Structural Host Plant Resistance: Influence of Foliar Morphological Traits on Bemisia tabaci Dynamics in Soybean (Glycine max)

Abstract
The whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae), is a devastating polyphagous pest of soybean (Glycine max L. Merrill), causing severe yield losses directly through sap-draining and indirectly by acting as the primary vector for the Yellow Vein Mosaic Virus (YVMV). It has a broad host range of over 700 different plant species with an ability to transmit more than 200 viruses specifically those belonging to the genus Begomovirus, leading to severe economic loss, the environmental hazards and resistance issues associated with chemical insecticides, identifying and utilizing host plant resistance (HPR) is paramount. This study was conducted exclusively during the Kharif 2023 season to investigate the role of foliar morphological traits in conferring structural resistance (antixenosis) against B. tabaci. Twenty diverse soybean genotypes were evaluated under field conditions at the Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh,India. Morphological parameters like leaf area, leaf thickness, leaf succulency, trichome density, trichome width, and trichome length were recorded at 45 days after sowing (DAS).
The results demonstrated highly significant genotypic variations in all evaluated Morphological leaf traits, which profoundly influenced B. tabaci. colonization dynamics. Correlation analyses revealed that leaf thickness (r=−0.945) and trichome density (r=−0.886) acted as physical barriers, showing very strong negative correlations with whitefly populations. Conversely, leaf succulency (r=0.919) and leaf area (r=0.817) exhibited highly significant positive correlations, indicating that broader and highly hydrated leaves enhance plant susceptibility by providing a favourable microclimate and easier feeding access. The genotype JS 97-52 emerged as highly resistant, possessing the thickest leaves (0.40 g/cm2), maximum trichome density (434.57 trichomes/cm2), and the longest trichome (562.24 μm), alongside the lowest leaf area (30.50 cm2) and succulency (37.25%) area. On the contrary, the highly susceptible genotype JS-335 exhibited the thinnest leaves (0.17 g/cm2), lowest trichome density (182.64 trichomes/cm2), and the highest leaf succulency (57.26%). These findings conclusively establish that morphological traits are critical determinants of B. tabaci resistance and provide highly reliable phenotypic markers for screening and breeding whitefly-resistant soybean cultivars.

