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Evaluation of Morphological and Physiological Traits in Sesame (Sesamum indicum L.) Associated with Resistance to the Mirid Bug (Nesidiocoris tenuis)



ABSTRACT
Sesame (Sesamum indicum L.) production is increasingly affected by the mirid bug (Nesidiocoris tenuis), emphasizing the need to identify traits associated with host plant resistance. An initial screening of 58 sesame genotypes under natural field infestation identified 15 representative genotypes for more detailed analysis. These 15 genotypes included 4 resistant, 5 moderately resistant, 4 susceptible, and 2 highly susceptible, selected proportionally based on the mean Nesidiocoris tenuis population per plant across all 58 genotypes tested, grouped into four resistance categories. Mirid bug populations were tracked at different crop growth stages by counting insects on randomly chosen plants within each replication. Morphological traits, including plant height, number of capsules per plant, and leaf thickness, were recorded at maturity. Physiological traits, including relative water content (RWC) and water saturation deficit (WSD), were measured at crop maturity, and chlorophyll content was measured at 30, 45, and 60 DAS to examine their association with mirid bug infestation. All traits showed significant genetic variation. The mirid bug population had strong negative correlations with plant height (r = −0.868), capsule number per plant (r = −0.922), and leaf thickness (r = −0.847), and a significant positive correlation with RWC (r = 0.848). WSD had a strong negative association (r = −0.861). Chlorophyll content was moderately related to mirid bug presence at 45 DAS but showed weak correlations at other stages. These results indicate that differences in morphological and water-related physiological traits, particularly RWC and WSD, affect the level of host resistance to mirid bug infestation. These traits could be valuable criteria for selecting and breeding pest-resistant sesame varieties.
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INTRODUCTION
Sesame (Sesamum indicum L.), belonging to the Pedaliaceae family, is one of the oldest cultivated oilseed crops, with a history extending over 3,000 years [1]. Often called the “Queen of Oilseeds” [2], sesame seeds contain about 50% oil and 20% protein, making the crop valuable both nutritionally and economically. Besides its widespread use as an edible oil, sesame additionally contributes to the functional food and animal feed sectors through its high-quality, protein-rich seed meal. However, despite these benefits, sesame productivity in India remains low and inconsistent, mainly because of the combined effects of biotic and abiotic stresses. Insect pests are a significant biotic constraint in sesame cultivation, with over 67 pest species reported throughout different growth stages, resulting in notable yield and quality losses [3]. Recently, pest pressures have increased due to climate variability, unpredictable rainfall, and less effective pest control practices. These problems emphasize the pressing necessity for sustainable, eco-friendly insect control methods, especially those based on integrated pest management (IPM). Host plant resistance is fundamental to IPM, providing a long-term, cost-effective, and environmentally safe means of controlling insect pests.
The mirid bug, Nesidiocoris tenuis, was once considered a minor pest but has recently become a serious threat to sesame crops in various regions [4]. Both nymphs and adults feed on tender parts of the plant, including leaves, flowers, and young capsules, by sucking sap. This feeding disrupts nutrient acquisition and transport, reduces photosynthesis, and hampers normal growth. Infested plants exhibit necrotic spots, brown scars, flower drop, and deformed capsules, resulting in substantial yield losses. Continuous feeding stress additionally diminishes plant health and makes them more vulnerable to environmental stresses. Plants utilize various morphological and physiological traits to defend against insect pests, affecting pest preferences, feeding behavior, and survival. Morphological features such as plant height and leaf thickness can influence pest colonization and feeding by altering accessibility and the ease of tissue penetration. The number of capsules per plant indicates overall plant performance and toughness under mirid bug infestation. Physiological traits such as chlorophyll content, relative water content, and water saturation deficit serve as markers of plant health and stress tolerance, and may affect pest establishment and population dynamics. To investigate the roles of these traits in resistance to Nesidiocoris tenuis, sesame genotypes were initially screened in the field and classified according to the mirid bug populations per plant. Representative genotypes from each resistance group, totaling 15, were chosen for in-depth analysis. These traits were assessed, and statistical analyses were performed to determine relationships between mirid populations and these traits, helping to identify resistance or susceptibility indicators. The findings are intended to help pinpoint tolerant genotypes and guide breeding efforts to develop sesame cultivars resistant to mirid bugs.
MATERIALS AND METHOD
The experiment was conducted at the ICAR–Project Coordinating Unit, Sesame and Niger's Experimental Farm, College of Agriculture, Jawaharlal Nehru Krishi Vishwa Vidyalaya, in Jabalpur, Madhya Pradesh, to assess resistance against the mirid bug, Nesidiocoris tenuis, in sesame (Sesamum indicum L.) under natural field conditions. A total of 58 genotypes, including 54 germplasm lines and 4 checks (2 resistant and 2 susceptible), were planted in 3-meter rows in a randomized block design with 3 replications. Rows were spaced 30 cm apart, with plants spaced 10 cm within rows. Mirid bug populations were monitored at various crop growth stages by counting bugs on randomly selected plants within each replication. Mean values were calculated for analysis. Mirid bug populations were monitored weekly from 21 to 90 DAS, covering vegetative to maturity stages. The mean population per plant, averaged across all growth stages, was correlated with traits measured at maturity. However, chlorophyll content was an exception, with stage-specific bug counts recorded at 30, 45, and 60 DAS.
Morphological traits, including plant height, number of capsules per plant, and leaf thickness, were recorded at maturity. Physiological traits, including relative water content (RWC) and water saturation deficit (WSD), were measured at crop maturity, and chlorophyll content was measured at 30, 45, and 60 DAS to examine their association with mirid bug infestation. Based on average bug counts per plant, genotypes were classified into resistant, moderately resistant, susceptible, and highly susceptible groups. Based on the initial screening, 15 representative genotypes, representing all categories, were selected for detailed morphological and physiological studies.


