


Review Article
Contemporary Insights into Wheat Aphid Biology, Ecological Drivers, and Integrated Pest Management in Indian Wheat Production

Abstract
Wheat (Triticum aestivum L.) – is one of the most important cereal crops at the global level with its productivity greatly affected by insect pests among which aphids (Hemiptera: Aphididae) are the most harmful sap-suckers. Wheat aphids cause direct damage through removal of phloem sap and indirect damage through transmission of viral diseases, in particular Barley Yellow Dwarf Virus (BYDV). In India and other wheat growing regions, aphids have evolved from sporadic to regular and economically important pests as a result of climate change, intensified cropping systems and application of nitrogenous fertilizers. The aphid complex in wheat is mainly comprised by Sitobion avenae, Sitobion miscanthi, Rhopalosiphumpadi and Rhopalosiphum maidis that differ on their ecology, feeding behaviour and potential for damage. This review provides an overview on updated information on history, hosts range taxonomy life cycle seasonal dynamics economic threshold levels symptomology and yield losses caused by wheat aphids. Emphasis is given to IPM strategies including cultural mechanical biological botanical microbial chemical control measures. Upcoming challenges like insecticide resistance climate variability declining natural enemy populations are brought into notice. Review throws light on future research needs for development of sustainable climate resilient management practices against wheat aphids in wheat ecosystems.
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INTRODUCTION
Wheat (Triticum aestivum L.) is among the main staple foods in the world and contributes about 20 per cent of the total caloric requirement of humans. In India, wheat is grown on an area of approximately 31 million hectares with the overall production exceeding 110 million tonnes thus making India the second largest wheat producing country in the world. However, despite all these efforts made in genetic transformation and agronomic practices, insect pests remain one of the major constraints towards realization of optimal wheat yield level. Under this category aphids are identified as principal sap-sucking pests which attack wheat crop as was highlighted by earlier global syntheses done by Blackman And Eastop (2000) cited on Indian context about Aheer et al. (2007) and Agarwal et al. (2012).Itt has become clear that aphids (Hemiptera: Aphididae) play a critical role in wheat production affecting the wheat crop in the various agro ecological regions of India with significant yield losses-direct and indirect, since then. Singh et al. (2013) reported that aphids on wheat attack crops by feeding on phloem sap continuously which causes decrease of plant vigor, chlorosis, leaf curling, and black grain development. Apart from direct feeding damage aphids are responsible for sap honey dew loss and virus diseases spreading which represents an overall serious challenge to sustainable systems of wheat cultivation ((Blackman and Eastop, 2000; Singh S.; Malik R., 2020; Singh & Joshi, 2025; Singh & Jasrotia, 2020; Bajwa et al., 2020).
Wheat aphids are not a single species rather they are a complex of species which colonize the crop at different growth stages ranging from tillering to grain filling. Agarwal et al. (2012), Singh et al. (2013), and Verma et al. (2016) did the surveys in almost all wheat growing regions of India and concluded that Sitobion avenae (Fabricius), Sitobion miscanthi (Takahashi), Rhopalosiphum padi (Linnaeus), and Rhopalosiphum maidis (Fitch) were the dominant aphid species on wheat. The incidence and prevalence of these species change with host development stages, climatic conditions and location, affecting the severity and type of damage caused by pests on the crop plants (Choudhary et al., 2018; Singh and Malik, 2020).
In recent years, wheat aphids have shifted from being sporadic or minor pests to regular and occasionally severe constraints in major wheat-growing regions of India. Aheer et al. (2007) and Singh and Singh (2015) reported that changes in climatic conditions, particularly warmer winters and prolonged cool periods during the Rabi season, have favoured aphid survival and rapid population build-up. Agronomic modifications, such as greater HWNR cultivar adoption, N-responsive varieties selection, high fertilizer amounts application, residue retention and reduced-tillage approaches in particular have continued to shape the agro-ecosystem by making them more aphid facilitatingooser\'[dagger]* reproduction (Singh et al. (2013) and Agarwal et al. (2012). The reduced genetic diversity in cultivated wheat has made crop more susceptible to aphid attack as well (Verma et al., 2016).
