

  agriculture-14-00741




agriculture-14-00741







Agriculture 2024, 14(5), 741; doi:10.3390/agriculture14050741




Article



Preliminary Assessment of Alfalfa Crop Trap Strategy in Regulating Natural Predators for Aphis gossypii Glover Control



Xuelin Zhou 1,2, Jianqin Zhou 3, Xiaohu Guo 4, Jiaqi Wu 2, Hongtao Jia 1,3, Deying Ma 4 and Pingan Jiang 1,*





1



College of Grassland, Xinjiang Agricultural University, Urumqi 830052, China






2



Zhuhai Aerospace Microchips Science & Technology Co., Ltd., Zhuhai 519080, China






3



College of Resource and Environment, Xinjiang Agricultural University, Urumqi 830052, China






4



College of Agriculture, Xinjiang Agricultural University, Urumqi 830052, China









*



Correspondence: jpa@xjau.edu.cn







Citation: Zhou, X.; Zhou, J.; Guo, X.; Wu, J.; Jia, H.; Ma, D.; Jiang, P. Preliminary Assessment of Alfalfa Crop Trap Strategy in Regulating Natural Predators for Aphis gossypii Glover Control. Agriculture 2024, 14, 741. https://doi.org/10.3390/agriculture14050741



Academic Editor: Elena Gonella



Received: 6 April 2024 / Revised: 30 April 2024 / Accepted: 8 May 2024 / Published: 9 May 2024



Abstract

:

Aphis gossypii Glover is an important pest in cotton plantations. Medicago sativa L. (alfalfa) is a host plant for the aphid Aphis craccivora Koch and may prove to be an important reservoir of natural enemies to combat this pest. The objective of this study was to analyze the impact of different mowing frequencies of alfalfa traps on A. gossypii and their natural enemies, using both ground survey data and UAV remote sensing data. The alfalfa was mowed twice to facilitate the transfer of this primary natural enemy to the cotton fields. Ground surveys were carried out every five days to gather data, while temporal niche and niche overlap methods were used for further analysis. Findings collected over a period ranging from day 31 to day 91 indicated that compared to their counterparts with no alfalfa traps, the cotton fields containing these pest control measures demonstrated a reduction in the A. gossypii population of approximately 16%. A survey conducted 5 days after mowing the alfalfa on days 61 and 71 found that the cotton fields with alfalfa traps experienced a 24.14% and 26.09% reduction in A. gossypii numbers. In contrast, the cotton fields without alfalfa traps experienced a 76.92% and 55.08% increase in cotton aphid numbers during the same period. It is noteworthy that the cotton fields with alfalfa traps showed a delayed onset of cotton aphid damage of approximately 5 days compared to the fields without alfalfa traps. This discovery has significant implications for understanding the ecological control mechanism of A. gossypii within alfalfa traps. Planting alfalfa traps around fields in Xinjiang could be promoted as a method to prevent and control aphid damage.
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1. Introduction


Aphis gossypii Glover (cotton aphids) are a significant pest for cotton crops. They attach themselves to the backs of plant leaves and cause damage by sucking the sap from leaves. This damage results in yellow and white spots on the leaves, causing them becoming curled or crumpled [1]. Infestation can have a significant impact on the development of new leaves, delay the growth cycle, and ultimately affect the quality and yield of cotton [2]. Currently, the control strategy for A. gossypii primarily involves passive, large-scale pesticide spraying. Furthermore, the excessive use of pesticides can result in the development of resistance in A. gossypii [3]. To reduce the toxic side effects of pesticides on the ecological environment and beneficial organisms, it is necessary to explore a method for the green control of cotton aphids.



Biological control technologies, stimulated by the goal of repairing agricultural ecosystems in a safe and ecologically conscious manner, are now acknowledged as viable alternatives to chemically focused strategies [4]. Scholars, both domestically and abroad, have increasingly invested their time and effort in discovering green alternatives for the alleviation of pest burdens on Gossypium hirsutum Linn. (cotton) crops. The suggested strategies often involve blending cotton fields with other crops such as Brassica campestris L., Zea mays L. (corn), Sorghum bicolor (Linn.) Moench, Suaeda glauca (Bunge), or Medicago sativa L. (alfalfa) as a means of boosting natural predator populations, a strategy referred to as planting traps [5,6,7,8,9,10,11]. Alfalfa is a host plant for Aphis craccivora Koch (the alfalfa aphid) and may prove to be an important reservoir of natural enemies to combat this pest. A. craccivora mainly feeds on legumes and does not attack cotton. In contrast, A. gossypii primarily use cotton as their host and do not feed on alfalfa [4,12,13]. Research on the effect of green manure intercropping in cotton fields has shown that crops such as rapeseed and hemp have a trapping effect on natural predators [14]. Other studies, using Triticum aestivum L. (wheat), suggest that top natural predators spread throughout cotton fields. However, wheat is not as effective as alfalfa in preventing diseases [15]. Additionally, it has been observed that plantations with maize traps show an increase in the number and diversity of natural predators [16]. Further ecological research is necessary to understand the environmental conditions that play key roles in alfalfa–aphid interactions. The identification of natural predators is crucial to protect and promote their populations for the more targeted ecological control of aphids [12,17]. Researchers have conducted studies on the ecological control mechanisms of alfalfa, and these studies will bolster our understanding of the role alfalfa plays within the ecological control processes of different agroecosystems [18].