Morphological Traits
Plant Height
Plant height served as a measure of plant growth and vigor. A ruler was used to measure the distance from the soil surface to the tip of the tallest shoot. Measurements were taken at 30, 45, and 60 DAS, with the average height for each genotype then calculated.
Number of Capsules per Plant
The number of capsules per plant was recorded to assess reproductive performance under mirid bug infestation. Capsules were visually counted on selected plants in each replication, and an average was calculated for each genotype.
Leaf Thickness (Specific Leaf Weight)
Leaf thickness was assessed through specific leaf weight (SLW) as described by [5]. Fresh leaves were collected from selected plants, sealed in plastic bags, and transported to the laboratory. Their fresh weight was measured first, then leaves were oven-dried at 70°C for 72 hours until their weight stabilized. Leaf area was measured using a graph paper technique, and SLW (g cm⁻²) was computed with the following formula:
	SLW =
	Dry leaf weight

	
	Leaf area (cm2)



Physiological Traits
Chlorophyll Content Index
Chlorophyll content was measured with a SPAD-502 chlorophyll meter (Minolta Corporation). Readings were taken from leaves at the top (fourth and fifth leaves), middle, and bottom of the plant. Five plants per replication were sampled, and average SPAD values were calculated for each genotype.
Relative Water Content (RWC)
Relative water content was measured following the method of [6]. Fresh leaf samples were weighed right after cutting to determine fresh weight (FW). The leaves were then soaked in distilled water for 24 hours at room temperature to achieve turgid weight (TW). After oven-drying the leaves at 65°C for 24 hours, the dry weight (DW) was recorded. RWC (%) was calculated using the following formula:
	RWC (%) =
	FW - DW
	x 100

	
	TW - DW
	



Water Saturation Deficit (WSD)
Water saturation deficit was determined using the method described by [7] and their specified formula: 
	WSD (%) =
	100 - RWC


Statistical Analysis 
Data were analyzed using ANOVA with a randomized block design to evaluate genotypic effects (p≤0.05). Means were compared via the least significant difference (LSD) test. Pearson's correlation coefficients (r) examined the relationships between average mirid bug populations across growth stages and various traits, with significance at p≤0.05 (*). All analyses were conducted using OPSTAT software (ICAR-CIPHET) and the Microsoft Excel Data Analysis Toolpak.
RESULTS AND DISCUSSION
Morphological and physiological variation among selected sesame genotypes
Fifteen sesame genotypes were selected by proportional selection from an initial screening of 58, which included 4 resistant, 5 moderately resistant, 4 susceptible, and 2 highly susceptible varieties. These genotypes showed highly significant variation across all measured traits (Table 1). AT-467 exhibited the highest resistance, with the lowest mean mirid bug population (1.27 bugs per plant), the tallest plant height (91.7 cm), and a high capsule count (75.7 capsules per plant). TKG-22 followed closely, with 1.35 bugs per plant, a height of 94.3 cm, and 75.3 capsules per plant. Conversely, the highly susceptible RT-372 suffered the highest infestation (6.38 bugs per plant) and had the poorest growth characteristics, including a height of 55.3 cm and 33 capsules per plant.
Table 1. Morphological and physiological variation among 15 selected sesame genotypes
	Sno.
	Genotype
	Mirid bug 
	Pl. ht.
	Capsule/pl
	Leaf thickness
	Ch.30 DAS
	Ch.45 DAS
	Ch.70 DAS
	RWC
	WSD