WHEAT APHID SPECIES AND DISTRIBUTION
Wheat in India faces attacks from a mix of aphid species in the family Aphididae (Hemiptera). This group is often called the wheat aphid complex. This has been termed the wheat aphid complex, Blackman and Eastop (2000) have further expounded the existence of various species of aphis with various ecology, season and feeding location and damages potentials in wheat. Agarwal et al. (2012) and Singh et al. (2013) subsequently proved these findings in the Indian farming conditions. As it is stated by Singh and Singh (2015), these species may co-exist on the same crop, but the level of abundance of these species depends on the region and climate along with the age of the crop and agriculture practices. One of them is one of the most harmful species of the wheat aphid complex, Sitobion avenae (Fabricius) or English grain aphid. The studies of Agarwal et al. (2012) and Singh et al. (2013) were carried out in the Indo-Gangetic Plains and found out that the species mainly colonized the top leaves and wheat spikes during the heading to grain-filling stages. Their feeding determines significantly the size of the grain, the weight and yield of a thousand grains. An extremely close sps of s.avenae is the Indian grain aphid iis. A field survey performed by Verma et al. (2016) and Choudhary et al. (2018) showed that it is better adapted to local weather and occurs at a high rate in the main wheat-producing states, including Punjab, Haryana, Uttar Pradesh, Bihar, and some part of Rajasthan. It can be explained by its long period of existence and high reproductive rate which ensures active activity in these areas.
 Another important species that occurs in the Indian wheat fields is the bird cherry oat aphid Rhopalosiphum padi (Linnaeus). According to Aheer et al. (2007) and Singh and Malik (2020), this species is more likely to infect wheat in its early stages of growth, with leaves and stems being the main food sources. Its economic importance is enhanced by the fact that it acts as a carrier of Barley Yellow Dwarf Virus (BYDV) that has the potential to cause severe consequences to the yield despite moderate levels of aphis populations as reported by Blackman and Eastop (2000). Though Rhopalosiphum maidis (Fitch) is commonly associated with maize and other cereals it has been common in wheat in India. This species was also found in mixed cereal cropping as observed in studies by Agarwal et al. (2012) and Singh et al. (2013). The wheat aphids occur in all the significant wheat-producing areas in India such as the north-western plains, north-eastern plains, central India and a portion of the hilly north. Aheer et al. (2007), Singh and Singh (2015), and Choudhary et al. (2018) reported that warmer winters and longer cool winters during the Rabi season would allow aphids to survive, colonize early, and increase their population in a very short time. This causes increased periods of infestation. Furthermore, Blackman and Eastop (2000) have explicitly indicated the way alternative host plants, volunteer cereals and grassy weeds maintain aphid populations during the various seasons. Later this was verified in Indian wheat systems.
 GEOGRAPHICAL OCCURRENCE OF WHEAT APHIDS  
In India, there are a lot of places where aphids of wheat can be found. They are able to grow in different agro-climatic conditions. They are associated with the winter temperatures, crop growth phases and the farming activities in the area. 
Punjab 
According to Singh and Verma (2012) and Sharma et al. (2016), Punjab demonstrates a high aphid occurrence regularly because of the high concentration of wheat farming and appropriate winter temperatures. The chief ones are Sitobion miscanthi and Sitobion avenae, The highest population of aphids normally occurs between February and early March. Frequent infestation occurs with the use of high levels of nitrogen and monocropping. 
Bihar 
The aphids are regularly found in Bihar, particularly in the central parts and North areas. The predominant one is S. miscanthi, and also R. padi and R. maidis. The conditions are usually cool and humid, thereby prolonging aphid populations, and causing crops to become susceptible to grain filling. 
Madhya Pradesh  
Wheat aphids are found sporadically in Madhya Pradesh. The warmer climate and shorter winters limit how quickly aphids can multiply. However, delayed planting or extended cool periods can lead to significant infestations, mainly caused by S. avenae. Overall, aphid pressure is lower than in the Indo-Gangetic Plains.
West Bengal  
In West Bengal, aphids mainly appear in the wheat-growing areas of the Gangetic plains. S. miscanthi and R. padi are common species, and infestations often begin early because of mild winters. The continuous presence of alternate hosts and grassy weeds helps aphids survive.