Xinjiang is a region in China known for producing high-quality cotton. Currently, the prediction of cotton pests and diseases in Xinjiang relies heavily on manual investigation by technicians and their experience-based judgments [2]. There is an urgent need to incorporate remote sensing and implement green control methods to mitigate the damage caused by cotton aphids on cotton. UAVs have a long history of use in monitoring applications and have been used in tasks such as identifying crop diseases, monitoring pests, and estimating pest damage levels [19,20,21,22]. Controlling the number of cotton aphids through the carefully orchestrated implementation of ‘trap crops’ like alfalfa draws on certain biological principles [23]. The existing studies on controlling cotton aphids using alfalfa traps have demonstrated that this strategy can have a positive impact on suppressing cotton insect pests and enhancing cotton yield [3,24]. However, the exact mechanism of the ecological aphid control action of alfalfa traps is not yet fully understood. Further research is required to ascertain whether alfalfa requires mowing as well as the optimal frequency of mowing to maintain pest populations in cotton fields long-term and in a low-hazard state.



This study analyzed the population dynamics of A. craccivora and their main natural predators in alfalfa traps, as well as the temporal pattern and temporal ecological niche dynamics of cotton aphids and their main natural predators in cotton fields. In addition, this study investigated the effects of different mowing frequencies on cotton aphid populations and their natural predators in alfalfa traps, based on survey data and UAV multispectral images. The objective of this study was to construct practical instructions for the subtle natural control of cotton aphids plaguing cotton plantations.




2. Materials and Methods


2.1. Data Acquisition and Analysis


Our investigation took place in Shaya County, Xinjiang Uygur Autonomous Region, at the following precise coordinates for the 66-acre area (41.190308° N, 82.860537° E), at approximately 896 m above sea level. We organized this study around specifically allocated alfalfa traps, setting their length and breadth as 100 m and 8 m, respectively. This location accommodated two cotton fields within a protective forest belt on the northwest boundary of an agricultural field ensemble; one included dedicated alfalfa traps while the other excluded these devices. Notably, both fields came under uniform farming practices and regulations (Figure 1).



The planting started with sowing alfalfa seeds on 5 March 2021, followed by seeding cotton crops on 17 April of the same year. We conducted regular investigations every 5th day, starting 31 days after planting the cotton, covering both the alfalfa and cotton growing regions with precision. The investigations were carried out when the alfalfa growth ranged between 30 cm and 80 scales. During a 91-day period, we recorded objective observations on the growth increments of cotton and alfalfa plantations at 5-day intervals, as well as the number of aphids colonizing the cotton compared to number of their primary natural predators. At distances of 10, 30, 50, 80, and 120 m from the alfalfa traps, three replicate survey sites were selected to quantify bollworms and major predators in the surrounding cotton fields. Fifteen 5 m × 5 m sample plots were established in each cotton field to survey A. gossypii and their natural predators. Within each sample plot, five 1 m × 1 m (about 20 cotton plants) areas were randomly selected to conduct a comprehensive survey of the entire cotton plant. The number of A. gossypii and their natural predators on one hundred cotton plants was recorded. Major natural predators were identified visually under 4× magnification during the counting process (DNA determination was not performed). Within the alfalfa traps, 9 plots of an area of 5 m × 5 m were randomly selected to meticulously evaluate both the number of A. craccivora and their natural predators (for each plot, five survey areas measuring 1 m × 1 m (about 25 plants) were randomly selected for whole-plant surveys of alfalfa.).



Every separate plot incorporated a triplet replicate based on a ‘Z’—shaped five-point sampling model [25]. At each point within these parameters, an exhaustive full-plant stationary survey was carried out, which included the 10th plant for each case. In this study, we opted to mow the alfalfa every 10 days. Among all sample areas that we studied, 3 plots were randomly chosen for mowing at the end of day 61; meanwhile, a 3rd set of distinct plots underwent the same procedure but after day 71 (as depicted in Figure 1).



To predict the impact of mowing alfalfa on the aphids in cotton fields, we collected UAV image data simultaneously with the ground surveys. We used PIX4Dmapper software (Pix4D SA, Version: 4.4.12) for the surveys and ArcGIS Pro software (ESRI, Version: 2.8.6) for data alignment and vegetation characterization.




2.2. Research Methodology


The Ecological Niche Breadth Index (ENBI) serves as a metric to quantify the ecological niche breadth, providing insights into the distribution of species based on their resource utilization patterns. The ecological niche breadth denotes the extent or range of ecological niches occupied by species within an ecosystem. In this study, a time series was constructed using 13 survey dates, employing the survey data of the cotton aphid and its principal natural predators in cotton fields, both with and without alfalfa traps, to establish a comprehensive resource series. The ecological niche width was then standardized using Hurlbert’s (1978) ENBI [26,27,28]:


   B A  =    1    ∑  j = 1  n      p j 2     N j        −  N  min     1 −  N  min      



(1)




where BA is the standard ecological niche breadth index; pj is the proportion of individuals of species utilizing resource j; Nj is the number of resources available for resource j; n is the total number of possible resource states; and Nmin is the minimum value in the resource.



The ecological niche overlap index was solved using the Pianka (1973) equation [29,30,31]:


   O  j k   =     ∑  i = 1  n    P  i j   ⋅  P  i k           ∑  i = 1  n    P  i j  2    ⋅   ∑  i = 1  n    P  i k  2         



(2)




where Ojk is the ecological niche overlap index of species k over species j; Pij and Pik are the proportion of resource i in the whole resource utilized by species j or k; and n is the total number of resource states.



