to sustainable pest control and reduced 
consumption of pesticides and increased economic benefits to farmers (Gurr et al., 2012; Pretty and Bharucha, 2015). As an 
illustration, ecologic management practices have increased synergistically to achieve pest control through the attainment of 
floral strips to preserve pollinators and parasitoids (Haaland, Naisbit, and Bersier, 2011). 

In spite of the value they bring to the ecology and economy, useful insects face numerous threats related to intensive 
agriculture, extinction of biodiversity and contamination with pesticides. Broad spectrum insecticides do not only decrease 
the population of the pests, they also indirectly damage the non-target organisms like predators, parasitoids and pollinators 
(Desneux, Decourtye, and Delpuech, 2007). Habitat fragmentation and monocultures in their turn further undermine all 
helpful insects abundance and diversity leading to a decrease in the provision of ecosystem services (Bianchi et al., 2006; 
Rusch et al., 2016). This is the reason as to why action plans to enhance heterogeneity of habitats, reduce chemical outlay and 
enhance the functional biodiversity is crucial to supporting healthy and resilient agro-ecosystems (Altieri and Nicholls, 2003; 

Landis et al., 2000). 

The real value of beneficial insects has been supported by economical studies. World agriculture alone is estimated to receive 
billions of dollars of pollination services annually and natural control of pests costs world agriculture billions of dollars in 

lower production costs due to synthetic pesticides (Losey and Vaughan, 2006; Southwood et al., 2005). By this way, the 
introduction of useful insects into agriculture systems ensure ecological sustainability, its economic viability as a way of 
identifying ways to strong agricultural systems, capable of responding to environmental disturbances and climate change. 

Conclusively, using these studies and going by the biblical truth that life sustains life, it is quite clear that literature shows 

that beneficial insects have multifactorial roles in agro-ecosystem. The combination of predators, parasitoids, pollinators and 
decomposers has a beneficial effect on the population of pests and facilitate their pollination, nutrient recycling, and overall 
soil health and crop productivity. A proper conservation and integration of such organisms implies that there is a focus on the 
landscape diversity, control of the habitats, integration timing and minimization on dependence of pesticides. With a 
comparison of the agricultural activities with the principles of ecology, the benefits of the beneficial insects on sustainable 
food production may be maximized and the biodiversity and ecosystem functions can be upheld. 

Methodology 

Study Area 

The study was conducted in a total of six agricultural sites located in the District of Lahore in the Punjab region, Pakistan, of a 

mix of cropping systems, that is, cereals, vegetable and fruit orchards. Three of them were on publicly owned research farms 
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which were affixed to local agricultural universities and three were commercial farms which engaged in intensive cultivation. 
The selected locations were meant to depict the various buildings within the landscape like one-culture, intercropping 
orchard and fields with hedges or flower beds. The climate of the Lahore District is sub-tropical with the average annual 
climate being 10-40 degC and when yearly rainfall is approximately 600 mm mostly during monsoon period. The soil varied 
in type and went through sandy loam to clay loam, which influenced growth of crops, complexity of habitats and distribution 
of insects. These conditions made it possible to have a representative environment where the ecological contributions of 
useful insects to the agricultural system in smallholder and commercial environments could be investigated. 

Experimental Design 

The beneficial insect diversity and abundance was evaluated in croup and crop management system using a randomized 
complete block design (RCBD). In each site, there were five blocks of each type of crop of a length of 20 m * 20 m. Three 
management regimes were compared, conventional (high input, frequent pesticide use), integrated (reduced chemical input 
and habitat management) and organic (no synthetic pesticide) ones. Insect sampling was done in each block of 100 m2 (5 x 5 
in size). It is an experimental design where the population of beneficial insects under study might be assessed by the potential 
implication of different levels of management manipulation with a low level of spatial bias. 

Collection of Positive Insects 

Some of the favorable methods that were used to capture foliar and soil-dwelling beneficial insects were used to sample 
beneficial insects: 

 Sweep Netting - This is applied to flying and vegetation dwelling insects (e.g. predators, parasitoids and 
pollinators). All the plots were swept over 5 transects, 20 sweeps, and each transect. Sampling will be conducted 
twice a month between March-October 2025 so as to cover one complete growing season. 

 Pit traps - The pit traps were when ground-dwelling predators and detritivores were entangled into the traps (500 
ml cup with ethylene glycol solution 50%). Each sampling event involved 3 traps to be left in the plot during 48 
hours. 

 Sticky Traps Yellow sticky traps (15 x 20 cm) were attached at crop canopy height to observe flying parasitoids 
and small pollinators. There were two traps on each plot that were swapped after every two weeks. 

 Direct Observations - The time spent by the pollinators on the flowers was recorded to be 15 min per sample at the 
time when the pollinators foraged most with sunny conditions and bees, hoverflies, and butterflies. 

 Soil Core Sampling - There were five soil cores per plot (diameter of soil cores 10 cm, depth of soil cores 15 cm) 

that sampled soil dwelling decomposers. Insects were taken out and kept in 70 per cent ethanol till they can be 
identified later. 

Recognizing and Classification of Insects 

Hence, the gathered insects were determined by the use of standard keys of insect taxa by as low as possible taxonomic rank 
(Triplehorn and Johnson 2005; van Emden and Harrington 2017). The functional groups that were represented included 
predators, parasitoids, pollinators and decomposers. In the case of species identification which was not possible, 
morphospecies numbers were utilized. Voucher specimens in Department of Entomology University of the Punjab, Lahore. 

Data Collection Crop and Environmental Variable Collection 

Examples of variables on crop i.e height of plant, canopy density, stage of flowering, yield obtained during sampling. Portable 
devices monitored the environmental parameters of temperature, relative humidity and soil moisture. Data allowed studying 
the relationships between the beneficial insect activity, the environment and the crop phenology. 

Data Analysis 

The statistical measures (mean abundance, richness, Shannon-Wiener and Simpson index of diversity) of each functional 
group were determined. The comparison between types of crops (management and landscape structure) was performed by 
the Addition of Variable Least Squares, where the nonparametric procedure was used, to compare the abundance of beneficial 
insects and to compare single combination with post hoc tests (Tukey procedure). 
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Relationships among beneficial insect abundance, pest numbers and crop yield were assessed with the help of correlation 
analysis. Structural equation modeling (SEM) was invented to examine first-order and second-order effects of valuable insects 
on providing service of eco-systems and crop production. SEM models were successfully validated using chi-square, RMSEA 
and CFI indices. 

The analyses are all conducted using R (4.3.2) and AMOS 29.0, p = < 0.05 probability level. Ggplot2 was used to construct 
visualization. 