Hill States (Himachal Pradesh, Uttarakhand, Jammu & Kashmir) 
The hill regions usually have less aphid pressure because of cooler temperatures and shorter crop cycles. However, warmer winters have caused occasional aphid outbreaks in recent years, especially at lower altitudes. R. padi is reported more often during the early stages of crops. Overall, the distribution of wheat aphids in India shows that Sitobion species are most common in the Indo-Gangetic Plains, and local climate affects pest severity.
HOST PLANT AND FEEDING ECOLOGY OF WHEAT APHIDS
Wheat aphids have a close relationship with cereal plants, with wheat (Triticum aestivum L.) being the main host during the Rabi season in India. Blackman and Eastop (2000) extensively described the strong preference of cereal aphids for wheat.Aheer et al (2007) and Agarwal et al. (2012). Nevertheless, the wheat aphids do not only feed on cultivated wheat since they also have a broader host range that includes other cereals, wild grasses, and volunteer plants, as described by Singh et al. (2013) and Verma et al. (2016). Sitobion miscanthi, Sitobion avenae and Rhopalosiphum padi and Rhopalosiphum maidis are the main species of aphis that infest wheat, and they vary greatly in terms of their preferences, colonization behaviour, and location of feeding on the plant (Singh and Singh, 2015).
Wheat is reported to be the most appropriate and desired host to Sitobion species especially at the reproductive stage of crop growth. Agarwal et al. (2012), and Singh et al. (2013) carried out field observations that revealed Sitobion aphids mainly colonise the upper leaves, peduncle and earheads, whereby nutrient-enriched phloem sap is readily accessible. On the other hand, Rhopalosiphum padi and R. maidis are known to infest the low leaves and stems at the tender stages of development and slowly transferred to the higher parts of the plant as the crop grows. This stratification in the wheat canopy previously suggested by Blackman  and Eastop (2000) and confirmed by Verma et al. (2016) ensures that there is less interspecific competition and leads to coexistence of several aphid species on the same host.
Besides wheat, aphids feed on a large variety of alternate hosts such as barley (Hordeum vulgare), oats (Avena sativa), maize (Zea mays) and a variety of grassy weeds. Blackman and Eastop (2000) have highlighted the reservoir host importance of grasses like Phalaris minor, Avena fatua, and Cynodon dactylon and Aheer et al. (2007) and Choudhary et al. (2018) have further reported them under Indian circumstances. These alternative hosts help the aphids to survive in the non-season and early colonize the wheat fields which has a powerful impact on population dynamics and outbreak potential.
Aphids feed on the phloem tissues inserting the fine stylets that suck the phloem tissues to obtain the sugars and amino acid-rich sap. Blackman and Eastop (2000) then first described phloem-feeding mechanism and its ecological implication and was later verified by Singh et al. (2013). In this feeding method, it allows the unlimited extraction of nutrients with only slight evidences of tissue loss during the very early stages of infestation. However, the prolonged feeding has resulted in physiological symptoms of stress such as chlorosis, leaf curling, reduced tillering, and stunted growth of plant growth that are confirmed by Verma et al. (2016). Earheading during grain-filling stage is particularly detrimental, and it reduces the size of the grain, the weight of the grain, and the quality of the grain directly (Agarwal et al., 2012; Singh et al., 2013).
The wheat genotype, nutritional condition of plants and environmental conditions have a strong effect in terms of feeding efficiency and host suitability. The results of the studies summarized by Singh et al. (2013) and Singh and Singh (2015) showed that high nitrogen fertilization increases the concentration of amino acids in the phloem, which causes an increase in the reproduction and survival of aphids. On the other hand, some types of wheat are partially resistant, e.g., antixenosis and antibiosis, which minimize aphid feeding and growth (Agarwal et al., 2012; Verma et al., 2016). 
LIFE CYCLE  
The life cycle of wheat aphids (Hemiptera: Aphididae) is fast paced, flexible and highly adaptable to allow the aphids to reach large population densities in a short time with cry of favourable environmental conditions, as initially outlined by Dixon (1985) and subsequently synthesized by Blackman and Eastop (2000). Sitobion avenae, Sitobion miscanthi, Rhopalosiphum padi and Rhopalosiphum maidis are significant aphid species that infest wheat in India, and the similarities in the patterns of their development are quite general, though Singh et al. (2009) and Remaudiere and Remaudiere (1997) have observed some differences in host preference and seasonality, and also in dispersal patterns.