We investigated the number of A. craccivora and A. gossypii as well as those of their natural predators per unit area of alfalfa and cotton during days 31 to 91 after cotton planting. We calculated the population densities of these insects based on their respective host plants and determined the ecological niche widths of A. craccivora and A. gossypii as well as their natural predators for alfalfa and cotton.



In this study, to gauge how effective these predators are in abating the spread of aphids, indoor experiments specifically examining how A. gossypii natural predators can manage the numbers of A. gossypii were carried out. This experiment employed Petri dishes as the media for rendering the predation analysis. Three sets of replicated trials were conducted for each natural enemy [32]. A. gossypii and their principal natural predators were collected from cotton fields where the experiment was conducted. A. gossypii were exposed to various natural predators in the Petri dishes at seven different population density levels: 30, 60, 90, 120, 150, 180 and 210. The number of A. gossypii that were preyed upon by the natural predators was observed and recorded after 24 h. Each Petri dish was replicated five times. The average number of A. gossypii predated by the natural predators over 24 h was calculated.



To evaluate the impact of mowing alfalfa on aphid control in cotton fields, remote sensing images from the local area were classified using the SVM algorithm of the scikit-learn library, based on the UAV multispectral data and field survey information of cotton and alfalfa. The Rasterio library of Python software (version: 3.12, https://www.python.org/) was used to read the images. The classification accuracy was calculated and the prediction results were output [33]. To effectively understand the dynamics of aphid occurrence in cotton fields, an interpolation method with high accuracy and minimal interaction is required due to the insects’ nonlinear and random nature. This study employed the XGBoost–GWO–SVR prediction model to predict A. gossypii and was chosen based on previous research [34].



In this study, we utilized the empirical Bayesian kriging (EBK) method for spatial interpolation and simulation of the prediction results [35]. It employs stable data, minimal interactive modelling, and has a smaller standard error of prediction and automatically performs the most difficult steps in constructing an effective kriging model [36]. The cotton aphid distribution map in the cotton field after mowing the alfalfa was generated using the ‘Geostatistical Analyst|Empirical Bayesian Kriging’ function included in the ArcGIS Pro software. The overlap factor was uniformly set to 1.5, the transformations were empirical, and the variability function model was the K-Bessel parameter of trend removal [37]. The image resolution was used as the smallest unit.





3. Results


3.1. Population Dynamics of A. craccivora and Major Natural Predators in Alfalfa Traps


The survey showed that the alfalfa traps were occupied by A. craccivora and their main natural predators, chiefly Hippodamia variegata Goeze, Propylea japonica (Thunberg), and lacewings, with the main species being Chrysoperla carnea Stephens, Chrysoperla sinica (Tjeder), Chrysopa Formosa Brauer, and Chrysopa phyllochroma Wesmael.



Figure 2 demonstrates how the population of A. craccivora began to gradually increase on the 31st day after cotton planting. The first peak occurred on the 36th day, followed by a decline, and then the first peak and trough on the 46th day. The population of A. craccivora continued to increase gradually until the second peak appeared on the 61st day, after which it began to decline as the alfalfa was mowed. An observation recorded during the peak phase between 36d and 51d showed an increase in the population of lacewings, which exceeded the numbers for H. variegata and P. japonica. On day 51, the highest population concentration of lacewings was recorded at 184.2 (±2.74) per 100 plants inside the alfalfa traps. In contrast, H. variegata reached its peak at approximately 91.7 (±1.82) individuals per set square. Between days 51 and 76, the number of lacewings in the alfalfa traps exceeded H. variegata and P. japonica. From days 51 to 81, significantly fewer numbers of lacewings were recorded compared to the P. japonica population (Figure 2). On the 81st day, there was a notable increase in P. japonica, with numbers peaking at 65 (±1.37) per 100 plants (Figure 2).



Through studying the population dynamics of A. craccivora and their principal natural predators within alfalfa traps, we gained a better understanding of their temporal niches and degree of overlap. As illustrated in Table 1, lacewings possess the broadest (0.856) niche, followed by H. variegata (0.812), then A. craccivora (0.795), with P. japonica ending the line-up at 0.718. The subsequent analysis of “niche overlap” revealed significant interactions, notably between H. variegata and P. japonica (0.756), H. variegata and lacewings (0.847), and finally, P. japonica and lacewings (0.827).




3.2. Population Dynamics and Temporal Ecological Niche of A. gossypii and Primary Natural Predators in Cotton Fields


3.2.1. Population Dynamics


The survey showed that A. gossypii, H. variegata, P. japonica, and lacewings were found in the cotton fields. Figure 3 represents the population changes of A. gossypii in cotton fields in both the presence and absence of alfalfa traps. The unmistakable shift began 31 days post-planting when the insects began to infiltrate the fields. As the sprouting stage progressed at pace with staggering crop growth, two divergent peaks were observed in the expansion rate of these insect communities during days 61–66 and 71–76 between the fields with and without alfalfa traps. On the other hand, as day 76 arrived in these fields, an abrupt downswing became evident among A. gossypii in both fields. Between days 81 and 91 (a period that marks prolific blossoming of the cotton), as cotton enters the flowering and boll stage, A. gossypii showed negligible damage.