Ethical Considerations 

The agroecosystem was respectful of the ethical principles of the biodiversity research since all the sampling equipment was 
done with minimal disturbance to the ecosystem. Minimal requirements were taken in the collection to determine to species 
and research permits were taken to the local agricultural authorities. 

Data Analysis and Findings 

Descriptive Statistics of Type of Insects of Benefit 

The abundance and diversity of beneficial insects were recorded in six sites of Lahore District, Punjab depending on the crop 
types and management systems. A total of 1,236 representatives of four large functional groups (i.e. predators, parasitoids, 
pollinators, decomposers) were identified. Table 1 summarized the descriptive statistics of the abundance means, standard 
deviation (SD) and richness of each functional group. 

Table 1: Descriptive Statistics of Beneficial Insects Across Functional Groups 

Functional Group Mean Abundance per Plot SD Species Richness 

Predators 25.8 6.4 12 

Parasitoids 18.2 4.7 9 

Pollinators 32.5 8.1 14 

Decomposers 15.4 3.9 7 

The findings show that the pollinators had the highest abundance as functional group, predators came next, then parasitoids 
and decomposers. Pollinators and predators had the greatest richness in species, implying that the groups play an important 
role in ecological services in the agroecosystem. 

Crop Management Systems Effect 

The ANOVA results indicated that there were significant dissimilarities in the positive insect abundance across the three crop 
management systems (F = 12.67, p < 0.001). Mean abundances in integrated and organic farms were greater than in 
conventional farms, which suggested that lower chemical requirements and habitat management favored natural populations 

of enemies and pollinators. 

Table 2: Mean Abundance of Beneficial Insects by Management System 

Management System Predators Parasitoids Pollinators Decomposers 

Conventional 18.2 12.5 22.4 10.1 

Integrated 28.6 19.7 34.2 16.3 

Organic 31.0 22.5 40.0 19.2 

The post-hoc Tukey tests also established that the abundance of beneficial insects in organic and integrated farms was 
significantly higher than the abundance of beneficial insects in conventional farms ( p < 0.05), but not significantly different 

between integrated and organic systems. These results are similar to the literature regarding the importance of complexity of 
habitats and low levels of chemical inputs in increasing the number of beneficial insects (Altieri, 1999; Bianchi et al., 2006). 
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The Dynamics of Useful Insects in Seasons 

Sampling monthly showed that there were strong seasonality. Predators and parasitoids were highest in April-June when 
crops were in early stages of growth and the pest densities were high. The abundance of pollinators was highest in May-July, 
when in flower. There was the highest number of decomposers in July-September when there was high organic residue and 
moisture in the soil. 

These time effects underscore the relevance of the phenological alignment of the beneficial insects with the crop development 
in order to offer positive ecosystem services (Mensah et al., 2014; Winfree et al., 2007). 

Correlation between the Populations of the Beneficial Insects and Pest Insects 

The analysis of correlation showed that there were strong negative relations between the abundance of natural enemies and 
pest densities. The most negative correlation was found between predators and aphid populations (r = -0.68, p < 0.01), and 

between parasitoids and lepidopteran larvae (r =-0.61, p < 0.01). Pollinators did not have a direct relationship with pest 
numbers however had positive relationships with crop production (r = 0.72, p < 0.001), which is an important indicator of 
the criticality of pollination services. 

Table 3: Correlation Coefficients Between Beneficial Insects and Pest Populations 

Functional Group Key Pest Correlation (r) p-value 

Predators Aphids –0.68 <0.01 

Parasitoids Lepidopteran larvae –0.61 <0.01 

Pollinators Flowering success 0.72 <0.001 

Decomposers Soil pests –0.43 0.03 

These results prove that beneficial insects are effective at reducing the number of pests, increasing crop protection, as well as 
yield potential. 

SEM Findings Structural Equation Modeling 

Analysis of SEM determined both direct and indirect impacts of beneficial insect on crop productivity. The last model revealed 
that predators and parasitoids had negative direct impacts on pest populations (b = -0.56, p < 0.01), and the pollinators had 
positive impacts on crop yield (b = 0.68, p < 0.001). The positive indirect impact of decomposers on the yield was through 
enhanced soil fertility (b = 0.32, p < 0.05). The indices of the model fit were a good fit (kh2 = 21.45, df = 18, RMSEA = 0.041, 
CFI = 0.97). 

These findings depict that useful insects have direct and indirect impacts on agroecosystem operation, with the importance of 
multi-dimensional ecological functions of various functional groups (Gurr et al., 2012; Losey and Vaughan, 2006). 

Agroecosystem Management Implications 

The implications of the findings are as follows: 

 The abundance of natural enemies and pollinators is improved by the habitat management of hedges and floral 
strips. 

 Limited use of pesticides will help stabilize the ecological equilibrium, as useful insects will be able to survive. 

 To ensure the maximum of pest reduction and pollination, temporal synchronization of the beneficial insects to crop 
phenological activity is essential. 

 There must be functional group diversity; a mix of predators, parasitoids, pollinators, and decomposers will be most 
effective in the provision of ecosystem services. 

In general, these findings indicate that agroecosystems in the city of Lahore have the potential to be more productive and 
more sustainable when there is a promotion of positive insect populations through integrated management. 



EcoBiotics: Journal of Animal & Plant Sciences | 1(4), 31-41, 2025 

 

 

38 

Discussion 

Such findings of this research indicate the importance of the beneficial insects in promoting the ecological stability and the 
productivity of the agro-ecosystems in the Lahore District of Punjab. The prevalent patterns of abundance and functional 
diversity as well as the types of ecosystem services that predators, parasitoids, pollinators, and decomposers deliver to 
sustainable crop production are highlighted by the diverse contributions of these organisms. 

Pests Suppressed by predators and Parasitoids 

There were also predatory insects, such as lady beetles, lacewings, and ground beetles, and they were common at all 
locations, especially in organic and integrated farms. Their negative significance with aphid and lepidopteran populations 
evidences their efficiency of controlling the pests in nature, which is in tandem with report by Symondson et al. (2002) and 
that of Obrycki and Kring (1998). These parasitoids like the Trichogramma spp. also had roles of pest control coupled with 
the significance of host-specific natural enemies in the pest management system (Smith, 1996; Wajnberg et al., 2012). The 
negative effect of intensive input of chemicals in improving the population of beneficial insects is further reinforced by the 
fact that predators and parasitoids in organic and integrated systems are far more abundant than in conventional systems 
(Altieri, 1999; Bianchi et al., 2006). These findings suggest that biological control can be improved by the reduction of 
pesticide dependency and the increase of habitat heterogeneity that would reduce losses of crops and reduce the number of 

risks to the environment. 

Pollinators and productivity of crop products 

The most plentiful functional group and the most highly correlated with crop yield was pollinators, especially the bees and the 
hoverflies. This may be because of their highest abundance during flowering periods and therefore, the temporal strategy 
may be instrumental in facilitating effective pollination when the activity of pollinators and crop phenology are closely 
matched (Klein et al., 2007; Winfree et al., 2007). The differences between the systems of management observed demonstrate 
that organic and integrated farms offer better conditions to pollinators, probably because they have the floral resources, less 

exposure to pesticides, and more complex ecosystems (Garibaldi et al., 2013; Haaland et al., 2011). This is in line with the 
world trends, which reveal declines in the population of pollinators in intensively managed landscapes and the need to 
implement conservation strategies, including flower strips, hedges, and diversified cropping systems (Potts et al., 2010; Rader 
et al., 2016). The health of pollinators has a direct influence on food security since, in Punjab, a large proportion of crops 
(vegetables and fruit orchards) rely on insect pollination. 

The Soil Fertility and Decomposers 

Insects that are decomposers are not as abundant as predators or pollinators but were significant in the nutrient cycling and 
soil health. The highest concentration during monsoon season implies that the decomposition activities are enhanced by the 

increased organic matter and moisture. These results are supported by Lavelle et al. (1997) and Nichols et al. (2008) who 
have noted the role of detritivores as important in nutrient recycling, soil structure and indirectly crop growth. The beneficial 
impact of decomposers on yield noted in the SEM analysis is positive, as it demonstrates their role in the long-term soil 
fertility, which proves the necessity to protect soil-dwelling beneficial insects in agroecosystems. 

Effects of Landscape and Habitat Management 

The experiment shows that beneficial insect abundance and diversity is largely affected by landscape heterogeneity and 
habitat management. Hedges, floral strips and integrated and organic farms that were semi-natural habitats showed 

increased populations of all functional groups and was consistent with Bianchi et al. (2006) and Rusch et al. (2016). These 
habitats offer refuge areas, alternative prey and flora which support insect populations during the cropping period. On the 
other hand, monocultures and traditional farms had lower functional diversity, which emphasizes the negative impact of 
simplification of the landscape and intensive pesticide application (Tscharntke et al., 2005; Landis et al., 2000). The findings 
add to the argument in supporting ecosystem-based management approaches that mitigate productivity and also at the same 
time protect biodiversity. 

Phenology and Dynamics of Seasons 

The presence of the observed seasonal patterns, in terms of predators and parasitoids being most active at the early crop 
stages and decomposers at the later stages, proves the significance of phenological synchronization. When the killing and 
pollinating insects are synchronized with the pests and flowering stages, they provide ecological services that are more 
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beneficial such as pest suppression and pollination (Mensah et al., 2014; Langer et al., 2015). This time difference reveals the 
necessity to have timed interventions, e.g. augmentative releases of parasitoids or protection of predators during early pest 
stages, to optimize the ecological efficiency. 

Combined Impact and Ecosystem Services 

Direct and indirect impact of beneficial insects on crop productivity have been identified through the application of structural 
equation modeling. The impact of predators and parasitoids was direct suppressive action on pests, whereas pollinators were 
directly related to increasing the yields. The productivity was indirectly facilitated by decomposers who improved the soil by 
making it good. This integrative approach focuses on the synergistic relationships between functional groups, and it is shown 
that, at the same time, a diverse beneficial insect community can help to solve many agro-ecological problems (Gurr et al., 
2012; Losey and Vaughan, 2006). The results confirm the idea behind the conceptual approach to the provisioning of 
ecosystem services, where multi-functional biodiversity may be crucial to sustainable agro-landscapes. 

The implication on Agroecosystem Management in Punjab 

The research has explicit management consequences of agroecosystems on Lahore and other parts of Punjab: 

 The abundance and diversity of beneficial insects can be enhanced by reducing the level of chemical application and 

encouraging organic farming or integrated farming. 

 The natural enemies and pollinators are made supported throughout the year by habitat enhancement, such as 
floral strips, hedges and field margins. 

 Maximization of ecosystem services is achieved by temporal management, e.g. the timing of planting in relation to 
peak beneficial insect times. 

 The agroecosystems at the landscape level that preserve heterogeneity are found to increase the agroecosystems 
resilience to pests outbreak and climate variability. 

Restriction and Future Study 

Although this research is very detailed, these are limitations that should be taken into account. It could sometimes not be 
possible to identify species at the species level, giving incorrect estimates of biodiversity. The analysis concentrated on a 
single district (Lahore), and the findings might not be similar in other agro-ecological regions of Punjab. Future studies need 
to be conducted on several districts, on a long term basis and functional interactions of insects, crops and environmental 
variables in case of climate change. 

Conclusion 

The current research indicates that useful insects play a major role in providing sustainability and productivity of 
agroecosystems within the Lahore District in Punjab. Through predators and parasitoids, there is the reduction of the use of 
chemical pesticides because they have a crucial part in the management of pest population. Pollinators have a major impact 
on crop production by enhancing better fruit set and fruit improvements and decomposers which play an indirect role of 
ensuring the soil remains fertile and the cycling of nutrients. The largest functional diversity and abundance of such groups 
was found in organic and integrated farms, which means the adverse effect of conventional intensive farming. The 
significance of a phenological match between insect activity and crop development in the optimal provision of ecological 
services was found through seasonal patterns. Strategic equation modelling validated that beneficial insects contribute 
directly and indirectly to crop productivity, and their multi-dimensional ecological functions are important. In general, this 

study highlights the importance of considering ecological concepts in farming management to ensure the production of 
sustainable food. 

Recommendations 

As per the findings, it is suggested to improve the place of beneficial insects in agroecosystems of Punjab as follows: 

1. The decrease of synthetic pesticides and the implementation of integrated management techniques could help to 
increase the abundance and diversity of beneficial insects a lot. Claimants ought to be motivated to use IPM 
techniques so as to reduce chemical addiction. 
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2. Hedges, floral strips, and field margins should be planted to give predators, parasitoids and pollinators places to 
refuges, alternative food and overwinter. Diversification of the landscape should be taken at farm and district levels. 

3. Pest suppression and pollination services can be enhanced by matching planting with the optimum activity of user 
beneficial insects and flowering to ensure the insects are active during the flowering period. Releasing predators 
and parasitoids at early stages of pest emergence is useful in increasing biocontrol. 