Wheat growing seasons in India are the periods where aphids reproduce mainly by parthenogenesis and viviparity where females bear live nymphs without copulation. This is a reproductive strategy, which provides the opportunity to generate numerous overlapping generations and high rate of population escalation. Adult females start reproducing shortly after the emergence, and may give birth to 30-80 nymphs in a lifetime, which is determined by the temperature, the quality of host plants, and nutritional conditions of the crop. 
A life cycle of an aphid has four nymphal instar stages after which it becomes an adult. As Blackman (1974) explains, Nymphs are morphologically similar to their adult counterparts but smaller and wingless. In ideal situations, the nymphal stage is over in a period of 7-10 days with each instar stage taking about 1-2 days (Dixon, 1985; Singh and Verma, 1991). Levels of continuous feeding on phloem sap during nymphal life cause persistent physiological stress on wheat plants (Auclair, 1963; Miles, 1999). Aphids become wingless (apterous) and winged (alate) morphs depending on the level of population density, host deterioration and environmental signals, a process widely researched by Johnson (1963) and Mueler et al (2001).
Alate forms are very important in dispersion and colonization of new fields of wheat. The density of aphids and the deterioration in the quality of the hosts promote the production of alates, which allows them to migrate to other wheat crops and other cereal hosts (Kennedy et al., 1961; Irwin and Thresh, 1988). This mechanism of dispersal helps spread infestations and colonize newly planted wheat fields in the Indo-Gangetic plains through the mechanism of rapid spread (Singh et al., 2009; ICAR, 2018).
Figure 1. Vegetable Aphids
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In cool climates, the aphis of wheat tend to go through a holocyclic life cycle, which includes sexual reproduction and eggs overwintering, in accordance with Dedryver et al. (2010). But in majority of the wheat-producing areas of India, the aphids have been found to have anholocyclic life cycle and reproduce asexually throughout the season (Singh and Sachan, 1993; Bindra and Singh, 2002). The survival of off-season takes place on alternate crop varieties, and on grassy weeds, and volunteer wheat plants, and on surrounding plants like maize and barley (Parry, 2013). Less sexual reproduction and overwintering of the egg is possible in hilly ecosystems but is rare in the plains (Verma et al., 2004).
Ideal temperatures of 15 to 25 o C enhance fast growth and high reproducing rates. Nevertheless, extreme temperatures, rainfall, or frost may have a detrimental impact on survival (Campbell et al., 1974; Bale et al., 2002). Aphids may also have multiple generations in one crop year in India, and it will result in the rapid increase of the population (Singh et al., 2015).
Aphids of wheat in India have a rapid and continuous life cycle, and this poses great challenges when controlling them. Dixon (1998) and ICAR (2018) emphasize the importance of knowing the aphid development, reproduction, and movement to successfully monitor them, establish the level of economic threshold and the timely application of management strategies to control them.
SEASONAL DYNAMICS 
The aphids of wheat in India exhibit seasonal trends that are associated with the growth of wheat, temperatures, and weather patterns of Rabi season. This was reported by Aheer et al. (2007) and confirmed by Singh and Singh (2015) in the Indian settings. According to Agarwal et al. (2012), the infestation of aphids normally begins immediately the crops are planted. The populations are usually observed at the end of December or the beginning of January, with the time of sowing and the climate of the region. Winged forms of the aphids typically form the initial presence of wheat aphids in fields, which have migrated to other plants, volunteer cereals and grassy weeds. 
Research undertaken by Singh et al. (2013) has indicated that the population of aphids gradually rises during the vegetative phase. They reproduce and grow very fast during the tillering stage to the heading stage when the weather is good. The significance of cool and dry weather, between 15 and 25 o C, in enhancing aphid reproduction and survival was first reported by Saxena and Barrion (1987). These findings were later verified by Aheer et al. (2007). 