Field visit observations on the 61st day showed that fields with alfalfa safeguards in place had around 14,520 (±247) aphids per hundred plants sampled, while fields without such defensive mechanisms had a slightly larger population of over 15,600 (±192). On day 66, after the first mowing, the average density of A. gossypii per 100 plant samples decreased to approximately 10,980 (±149), a 24.14% decrease compared to before mowing.



However, in plots without alfalfa traps, the count of A. gossypii continued to increase and at day 66, there were nearly 27,600 (±464) aphids per 100 plants, which represents a 76.92% increase from the figures obtained on day 61. On day 71, the second alfalfa mowing occurred; subsequently, A. gossypii counts per hundred plants were approximately 29,890 (±471) for trap-cropped spaces and around 22,440 (±244) for spaces without traps/mowing.



On day 76, approximately 22,143 (±253) fewer aphids were detected in every hundred plants. The count of A. gossypii increased in fields without alfalfa traps, reaching a peak of 34,800 (±382) aphids per 100 plants on the 76th day. There was a 55.08% increase compared to just before the second mowing on the 71st day. After day 81, there was a decrease in A. gossypii counts across both alfalfa and non-alfalfa trap areas.



As illustrated in Table 2, primary predators appeared around five days earlier when alfalfa traps were used than in cotton plantations devoid of alfalfa traps. Several species that prey on A. gossypii were observed across the various cotton fields, as displayed in Figure 4. Among these, H. variegata, P. japonica, and lacewings exhibited a notable dominance. On close observation, it was noticed that before any mowing began, there was a slow build-up in the population of such natural predators residing within the cotton fields. Interestingly, after conducting an alfalfa mow in the vicinity on both days 61 and 71, the quantity of these beneficial foes rose dramatically, reaching a peak volume that was maintained consistently thereafter.




3.2.2. Temporal Patterns of Community Structure


The results of the 31-day survey indicated that cotton and alfalfa were thriving, and the populations of A. gossypii and their primary natural predators were steadily increasing in the cotton fields. The escalating population trend for both A. gossypii and their key predators within the cotton fields is directly proportional to their active reproductive cycles.



The population of A. gossypii in the cotton fields experienced a sudden increase before the first mowing of alfalfa, as shown in Figure 5. In addition, the main natural predators of A. gossypii had already been observed at this stage. The number of A. gossypii began to decrease after the first mowing of alfalfa (61d), as their primary natural predators began to steadily increase from that point onwards. The data indicate that the population of A. gossypii decreased significantly after the second mowing of alfalfa, specifically after 71 days.




3.2.3. Temporal Ecological Niche Dynamics


The temporal specifications of niche width for organisms such as A. gossypii and their primary predators are displayed in Table 3, including the classifications into H. variegata (0.785), P. japonica (0.753), and lacewings (0.714), along with A. gossypii (0.674). These measurements have broad-ranging implications; the wider niche widths attributed to creatures like H. variegata, lacewings, and P. japonica convey an evenly spaced distribution throughout time, which implies a strong adaptability and solidity. Moreover, the examination of niche overlap indexes manifests in prominent overlaps such as those among H. variegata and P. japonica (0.952), H. variegata and lacewings (0.919), as well as between P. japonica and lacewings (0.913).



In the fields devoid of alfalfa traps, there was a significant surge in the A. gossypii population. Interestingly, this spike did not just peak but stayed elevated for an extended period, leading to a greater niche breadth (0.751). Moreover, differing levels of intersection existed between the habitats of A. gossypii and their primary natural predators. In most cases, we saw substantial habitat intersections; however, limited overlaps occurred against short-winged hoverflies with an index rating of 0.487 as an exception. Significant examples of intersection were manifested between A. gossypii and other natural threats like H. variegata (0.942), lacewings (0.922), and P. japonica (0.904). With regard to cotton fields minus the presence of alfalfa traps, a strong emergence of the key pest deterrents (H. variegata, P. japonica, and lacewings) was noted.





3.3. Effects of Key Natural Predators on A. gossypii Populations


As illustrated in the data observations in Table 4, it can be seen that each day around 201 (±8) A. gossypii fall victim to an adult H. variegata; thus, these are evidently significantly efficient pest controllers. Similarly, the research data from Table 5 portray each adult P. japonica preying on about 189 (±11) aphids every day. Similarly, the consumption rate (Table 6) shows third-instar lacewing larvae consume roughly 147 (±6) A. gossypii daily.



These findings align with the evidence confirming that H. variegata adults, P. japonica adults, and third-instar lacewing larvae positively contribute toward maintaining control over the rampant crop infestation caused exclusively by rapid proliferation among A. gossypii. In this spectrum, the extent of H. variegata adults’ contribution is significantly enhanced when compared with other predators, followed by P. japonica. In comparison, predation output produced from the third-instar larvae population appeared somewhat ineffective.




3.4. Ecological Regulatory Effects of Alfalfa Traps on A. gossypii


3.4.1. Population Dynamics of A. gossypii in Cotton Fields with Mowed Alfalfa Traps


This study found that the main natural predators of A. gossypii appeared approximately 5 days earlier in the cotton field with alfalfa traps than in the field without them. Furthermore, the population of natural predators increased after the initial mowing of the alfalfa traps, which effectively controlled the initial outbreak of A. gossypii.