4. Native and controlled pollinators need protection. Restricting the use of pesticides on flowers, ensuring water 
supply, and preserving the diversity of flowers can be used to maintain the population of the pollinators. 

5. It is advised to monitor the dynamics of the beneficial insects as well as the pests in order to guide adaptive 
management. The study should be extended to other Punjab districts in future to determine regional variation and 
trends in long term with fluctuating climatic conditions. 
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Green manuring is a very ancient though becoming an important agronomic practice that 

plays a significant role in improving the soil fertility as well as crop production in the 

sustainable agricultural systems. It involves planting and incorporation of specific species 

of plants, mostly legumes in the soil to provide organic matters as well as nutrients 

necessary in the soil. The growing fear of soil erosion, the declining soil fertility, as well as 

the adverse impact of chemicals on the environment due to the high usage of the fertilizers 

have resulted in the renewed emphasis on green manuring as a more sustainable means of 

keeping the soil healthy. This process supplements the physical, chemical, and biological 

properties of soil through the incorporation of organic carbon into soil, which increases 

the availability of nitrogen to soil by reacting with soil biology and doubles soil structure 

and generation of microbial activity. Moreover, green manuring will assist in increasing 

the water retention, soil erosion and nutrient cycling, which will consequently lead to high 

crop produce and long term sustainability of agriculture. Extensive amount of research in 

different agro-ecological areas demonstrate that green manuring leads to high level of crop 

performance particularly in cropping systems where peonage crops predominantly 

feature. The paper is concerned with the significance of green manuring to increase the soil 

fertility and crop yield with keen interests of the mechanisms, the benefits, and 

significance of green manuring in the modern sustainable farming. 

Introduction 

The food security and agricultural production in the developing countries particularly relies on the soil fertility as it is one of 

the key determinants of agriculture since agriculture is the prime source of livelihood in the rural setting. The resulting 

consequences of the intensive agricultural practices of the last few decades have included the extreme soil health conditions, 

including nutrient depletion, soil structure degradation, and organic matter disruption, along with the reduction of the 

microorganism activity (Lal, 2015). All these challenges have preconditioned the world concern with the sustainability of the 

traditional agricultural systems and ignited a new interest in the low-input and ecologically friendly approaches to soil 

management. One of these practices is green manuring which has come to be known as a good practice in restoring the lost 

soil fertility and boosting crop production without necessarily leading to numerous environmental degradations (Giller, 

2001). 

Green manuring may be termed as a method of growing crops and planting them in the soil when they are small in age so as 

to boost the nutrient level and physical well-being of the soil. It is known that the plants that fix nitrogen in the atmosphere 

are green manure plants (e.g. sesbania, crotalaria, vica, trifolium) particularly due to symbiosis with rhizobia bacteria 

(Peoples et al., 2009). As the biomass of the green manure decomposes, the biologically stored nitrogen is released to the 

following crop and this renders the application of synthetic nitrogen fertilizers less dependent. Other than nitrogen 

enrichment, the green manuring contributes a significant amount of organic matter to the soil that is required to maintain 

soil fertility and prolonged productivity (Brady and Weil, 2016). 

The importance of organic matter and its influence on the soil fertility cannot be stressed enough, as organic matter has a 

direct impact on the soil structure, water-holding capacity, cation exchange capacity and nutrient availability. Green 

manuring increases the soil organic carbon which encourages the aggregate stability and reduces soil compaction thereby 
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favouring the development of roots and increasing aeration (Six et al., 2002). It also enhances the infiltration and minimizes 

surface runoffs besides making soils more erosion and moist resistant. These benefits are particularly important to rainfed 

and semi-arid agricultural systems where water is a limiting production factor (FAO, 2017). 

There is great biological effect of green manuring on soil besides physical one. Fresh organic residues also contribute to the 

number of the microbes that are also involved in the mineralization and cycling of nutrients (Gregorich et al., 2001). A high 

activity of the microbes enhances the availability of macro- and micro nutrients e.g. phosphorus, sulfur and zinc that are 

normally rendered inaccessible in the degraded soils. It has also been found that the soil treated with green manure contains 

a high amount of enzyme and microbial biomass carbon in comparison to the soils that are treated with the inorganic 

fertilizers alone(Kumar and Goh, 2000). This biological environment of the soils makes the crops grower and contributes to 

stability of the yield. 

Green manuring is also applicable in the same case with the integrated nutrient management systems since it increases the 

performance of the fertilizers. Green manure can be used in conjunction with chemical manure and help eliminate the loss of 

nutrients due to leaching and volatilization and also the results of crops can meet demands (Palm et al., 2001). Such a 

combination technique not only leads to more harvesting of crops, but also makes production cheaper and less pollution of 

the environment, which could arise because of over-use of fertilizers. Green manuring, thus, can be applied to the notion of 

sustainable and climate-smart agriculture. 

Green manuring has been widely documented as a good way of crop yield mitigation in various types of cropping systems. An 

area where green manuring can be reported to make a substantial difference in increasing the volume of grain yield, straw 

yield and overall biomass yield in a cereal based rotation such as rice-wheat and maize-legume rotation (Yadvinder-Singh et 

al., 2005). The cause of the yield benefits is believed to be improved nitrogen availability, improved growth of roots and 

enhanced moisture retention of soil. It has been found that the use of pre-cultivated crops before transplant like Sesbania 

aculeata to replace a large portion of the suggested quantity of nitrogen fertilizer thereof in rice cultivation did not harm the 

yield (Buresh and Reddy, 2001). 

Green manuring ensures that the long term soil fertility and sustainability are improved by preventing the mining of 

nutrients and by reclaiming soils that are degraded besides increasing yield. Agricultural practices with repeated without 

organic fertilizer tend to cause a decline in the amount of organic matter in the soil with long-term negative effects on the 

long term soil productivity. Green manuring replenishes the organic stores and balances the supply of nutrients and 

therefore, sustains crop production over the long-run (Tilman et al., 2002). This augments green manuring particularly to the 

small holder farmers who have easy access to chemical fertilizers as well as increased cost of inputs. 

The modern day agricultural practice is also applicable to green manuring as a result of the environmental advantages that it 

comes with. Green manuring minimizes emission of green house gases by way of manufacturing and application of synthetic 

manure (Smith et al., 2008). It also increases the carbon sequestration of the soil, which aid in reduction of climate change. 

Moreover, the green manure crops can also minimize the increase of weeds, interference in pathogen and pathogen cycles, 

and enhance biodiversity in agro-ecosystems hence resulting in ecological balance (Drinkwater et al., 1998). 

There are numerous benefits that have been witnessed as a result of the adoption of green manuring but lack of awareness, 

competition over land, and economic benefits at the immediate levels are some of the numerous factors that have seen its 

adoption fail in most places. However, due to the increasing popularity of the concept of sustainable agriculture and the need 

to restore the health of soils, the issue of green manuring is now subject to new interest among researchers, policy-makers, 

and agricultural communities. This would be required in determining the role it could play in improving food security in 

designing effective soil management strategies that would make the soils remain fertile and yield crops, and safeguard the 

natural resources. 

Literature Review 

Green manuring is one principle that has largely been studied on as a sustainable mode of soil management to enhance the 

soil fertility and crop production across agro-ecological zones. The initial agronomic investigations were basing on the 

factuality of organic amendments to hold soils healthy in agro-ecosystems in which incessant cultivating and exploitation of 

chemical fertilizers had led to the degeneration of soils and consequent declining yields. The concept of green manuring, 

which can be described as the cultivation and incorporation of green biomass to the soil, has been proposed as the major 

contributor of organic matter and nutrients that stimulate the short-term crop productivity and the long-term soil 

sustainability (Brady, and Weil, 2016). 
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A lot of literature has been published on the significance of green manuring in improving the chemical characteristics of the 

soil particularly the soil nitrogen status. Biological nitrogen fixation Biological fixation of nitrogen has contributed to the 

development of research on leguminous green manure crop such as Sesbania, Crotalaria, Vicia and Trifolium. It has been 

revealed that the crops can accumulate high concentration of atmospheric nitrogen and a nitrogen concentration of between 

40 to above 200 kg N ha-1 by species, soil and climatic conditions (Peoples et al., 2009). The decomposition of the green 

manure residues as they are incorporated into the soil gives the soil the nitrogen in forms that are available to plants and 

therefore improves the nitrogen status of the soil in future. Research conducted on cereal systems has also gone on to indicate 

that green manuring can replace 25-60 percent of the recommended level of nitrogen fertilizer without losses in yield (Buresh 

and Reddy, 2001; Yadvinder-Singh et al., 2005). 

Besides increasing the nitrogen level, green manuring has also been noted to increase the supply of other vital nutrients like 

phosphorus, potassium, sulfur and micronutrients. The resulting organic acids can mobilise the fixation committed to 

calcareous and acidic soils and thus, the phosphorus that would otherwise be inaccessible is mobilised by the organic acids 

generated during the process of decomposing the residues (Palm et al., 2001). Other studies have established that the 

availability of phosphorus in the soil increased after addition of green manures and also the crops were able to take in more 

nutrients particularly in the soils that had been drained of most nutrients (Kumar and Goh, 2000). This is because nutrient-

enhancing ability of green manuring has led to the emergence of the importance of adopting green manuring as a nutrient 

management tool in an integrated nutrient management structure. 

The role of green manuring in the carbon dynamics and soil organic matter has been paid considerable attention by research 

in soil science. The organic matter of the soil is one of the main parameters which determine whether the soil is fertile and its 

decline is one of the major constraints of sustainable production of foods globally. Many long-term field experiments have 

proven that a regular utilization of the green manure crops could significantly increase the quantity of soil organic carbon, 

decrease the soil framework and enhance the retention of nutrients (Six et al., 2002; Lal, 2015). The growth of the roots is 

improved as the growth in the organic matter leads to the increase of porosity and consequently reduces the bulk density in 

the soil, thereby increasing the soil aggregation. These shifts in the physical properties of soil have been linked to higher crop 

production and drought and water stress resistance in particular of the rainfed agricultural systems (FAO, 2017). 

Green manuring has also a significant impact on the soil biological properties and these properties are currently being 

regarded as significant indicators of soil health. The addition and fresh organic residues encourage the activities of the 

microorganisms in the soil since it harbours energy and matter that can be used to proliferate. It has been observed that 

when green manure was added to the soils, there were significant increases in the microbial biomass carbon, enzymatic 

activities and soil respiration rate (Gregorich et al., 2001). Increased microbial activity enhances the rate of nutrient 

mineralization and enhances the harmonisation of nutrients and crop needs thereby, reducing the loss of nutrients. The 

comparative researches of organic and conventional systems have indicated a high degree of biological diversity and 

functional stability of soils fed on green manures in comparison with soils fed on inorganic fertilizers only (Drinkwater et al., 

1998). 

The interaction between fertilizer use performance on the one hand and green manuring on the other hand has been a 

popular literature issue. It has been found that combined nutrient management systems employing green manure in addition 

to chemical fertilizers can result in a better utilization of the nutrients in the soil and maintain the yield of crops unchanged 

or even increased. According to Palm et al (2001), the combination of organic and inorganic sources of nutrients increased the 

patterns of nutrient release with time and reduced the loss of nitrogen through leaching and volatilization. These findings 

suggest that green manuring is not only the process that enhances the soil fertility, but also the process that maximizes the 

use of fertilizers, which is an element of the cost-effective, socially and environmentally responsible agricultural systems. 

It has been established that through green manuring the crop yield of a high number of crops and crop systems has been 

affected. It has also been seen that introduction of green manure crop such Sesbania aculeata in rice-based systems prior to 

transplantation can help increase grain production, straw production and even in the absorption of nitrogen (Buresh et al., 

2001). All these yield-enhancing effects have been observed to be best when applied in wheat, maize, sorghum and vegetable 

crops particularly when there is regular application of green manuring during multiple seasons (Yadvinder-Singh et al., 

2005). This kind of increased yields has been attributed to an increase in terms of availability of nutrients, the capacity of the 

soil to retain more moisture or improved root growth. 

Long term research has shown that there should be manuring of the green lands so as to achieve stability and sustainability in 

their yields. Frequent agriculture by the use of non-organic fertilizers is likely to lead to yielding of diminishing crops due to 

mining of the nutrients and soil erosion. On the other hand, the cropping systems that involve the use of green manure have 

been discovered to be more consistent in terms of the yield over the years and also include better signs of soil fertility (Tilman 
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et al., 2002). This kind of a long term perspective would be particularly relevant to smallholder farming systems where the 

livelihood security of such systems would be achieved by sustaining soil productivity using a limited number of external 

inputs. 

Green manuring has not been left behind in the literature and environmental benefits of green manuring have been discussed 

extensively. Increased use of synthetic manure has been linked to emission of the green house gases, water pollution and soil 

acidification. Green manuring reduces the fertilizer chemical usage and also contributes to the reduction of nitrous oxide 

emission, as a result of the high efficiency of nitrogen usage (Smith et al., 2008). In addition, there is enhanced carbon 

sequestration due to high carbon organic matter brought about by use of green manure making green manuring a climate-

smart farming practice. 