	 
	 
	 
	Morphological Traits
	Physiological Traits

	1
	TKG-22
	1.35
	94.3
	75.3
	2.4
	34.12
	38.83
	35.1
	28.15
	72.3

	2
	GT-10
	1.43
	90.3
	76.3
	2.36
	27.55
	27.7
	27.3
	26.87
	73.03

	3
	AT-467
	1.27
	91.7
	75.7
	2.4
	32.87
	36.4
	33.9
	28.8
	70.83

	4
	SI-250
	1.36
	93
	74.7
	2.34
	33.42
	37
	34.43
	22.77
	77.23

	5
	SVT-464
	3.37
	88.7
	66.7
	2.18
	30.86
	34.2
	31.53
	34.7
	65.23

	6
	TKG 308
	3.23
	88
	68.3
	2.1
	30.63
	33.63
	31.2
	33.1
	63.13

	7
	SI-3100-36
	3.34
	85.7
	67.7
	2.14
	29.15
	32.13
	30.03
	31.77
	61.43

	8
	SVT-460
	3.36
	88.3
	68.7
	2.2
	28.75
	31.23
	29.2
	30.33
	60.23

	9
	TKG-22-55
	3.08
	86
	64.3
	2.2
	29.72
	32.3
	30.3
	32.43
	62.03

	10
	Prachi
	5.792
	80
	54.3
	2.1
	36.23
	43.8
	39.7
	56.12
	43.88

	11
	TC-25
	4.98
	80.7
	56
	2.2
	34.97
	42
	38.2
	51.67
	48.21

	12
	RT-401
	5.04
	78
	56.3
	2.2
	33.9
	40.47
	36.1
	48.23
	51.9

	13
	RT-395
	5.66
	76.3
	57.7
	2.1
	32.37
	38.43
	34.1
	46
	54.03

	14
	AT-494
	6.43
	57.7
	37
	1.9
	30.13
	36.37
	32.27
	42.6
	56.5

	15
	RT-372
	6.38
	55.3
	33
	1.7
	29
	35.2
	31.2
	40.33
	58.67

	 
	 
	SE(m)
	1.025
	1.47
	0.069
	0.121
	0.1
	0.072
	0.11
	0.085

	 
	 
	C.D
	2.985
	4.285
	0.201
	0.351
	0.291
	0.209
	0.319
	0.248



Association of mirid bug population with morphological and physiological traits
Correlation analysis showed strong negative links between the mean Nesidiocoris tenuis population and certain morphological traits: plant height (r=−0.868*), capsules per plant (r=−0.922*), and leaf thickness (r=−0.847*) (Table 2). The TKG-22 variety (94.3 cm) had 79% fewer bugs compared to the dwarf RT-372 (55.3 cm), highlighting plant height as the key resistance marker. Haider et al. (2025) [8] observed similar results, in which resistant TS-3 genotypes with compact canopies discouraged nymph settlement. Khan et al. [9] confirmed that taller plant stature can create unfavorable microclimates, thereby reducing pest colonization by altering canopy conditions. Leaf thickness (SLW 1.7-2.4 g/cm²) contributed to mechanical resistance; resistant varieties AT-467 and SI-250 (2.4, 2.34 g/cm²) had 52% fewer pests compared to the thinner-leaved RT-372 (1.7 g/cm²). Yagnesh et al. (2021) [10] found that thicker sesame leaves lowered sucking pest damage by 45% due to increased stylet penetration resistance.
The mirid population shows a strong positive correlation with relative water content (r=0.848*) and a strong negative correlation with water saturation deficit (r=−0.861*), indicating that as water content increases, mirid numbers tend to rise, while higher water deficits correspond with fewer bugs. Notably, the succulent SI-250 with RWC 22.77% and 1.36 bugs supported fewer bugs than the turgid Prachi, which had RWC 56.12% and 5.79 bugs. Mourad et al. (2025) [11] found that drought-tolerant sesame genotypes with high WSD suffered 38% less mirid damage, likely due to reduced tissue succulence and sap availability. Weatherley (1950) [6] established that lower water content restricts sap-feeding insect performance. