Early Detection of Mulberry Sucking Pest Infestation Using Red Edge Position From Hyperspectral Data


                                                                                                                                                                                  ABSTRACT.

Early identification of pest damage is essential for selecting effective control methods, thereby reducing production costs and minimising crop losses.  In contrast, modern techniques such as remote sensing enable rapid and efficient detection over large areas. Hyperspectral remote sensing provides a non-destructive approach for early detection of crop stress caused by insect pests. The present study aimed to detect infestation of major sucking pests of mulberry like pink mealybug (Maconellicoccus hirsutus Green) spiralling whitefly (Aleurodicus dispersus Russell), and thrips (Pseudodendrothrips mori Niwa) using red edge position (REP) derived from hyperspectral reflectance data. Field experiments were conducted in the mulberry variety V1 at Tamil Nadu Agricultural University, Coimbatore. Spectral reflectance measurements were collected using a GER-1500 spectroradiometer from healthy and pest-infested plants at 15, 30, 45 and 60 days after pruning. The REP values were calculated using the linear interpolation method. The results showed significant shifts in REP towards shorter wavelengths in pest-infested plants compared with healthy plants. Spiralling whitefly (Aleurodicus dispersus Russell)  infestation produced the largest REP shift (16.59 nm at 15 DAP), followed by pink mealybug (Maconellicoccus hirsutus Green)   (7.42 nm at 60 DAP), while thrips (Pseudodendrothrips mori Niwa) showed comparatively smaller shifts during early infestation stages. These findings demonstrate that red edge position derived from hyperspectral data can effectively detect pest-induced stress in mulberry and may serve as a useful tool for early pest monitoring in sericulture systems. The shift of REP towards shorter wavelengths in damaged plants indicates a reduction in chlorophyll content and photosynthetic efficiency. These findings confirm that REP derived from hyperspectral data can serve as a reliable indicator for early detection of pest-induced stress in mulberry crops.
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INTRODUCTION:
.Accurate detection and  assessment  of  pest  damage  are essential  in  commercial  sericulture.  Traditional methods—primarily   relying   on   human   visual evaluation—are  commonly  employed.  However, these  methods  are  often  time-consuming  and labour-intensive,  limiting  their  efficiency  in  large-scale   monitoring   operations.   Remote   sensing has  been  used  in  agriculture  for  many  decades (Kalpana et al., 2026). Mulberry (Morus spp.) is a perennial, deep rooted, fast growing and high biomass producing foliage plant. It forms the basic food for the silkworm, Bombyx mori L. The quality of mulberry leaf is influenced by several factors such as variety, agronomic practices and abiotic components (Krishnaswami et al. 1970). Mulberry (Morus spp.) is available throughout the year, making it susceptible to a wide range of pests and diseases. Approximately 300 insect and non-insect pest species have been reported to infest mulberry. These pests are generally categorised as sap-suckers, defoliators, and root feeders. The sap-sucking pests include mealybugs (Maconellicoccus hirsutus Green), thrips (Pseudodendrothrips mori Niwa), spiralling whitefly (Aleurodicus dispersus Russell), leafhoppers (Empoasca flavescens Fabricius), and scale insects (Pseudaulacaspis pentagona). Defoliators and mites also contribute to damage in mulberry crops. Sap-sucking insects employ a specialised stylet mouthpart to penetrate the phloem sieve elements and extract sap from the plant’s vascular tissue (Central Silk Board). Heavy infestations by these pests can lead to honeydew deposition and subsequent sooty mold development, reducing photosynthetic efficiency and severely limiting plant growth potential. Govindaiah et al. (2005) reported the incidence of mealybugs at 19.21%, thrips at 17.18%, whiteflies at 12.62%, jassids at 9.08%, and scale insects at 8.24%.
In India, several insect pests are commonly associated with mulberry, including papaya mealybug (Paracoccus marginatus), pink mealybug (Maconellicoccus hirsutus), whitefly (Aleurodicus dispersus), thrips (Pseudodendrothrips mori), and spittlebug (Clovia puncta). Although Aleurodicus dispersus was previously considered a minor pest due to its occasional occurrence and limited damage, it has recently emerged as a major pest causing extensive losses in mulberry crops in South India (Josepha et al., 2011). Whitefly populations persist year-round in this region, peaking during the summer months (March–June) and declining in winter (October–January) (Vijaya Kumari, 2011). Infestation by Aleurodicus dispersus has been reported to reduce mulberry silkworm cocoon yield by up to 5 kg per 100 disease-free layings (dfl) (Yumnam Debaraj et al., 2013). Pseudodendrothrips mori is the most widespread thrips species affecting mulberry globally. This highly oligophagous pest, native to the Northern Hemisphere, has become a regular and major pest of mulberry. Its populations are adversely affected by high rainfall and humidity, which tend to lower infestation levels (Venugopalapillai & Krishnaswamy, 1980).