Rhopalosiphum padi prevails at early vegetative stages. On the other hand, Sitobion miscanthi and Sitobion avenae increase in prevalence in booting, heading, and grain-filling. Verma et al. (2016) and Singh and Malik (2020) report this especially with regard to earheads and upper leaves.
The maximum aphid density in key wheat-producing areas in India normally occurs during the months of February-March. Agarwal et al. (2012) and Choudhary et al. (2018) have consistently reported this. Singh et al. (2013) noted that later the wheat crops are sown, the more susceptible they are to aphid infestation. This can be attributed to the fact that the reproductive stages coincide with the apex activity of aphids. Conversely, crops sown earlier on can also escape serious harm due to temporal asynchrony as Aheer et al. (2007) reported.
The declining numbers of aphids throughout the season during the growth of crops are primarily caused by the effects of hot temperatures, decreasing host preference, natural enemies becoming more active, and occasional rainfall, as described by Saxena and Barrion (1987) and Verma et al. (2016). In addition, Singh and Singh (2015) noted that weather variations have a strong influence on the changes in the number of aphids on an annual basis. Gentle winters favor the increase of populations and the aphids are suppressed by extreme weather. Such seasonal trends are still significant to know to monitor, predict, and manage the crucial stages of crop growth in a timely manner.
ECONOMIC IMPORTANCE AND ECONOMIC THRESHOLD LEVELS 
There are also indirect economic losses attributed to wheat aphids. Aphids produce honeydew that multiplication of the sooty mold fungi on the leaf surfaces. This also restricts photosynthesis as mentioned by Saxena and Barrion (1987). More to the point, there are aphid species that are particularly known to transmit Barley Yellow Dwarf Virus (BYDV), among others: Rhopalosiphum padi. Blackman and Eastop (2000) were the first to report the role of aphids in the reproduction of BYDV and subsequent confirmation in the Indian wheat by Singh and Malik (2020). Even in cases where there are low aphids, the virus infection at the initial stages of crop development can result in extreme losses of yields. 
Phloem sap is continuously sucked by aphids thus making the plants weak and less effective in photosynthetic processes. This brings direct costs to an economy. Verma et al. (2016) have included Indian wheat ecosystems, which are associated with chlorosis, curling of leaves, stunted growth, reduced tillering, and inappropriate grain filling. The consumption of earheads at the grain-filling stage is especially harmful, as shown by Singh et al. (2013) since it leads directly to the reduction of the grain size, the weight of the thousand grains, and the total yield. The worst cases have been attributed to the death of grains and reduction of the quality of grain, which damages the market price as well as the reasonable survival of the seeds (Agarwal et al., 2012). 
 This makes photosynthesis even harder, as Saxena and Barrion (1987) point out. More importantly, some types of aphids, especially Rhopalosiphum padi, have been found to be good carriers of Barley Yellow Dwarf Virus (BYDV). Blackman and Eastop (2000) were the first to show that aphids play a role in the spread of BYDV, and Singh and Malik (2020) later confirmed this in Indian wheat. Virus infection during the early stages of crop growth can cause huge losses in yield, even when there aren't many aphids. This shows how important it is to find and treat the problem quickly.
Studies have found that moderate to heavy infestations of aphids can result in yield losses of 5-30% across the span of areas in India that are suitable for wheat production as well as other areas of the world. Estimates of yield loss due to infestation have been shown by Aheer et al., (2007) and Agarwal et al., (2012). In addition, due to the timing of when infestations occur with regard to the reproductive stages when plants are growing (boot to grain fill), it was shown that the amount of damage to the economy will be greater when infestations coincide with these reproductive stages. Economic damage from aphid infestations also depends on the agronomic practices employed when producing wheat, for example, Singh et al. (2013) showed that high levels of nitrogen fertilization increased the rate at which aphids reproduce as well as increased the degree of susceptibility of wheat crops to aphid infestations. Additionally, timing of wheat plantings, such as that presented by Aheer et al. (2007), found that planting later in the season makes crops more susceptible to aphids since sensitive reproductive stages are occurring when aphid populations are highest.