It is known that the green manuring is significant in the regulation of the weeds and pests. Some of the works have unveiled 

that the heavy green manure plants discourage the growth of the weed by competing with the light, nutrients and space and 

reduce the weed seed banks (Teasdale, 1996). Moreover, the pest and disease cycle can be broken by diversification of the 

cropping systems through the use of the green manure that will result in reduced reliance on the pesticides and resistance to 

the agro-ecosystems (Altieri, 1999). 

Despite numerous evidences on the benefits of green manuring, it remains very low in majority of places. Researchers have 

attributed competition on land and labor demands and sluggishness in economic returns as some of the impediments to 

adoption (Giller et al., 2009). However, the recent studies also indicate the fact that green manuring is among the most viable 

ways to engage in sustainable agriculture bearing in mind such long-term effects as soil fertility restoration, crop yield 

stability, and the reduction of input costs. 

Green manuring has certain prospects especially in developing countries like south Asia since it is cheap and can be adapted 

to the local farming systems. Studies conducted in Pakistan and India have shown that the application of green manuring may 

cause a strong positive impact on the fertility of soil and crop production in rice-wheat and maize based systems that 

represent the primary mode of agriculture in the area (Yadvinder-Singh et al., 2005). The results make green manuring a 

topical issue of the effective solution to the issue of low soil fertility and food security. 

Overall, literature supports the role of green manuring as a multi-faceted soil management technique, which improves the 

chemical, physical, and biological properties of the soil and improves crop production and stability. The constant outcomes in 

the diverse conditions and cropping systems presented in the modern day agricultural research and practice underscores its 

role in the same. It is necessary to note however that further research is necessary to streamline the choice of the species, 

feeding time, and compatibility with the current farming technologies so that one can be capable of gaining the greatest 

benefits in the evolving agro-climate conditions. 

Methodology 

Research Design 

The research design applied in the study was the analytical and experimental research design in which the impact of green 

manuring in improving soil fertility and crop yield was tested. Primary data were generated in the natural agro-climatic 

conditions by means of field-based approach. The experimental design provided the ability to make a systematic comparison 

of the plots in case of a green manure treatment and in the case when the plots are managed by the traditional fertilization 

strategies. The design used was to establish the cause and effect relations of the green manuring practices on the changes 

observed in the indicators of soil fertility and the parameters of crop yield. 

Study Area 

The experiment was conducted in a farming field that had semi-arid to sub-humid climatic conditions that characterise large 

cereals producing regions of Punjab, Pakistan. Summer is hot with an average of 500 to 700 mm/per year of rainfall with 

most of the rainfall being received in the monsoon and winter is mild. The soils of the study area are either predominantly 

alluvial, loam texture and moderate fertility. The reason behind selecting this area was due to the nature of the 

predominantly cereal based farming systems and the overuse and constant cropping of the soils which has been greatly 

influenced by the chemical fertilizers. 

Design of Experiments and Interventions 

Randomized complete block design (RCBD) was employed to eliminate the influence of the spatial variation of soil 

characteristics. The experiment involved three treatments that were replicated. These were: (i) the control plot of which there 
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was no green manuring and which received the doses of recommended chemical fertilizers, (ii) green manuring alone and 

(iii) integrated treatment in which case there was the use of green manuring and lesser doses of recommended chemical 

fertilizers were applied. The size of all the experimental plots was uniform in order to perform consistency in agronomic 

operations. 

Sesbania aculeata is a leguminous crop, and Sesbania aculeata was selected as a green manure as the crop possesses a large 

capacity of biomass generation, high growth rate as well as it has the ability to fix nitrogen. The green manure was sown 

prior to the actual crop and the application in the ground took place at the time when the crop was in flower by the 

traditional means of tillage. Approximately 40-45 days after sowing, incorporation was made to maximize the biomass of the 

plant as well as add to the nutrients. 

Crop Management Practices 

Following the introduction of green manure, a principle test crop (rice or wheat according to the appropriateness of seasons) 

was planted, as well, according to the suggested agronomics. All the plots received equal amounts of irrigation, weed control 

and pest control to ascertain that the difference in yields could be much as a result of treatment effects. Specifications of 

treatment were applied to use chemical fertilizers, and reduced amounts of nitrogen to integrated plots were applied to find 

out the possibility of fertilizer replacement of green manuring. 

Soil Sampling and Analysis 

In order to establish alterations in the soil fertility status, the soil samples in each plot before the experiment started and after 

harvesting the crops were collected. The sample of the composite soil samples was sampled using a soil auger at a depth of 0-

15 cm and dried in air and sieved before being exposed to the laboratory using the conventional soil analysis techniques. 

Some of the parameters of the soil which were analyzed included the soil organic carbon, total nitrogen, available 

phosphorus, exchangeable potassium, soil pH and bulk density. To determine the soil organic carbon, the Walkley-Black 

method was employed whereas to determine the total nitrogen in the soil, Kjeldahl method of digestion was applied. Olsen 

method was used in the analysis of phosphorus available and flame photometry in the analysis of potassium content. These 

parameters were chosen because they were required to provide a complete measure of soil chemical and physical fertility. 

Crop Yield and Yield Components Measurement 

The physiological maturity time was used to take the data of crop yield. The parameters to be measured were the plants 

height, number of tillers or branched per plant, quantity of grains or biomass produced and the total above ground biomass. 

The one and the half grain of adjusted standard moisture content were obtained, obtained and presented in terms of hectare, 

from each of the plots. These yield components were used in order to establish the effect of green manuring on the crop 

productivity directly. 

Data Analysis 

The acquired data were evaluated statistical data with the help of the appropriate statistical software. Significant differences 

of treatments on soil fertility parameters and crop yield characteristics were established with the help of analysis of variance 

(ANOVA). The mean comparisons were done at a level of significance of 5 percent and the least significant difference (LSD) 

test was employed. Correlation analysis was also used to determine relations between soil fertility indicators and crop yield as 

well. 

Validity and Reliability 

In order to ensure validity and reliability of the findings, the standardized experimental procedures and laboratory methods 

were followed in the process of conducting the study. The replication and randomization reduced the error and bias in the 

experiments. The use of calibrated instruments and known methods in order to measure soil and yield was a way of ensuring 

the necessary consistency and accuracy. 