Early detection of pest infestation is essential to minimize crop losses and to maintain the quality of mulberry leaves used for silkworm rearing, which further influences silkworm growth, cocoon yield, and silk quality.Conventional methods of pest identification and monitoring, particularly during the early stages before pest population build-up are time-consuming, labour-intensive and largely dependent on visual observation. These approaches are often subjective and may fail to detect subtle physiological and biochemical changes that occur prior to the appearance of visible symptoms. As a result, timely intervention is frequently delayed, leading to increased pest spread and economic losses.
In this context, advanced and non-destructive techniques such as remote sensing offer a promising alternative for early pest detection. Hyperspectral remote sensing, in particular has emerged as a powerful tool due to its ability to capture continuous spectral information across numerous narrow wavelength bands. A hyperspectral image is represented as a hypercube comprising two spatial dimensions and one spectral dimension at high resolution, providing a complete light spectrum for each individual pixel. Consequently, hyperspectral images contain a substantial volume of information (approximately 1 GB), enabling the analysis of complex environments, including the detection of minor components, through machine learning techniques specifically designed for such high-dimensional data (Peignier et al., 2003).
This high spectral resolution enables the detection of subtle variations in plant biochemical and physiological properties associated with pest-induced stress. The red-edge region (approximately 680–750 nm) is especially sensitive to changes in chlorophyll concentration and internal leaf structure. Healthy leaves typically exhibit a sharp increase in reflectance in this region due to strong chlorophyll absorption in the red wavelengths and high reflectance in the near-infrared region. In contrast, pest-damaged leaves show changes in chlorophyll content and leaf cellular structure, resulting in measurable shifts in the slope and position of the red edge. These shifts can be quantitatively assessed using hyperspectral data. Although hyperspectral techniques have been widely applied for detecting crop stress, limited research has focused on differentiating spectral responses of mulberry plants to specific sucking pests. Understanding these spectral variations is important for developing rapid and non-destructive pest detection methods. Therefore, the present study aimed to identify and characterize spectral changes associated with infestation of major mulberry sucking pests such as pink mealybug (Maconellicoccus hirsutus Green), spiralling whitefly (Aleurodicus dispersus Russell) and thrips (Pseudodendrothrips mori) using red edge position derived from hyperspectral reflectance data.
2. MATERIALS AND METHODS
Field experiment was carried out to detect damage caused by major sucking pest of mulberry using RED edge position derived from hyperspectral radiometry. 
2.1. Experiments and insect pests studied 
An investigation was conducted in the Mulberry garden (variety V1) at the Department of Sericulture, Tamil Nadu Agricultural University (TNAU) Coimbatore, India. Field experiment was carried out using hyperspectral radiometry to take the reflectance of sucking pests damaged mulberry plants viz. Maconellicococus hirsutus, Pseudodentrothrips mori and Aleurodicus disperses. The experimental treatments were defined as T1 – Damaged and T2 – Undamaged. Naturally occurring pest infestations were studied in two plots, each measuring 5 × 10 m², corresponding to T1 (damaged) and T2 (undamaged) within the existing mulberry variety. In the undamaged plot, plants were protected from insect damage through periodic applications of appropriate insecticides. In contrast, no protective measures were applied in the damaged plot, allowing pest populations to develop naturally. Both plots were maintained free of plant diseases through regular monitoring and application of fungicides or bactericides as required. Within each plot, ten plants were tagged to represent the healthy (undamaged) and damaged categories. These ten tagged plants in each plot served as replicates for the respective treatment, providing a basis for comparative analysis.

2.2. Observations recorded 
 Percent leaf damage caused by sucking pests of mulberry, Percent spectral reflectance was recorded at 15 days interval during active infestation in each plant. The observations were recorded from 10 tagged plants for each treatment on 15, 30, 45 and 60 days after pruning. 
2.3. Pest population count 
 The population of sucking pests viz., Pinkmealy bug (Maconellicococus hirsutus), Spiralling whitefly)( Aleurodicus dispersus and thrips (Pseudodentrothrips mori), was counted from 3 leaves (Top, middle, bottom) in each of the tagged plants from both the treatments and was recorded (Sakthivel et al., 2011). In order to detect the presence of damage caused by sucking pests of mulberry using hyperspectral radiometry, the pest population and spectral reflectance were recorded in undamaged and damaged plants. 
2.5. Spectroradiometer (GER 1500) 
Spectral reflectance measurements were obtained using a field-portable spectroradiometer, model GER 1500, available at the Department of Remote Sensing and Geographic Information System, Tamil Nadu Agricultural University (TNAU), Coimbatore. The GER 1500 spectroradiometer (Table 1) allows spectral measurements in either stand-alone mode or via a notebook computer interface. The instrument operates over a spectral range of 350–1050 nm, providing high accuracy and stability. It employs a diffraction grating in combination with a silicon diode array comprising 512 discrete detectors, enabling simultaneous acquisition of 512 spectral bands. The spectroradiometer is equipped with internal memory for stand-alone operation and can also be interfaced with a computer via its COM2 RS232 serial port for computer-assisted measurements (Table 1).
  Table 1: Specification of Spectroradiometer (GER 1500)
	Particulars 
	Specification 

	Brand name 
	Spectra Vista Corporation (SVC) 

	Spectral range 
	350 nm to 1050 nm 

	Number of channels 
	512 

	Type of sensor 
	Silicon array 

	Band width (nominal) 
	1.5 nm 

	Resolution 
	3 nm FWHM (Full Width Half Minimum) 

	Field of vision (FOV) 
	Standard 40 FOV nominal 


 2.6. Per cent spectral reflectance 
The leaf spectral data were collected by pointing the instrument at a distance of 30cm above the leaf on clear sunny days between 10 am to 1 pm local time. The instrument was optimized and calibrated before the first measurement and after every five minutes onwards to adapt to changing atmospheric conditions as mentioned by Luther and Carroll (1999) and Abdel – Rahman et al. (2010). The incident spectrum was periodically obtained from the light reflected by a Barium sulphate standard panel before each set of measurements. The per cent reflectance spectrum was calculated using the following formula.
	 	 	            Reflectance from target (Plant canopy) 	 
	Per cent reflectance 	 = 	 	X 100 
	 	 	      Reflectance from reference (Barium sulphate panel) 	 
 
The spectral reflectance data, including both absolute and percentage reflectance values, were exported from the spectroradiometer to a personal computer as ASCII files with an ASC extension, using the proprietary software provided with the instrument. For each plant, 512 values of percent spectral reflectance were recorded at approximately 1.5 nm intervals, covering a wavelength range from 276.86 to 1093.50 nm, with the 350–1050 nm range providing the most stable measurements. Data were collected for ten plants per treatment.
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RED EDGE POSITION (REP) ESTIMATION:
The red edge region (680–750 nm) represents the transition zone between the red and near-infrared (NIR) wavelengths, where vegetation reflectance changes rapidly. This spectral region is highly sensitive to variations in chlorophyll content and leaf internal structure, making it a reliable indicator of plant health and stress. Changes in the red edge can detect vegetation stress at early stages, often before visible symptoms appear. Unlike vegetation indices such as NDVI, which tend to saturate under dense vegetation conditions, red edge parameters provide improved sensitivity for assessing plant physiological status. Therefore, the red edge region has wide applications in precision agriculture, including nutrient management, stress detection, and yield prediction, as well as in vegetation classification and monitoring. In the present study, the REP was estimated using the linear interpolation method proposed by Guyot and Baret (1988). This method determines the wavelength at which reflectance reaches the midpoint between red and near-infrared reflectance values within the red edge region. The REP was calculated using the following equation: (Prabhakar et al., (2013); Bhosle and Musande (2017).

where:
· = Reflectance at 670 nm
· = Reflectance at 700 nm
· = Reflectance at 740 nm.,
· = Reflectance at 780 nm

RESULTS AND DISCUSSION:
RED EDGE POSITION ANALYSIS FOR SUCKING PESTS OF MULBERRY
Table 2: Red edge position of sucking pests of mulberry.
	
DAP
	REP (Wavelength in nm)

	
	Pinkmealy bug
	Spiralling whitefly
	Thrips

	
	Undamaged
	Damaged
	Shift
	Undamaged
	Damaged
	Shift
	Undamaged
	Damaged
	Shift

	15
	719.78
	713.62
	6.16
	719.16
	702.57
	16.59
	713.16
	712.21
	0.95

	30
	718.69
	713.30
	5.38
	718.66
	706.52
	12.17
	718.69
	716.94
	1.74

	45
	718.69
	716.16
	2.53
	718.66
	708.27
	10.42
	718.69
	716.94
	1.74

	60
	718.69
	711.26
	7.42
	718.69
	711.27
	7.42
	718.69
	713.63
	5.05

	Mean&SE
		718.96 ±0.27



	



	



	    713.59±1.01
	5.37±1.03
	718.79 ± 0.12
	707.16±1.82
	11.65±1.91
	717.31 ± 1.39
	714.93 ± 1.14
	2.37 ± 0.93



*Calculated from mean of 10 plants in each damaged and undamaged
REP Response to Sucking pests of mulberry
The red edge position (REP) values of undamaged and pink mealybug–infested mulberry plants showed noticeable differences across crop growth stages. At 15 days after pruning (DAP), the REP of undamaged plants was 719.78 nm, whereas damaged plants exhibited a lower value of 713.62 nm, resulting in a shift of 6.16 nm. At 30 DAP, the REP shift remained considerable (5.38 nm), indicating sustained physiological stress due to pest feeding. A comparatively smaller shift (2.53 nm) was observed at 45 DAP, suggesting temporary stabilization in plant physiological response or variation in infestation intensity. However, the REP difference increased again at 60 DAP, with a shift of 7.42 nm, indicating severe plant stress at later stages. The reduction in REP values in damaged plants suggests a decline in chlorophyll content and disruption of photosynthetic processes caused by sap-sucking activity of pink mealybugs. 
Among the three pests studied, spiralling whitefly infestation caused the largest REP shifts, indicating severe physiological damage to plants, significant degradation of chlorophyll pigments and damage to leaf tissues At 15 DAP, undamaged plants exhibited a REP of 719.16 nm, whereas damaged plants showed a much lower value of 702.57 nm, resulting in a substantial shift of 16.59 nm. At 30 and 45 DAP, the REP shifts remained high (12.17 nm and 10.42 nm, respectively). Although the shift reduced slightly at 60 DAP (7.42 nm), the REP values of damaged plants remained consistently lower than those of healthy plants. Whiteflies feed on plant sap and excrete honeydew, which promotes the growth of sooty mould and further reduces photosynthetic activity. These factors contribute to pronounced spectral changes detectable in the red edge region.
Thrips infestation resulted in comparatively smaller REP shifts during early crop stages. At 15 DAP, the REP shift was only 0.95 nm, indicating minimal spectral difference between healthy and damaged plants. Similarly, at 30 and 45 DAP, the shifts were 1.74 nm, suggesting relatively mild physiological stress. However, at 60 DAP, the REP shift increased to 5.05 nm, indicating that prolonged thrips infestation can lead to significant physiological damage. Thrips feeding causes cell rupture and chlorophyll loss through rasping and sucking mechanisms, but the damage initially remains localized, resulting in less pronounced early spectral changes compared to whitefly and mealybug infestations.
Similar findings were reported by Vinothkumar et al. (2016), who observed shifts in REP in red spider mite–damaged plants and mealybug-infested brinjal plants. In red spider mite–infested plants, REP shifted from 720.26 nm to 707.65 nm at 75 days after transplanting (DAT) and further to 701.33 nm at 90 DAT. In mealybug-infested plants, REP shifted to 708.68 nm at both 75 and 90 DAT. Bhosle and Musande (2017) also reported that hyperspectral data could effectively monitor stress in mulberry plants through changes in red edge position. Shifts in the red edge toward shorter wavelengths have been widely recognized as early indicators of vegetation stress caused by environmental and biological factors.
The red edge region of vegetation reflectance is highly sensitive to chlorophyll concentration and plant physiological status. Ali and Imran (2020) reported that REP derived from hyperspectral data showed strong relationships with leaf area index and chlorophyll content in kinnow mandarin orchards, demonstrating its potential for assessing crop health. The reduction in REP values observed in pest-infested mulberry plants in the present study similarly indicates chlorophyll degradation and physiological stress caused by sucking pest infestation. According to Buschmann and Nagel (1993) and Dawson and Curran (1998), shifts in REP are primarily attributed to changes in chlorophyll content.
Spectral reflectance studies in sugarcane have also shown that the red edge region is highly sensitive to thrips damage (Fulmekiola serrata), indicating its potential for early detection. Similarly, Chen et al., (2007) reported that the red edge in spider mite–infested cotton leaves shifted toward shorter wavelengths, making it a reliable indicator of infestation levels. Fernandez et al. (1994) reported that stressed plants exhibit decreased canopy reflectance in the lower near-infrared region (750–1300 nm), reduced red absorption around 680 nm, and a corresponding shift in the red edge position.
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Figure 1. Red edge position (REP) shift in mulberry leaves at different crop stages under infestation of (a) pink mealybug, (b) spiralling whitefly and (c)Thrips
 
Comparative Analysis of REP Shifts Among Pests
A comparative analysis of REP shifts revealed that spiralling whitefly caused the greatest spectral change, followed by pink mealybug, whereas thrips caused relatively smaller shifts during early stages of infestation. The large REP shifts observed in whitefly-infested plants indicate a severe reduction in chlorophyll content and photosynthetic activity, while the moderate shifts associated with mealybug infestation reflect gradual physiological stress. Thrips infestation produced delayed spectral responses, with noticeable shifts appearing mainly during later stages. These findings confirm that red edge position is a sensitive hyperspectral indicator for detecting pest-induced stress, and the magnitude of REP shift can be used to differentiate the severity of damage caused by different pests.

CONCLUSION
The present study demonstrated that hyperspectral reflectance data can effectively detect stress caused by major sucking pests of mulberry through changes in red edge position (REP). Among the pests studied, spiralling whitefly infestation produced the highest REP shift, indicating severe physiological damage, followed by pink mealybug, whereas thrips caused comparatively smaller spectral shifts during early stages of infestation. The shift of REP towards shorter wavelengths in damaged plants reflects a reduction in chlorophyll content and photosynthetic efficiency. However, similar spectral responses may also arise due to other stress factors such as nutrient deficiencies and plant diseases, which could influence the accuracy of pest-specific detection. Therefore, distinguishing pest-induced stress from other biotic and abiotic stresses remains a key limitation of this approach. Despite this, the findings highlight the potential of REP derived from hyperspectral data as a rapid, non-destructive, and reliable indicator for early detection of pest-induced stress in mulberry. This approach can support precision pest monitoring and timely management decisions in sericulture. Future studies should focus on integrating hyperspectral data with advanced analytical techniques, such as machine learning and multi-stress classification models, to improve specificity and accuracy. Expanding this approach under field conditions and across different crop systems will further enhance its applicability for large-scale pest surveillance and crop health assessment.
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