1. Introduction
Soybean (Glycine max (L.) Merrill) is a globally vital leguminous crop, recognized as the "Miracle Crop" of the 20th century owing to its exceptional nutritional profile. It contains approximately 40% high-quality protein and 20% edible oil, making it an indispensable resource for both human consumption and industrial applications (Uikey et al., 2022). Globally, soybean production is dominated by Brazil, the United States, Argentina, China, and India. During 2023–24, these five countries accounted for nearly 85% of total global output (USDA, 2024). In India, soybean is primarily cultivated in Madhya Pradesh, Maharashtra, and Rajasthan, together covering more than 11 million hectares with a production of 12 million tonnes and productivity of about 1,158 kg ha⁻¹ (Rao et al., 2023). Among these states, Madhya Pradesh—known as the “Soybean State”—contributes more than half of India’s total production. Madhya Pradesh remains the leading producer, contributing nearly 53% of the total cultivated area and 60% of the country’s soybean output (Rao et al., 2023).However, the realization of the maximum yield potential of soybean is heavily constrained by an array of biotic stress factors, among which insect pests are the most damaging.
Over the past few decades, the whitefly, Bemisia tabaci (Gennadius), has emerged as a major constraint to soybean production. Both the nymphal and adult stages of B. tabaci inflict severe damage on the crop. They actively suck cell sap from the phloem, leading to chlorosis, stunted growth, and premature leaf drop. Furthermore, whiteflies secrete copious amounts of honeydew, which promotes the growth of sooty mold, thereby drastically reducing the photosynthetic efficiency of the plant. Most alarmingly, B. tabaci serves as the primary vector for several devastating plant viruses, most notably the Yellow Vein Mosaic Virus (YVMV) and Mungbean Yellow Mosaic India Virus (MYMIV), which can cause up to 100% yield loss if infection occurs at an early vegetative stage (Nene, 1972).
To mitigate these losses, farmers have historically relied on the heavy and frequent application of chemical insecticides. However, this over-reliance has precipitated a cascade of adverse ecological consequences, including the decimation of natural enemy populations, environmental pollution, and the rapid development of insecticide resistance in B. tabaci populations (Palumbo et al., 2001). In light of these challenges, the development and deployment of resistant soybean cultivars through Host Plant Resistance (HPR) offers the most economically viable, ecologically sound, and sustainable pest management strategy. Host plant resistance mechanisms are generally categorized into antixenosis (non-preference), antibiosis, and tolerance (Painter, 1951). Structural or morphological resistance is a primary component of antixenosis. It relies on specific physical characteristics of the plant that inherently deter or prevent insect pests from settling, colonizing, feeding, and ovipositing. In soybean, foliar morphological traits such as leaf area, leaf thickness, leaf succulency, and the presence of epidermal hairs (trichomes) play a vital role in manipulating the microenvironment of the leaf surface. Trichomes act as physical impediments, disrupting the movement of small insects like whiteflies, while leaf thickness can present a formidable mechanical barrier against the insertion of the insect's stylet into the phloem.
While previous research has acknowledged the role of plant morphology in pest resistance, highly specific, season-bound quantitative data correlating structural traits to B. tabaci population dynamics in modern soybean genotypes remains crucial for targeted breeding. Therefore, the present investigation was conceptualized and conducted exclusively during the Kharif 2023-24 season with the objective to meticulously determine the influence of specific foliar morphological traits on B. tabaci incidence across twenty diverse soybean genotypes.
2. Materials and Methods
2.1 Experimental Site and Weather Conditions
The field experiment was systematically laid out during the Kharif season of 2023-24 at the experimental field of the Breeder Seed Production Unit, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya (JNKVV), Jabalpur, Madhya Pradesh, India. Jabalpur is situated in the semi-arid subtropics, geographically located between 22 ° 49" and 24° 8" North latitude and 78° 21" and 80 °58" East longitude and at an altitude of 411.78 m. above the mean sea level, providing an agro-climatic environment conducive to high Bemisia tabaci proliferation during the Kharif (monsoon) season.
2.2 Experimental Design and Plant Material
The study utilized a set of twenty diverse soybean genotypes, selected based on their varying degrees of previously observed field tolerance/susceptibility parameter against insect pests. The genotypes evaluated included JS 22-18, JS 20-34, NRC-138, JS 20-69, JS-335 (Susceptible Check), JS 97-52, JS 20-116, JS 25-08, RSC-1052, JS 20-29, JS 22-12, AMS-100-39, JS 25-03, JS 93-05, JS 23-09, JS 22-16, JS 23-03, MAUS-158, JS 20-94, and JS 20-98.
The experiment was set up in a Randomized Block Design (RBD) with three replications. Standard agronomic practices recommended for the region were followed uniformly across all experimental plots to raise a healthy crop, strictly avoiding the application of any chemical insecticides to allow for natural whitefly infestation and colonization.
2.3 Recording of Whitefly Population
The whitefly population was recorded under natural field infestation conditions. The assessment of Bemisia tabaci incidence was conducted by visually counting the number of adult whiteflies on six leaves per plant (two leaves each from the upper, middle, and lower canopy) early in the morning when the insects were less active. Observations were taken from five randomly tagged plants in each plot.
2.4 Evaluation of Foliar Morphological Traits
To elucidate the morphological basis of structural resistance, six critical foliar parameters were examined for all selected soybean genotypes at the peak vegetative phase, specifically at 45 days after sowing (DAS). Five randomly selected, completely unfurled leaves from each replication were utilized for these measurements:
1. Leaf Area (cm2): The total leaf area was accurately measured using a digital leaf area meter (LI-3000A). Leaves were plucked from the upper, middle, and lower canopies to obtain a representative average.
2. Leaf Thickness (g/cm2): Leaf thickness was quantitatively assessed in terms of specific leaf weight (SLW). Fresh leaves of known area were dried in a hot air oven at 60∘C until a constant dry weight was achieved. The leaf thickness was then calculated by dividing the total leaf dry weight by the total leaf area.
3. Leaf Succulency (%): Leaf succulency, indicative of the relative water content, was evaluated by recording the fresh weight of the leaves immediately after detachment. The leaves were then hydrated to full turgidity to record the turgid weight, followed by oven drying to record the dry weight. The succulency was calculated using the standard relative water content formula (Barrs & Weatherley, 1962).
4. Trichome Density (number/cm2): To accurately observe trichomes, leaf segments of a specified area were cleared by boiling them in a mixture of ethyl alcohol and lactic acid to remove chlorophyll. The cleared leaf segments were then mounted on glass slides, and the number of trichomes per square centimeter was systematically counted under a stereoscopic binocular microscope.
5. Trichome Length (μm) and Width (μm): From the cleared leaf samples, individual trichomes were observed under a high-power compound microscope equipped with a calibrated ocular micrometer. The length (from base to tip) and the maximum width (at the base) of 10 randomly selected trichomes per leaf were measured and averaged.
2.5 Statistical Analysis
The recorded data for the Kharif 2023-24 season were subjected to analysis of variance (ANOVA) appropriate for the Randomized Block Design to test the significance of differences among the genotypes. Furthermore, simple correlation coefficients (r) and linear regression analyses were performed using SPSS software to establish the exact mathematical and statistical relationship between the evaluated structural morphological traits and the mean Bemisia tabaci populations.
3. Results and Discussion
The field evaluations conducted during the Kharif 2023-24 season revealed highly significant genotypic variations across all the examined foliar morphological traits. These structural variations exerted a profound impact on the host selection and colonization behavior of Bemisia tabaci.
3.1 Influence of Leaf Area on Whitefly Incidence
Leaf area is a critical determinant of the plant's microenvironment. During the 2023 season, the leaf area of the diverse soybean genotypes varied considerably, ranging from a minimum of 30.50 cm2 to a maximum of 66.67 cm2 at 45 DAS.
The highly susceptible genotype JS 22-16 recorded the maximum leaf area (66.67 cm2), followed closely by the highly susceptible check JS-335 (55.53 cm2) and JS 20-116 (49.10 cm2). Conversely, the lowest leaf area was meticulously observed in the highly resistant genotype JS 97-52 (30.50 cm2), followed by AMS-100-39 (31.10 cm2) and NRC-138 (34.13 cm2). Correlation and regression analyses established a strong positive correlation (r=0.817**) between total leaf area and whitefly population. This indicates that genotypes with broader leaves provide a larger surface area for feeding and oviposition, thereby actively supporting higher B. tabaci populations.
Table: 1) Morphological traits (leaf area, leaf thickness and leaf succulency) of soybean genotypes during Kharif, (2023-24)
	Genotypes
	Treatment
	Leaf area Cm2 at 45 DAS
	Leaf thickness
(g/cm2) at 45 DAS
	Leaf
succulency (%) At 45 DAS

	JS 22-18
	T1
	39.33 ± 5.314
	0.28 ± 0.032
	44.04 ± 5.079

	JS 20-34
	T2
	37.80 ± 3.651
	0.27 ± 0.031
	41.37 ± 4.771

	NRC-138
	T3
	34.13 ± 0.318
	0.33 ± 0.038
	41.34 ± 4.767

	JS 20-69
	T4
	36.87 ± 5.286
	0.30 ± 0.035
	45.17 ± 5.209

	JS-335
	T5
	55.53 ± 5.629
	0.17 ± 0.020
	57.26 ± 6.603

	JS 97-52
	T6
	30.50 ± 0.777
	0.40 ± 0.046
	37.25 ± 4.295

	JS 20-116
	T7
	49.10 ± 5.756
	0.18 ± 0.021
	54.78 ± 6.318

	JS 25-08
	T8
	41.20 ± 7.870
	0.24 ± 0.028
	49.39 ± 5.696

	RSC- 1052
	T9
	43.07 ± 5.579
	0.23 ± 0.027
	48.69 ± 5.615

	JS 20-29
	T10
	36.73 ± 4.210
	0.29 ± 0.034
	43.76 ± 5.047

	JS 22-12
	T11
	42.73 ± 7.074
	0.22 ± 0.026
	48.05 ± 5.542

	AMS-100-39
	T12
	31.10 ± 4.319
	0.36 ± 0.042
	38.25 ± 4.411

	JS 25-03
	T13
	39.80 ± 5.258
	0.27 ± 0.031
	43.32 ± 4.996

	JS 93-05
	T14
	43.93 ± 1.244
	0.22 ± 0.025
	46.12 ± 5.319

	JS 23-09
	T15
	43.07 ± 4.820
	0.21 ± 0.024
	48.10 ± 5.547

	JS 22-16
	T16
	66.67 ± 6.365
	0.20 ± 0.023
	47.27 ± 5.451

	JS 23-03
	T17
	36.37 ± 1.452
	0.26 ± 0.029
	44.33 ± 5.112

	MAUS-158
	T18
	44.50 ± 3.081
	0.18 ± 0.021
	49.24 ± 5.679

	JS 20-94
	T19
	37.60 ± 1.514
	0.28 ± 0.032
	42.46 ± 4.897

	JS 20-98
	T20
	34.87 ± 0.817
	0.31 ± 0.035
	40.07 ± 4.621

	
	SEM ±
	4.70
	0.01
	0.58

	
	CD
	13.46
	0.02
	1.67

	
	CV
	19.74
	4.69
	2.22





DAS = Day after sowing
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Fig.1) Mean values of leaf area and whitefly population in soybean genotypes (Kharif 2023-24)

3.2 Impact of Leaf Succulency
Leaf succulency directly reflects the hydration status and sap availability within the foliar tissues. The recorded values for leaf succulency at 45 DAS exhibited marked variation, ranging from 37.25% to 57.26%.
The maximum leaf succulency was recorded in the highly susceptible genotype JS-335 (57.26%), followed by JS 20-116 (54.78%) and JS 22-16 (47.27%). In contrast, the resistant genotypes exhibited significantly lower succulency levels, with the minimum value recorded in JS 97-52 (37.25%), followed by AMS-100-39 (38.25%) and JS 20-98 (40. 07%).The statistical analysis yielded a very strong positive correlation (r=0.919**) between leaf succulency and whitefly incidence. Succulent leaves, being softer and richer in fluid content, inherently facilitate easier stylet penetration and sap extraction, making them highly preferred by phloem-feeding whiteflies.
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Fig. 2) Mean values of leaf succulency and whitefly population in soybean genotypes (Kharif 2023-24)


3.3 Role of Leaf Thickness as a Physical Barrier
Leaf thickness functions as a primary mechanical barrier against sap-sucking insects. The data from the Kharif 2023 season revealed noticeable variations in leaf thickness, measured as specific leaf weight, ranging from 0.17 to 0.40 g/cm2 at 45 DAS.
The maximum leaf thickness was recorded in the highly resistant genotype JS 97-52 (0.40 g/cm2), followed by AMS-100-39 (0.36 g/cm2) and NRC-138 (0.33 g/cm2). Conversely, the thinnest leaves were observed in the highly susceptible check JS-335 (0.17 g/cm2), followed by MAUS-158 (0.18 g/cm2) and JS 20-116 (0.18 g/cm2). A very strong negative correlation (r=−0.945**) was established between leaf thickness and B. tabaci populations. This highlights that an increase in leaf thickness directly and severely restricts the ability of whiteflies to reach the phloem bundles, thereby acting as a powerful mechanism of structural antixenosis.
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Fig. 3) Mean values of leaf thickness and whitefly population in soybean genotypes (Kharif 2023-24)
3.4 Trichome Density: The Primary Mechanism of Antixenosis
The presence of epidermal hairs, or trichomes, is widely recognized as one of the most effective physical defenses against insect pests. In the present study, trichome density exhibited tremendous variation, ranging from 182.64 to 434.57 trichomes/cm2.
Genotype JS 97-52, which consistently harboured the lowest whitefly population, recorded the extraordinarily highest trichome density (434.57 trichomes/cm2). It was followed by other highly resistant genotypes such as NRC-138 (369.50 trichomes/cm2) and JS 20-98 (355.62 trichomes/cm2). On the contrary, the susceptible check JS-335 exhibited the most sparse trichome density (182.64 trichomes/cm2), followed by JS 20-116 (205.36 trichomes/cm2). The correlation matrix demonstrated a highly significant negative correlation (r=−0.873∗∗) between trichome density and whitefly incidence. Dense trichome networks create a hostile physical environment that severely impedes adult whitefly movement, disrupts mating behaviour, and restricts access to the leaf epidermis for oviposition and feeding.

Table. 2) Morphological traits (trichome density, trichome width, trichome length) of soybean genotypes during Kharif, (2023)	
	Genotypes
	Treatment
	Trichomes density/ Cm2
	Trichomes width (µm)
	Trichomes Length (µm)

	JS 22-18
	T1
	346.33 ± 39.941
	22.15 ± 2.555
	465.76 ± 53.714

	JS 20-34
	T2
	339.78 ± 39.185
	24.90 ± 2.871
	456.61 ± 52.658

	NRC-138
	T3
	369.50 ± 42.613
	29.38 ± 3.388
	548.39 ± 63.244

	JS 20-69
	T4
	334.76 ± 38.606
	24.21 ± 2.792
	463.08 ± 53.405

	JS-335
	T5
	182.64 ± 21.063
	20.41 ± 2.354
	336.21 ± 38.773

	JS 97-52
	T6
	434.57 ± 50.117
	28.34 ± 3.268
	562.24 ± 64.841

	JS 20-116
	T7
	205.36 ± 23.683
	20.53 ± 2.368
	418.30 ± 48.241

	JS 25-08
	T8
	283.43 ± 32.687
	21.47 ± 2.476
	524.07 ± 60.438

	RSC- 1052
	T9
	275.65 ± 31.790
	26.95 ± 3.108
	513.71 ± 59.243

	JS 20-29
	T10
	325.54 ± 37.543
	22.84 ± 2.634
	468.35 ± 54.012

	JS 22-12
	T11
	266.50 ± 30.734
	20.78 ± 2.397
	528.65 ± 60.967

	AMS-100-39
	T12
	339.78 ± 39.185
	29.01 ± 3.345
	562.24 ± 64.841

	JS 25-03
	T13
	309.45 ± 25.338
	14.27 ± 7.388
	471.35 ± 54.358

	JS 93-05
	T14
	259.24 ± 29.897
	29.69 ± 3.424
	524.77 ± 60.519

	JS 23-09
	T15
	252.40 ± 29.108
	26.27 ± 3.029
	518.41 ± 59.785

	JS 22-16
	T16
	224.22 ± 25.858
	25.58 ± 2.950
	523.64 ± 60.389



	JS 23-03
	T17
	293.56 ± 33.855
	28.32 ± 3.266
	461.60 ± 53.235

	MAUS-158
	T18
	212.43 ± 24.499
	27.64 ± 3.187
	534.08 ± 61.593

	JS 20-94
	T19
	288.62 ± 33.285
	23.52 ± 2.713
	452.44 ± 52.177

	JS 20-98
	T20
	355.62 ± 41.012
	22.57 ± 2.603
	488.72 ± 56.362

	
	SE.m
	7.49
	1.29
	6.28

	
	CD
	21.43
	3.69
	17.99

	
	CV
	4.46
	9.13
	2.22


S.E.M.- Standard Error of Mean, C.D. - Critical Difference, C.V. - Coefficient of Variation, 
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Fig. 4) Mean values of trichome density and whitefly population in soybean genotypes (2023-24).



3.5 Influence of Trichome Dimensions (Length and Width)
In addition to density, the physical dimensions of the trichomes further supplement the defensive barrier.
Trichome Length: The length of trichomes varied considerably from 336.21 μm to 562.24 μm. The longest trichomes were recorded in the resistant genotypes JS 97-52 (562.24 μm) and AMS-100-39 (562.24 μm), while the shortest were found in the susceptible JS-335 (336.21 μm). Trichome length showed a significant negative correlation (r=−0.475∗) with the whitefly population, indicating that longer trichomes create a greater distance between the insect and the leaf surface, further complicating feeding and oviposition.
Trichome Width: Trichome width ranged from 14.27 μm to 29.69 μm. The maximum width was observed in JS 93-05 (29.69 μm) and NRC-138 (29.38 μm), whereas the minimum was recorded in JS 25-03 (14.27 μm) and JS-335 (20.41 μm). Although trichome width exhibited a negative correlation with whitefly numbers, this relationship was statistically non-significant (r=−0.316). This suggests that while wider trichomes contribute to the physical barrier, their individual effect is overshadowed by the much stronger impacts of trichome density and length.
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Fig. 5) Mean values of trichome length and whitefly population in soybean genotypes (2023-24)
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Fig. 6) Mean values of trichome width and whitefly population in soybean genotypes (2023-24)
	 
	Leaf area 
	Leaf succulency 
	Leaf thickness
	Trichome density 
	Trichome length 
	Trichome width 
	Whitefly population 

	Leaf area 
	1
	 
	 
	 
	 
	 
	 

	Leaf succulency 
	0.726**
	1
	 
	 
	 
	 
	 

	Leaf thickness
	-0.795**
	-0.896**
	1
	 
	 
	 
	 

	Trichome density 
	-0.764**
	-0.827**
	0.909**
	1
	 
	 
	 

	Trichome length 
	-0.317NS
	-0.534*
	0.411NS
	0.419NS
	1
	 
	 

	Trichome width 
	-0.213NS
	-0.332NS
	0.265NS
	0.391NS
	0.547*
	1
	 

	Whitefly population 
	0.817**
	0.919**
	-0.945**
	-0.886**
	-0.475*
	-0.316NS
	1



Table -3.) Effect of different morphological parameters of Kharif season of soybean on the whitefly population at vegetative stage of the plant growth


The development of crop varieties with inherent host plant resistance is a cornerstone of Integrated Pest Management (IPM). Morphological or structural resistance often termed antixenosis- serves as the plant's first line of defense against herbivory (Panda & Khush, 1995). The data obtained during the Kharif 2023 season explicitly demonstrate that specific foliar physical traits are major determinants of Bemisia tabaci colonization dynamics in soybean. This aligns with the findings of Gulluoglu et al. (2010) and Inayati and Marwoto (2018), who emphasized that host plant selection by B. tabaci is heavily mediated by foliar structural characteristics.
The strong positive correlation observed between leaf area (r=0.817**) and whitefly population indicates that genotypes with broader canopies (e.g., JS-335, JS 22-16) are inherently more susceptible. Larger leaves not only provide an expansive surface area for oviposition and feeding but also create a shaded, high-humidity microclimate within the plant canopy…As similar study was recorded yan et where white population was….and trichome density. Whiteflies heavily prefer such microclimates as they protect delicate nymphs from desiccation and direct solar radiation. Furthermore, the very strong positive correlation with leaf succulency (r=0.919**) aligns with the insect's nutritional requirements Highly hydrated, succulent leaves possess high turgor pressure, making it mechanically easier for the whitefly's piercing-sucking mouthparts to access the sap-rich phloem vessels. These findings are consistent with the results of Harish et al. (2023), who also noted that larger, succulent leaves favour sap-sucking pests.
Conversely, leaf thickness acted as a formidable structural deterrent, evidenced by its strong negative correlation (r=−0.945∗∗) with the pest population. B. tabaci relies on a highly specialized stylet to navigate through the epidermal and mesophyll layers to reach the phloem. In genotypes like JS 97-52, which exhibited the maximum leaf thickness (0.40 g/cm2), the distance from the epidermis to the phloem likely exceeds the functional length of the whitefly stylet. Consequently, the insects expend excessive energy attempting to feed, face starvation, and ultimately abandon the plant—a classic manifestation of antixenotic resistance. This mechanism is strongly supported by Cruz and Baldin (2017) and Prasad et al. (2024), who reported that increased leaf lamina thickness significantly hinders stylet penetration and disrupts the feeding process of whiteflies.
Among all evaluated structural traits, trichome architecture emerged as the most critical defense mechanism. Trichome density exhibited a highly significant negative correlation (r=−0.886∗∗) with whitefly incidence. Dense pubescence on the abaxial (lower) surface of the leaves where whiteflies predominantly reside- acts as a dense "forest" that physically impedes the movement of the tiny adults. This physical interference reduces their ability to locate suitable feeding sites and disrupts their typical mating and oviposition behaviours (Taggar & Gill, 2012). Furthermore, longer trichomes (r=−0.475∗) elevate the insect body away from the leaf surface, preventing the ovipositor from successfully reaching the epidermis to lay eggs. The superior resistance of genotypes such as JS 97-52, NRC-138, and AMS-100-39 is unequivocally linked to their dense, long trichome networks coupled with thick leaves. These observations are in strong agreement with Sasane et al. 
(2018) and Sulistyo and Inayati (2016), who identified trichome density as a primary resistance marker against defoliators and sap-suckers in soybean.
5. Conclusion
The present investigation provides compelling and precise evidence that structural host plant resistance in soybean against the whitefly (Bemisia tabaci) is heavily governed by specific foliar morphological traits. The Kharif 2023-24 season data conclusively reveal that high trichome density, increased leaf thickness, longer trichomes, reduced leaf area, and lower leaf succulency act synergistically to create an inhospitable environment for whitefly colonization, feeding, and oviposition.
The genotype JS 97-52 demonstrated an exemplary morphological defense profile, combining maximum leaf thickness and highest trichome density to exhibit robust field resistance. Genotypes AMS-100-39 and NRC-138 also displayed highly favourable structural traits conferring substantial resistance. These morphometric parameters- specifically leaf thickness and trichome density can be utilized as rapid, highly reliable, and non-destructive phenotypic markers in future soybean breeding programs. Introgression of these structural traits into high-yielding, agronomically superior but susceptible commercial varieties (like JS-335) will be a highly effective strategy to develop robust, whitefly-resistant cultivars, thereby securing soybean yields and mitigating the severe threat of viral epidemics in the region.
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