Ethical and Environmental Responsibilities 

Ethical research was carried out by the researcher by ensuring that there are responsible ways of land use and causing 

minimal environmental disruption. Green manuring also contributes to the sustainable principles of agriculture because it 

assists in the conservation of the soil, reduced use of chemical fertilizers, and assistance in the environmental protection. 
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Data Analysis and Findings 

The data collected in the field experiment was to be analyzed in order to establish the influence of green manuring on the 

parameters of soil fertility and crop yield. Comparison of the control plots, green manuring treatments, and integrated 

nutrient management treatments was carried out through the statistical results. The results are a good pointer to the 

contribution made by the practice of green manuring in enhancing the well being of the soils and ensuring that crop yield. 

Change in Soil Organic carbon 

The essential parameters of soil fertility and sustainability are organic carbon in the soil. It was found that the content of 

organic carbon in soil was immense in plots where green manuring was practiced as compared to the control treatment. It 

was relatively well uniformed before the experiment with the level of soil organic carbon in all the plots thereby similarity in 

the baseline soil condition. However, after harvest, the content of organic carbon in the plots green-manured increased 

significantly as a result of new biomass placed in the soil. 

The increase in soil organic carbon was greatest in the plots that were receiving treatment with green manuring alone and 

then the integrated treatment. However, on the contrary, there was a very slight improvement in the control plots that were 

performed with the chemical fertilizers only. The consequent increase in the organic carbon leads to the degradation of the 

green manure biomass, which lead to the addition of the organic residues and to the activity of the microorganisms. The 

findings support the fact that green manuring is useful in the restoration of the soil organic matter, which is normally 

debilitated through continuous intensive cultivation. 

Table 1: Effect of Green Manuring on Soil Organic Carbon (%) 

Treatment Before Experiment After Harvest 

Control (Chemical Fertilizer) 0.54 0.56 

Green Manuring 0.55 0.72 

Green Manuring + Reduced Fertilizer 0.54 0.68 

Effect on Soil Nitrogen Content 

The availability of soil nitrogen had a significant reaction to green manuring treatments. In statistical analysis, it was noted 

that the total nitrogen concentration of the soil significantly rose in plots that contained incorporation of the leguminous 

green manure. This growth has been contributed immensely by biological fixation of nitrogen by the green manure crop and 

subsequent release of nitrogen upon decomposition of the residue. 

The integrated treatment was also found to use its nitrogen efficiently as the treatment had higher levels of nitrogen as 

compared to the control even though the treatment received less chemical fertilizer. This observation underscores the 

potential of green manuring as a substitute of fertilizers. Conversely, the concentration of nitrogen in the control plots did not 

change much indicating that there were higher losses of nitrogen and reduced retention of nutrients when single fertilizer of 

chemical origin was used. 

Table 2: Effect of Green Manuring on Soil Total Nitrogen (%) 

Treatment Total Nitrogen (%) 

Control 0.042 

Green Manuring 0.061 

Green Manuring + Reduced Fertilizer 0.057 

Availability of Phosphorus and Potassium 

Green manuring contributed tremendously in the supply of phosphorus and potassium in the soil. The growth of phosphorus 

was greater on green-manured plots which can be explained by the decomposition of organic acids and consequently, 

phosphorus was more readily soluble. Likewise, there was an increase in the availability of potassium, the cation exchange 

capacity was increased by the increase in organic matter content. 

The integrated treatment was always better than the control which showed that the overall nutrient availability was 

improved by the green manuring and also showed that the efficiency of nutrient cycling was also increased as a result of 
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green manuring. These results underscore the importance of green manuring not just in the enrichment of soil with nitrogen, 

but also in general improvement of the soil fertility. 

Table 3: Effect of Green Manuring on Available Soil Nutrients 

Treatment Available P (mg kg⁻¹) Available K (mg kg⁻¹) 

Control 7.8 121 

Green Manuring 11.4 146 

Green Manuring + Reduced Fertilizer 10.6 139 

Changes in Soil Physical Properties 

Green manuring had a positive effect on the physical properties of soil especially the bulk density. The use of organic biomass 

decreased the compaction of soil and enhanced the structure of soil. Green-manured plots would show lower values of bulk 

density and this was because soils had a better porosity and aeration. 

The soil structure is also enhanced bestowing improved penetration of roots, water uptake, and water retention which is 

crucial in the growth of crops. The control treatment exhibited relatively greater bulk density, which shows bad physical 

conditions of the soil in the case of the continuous use of chemical fertilizers. 

Table 4: Effect of Green Manuring on Soil Bulk Density (g cm⁻³) 

Treatment Bulk Density 

Control 1.42 

Green Manuring 1.29 

Green Manuring + Reduced Fertilizer 1.31 

Crop Yield and Yield Components 

The data of crop yields demonstrated that there are considerable differences in treatments. The use of green manuring in 

farming techniques was able to significantly enhance the yield as well as the total biomass of grain in contrast to the control. 

The integrated treatment and green manuring alone recorded the highest and second highest grain yields respectively. The 

treatment that yielded the lowest was the control treatment and this is indicative of the shortcomings of complete dependence 

of chemical fertilizers to maintain productivity. 

Better nutrient availability, better soil retention through moisture and better root development can be viewed as the 

explanations of better yield performance in green-manured plots. The components of yield, including plant height, the 

number of tillers, and the production of biomass was also better in green-manured treatments indicating general 

improvement of the crop vigor. 

Table 5: Effect of Green Manuring on Crop Yield 

Treatment Grain Yield (t ha⁻¹) Biomass Yield (t ha⁻¹) 

Control 3.42 7.8 

Green Manuring 4.28 9.6 

Green Manuring + Reduced Fertilizer 4.45 10.1 

Statistical Significance of Treatments 

The results of the analysis of variance (ANOVA) proved that the differences in soil fertility parameters and crop yield that 

were observed between the treatments were statistically significant at the 5% level. Mean comparison by the LSD test also 

indicated that the manuring treatments (that were green) were significantly different to the control in most of the variables 

measured. These findings confirm the validity of the experimental results and the effect of using green manuring as an 

effective management practice in managing the soil fertility. 
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Correlation Coefficients between Soil Fertility and Crop Yield 

The correlation analysis indicated that there was a positive strong relationship between soil organic carbon, total nitrogen 

and crop yield. The increased level of organic carbon was linked to increased available nutrients and enhanced yield 

performance. Equally, larger nitrogen levels had significant positive relationship with the yield of the grain, which also 

illustrated that the crop had a good utilization of the nitrogen provided by the green manuring process. 

The integrated characteristics of soils in these relationships indicate that soil fertility enhancement by green manuring is 

characterized by improvements in chemical and physical properties of soil which work together to achieve high crop yields. 

