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			Abstract | Sustainable agriculture practices mean fulfilling the needs for food in current time with minimal effects on the environment and public health. This study provides the status of a tomato (Solanum lycopersicum) orchard, its wide benefits, and presents an insight into the use of pesticides and their effects on life as well as the wastage of food resources by the human population. The study was carried out in a tomato orchard located in Talash town of District Dir Lower, Pakistan. During the study, packs of all agrochemicals were collected, and specifications were noted. All bird, plant, and insect species were recorded and identified. The behavior of birds along with day-to-day pictures were taken for the record. The food cycle was constructed. Literature was studied to find relevant articles for agrochemicals. The results showed that a total of nine chemicals were used as pesticides, of which emamectin benzoate and mancozeb were most common. All used chemicals were found to have toxic effects on non-target organisms. House crow (Corvus splendens), Common myna (Acridotheres tristis), and Red-vented bulbul (Pycnonotus cafer) were the most common bird species of the orchard. A 70-day-long tomato cycle was also constructed. The results revealed that species are interdependent even in a small orchard. This study concludes that pesticides have direct and indirect drastic effects on life, as organisms are dependent on each other, and we should avoid wasting food to sustain life.
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			Introduction

			Decades ago, agrochemicals were introduced aiming at enhancing crop yields and protecting them from pests. Soil and water constitute the two basic needs over which life depends on. Modern agriculture practices including pesticides and fertilizers have the potential to bring unwanted harm to life on earth. Generally, laymen are unaware of the consequences of modern agriculture practices which include pesticides (with many classes like rodenticides, herbicides etc.) and are used many folds. Insects, nematodes, weeds and fungi are generally controlled using pesticides at large level. The unwanted practices have changed life in many ways by changing soil structure and composition, disturbance of chemical cycles, water loss, invasion of harmful insects and removal of beneficial. 

			The rise in population of humans over the past decades has urged mankind to produce more yields without foreseeing the effects. Water bodies are severely degraded and polluted using such chemicals without being added directly (mostly) to these water bodies. Acute and chronic toxicity becomes the fate of aquatic fauna and flora including human subjects. Scientific interest has been increased for the alternatives of pesticides to overcome the degrading effects of pesticides.

			The industrialization of the agricultural sector has increased the chemical burden on natural ecosystems. Towards the achievement of sustainability in food production, pesticides play a very important role. Without the use of pesticides, there would be a 78% loss of fruit production, a 54% loss of vegetable production, and a 32% loss of cereal production. However, concerns are due to its effect on human health and the environment. As an example, in 2003, the global market for pesticides by worldwide regions was the following: European Union: 28%; North America: 25%; South America: 18%; Asia and Africa: 30%. It is expected that in 2050 the world will need 70% more food than in 2010, especially in Africa, and Asia (Zhang et al., 2011). A significant growth in chemical pesticides use is unavoidable. Nearly 50% of the world labor force is employed in agriculture as reported by the global market for pesticides by worldwide regions (Popescu et al., 2021), and therefore many subjects are directly exposed. For example, occupational exposure to pesticides in agriculture concerns product distributors, mixers and loaders, applicators, bystanders, and rural workers re-entering the fields shortly after treatment (Mamane et al., 2015). Insect pests are the major source of crop damage, yield and quality reduction in Pakistan and elsewhere in the world. Residues of pesticides can be found in a great variety of everyday foods and beverages, including for instance cooked meals, water, wine, fruit juices, refreshments, and animal feeds.

			A wide range of population in Pakistan is connected to agriculture and so exposed to pesticides. Besides other consequences, the resistance development in pests is also a rising issue. As resistance increases, the amount of pesticides that are used also increases. About 954 weeds, arthropods etc. have developed resistance so far (Kole et al., 2019). Biological, genetic and operational factors are involved in the development of resistance. Humans are exposed to these pesticides via different ways including the consumption of meat, eggs, milk and seafoods. The effect is not direct but a long-term exposure to these chemicals causes health hazards. Some of the most rising challenges include resistance development, over-reliance, non-target toxicity, biodegradation and biomagnification due to pesticides. Integrated pest management provides a friendly way of crop protection in connection with life protection. 

			With the increase in diversity of plants in an ecosystem there is always a net increase in arthropod diversity (Ebeling et al., 2018; Venail et al., 2008), and in a laboratory ecosystem there is also a positive relationship (Kassen et al., 2000), however, another study of ants diversity shows that it is temperature, not productivity that controls diversity (Sanders et al., 2007). Diversity also increases carbon storage (Ruiz-Benito et al., 2014). The birds play a vital role in the ecosystem; from picking up seeds to a role in pollination and then a critical role as scavenger. 