A. gossypii populations and their main natural predators undergo significant alterations associated with the mowing of alfalfa in cotton fields. The first mowing of the alfalfa on the 61st day increased by three times the populations of the ladybird beetles (H. variegata, P. japonica) and lacewings as predators in the cotton fields. At that time, cotton fields with alfalfa traps had 2.8 times more primary natural predators than those lacking the traps. After a 10-day control period, while the population of aphids decreased by 71.9% in the areas with mown alfalfa traps, there was an increase in aphids by 33.7% in places without alfalfa traps. After conducting a second mowing on the 71st day, the numbers of ladybirds and lacewings in the cotton fields with alfalfa traps increased by 1.5 times, and the total number of natural predators was 2.4 times that of the fields without alfalfa traps. At this time, A. gossypii population in fields with alfalfa traps experienced a 71.7% decrease; meanwhile, the aphid population in fields without alfalfa traps increased.




3.4.2. Ecological Suppression of A. gossypii by Alfalfa Trap Prediction


Figure 6 shows two adjacent cotton fields separated by a 3 m field ridge, one with alfalfa traps and the other without. The field ridge includes Phragmites australis (Cav.) Trin. ex Steud., Tamarix ramosissima Ledeb., and other types. Alfalfa is only planted in predetermined areas [30]. In addition, the ground is bare, and P. australis and T. ramosissima are everywhere. Aphids and their natural predators were not observed on either P. australis or T. ramosissima. Table 7 shows that the SVM classification method has an overall classification accuracy of 95.67% for cotton within the tested cotton field.



Figure 7 illustrates that at 61 days, the A. gossypii abundance was notable in cotton fields without alfalfa traps, with some areas recording over 200 A. gossypii per 100 cotton samples. In contrast, the cotton fields equipped with alfalfa traps had significantly fewer A. gossypii, with numbers not exceeding 68 per 100 cotton samples after the first mowing. As depicted in Figure 8, at 71 days, A. gossypii abundance was notable in cotton fields without alfalfa traps, with some areas recording over 256 pests per 100 cotton samples. On the contrary, cotton fields equipped with alfalfa traps had significantly fewer A. gossypii, with numbers not exceeding 75 per 100 cotton samples after the second mowing. This significant discovery derived from these studies provides confirmation of the importance of investing in the optimal timing of both the planting and mowing of alfalfa traps associated with cotton farming. Figure 7 and Figure 8 demonstrate that following the mowing of the alfalfa, the number of A. gossypii in the vicinity of the alfalfa traps is significantly higher than in other areas.



The A. gossypii data from the sample points in the study area were predicted for stability and accuracy using the XGBoost–GWO–SVR prediction model. For validation purposes, 66 days of A. gossypii survey data were selected for this study. Figure 9 shows that the predicted data from the XGBoost–GWO–SVR cotton aphid prediction model based on remotely sensed data closely matched the 66-day field survey data.






4. Discussion


The aim of this study was to assess the effectiveness of using alfalfa traps for ecologically controlling A. gossypii in cotton fields. We mowed the alfalfa to promote the transfer of aphids’ natural predators to the cotton fields, which led to a reduction in the population of A. gossypii. The analyses revealed differences in the activity periods or ‘temporal niche widths’ of these organisms. This study analyzed the population dynamics of alfalfa aphids and their natural predators. Natural predator populations inhabiting alfalfa traps display variable density rates depending on the different phases of alfalfa growth, leading to substantial changes in predator counts [11]. In a significant advance in bolstering aphid control through the optimum use of cotton aphids’ natural predators, researchers specializing in plant protection have unveiled the results of their examinations into the predatory influence exerted by primary natural predators like H. variegata, P. japonica, and lacewings. In the scenario where alfalfa traps are utilized in cotton fields, H. variegata, P. japonica, and lacewings emerge as the key adversaries of the A. gossypii. This is attributable to their sizeable numbers and coordinated actions as well as their potent predation abilities. The influence exerted by the cotton bollworm over the cotton fields is, without a doubt, profound. The current study aimed to assess how successful adult H. variegata, adult P. japonica, and lacewings might be when dealing with these A. gossypii [23,32,38,39,40,41,42,43]. These findings underscore a concerted effort among these pivotal predators to harvest A. craccivora populations by occurring simultaneously during specific periods. However, the reasons for the accumulation of so many alfalfa aphids in alfalfa were not quantitatively studied. This requires further research, particularly into the spreading sources, growth, and declining patterns of alfalfa aphids and other natural predators.



This study analyzed the reasons for the rapid increase in A. gossypii in cotton fields. The increased A. gossypii population can be attributed to cotton growing providing a favorable food source for A. gossypii. The mowing of the alfalfa traps reduced the number of alfalfa aphids present. Natural enemies of the alfalfa aphid have migrated to cotton fields and may, therefore, have access to additional food sources [25]. The survey data revealed that cotton fields without alfalfa traps had to wait passively for the migration of the main natural predators of the A. gossypii. However, our experimental design did not aim to breed the natural predators that were originally present in the cotton fields. This aspect could be further developed in the next phase of this study.



The continual fluctuation between growth and decline observed in the population of A. gossypii, alongside that of their prevalent natural predators, demonstrates the intricate balance they maintain [12,13]. Figure 5 illustrates this dynamic equilibrium process that the population of A. gossypii in cotton fields undergoes in the absence of alfalfa trap control. The analysis of the temporal patterns of A. gossypii and their primary natural predators indicates that the damage caused by A. gossypii in the cotton fields before alfalfa mowing was greater and lasted longer than that in cotton fields with alfalfa traps. A. gossypii populations were more abundant in cotton fields without alfalfa traps after alfalfa mowing. This hindered the efficiency of reducing the pest population via their natural predators [18]. Fields with traps managed to significantly slow down the growth rate of this aphid species. These findings suggest that establishing an overlap in time between the life cycle of the aphid and its predators is crucial for effective control of A. gossypii infestations using their natural predators. However, upon examining the overall distribution of the A. gossypii population, no significant difference was observed in the number of major natural predators of A. gossypii between cotton fields with alfalfa traps and those without.