Summary of Findings 

As observed in this study, there is a clear evidence that green manuring is very effective in the enhancement of the soil 

fertility because it improves the levels of organic carbon, nitrogen content, nutrient availability, and physical characteristics 

of the soil. These enhancements result in enhanced crop yields and improved yield components relative to the traditional 

chemical fertilizer activities. Combined application of green manuring and less used chemical fertilizers input was the most 

effective treatment which had both productivity and sustainability advantages. 

In general, the evidence allows concluding that green manuring is a sustainable agronomic practice that has a potential of 

enhancing soil health, boosting crop production, and decreasing the use of synthetic fertilizers. 

Discussion 

The results of this paper show clearly the beneficial effect of green manuring in enhancing soil fertility and crop productivity 

in supporting the ever-increasing literature supporting sustainable nutrient management strategies. The pronounced rise in 

the content of soil organic carbon in green-manured plots supports the previous data that the introduction of new plant 

biomass increases the content of the soil organic matter and makes the soil structure better (Six et al., 2002; Lal, 2015). 

Higher levels of organic carbon enhance superior soil aggregation, better moisture retention and nutrient holding capacity all 

of which are essential in sustainable crop production. The fact that the enhancement of organic carbon was relatively small 

when using only the chemical fertilizers indicates the weaknesses of inorganic fertilizer in preserving the long-term soil 

health. 

Biological fixation of nitrogen by leguminous green manure crops is the main factor in the improvement of the green-

manured soils in terms of nitrogen. The result is related to other studies that have found significant nitrogen contributions by 

the use of green manures, which decreases the reliance of synthetic nitrogen fertilizers (Peoples et al., 2009; Giller, 2001). 

The integrated treatment, a combination of the green manuring and lesser chemical fertilizer input, had attained the same or 

greater nitrogen as it had been attained during the full chemical fertilization. That is why green manuring can be used to 

replace mineral fertilizers at least to some extent and preserve the fertility of the soil and crop yield. 

The fact that phosphorus and potassium became more accessible also speaks in favor of the multifunctional role of green 

manuring in the cycling of nutrients. Organic acids that were released by the decomposing green manure residues probably 

increased the solubility of nutrients and decreased nutrient fixation within the soil, which increased nutrient availability to 

crops (Palm et al., 2001). These findings are in line with the previous studies that have shown organic amendments improve 

the efficiency of macro and micronutrient acquisition by crops (Kumar and Goh, 2000). Plant improvement is especially 

important where the soils have been affected by a long history of using chemical fertilizers thus creating nutrient imbalances. 

The decrease in the soil bulk density of green-manured plots indicates the increase in the soil physical properties that are 

important in the growth of the roots and absorption of water. Enhanced soil structure leads to increased aeration and 

penetration of roots finally leading to increased crop growth and production. Green manure incorporation has reported 

similar improvements in the physical conditions of the soil in long-term field studies (FAO, 2017). These material 

enhancements augment the chemical and biological advantages of green manuring and bring out the holistic influence of 

green manuring on the soil health. 

Further confirmation of the success of green manuring as a sustainable agronomic innovation is crop yield output. The high-

yield of the same in green-manured and integrated treatments justifies results of previous research in the context of cereal 

based cropping systems, specifically in rice-wheat rotations (Yadvinder-Singh et al., 2005). The enhanced performance of the 

integrated treatment shows that a mixture of green manuring and a decreased use of chemical fertilizers is the most efficient 

method of making nutrients available and improving the use of fertilizers. This will not only increase yields but will also help 

lower the cost of production and also minimize the environmental hazards caused by high fertilizer application. 



EcoBiotics: Journal of Animal & Plant Sciences | 1(4), 42-51, 2025 

 

 

50 

A positive relationship between the indicators of soil fertility and crop yield also supports the interdependence between soil 

health and crop productivity. The relationship between higher soil organic carbon and nitrogen content and higher crop 

yields were found to be very strong, implying that the enhancement of soil fertility by green manuring has a direct 

proportional relationship with the agricultural output. The results are in line with sustainable agriculture systems that focus 

on soil organic matter as the main productivity and resilience driver (Tilman et al., 2002). 

On the whole, the findings of the given research are very consistent with the literature and reflect the empirical data about 

the feasibility of green manuring implementation in modern agribusiness. Green manuring provides a cheap and 

environmentally friendly solution to the problem of maintaining crop production in the context of Pakistan and other poorer 

nations where the problem of soil fertility degradation and increasing input prices is an issue of concern. 

Conclusion 

The current research comes to conclusion that green manuring has a major and complex role in increasing soil fertility and 

crop yield. Vegetation of leguminous green manure crops significantly enhanced the soil organic carbon, total nitrogen and 

the availability of nutrient essentials like phosphorus and potassium. The physical properties of the soil, especially lower bulk 

density, were also made, which enhanced the growth of the crops further. 

The results prove that green manuring does not only enhance the health of the soil but also produces impressive crop yield 

and biomass. Combination of green manuring and a lower chemical fertilizer application has been found to be the most 

constructive treatment, which provided a balanced solution, which would yield maximum productivity and minimum 

environmental harm. This shows that green manuring has a promise of decreasing the use of synthetic manure without 

yielding back. 

All in all, green manuring is a viable and sustainable method of agronomy and can be used to revive soil fertility, enhance 

crop production and sustain agriculture in the long run. The adoption of it can be of importance in dealing with soil 

degradation and food issues, especially in cereal-based agricultural systems. 

Recommendations 

Relying on the results of this research, one can make the following recommendations: 

To begin with, it is necessary to promote the use of green manuring by the farmers, in particular the use of leguminous 

species as a part of the wide-ranging soil fertility management approach. The long-term benefits of green manuring should be 

raised through extension services and agricultural advisory programs on the long run benefits of the process of green 

manuring on soil health and crop productivity. 

Second, green manuring is to be associated with a lower rate of the chemical fertilizers to enhance the efficiency of nutrient 

utilization and reduce the production cost. The integrated nutrient management strategies development should be promoted 

by the policy makers and agricultural institutions using means of subsidies, training, and demonstration trials. 

Third, subsequent studies need to be aimed at improving the selection of green manure species, timing of biomass 

incorporation and compatibility of the cropping system in various agro-climatic conditions. To determine the effects of green 

manuring on the climate resilience and soil carbon sequestration in the long term, such studies are required. 

Lastly, the use of green manuring in national soil health and sustainable agriculture initiatives by the government and 

research organizations must be included. Such practice should be encouraged to achieve long-term beneficial effects on the 

environment such as sustainable farming, minimization of chemical contamination, and enhancement of food security. 
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