The Economic Threshold Level (ETL) is extremely important for determining when it is financially worthwhile to take action against an insect. The ETL is based on pest density and the cost of control. In the production of wheat in India, the recommended ETL is five aphids per earhead, which was developed from a large number of field observations and cost-benefit analyses (Singh, et al. 2013) and adopted by all of the Indian Council of Agricultural Research (ICAR) advisory schedules. There are additional studies (Agarwal, et al. 2012) that identified intervention thresholds of 10 to 15 aphids per tiller in the vegetative growth stages, especially in late-sown wheat.As a result of the wide range of factors that determine what constitutes an economic threshold for insect pests (e.g., variety of wheat grown, growth stage of the crop, and weather conditions), the determination of economic thresholds is not fixed. This has been documented by Singh and Singh (2015). The need for developing economic thresholds according to specific growth stages and particular regions has been reported by authors such as Choudhary et al. (2018), Particularly in the light of changing climates, the authors also emphasize the need for developing economic thresholds based upon the role of natural enemies as natural pest control agents (e.g., predators, parasitoids) as a method to increase the sustainability of the growing system (i.e., to decrease the amount of chemicals applied) while also decreasing the number of unnecessary insecticides applied to crops. Therefore, continued refinement of economic thresholds through long-term, regionally localized (multi-site) research is essential to ensure that integrated pest management (IPM) strategies remain as effective as possible in the wheat-growing region.
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FIGURE 2 HEALTHY PLANT OF WHEAT           FIGURE 3   INFESTED PLANT OF WHEAT APHIDS
THE CURRENT CHALLENGE FOR WHEAT APHIDS
The Current Situation for Wheat Aphids Has Become More Difficult to Control. Many studies Have Been Conducted to Show That as Time Goes On, India Will Experience Increased Difficulties with Managing Wheat Aphids Due To Many Different Technical and Operational Issues. From All These Studies and The Daily Experiences People Are Having in the Field There Are Many Ongoing Problems That Will Continue to Cause Problems in the Future Regarding the Control of Wheat Aphids. An Increasing Number of Farmers Are Relying on Chemical Use for Manage and Suppress Aphids. The Earlier Published Synthesis of The Available Literature Regarding Wheat Aphids by Blackman and Eastop (2000), And the Indian Field Studies by Aheer Etc., 2007, And Agarwal 2012, Indicated That Continued Use of High Levels of Broad-spectrum Chemicals on the Same Product Will Accelerate the Development of Resistance to Wheat Aphids. Although There Is Limited Information About the Systematic Resistance Monitoring Data Under the Conditions of India; Singh Etal. (2013) Reported That There Were Areas in Some Parts of India Where the Field Efficacy of the Chemicals Recommended as Validated for Consumption, Were Decreasing Over Time. Therefore, Application of Selective Use of Chemicals and A Comprehensive Resistance Management Program Must Be Put in Place and Maintain a Multi-Divisional Plan (MDP) To Manage Resistance to Wheat Aphids.
One of the primary limiting factors that has been identified for the effective management of wheat aphids is the non-specific nature of pesticide use that has affected the balance within natural predator and parasite communities. The wide-ranging complexity of wheat aphids in India includes a variety of predatory and parasitic species, which have been documented by Saxena and Barrion (1987) and later verified by Verma et al. (2016) to be beneficial and important in keeping the population of aphids under control. The high populations of these useful species, such as coccinellid beetles, syrphid larval, Chrysopidae, and parasitic wasps are also useful in the overall success of a chemical control of wheat aphids.  However, the use of repeated insecticides has led to a marked decrease in their populations, creating conditions for an increase in aphid populations and, at times, creating additional pest problems due, in part, to the creation of an ecological deficit, as noted by Singh and Singh (2015). The existence of this ecological imbalance also creates a challenge for the long-term integrity and effectiveness of chemical control methods used for aphid control.
INTEGRATED MANAGEMENT STRATEGIES FOR WHEAT APHIDS.
The most effective way to control wheat aphids is through a comprehensive approach known as Integrated Pest Management (IPM). This integrated approach involves the combination of cultural, genetic, biological, chemical and monitoring techniques. The primary strategies for controlling wheat aphids are these:
CULTURAL CONTROL TECHNIQUES
· If possible, sowing wheat as early as possible in order to avoid the α peak population levels of wheat aphids (i.e. mid to late Feb.-Mar.)
· Keep wheat rows well-spaced to reduce the humidity and microclimate conditions that favour high aphid reproduction rates.
· Apply nitrogen fertilizers at rates that allow for optimal equalization of phloem nutrients so that there will be lower concentrations of phloem nitrogen available for aphid reproduction.
· Eliminating all other possible host plants such as wild forms and natural grasses (e.g. volunteer wheat/rye plants) inside fields and adjacent areas will reduce the number of overwintering sites and provide early-season 'reservoirs' from which to establish aphid populations in a new wheat planting.
· Use crop rotation, with non-host plants, to break the aphids' lifecycles on previously planted crops and decrease their seasonal population increases.
RESISTANT VARIETIES
· RSP 561 - Identified as having resistance against Sitobion avenae from the field trials of variety screening studies; other tested varieties of wheat had moderate and susceptible levels of resistance.
· HI 1454, HI 1544, PBW 373, JAUW 584, PBW 343, DBW 17, RAJ 3765 - These varieties had moderate levels of resistance against Sitobion avenae based on screening studies performed.
· Wheat breeders' lines (MACS 6774, PBW 873) - Some of the more advanced breeding lines were found to have moderate levels of resistance to foliar aphids from the screening studies.
· The wild/ancestral lines of Triticum monococcum contain genotypes (MDR045 and MDR049) that had fewer aphid populations than the susceptible controls, suggesting that they may provide sources of resistance.
 HOST PLANT RESISTANCE
· To help reduce reliance on chemicals, plant breeders have developed wheat varieties that show partial resistance to the wheat aphid through antibiosis (less aphid survival), antixenosis (less preference for the host plant) and tolerance (less yield loss). In high-risk areas, using resistant cultivars in combination with existing control methods can have a significant impact on reducing dependence on the use of chemical controls.
·  Breeding programs should also focus on developing durable resistance against multiple aphid biotypes and the environmental stresses that affect plants' survival and growth.
BIOLOGICAL CONTROL
PREDATORS
The ladybird beetles (Coccinellidae) such as C. septempunctata, C. transversalis, and H. axyridis are among the most effective predators of aphids. Ladybird beetles feed upon large numbers of aphids throughout their life cycle, with a single adult ladybug able to consume between 30 and 50 aphids per day. The larvae and adults of hover flies (Syrphidae) and green lacewings (Chrysoperla carnea) are also important aphid predators that can eat between 20 and 100 aphids per larva per day, depending on the stage of development. By conserving these natural enemy species by minimizing the use of broad-spectrum insecticides and by keeping field edges with flowering plants that produce flowers that provide nectar and pollen, you can keep many of these predators active.
RECOMMENDED DENSITY
For augmentative releases, 2-3g of C. carnea eggs or 500-1,000 larvae per acre can be applied at the initial infestation stage. In high-pressure situations, ladybug beetles can be released at rates of 500-1,000 adults per acre.
PARASITOIDS
Aphid parasitoids are primarily the three species: Aphidius colemani, Aphidius ervi and Aphelinus abdominalis. They play an important role in limiting aphid populations in the environment. When aphid parasitoids lay their eggs inside aphid hosts, the resulting mummified aphids will die and become mummies. Typically, the rate of parasitism of aphids in Indian wheat fields is found between 20% and 60%, based upon the density of the aphids and the environmental conditions at that time.
RECOMMENDED DENSITY
 The augmentative release of parasitoids is generally recommended, at a rate of 5,000-10,000 adults per acre of wheat, during the early tiller-to-boot stage of the wheat plant. Releases should continue every week for 2-3 weeks if the aphid problem persists.
PATHOGEN TYPES
The fungal pathogens Beauveria bassiana and Lecanicillium lecanii can result in epizootics of aphids in favorable growing conditions (eg, high humidity and moderate temperature).  Application of these products as water-soluble sprays may enhance the performance of their natural enemies (predators & parasitoids) in controlling aphid populations.
RECOMMENDED DENSITY 
Rate of 1-2 Kg/acre folded with water to a manufacturer's label, and sprayed on the foliage with a conventional sprayer during the cool hours of the day (early morning or late afternoon) when UV ligh5.
CHEMICAL CONTROL 
Insecticides used for the control of wheat aphid populations should be utilized only when the number of aphids exceeds the Economic Threshold Levels (ETLs), e.g., 5 aphids per ear bat or 10-15 per tiller depending on the growth stage of the crop. The best timing for applying insecticides to control wheat aphids is at the early stage of infestation (generally after 25-45 days from sowing) during tillering and if needed again around 55-65 days from sowing during booting to ear-emergence. Systemic neonicotinoid insecticides, such as imidacloprid 17.8% SL (0.3-0.5 ml/litre of water) and thiamethoxam 25% WG (0.25-0.5 g/litre of water) may be used as seed treatments or foliar applications and are very effective for controlling early colonizing aphid nymphs. Some examples of pyrethroid insecticides, such as lambda-cyhalothrin 5% (0.5-0.6 ml/litre) and deltamethrin 2.8% (0.5 ml/litre), will provide fast action (knockdown) and a short period of residual control, but they can have a negative impact on natural enemies. Organophosphate insecticides, including chlorpyrifos 20% (1.5 ml/litre) and quinalphos 25% (1.0-1.5 ml/litre), should be used in extreme cases when infestations are of an extremely high density, and should only be used after careful consideration because of their greater potential risks to the environment and human health.t is at its lowest.
NEW MONITORING AND FORECASTING TECHNIQUES
Field scouting routinely for aphid density and population trends; Monitoring/modeling (using available forecasting models) to time interventions based on the growth stage of crops, weather conditions, and aphid migration; and Make pest control decisions based on Economic Threshold Levels (ETL) rather than simply based on calendar dates.
INTEGRATED METHODS
Use an IPM approach that uses a combination of cultural control (crop rotation), host plant resistance, natural enemies (predators, parasites and pathogens), and chemical pesticides in a coordinated manner; and Each producer should adjust crop management practices based on his/her own climatic and geographical locations, variety of wheat and stage of growth of the crop.
Training of Producers to Timely Decision-Making and Minimizing Unnecessary Chemical Use will also help keep aphid populations to the level of economic injury and preserve beneficial insects and reduce the environmental impact of wheat production. The Investigation of the Developing Resistant Varieties, Enhancing Natural Enemies and Climate-Adaptivation of Strategies is Ultimately Crucial to the Long-Term Sustainability of Wheat Production in India.
FUTURE DIRECTIONS 
Since their introduction to India, wheat aphids have placed great pressure on the productivity of wheat. Challenges associated with climate, agrology, and ecology impact the management of wheat aphids. Future research on developing management practices that are climate-resilient and tailored to regions for which they are developed should include the consideration of changing distribution, population dynamics, and phenology.
The development of tools based on predictive models formed from rainfall, temperature, and the growth stage of crops will allow for more precise timing when applying management interventions, increasing the efficiency and effectiveness of those interventions and providing more information to support the continued use of integrated pest management (IPM) practices. Research on the use of genetically resistant wheat varieties should receive priority; breeding programs should focus on improving the durability of the resistance genes and developing varieties that contain multiple resistance genes to provide durable resistance to evolving biotypes of aphids. Utilization of biological control, including the conservation and augmentation of natural enemies of aphids (e.g., parasitic wasps, predators, etc.) provides an opportunity for sustainable alternatives to chemical control for aphids and should be implemented in combination with other ecological engineering methods, such as the establishment of flowering strips and trap crops.
The advancement of remote sensing technology and precision farming will allow for greater access to data and information that can aid in locating and identifying aphid infestations during the early stages of an infestation, and also aid in monitoring aphid infestations in real-time; therefore, farmers can act quickly after the first sign of aphids. The use of insecticides judiciously and selectively, with due consideration of economic thresholds and through the practice of rotating active ingredients, will remain essential for delaying the development of resistance to insecticides and for protecting beneficial insect populations.
CONCLUSION
Wheat aphids can be managed through an Integrated Pest Management approach by using a combination of Cultural, Genetic, Biological and Chemical Methods. Following IPM practices that are supported by research, farmer education and Climate Adapting Methods leads to sustainable agricultural practices and food security for future generations. Increasing the awareness of regional growers about wheat aphids, developing stronger programs for regional monitoring and enhancing collaborative research will be necessary to reduce the economic impact of wheat aphids in India.
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