In the area under investigation, cultivable land is engaged in growing crops such as wheat, cotton, and corn. Winter wheat farms represent a significant source of natural predators for A. gossypii. While there have been favorable outcomes from cultivating cotton, an overlap occurs between the harvest time of wheat and when cotton planting starts [15]. Over time, this timing clash has spurred a decrease in wheat production spaces yearly, which concurrently has diminished the number of these predator adversaries that combat A. gossypii [44]. In addition, global climate change issues have led to temperature elevations triggering pest and disease appearances earlier during the period when the planting and nurturing of cotton takes place [25]. The decline in populations of natural predators that regulate cotton pests, along with timing mismatches, has led to a weaker control over A. gossypii. Consequently, the intensity of A. gossypii infestations has been rising annually [45]. Using alfalfa planting in protective forestry surrounding cotton fields can achieve two objectives: it fills the void left by the diminishing number of wheat fields (the original habitat where natural predators thrived), and acts as an invaluable feed crop. The timely trimming of alfalfa helps alleviate potential damage from A. gossypii in the primary field and presents an eco-friendly solution to pest management. Compared to other crop traps, alfalfa can provide a breeding ground for the natural predators of cotton pests, such as A. gossypii. Studies in the literature have affirmed that alfalfa mowing aids natural predators in transitioning as it assists in relocating them from their indigenous habitats to cotton fields. This approach maintains elevated levels of the natural remedy against pests over time; subsequently, it leads to a substantial decrease in crop parasite populations. Previous studies have emphasized the importance of judiciously managing the frequency of mowing based on the specific requirements of field production and management [30,46]. This study did not thoroughly investigate the optimal ratio of alfalfa and cotton planting or the optimal aphid control effect of alfalfa planting patterns around cotton fields. These aspects require further research.



In the experimental design shown in Figure 6, the results of the remote sensing feature classification indicate that in the area where alfalfa traps were not planted, the field weeds contained P. australis and T. ramosissima. The survey data revealed that the number of H. variegate and lacewings on the natural weeds on both sides of the cotton field was 0 throughout the survey period. Additionally, at the height of the cotton aphid population, there were less than 50 P. japonica per 100 cotton plants on the natural weeds on both sides of the field [25]. In 2023, Peng et al. conducted a biological control trial of cotton aphids using trap plants (Brassica napus L., T. aestivum, Lupinus micranthus Guss., Mentha haplocalyx Briq., Fagopyrum esculentum Moench, and natural weeds) in a plot adjacent to the experimental area. The results showed that B. napus and T. aestivum were the most effective crops for trapping natural enemies, while natural weeds were not effective in trapping the natural enemies of A. gossypii [25]. However, further investigation is needed to understand the mechanism of the effect of trapping plants on the transfer and spread of natural enemies to cotton fields. In parallel, Jiang et al. constructed an XGBoost–GWO–SVR prediction model for cotton aphid populations in 2023, utilizing artificial intelligence methodologies [34]. Future research will aim to construct cotton growth models, as well as A. gossypii and natural enemy growth and dispersal models, using a wider range of data. This study also found a positive correlation between A. gossypii population and temperature, with populations collapsing after prolonged periods of high temperatures [8]. Therefore, to improve A. gossypii prediction models, it is necessary to include meteorological factors, such as temperature and precipitation, in addition to the collection and application of imaging data. It is important to understand the mechanism of these effects, so the model should comprehensively analyze the synergistic effects of these indicators on the population of A. gossypii and their natural predators.



The manuscript’s studies on the role of the ecological regulation of A. gossypii in alfalfa traps are still dominated by small plots. Future applied studies should expand to larger regions. This study also proposed a method for reconstructing ground hyperspectral reflectance data from sampling points in cotton fields to generate data for the entire area, providing a new basis for the fine classification of cotton field features. This method can be used to effectively predict A. gossypii infestations in the study area [34]. The collected and processed dataset was used to research A. gossypii identification, prediction, and control. Some deficiencies were identified during the preliminary study of this technology, and further follow-up studies are needed. Additionally, further research is needed to determine the scientifically appropriate number and frequency of alfalfa mowing to maintain low pest levels in cotton fields.




5. Conclusions


This study delves into the ecological control provided through the use of A. gossypii’ natural foes and its impact in areas with alfalfa trap placements for controlling aphid populations. We explored the key population changes concerning alfalfa aphids as well as their primary predators inside these traps, and likewise the dynamics related to cotton aphids and their main natural predators in the cotton fields. Moreover, this exploration aimed to gain intricate insights into the communities of cotton aphids along with their naturally occurring predators inhabiting cotton fields. A glimpse of the population fluctuations over time delivers results for examination while observing how ecological influences balance themselves out in managing alfalfa-induced pest management. Additionally, undertaking remote sensing assessments can offer a new perspective on scrutinizing such controls over troublesome swarms of these crop pests. The more noteworthy deductions from our analysis can be encapsulated as follows:




	(1)

	
This experimental study of the temporal ecological niche of the A. craccivora population, as well as its main natural predators within the alfalfa traps, has shown that the key natural predators such as lacewings, H. variegate, and P. japonica are highly effective in controlling aphids in alfalfa.