			The food wastage lost millions of valuable resources, but still it is poorly understood and poorly taken as a serious issue. We are wasting food at all stages, from harvesting up to consumption of that food (Schneider, 2008). The food wastage ratio is high in developing countries where there is less availability of food storage facilities but developed countries have these facilities and are coping with these issues effectively (Schneider, 2008). Food and economic security of the region is essential regarding the health of people and animals and is a step toward conservation of endangered animals and plants. In southeast Asia, annually about 33% of the total food is wasted, however there is no rigid data available in literature (Teng and Trethewie, 2012) and it may be many folds high. Since the 20th century, the global human population has been increasing at an exponential level and therefore the need for food is also growing. Humans have developed ways for food production in many folds. This growth in population would not have been possible without the parallel increase in food production. The current research articles focus on the agrochemicals used at local level in small orchard in addition to the interdependence of fauna and flora.

			It is difficult to assume any benefit or harm from an ecosystem while considering a single factor, especially from an agricultural ecosystem (Montoya et al., 2020). The current research study highlights the indirect and direct effects of some of the mostly used pesticides in agriculture as well as the wastage of food resources by the human population.

			Materials and Methods

			This study was carried out in a small town Talash of District Dir Lower of Khyber Pakhtunkhwa province of Pakistan from June to October 2023. Dir Lower is a district located at the northeast side of Khyber Pakhtunkhwa with borders connecting Pakistan with Afghanistan and China. The area is characterized by vegetables and fruits along with tall standing trees in mountainous and sub mountainous areas. The google coordinates for this area are 34.761° N, 71.930° E. The area has sparse vegetation with a diverse range of tree species. People here grow tomato, wheat, barley and other vegetables and cereals. The annual rainfall is about 1400mm.

			In this study, an orchard of tomato was selected. All plants in the orchard have been shown Table 2. All species that attack tomato plants or feed on them are part of this study.

			Pesticides that were used during the study duration were collected from its packs, as incorporated by (Hlihor et al., 2019). All the specifications including origin of pesticides, percentage and weight by weight composition were recorded and incorporated in Table 3. 

			Literature was surveyed for the recorded effects of pesticides and were compared to our study (Bibi et al., 2024; Toorang et al., 2024). Reported organisms, pesticides with specifications and all plants are presented in the tables given in results section.

			All graphs and figures presented in this article were created using Microsoft Excel and Microsoft PowerPoint, respectively. The data visualization tools in Excel were utilized to generate informative graphs, while PowerPoint’s design features were employed to prepare clear and concise figures, effectively communicating the research findings.
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			Figure 1: Google Earth view of the study area.

			Results

			The findings of this study which are presented below reveal an important correlation between exposure of organisms to pesticides, their cumulative effects and highlights the food wastage. This study highlights strict regulation and mitigation strategies to minimize environmental and health impacts. A pyramid of food was developed and imagined given in Figure 2. The pyramid highlights that at bottom all species are small but many in number. As we go from bottom to top, the number of species decreases while the size of species increases. 

			Table 1: Species that were reported from the Orchard.

			
				
					
					
					
					
					
				
				
					
							
							Scientific Name

						
							
							Common name

						
							
							Role in Environment

						
							
							Family

						
							
							No. of individuals

						
					

					
							
							Coccinella Septempunctata

						
							
							Seven spotted ladybird

						
							
							Farmer friendly

						
							
							Coccinellidae

						
							
							341

						
					

					
							
							 ...

						
							
							Long snouted weevil

						
							
							Harmless

						
							
							Curculionidae

						
							
							197

						
					

					
							
							 ...

						
							
							Grass crab spider

						
							
							Predator

						
							
							Thomisidae

						
							
							36

						
					

					
							
							 ...

						
							
							June Beetle

						
							
							Harmless

						
							
							Scarabaeidae

						
							
							109

						
					

					
							
							 ...

						
							
							Leaf beetle

						
							
							Eat leaves

						
							
							Chrysomelidae

						
							
							265

						
					

					
							
							 ...

						
							
							American sundy

						
							
							Eat leaves

						
							
							 ...

						
							
							73

						
					

					
							
							Acridotheres tristis

						
							
							Common Myna

						
							
							 Friendly

						
							
							Sturnidae

						
							
							134

						
					

					
							
							Pycnonotus cafer

						
							
							Red-vented Bulbul

						
							
							Harmless

						
							
							Pycnonotidae

						
							
							32

						
					

					
							
							Corvous spelendens

						
							
							House Crow

						
							
							pest species

						
							
							 ...