	(2)

	
Two mowings of alfalfa were found to decrease the number of A. gossypii in cotton fields with alfalfa traps by 24.14% and 26.09%, respectively. In contrast, the number of A. gossypii increased by 33.71% and 76.92% without the presence of alfalfa. Additionally, the damage time for cotton aphids in cotton fields with alfalfa traps was about five days shorter than in those without such traps. The number of cotton aphids in cotton fields without alfalfa was 1.16 times higher than that in cotton fields with alfalfa.




	(3)

	
The average number of A. gossypii per hundred plants, determined through remote sensing after two mowings, was less than 68 and 75, respectively. This suggests that the presence of alfalfa traps may effectively inhibit the occurrence and spread of A. gossypii.









To conclude, this study shows that planting alfalfa traps in cotton fields can be an effective tool to control A. gossypii populations. Promoting alfalfa planting in cotton fields in Xinjiang can help prevent and control aphid damage.
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Figure 1. A schematic diagram of the study area. The light red area represents the alfalfa trapping zone planting area, the light pink area represents the unplanted alfalfa traps area, and the light green range represents the cotton planting area. The cyan triangular markers indicate the 61d alfalfa ground survey and alfalfa mowing samples, the blue dots indicate the 71d alfalfa ground survey and alfalfa mowing samples, and the yellow squares indicate the ground survey samples (5 m × 5 m). 
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Figure 2. Population dynamics of A. craccivora and natural predators in alfalfa traps. Note: Data are the mean ± SD of three replicates. The different letters in each column represent significant differences among different treatments (p < 0.05). The same as below. 
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Figure 3. Population dynamics of A. gossypii in cotton fields with and without alfalfa traps. 
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Figure 4. Population dynamics of A. gossypii and their natural predators in cotton fields with alfalfa traps. 
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Figure 5. Population dynamics of A. gossypii and their natural predators in cotton fields without alfalfa traps. 
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Figure 6. Cotton field feature classification using UAV multispectral data (SVM methods). 
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Figure 7. Spatial distribution characteristics of A. gossypii after 61 d alfalfa mowing. 
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Figure 8. Spatial distribution characteristics of A. gossypii after 71 d of alfalfa mowing. 
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Figure 9. Validation results of A. gossypii predicted using XGBoost-GWO-SVR model against ground survey data (66d). 
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Table 1. A. craccivora and natural predator niche width and overlap in alfalfa traps.
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	Description
	IA1
	IB
	IC
	ID





	IA1
	0.795
	0.812
	0.782
	0.856



	IB
	
	0.790
	0.756
	0.847



	IC
	
	
	0.769
	0.827



	ID
	
	
	
	0.811







Note: (1) IA1: A. craccivora; IB: H. variegata; IC: P. japonica; ID: lacewings. (2) The temporal niche breadths are the values on the diagonal, and the temporal niche overlap index is at the upper right of the diagonal.













 





Table 2. Survey of A. gossypii and natural predators in cotton fields. (Number of aphids/100 cotton).
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Date

	
IA2

	
Fields with Planted Alfalfa Traps

	
Fields without Planted Alfalfa Traps




	
IB

	
IC

	
ID

	
IB

	
IC

	
ID






	
41d

	
6.43

	
15.75

	
7.65

	
1.88

	
51.79

	
32.26

	
19.23




	
50d

	
40.68

	
20.99

	
11.43

	
63.95

	
80.57

	
50.18

	
36.55




	
66d

	
109.82

	
121.00

	
67.09

	
95.14

	
203.72

	
118.68

	
113.21




	
73d

	
298.90

	
177.05

	
104.74

	
57.43

	
30.77

	
15.68

	
28.79




	
88d

	
61.31

	
23.71

	
13.86

	
22.04

	
69.54

	
43.30

	
45.62








Note: IA2: A. gossypii; IB: H. variegata; IC: P. japonica; ID: lacewings.













 





Table 3. Niche width and overlap analysis of A. gossypii and natural predators in cotton fields.
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Description

	
Fields with Planted Traps

	
Fields without Planted Traps




	
IA2

	
IB

	
IC

	
ID

	
IA2

	
IB

	
IC

	
ID






	
IA2

	
0.674

	
0.827

	
0.801

	
0.796

	
0.750

	
0.942

	
0.904

	
0.922




	
IB

	

	
0.785

	
0.913

	
0.884

	

	
0.764

	
0.952

	
0.919




	
IC

	

	

	
0.753

	
0.903

	

	

	
0.694

	
0.913




	
ID

	

	

	

	
0.714

	

	

	

	
0.710








Note: (1) IA2: A. gossypii; IB: H. variegata; IC: P. japonica; ID: lacewings. (2) The temporal niche breadths are the values on the diagonal, and the temporal niche overlap index is at the upper right of the diagonal.













 





Table 4. Predation efficacy of H. variegata adults under varied densities of A. gossypii.
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	AGPD
	30
	60
	90
	120
	150
	180
	210





	EPD1
	28.00
	54.00
	73.00
	88.00
	91.00
	98.00
	104.00



	EPD2
	29.00
	48.00
	69.00
	90.00
	93.00
	100.00
	103.00



	EPD3
	28.00
	52.00
	75.00
	89.00
	94.00
	101.00
	100.00



	ANPs
	28.33
	51.33
	72.33
	89.00
	92.67
	99.67
	102.33







Note: AGPD: A. gossypii population density; EPD: experimental Petri dishes, triplicates; ANPs: average number of predators. The same below.













 





Table 5. Predation efficacy of P. japonica adults under varied densities of A. gossypii.
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	AGPD
	30
	60
	90
	120
	150
	180
	210





	EPD1
	28.00
	53.00
	66.00
	78.00
	84.00
	92.00
	98.00



	EPD2
	29.00
	48.00
	68.00
	79.00
	85.00
	94.00
	100.00



	EPD3
	27.00
	52.00
	67.00
	77.00
	86.00
	91.00
	97.00



	ANPs
	28.00
	51.00
	67.00
	78.00
	85.00
	92.33
	98.33










 





Table 6. Predation efficacy of 3rd-instar lacewing larvae under varied densities of A. gossypii.
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	AGPD
	30
	60
	90
	120
	150
	180
	210





	EPD1
	22.00
	43.00
	55.00
	66.00
	75.00
	80.00
	83.00



	EPD2
	24.00
	41.00
	58.00
	63.00
	73.00
	79.00
	82.00



	EPD3
	23.00
	40.00
	56.00
	67.00
	76.00
	82.00
	85.00



	ANPs
	23.00
	41.33
	56.33
	65.33
	74.67
	80.33
	83.33










 





Table 7. SVM object classification results and accuracy evaluation.
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	Type
	Classification Results/m2
	OA [33]
	Kappa Coefficient





	Cotton
	36,971.45
	95.67%
	0.93



	Bare Soil
	2593.33
	96.31%
	0.92
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file13.jpg
Decepeon

e gt shos e popeivnof o

s oo b e o
et 1 s

Legend
ottt

Coton Aghia

(o s e 100 conon )
[~ ey
[ o,
— ozenes

2 e Eaza— ————






media/file4.png
Count/number of insects per 100 alfalfa plants

....D.... i i
61d mowing of alfalfa ! ! A’? his crac‘csvora-
—al | |\ —O— Hippodamia variegata
O ! I | -A - Propylea japonica
| | A P
o . | I O-- Lacewings
AN : |
/ B
.I. O\."-._ ', ,O-\ _____ D. - | \
; ‘\ /', vo.0 ) | 71d mowing of alfalfa
(Y- G !
K ’ 1 1 -0
A | l N %
X I
: 1 1
| | ;
IS ol é
: 1N 0
N
I 1 A .
| ""-.,I __:': 2\
AR - AN e
I I,
| 4
I I
l 1
I B e e e e B e e TN Em s m e e e p

I 1
31d 36d 41d 46d 51d 56d 61d 66d 71d 76d 81d 86d 91d

Date/day






media/file18.png
Aphid Count

4007
—=— Data
—e—  XGBoost-GNO-SVR
300}
200t
100}
00 2.5 5.0 75 10.0 12.5 15.0 17.5

Serial Number





media/file3.jpg
Count/number of insects per 100 alfalfa plants

250

2004

61d mowing of alfalfa

Q- Aphis craccivora
—o— Hippodamia variegata|
-+ Propylea japonica
-0 Lacewings

S

71d mowing of alfalfa

150
1004 .
COTA
s04
'
|
' i
VT
34 364 41d 464 SI4 64 614 66d Tid 764 Sld 86d 9ld

Date/day





media/file7.jpg
Count/number of insects per 100 cotton plants

200

150 4

100 4

50

—o— Aphis gossypii Glover
0 - Hippodamia variegata

71d mowing of alfalfa
Propylea japonica =

-0 Lacewings

-

61d mowing of alfulfa

'
'
1
|
+
1

ald 464 sld Sed 6ld 6ed 7id 764 SId sed
Date/day





media/file10.png
Count/avgerage number of insects per 100 cotton plants

400 —

200 —

100 —

— O - Aphis gossypii Glover
- -O- - Hippodamia variegata
----- A Propylea japonica
—O— Lacewings

41d 46d 51d 56d

61d  66d
Date/day

|
71d

T
76d

1
81d

T
86d





media/file19.png





media/file14.png
TRV b

82° 51"367E #2° 51 B 82° 51'45°E 8. 1" 48
1 1 1 1
N
w E .
Description:
s The graph shows the population of cotton

Legend
D Cotton planted fields
Cotton Aphid

(number of aphids per 100 cotton plants)

B «07-514 833-924
P 515-584 92.5-103.1

[ 585-665 103.2-116.6

aphids in cotton fields after the second
mowing of alfalfa traps at 61 days.
Interpolation method: BME

66.6-75.1 116.7-136.5 %0 120
75.2-832 | 136.6-177.9 = — | F—————Meters
I

82° 51" 367





media/file11.jpg





media/file6.png
Count/number of aphids per 100 cotton plants

400 =

300 —

100 —

—{— unplanted alfalfa traps
- -O - planted alfalfa traps

~ 71d mowing of alfalfa

61d mowing of alfalfa

> 4

1 -1 1
31d 36d 41d 46d

| L LR R RN BENL BN BRI B
51d 56d 61d 66d 71d 76d 81d 86d 9ld

Date/day





media/file15.jpg
Descrpicn
e g dhows e opas
e

Legend
[ [
ot i
[






nav.xhtml


  agriculture-14-0