						
							
							12

						
					

				
			

			Table 2: Plant species inhabited by Species.

			
				
					
					
					
					
				
				
					
							
							S. No.

						
							
							Local Name

						
							
							Scientific Name

						
							
							Animal Species Supported

						
					

					
							
							1

						
							
							Spena Shandai

						
							
							 Ailanthus altissima

						
							
							Two bird species supported for nests

						
					

					
							
							2

						
							
							Toot

						
							
							Morus alba

						
							
							Many species including nests.

						
					

					
							
							3

						
							
							Khona

						
							
							Olea ferruginea

						
							
							Some two species of ants

						
					

					
							
							4

						
							
							Gultoot

						
							
							Broussonetia papyrifera

						
							
							Only one invertebrate species

						
					

					
							
							5

						
							
							Teghaga

						
							
							Celtis australis

						
							
							Several invertebrate species and two bird nests.

						
					

					
							
							6

						
							
							Malki Shandai

						
							
							Melia azedarach

						
							
							Nests of House Crow and Common Myna

						
					

					
							
							7

						
							
							Enzar

						
							
							Ficus carica

						
							
							Several invertebrate species
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			Figure 2: Showing pyramid of organisms depending on each other, one above the other.

			Tomato crop cycle (from planting to first harvesting) has been summed up in Figure 2. Crops were planted on 9th of June 2023 while it was harvested for first fruiting on the 6th day with first insect infestation on 47th day, since then several chemicals classified as herbicides and insecticides were sprayed over the entire duration. 

			Faunal Composition of the Orchard

			A total of nine species belonging to insects and birds were recorded in the orchard Figure 4. The species composition and their respective counts are presented in Table 1. The ladybird was the most abundant species, with a count of 341 individuals, while the house crow was the least abundant, with a count of 12 individuals. Among these species, the house crow and common myna are considered pest species (Anjum et al., 2021), whereas three species are harmless to plants. Table 1 also highlights the ecological role of each species, along with their common names.

			Tree Species Composition

			The study area comprised seven different tree species presented in Table 2, which support various organisms, including birds’ nests, ants, and other invertebrate species.

			Agrochemicals Used

			During the study period, nine types of agrochemicals were used in the orchard presented in Table 3. The table lists the agrochemicals, their origin, weight, percentage, and adverse effects. A detailed discussion of these agrochemicals and their effects is provided in the Discussion section, along with relevant references.

			Discussion

			The overuse of agrochemicals has raised serious concerns regarding their unintended impacts on non-target species, specifically in sensitive ecosystems. In Dir Lower, Khyber Pakhtunkhwa, tomato (Solanum lycopersicum) orchards are extensively treated with agrochemicals for crop protection and yield enhancing. However, the potential toxic effects of these chemicals on beneficial organisms, soil health, and biodiversity remain largely unexplored. The purpose of this 
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			Figure 3: Tomato crop cycle comprised of 70 days (planting to 1st harvesting) in the study area.
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			Figure 4: showing organisms reported from tomato orchard.

			study was to assess the ecological risks associated with pesticide application in tomato orchards by analysing its impact on non-target species. To achieve this, field investigations were conducted to evaluate pesticide residues, species diversity, and physiological responses of affected organisms. This research aims to provide insights into the environmental consequences of pesticide use and contribute to the development of sustainable pest management strategies.

			Common myna (Acridotheres tristis) has been reported with a state of being a pest and invasive in some new areas (Markula et al., 2009) by harming the crops but beside this it also helps to predate on invertebrates in the same ecosystem. In this study, common myna (n=134) is not enough to be called a pest.

			Lufenuron (Table 3) is reported to have adverse effects on organisms like it is known to be chitin-synthesis inhibitor, intrude development of Drosophila melanogaster, its high perseverance of activity, toxic to larval and egg stage of Chrysoperla externa, while also used as a treatment for fungal infections of dogs and cats (Ben-Ziony and Arzi, 2000; Bueno and Freitas, 2004; Navarro-Llopis et al., 2004; Wilson and Cryan, 1997).

			Kasugamycin (Table 3) is selective in its effects but also have minimal effects on amino acylation of sRNA (TANAKA et al., 1966), an effective antibiotic (McGhee and Sundin, 2011), it is generally known to be nontoxic to microorganism, but recent studies declare its effects on some bacteria, inhibiting growth of some bacteria while enhance growth of others (Huang et al., 2010).

			Copper based compounds are extensively used in agriculture sector as pesticides. One of them is Copper Oxychloride which is reported to cause damage to endometrium and cervix, Earth worm is a farmer friend, but certain stages of earth worm were found affected by copper oxychloride (Beltran-Garcia et al., 2000; de Oliveira-Filho et al., 2004; Reinecke et al., 2002).

			Mancozeb is an ethylene-bis-dithiocarbamate complex with manganese and zinc fungicide which has 

			Table 3: List of agrochemicals used and their respective adverse effects with amount. References given in the discussion section.

			
				
					
					
					
					
					
					
				
				
					
							
							S.No

						
							
							Origin

						
							
							Active ingredients

						
							
							% composition

						
							
							w/v composition

						
							
							Effects

						
					

					
							
							1

						
							
							China

						
							
							Emamectin Benzoate

						
							
							0.90%

						
							
							10g/L

						
							
							irreversible immobilization in copepods which is a non-target species, severely affect zebra fish, bee, partridge and silkworm.

						
					

					
							
							2

						
							
							China

						
							
							Lufenuron

						
							
							1.80%

						
							
							20g/L

						
							
							intrude development of Drosophila melanogaster, chitin-synthesis inhibitor

						
					

					
							
							3

						
							
							China

						
							
							Kasugamycin

						
							
							2%

						
							
							N/A

						
							
							amino acylation of sRNA, inhibit growth of bacteria

						
					

					
							
							4

						
							
							China

						
							
							Copper Oxychloride

						
							
							45%

						
							
							N/A

						
							
							drastically affect earth worm; a friend to farmer

						
					

					
							
							5

						
							
							China

						
							
							Mancozeb

						
							
							64%

						
							
							640g/kg

						
							
							apoptosis in mice, development of Parkisnon's disease and cancer, increase in ROS

						
					

					
							
							6

						
							
							China

						
							
							Metalaxyl

						
							
							8%

						
							
							80g/kg

						
							
							causes leaf necrosis, lethal effects on earth worm, affect soil quality, decrease in protein and albumin level, causes increase in WBCs.

						
					

					
							
							7

						
							
							China

						
							
							Thiamethoxam

						
							
							25%

						
							
							250g/kg

						
							
							high toxicity for Epitrix fuscula, affect gills of Gammarus kischineffensis, and causes deletorious effects on freshwater biota

						
					

					
							
							8

						
							
							China

						
							
							Emamectin Benzoate

						
							
							2.04%

						
							
							19g/L

						
							
							irreversible immobilization in copepods which is a non-target species, severly affect zebra fish, bee, partridge and silkworm.

						
					

					
							
							9

						
							
							N/A

						
							
							Acetamiprid

						
							
							20%

						
							
							N/A

						
							
							generates toxic metabolites in brain, liver, plasma and urine of rodents. neurological, hepatorenal, immunological, genotoxic and reproductive effects in mammals

						
					

				
			

			been reported to have toxic effects on different organisms. It is used extensively in United States as fungicide and has numerous effects on reproductive, nervous, endocrine and immune system (Tsang and Trombetta, 2007). In mice, it encourages embryo apoptosis and damage to oocytes and has an impact on fertilization (Paro et al., 2012), formulation effects on Perionyx excavates (De Silva et al., 2010), reduces sperm count in mice (Khan and Sinha, 1996), is also linked with the development of Parkinson’s disease and cancer (Santos et al., 2009), it is also known to be neurotoxicant by increasing Reactive oxygen species (ROS) level (Domico et al., 2007), these data from scientists proves Mancozeb to be harmful in any combination to all forms of life.

			Metalaxyl [N-(2,6-dimethylphenyl)-N-(methoxyacetyl) alanine methyl ester, a fungicide when tested on different decorative plants, mostly accumulated in leaves and caused leaf necrosis, therefore these may be used for phytoremediation (Wilson et al., 2001), in earthworm Eisenia foetida it has a lethal effect (Xu et al., 2011), affecting soil quality (Monkiedje et al., 2002), it also caused decrease in protein and albumin level, while increase in total WBC count (Al-Amoudi, 2012).

			Thiamethoxam is a neonicotinoid pesticide which degrades readily to clothianidin causing harmful effects to non-target species (Cavallaro et al., 2017), presents a high toxicity level for Epitrix fuscula (McLeod et al., 2002), beside these, it is harmful for freshwater biota, where they have been reported to cause some deleterious effects (Saraiva et al., 2017), vacuolization and hemostatic permeation in the gills of Gammarus kischineffensis (Uğurlu et al., 2015). 

			Emamectin Benzoate, a pesticide which causes irreversible immobilization in a species of copepods which is a non-target species (Willis and Ling, 2003), it is very much exterminating to zebra fish, bee, partridge and silkworm (Cang et al., 2007), all of these are beneficial and play a vital role in ecosystem maintenance. The Emamectin Benzoate is reported to be toxic toward larval development, reduces feeding damage, but also helps to control secondary pest population (El-Sheikh, 2015; Ioriatti et al., 2009), it also shows some effects to avian communities, and shows to have induced changes on hematology of male rats (Cheng et al., 2015; El-Sheikh and Galal, 2015). Extensive data is limited about emamectin, but the current literature shows that this pesticide is harmful for the non-target organisms (Lumaret et al., 2012; Willis and Ling, 2003).

			Acetamiprid generates toxic metabolites in the brain, liver, plasma and urine of rodents. It is also reported to have neurological, hepatorenal, immunological, genotoxic and reproductive effects in mammals (Phogat et al., 2022).

			International Figures for Food Wastage

			Food saving offers more positive and very fewer negative reimbursements with respect to people and nature. Different international organizations and journals have extensively presented data on food wastage. (Dou et al., 2016) reports that annually about seventy million metric tons of eatable food is wasted only in the USA. Another study shows that about 40% of food goes to waste (Dou Zhengxia et al., 2016). A study in Britain reveals that adult in a family waste more food than children (Wenlock et al., 2008). It is estimated that annually one quarter of the produced food is lost during the food supply chain (Kummu et al., 2012). Whatever the global estimates may be, it is obvious from the observer’s eye that we are wasting our food at an exponential rate which is far alarming for us, the next generations and for all kinds of life on the globe.

			Interdependence of organisms

			Whether small or large ones, orchids have flowers which are only pollinated by specific flies (Weston et al., 2005). Several small and large organisms have been reported here which depend upon this small orchid and each other. Short as well as long food chains are formed due to these organisms and ultimately all food webs are managed and structured from these organisms. The plant is the ultimate source of food for these individuals. These species include both beneficial and harmful invertebrates and vertebrates in the form of insects, birds and so on.

			In summary, this study has investigated the drastic effects of pesticides on non-target species that are applied to agricultural spots. These results underscore the importance of effects of pesticides on non-toxic organisms and contribute to our understanding of pesticides and their risks. As we move forward, it is important to suggest pre and post risk assessment of pesticides. Ultimately, this research highlights the need for strict follow up of pesticides industries and preparation of agrochemicals that have minimum effects. We hope that our findings will inspire future investigations and spark meaningful discussion in the field.

			Conclusions and Recommendations

			This study highlights the importance of prevention of food from wastage. Organisms are dependent on each other even in a small orchard too, therefore, use of chemicals should be monitored as to prevent biomagnification. The study concludes that agrochemicals, especially pesticides, have been known for their toxic effects on behavior, reproduction, normal function and physiology of non-target organisms. The question focused on this article was to assess the risk of pesticides on non-target species and urge to use food in sustainable ways. The study urges a complete risk assessment of all pesticides used in Pakistan and abroad. The study suggests that future research should focus on food preservation, minimal loss of food and control over the population for having food for all.

			Novelty Statement 

			This study exposes the toxic effects of agrochemicals on non-target organisms in a tomato orchard ecosystem, highlighting the need for sustainable practices. It reveals the alarming impact of pesti-cides on species interdependence, emphasizing the importance of eco-friendly alternatives for food security.
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Abstract | Sustainable agriculture practices mean fulfilling the needs for food in current time with minimal
effects on the environment and public health. This study provides the status of a tomato (Solanum lycopersi-
cum) orchard, its wide benefits, and presents an insight into the use of pesticides and their effects on life as
well as the wastage of food resources by the human population. The study was carried out in a tomato orchard
located in Talash town of District Dir Lower, Pakistan. During the study, packs of all agrochemicals were
collected, and specifications were noted. All bird, plant, and insect species were recorded and identified. The
behavior of birds along with day-to-day pictures were taken for the record. The food cycle was constructed.
Literature was studied to find relevant articles for agrochemicals. The results showed that a total of nine
chemicals were used as pesticides, of which emamectin benzoate and mancozeb were most common. All
used chemicals were found to have toxic effects on non-target organisms. House crow (Corvus splendens),
Common myna (Acridotheres tristis), and Red-vented bulbul (Pycnonotus cafer) were the most common bird
species of the orchard. A 70-day-long tomato cycle was also constructed. The results revealed that species are
interdependent even in a small orchard. This study concludes that pesticides have direct and indirect drastic
effects on life, as organisms are dependent on each other, and we should avoid wasting food to sustain life.
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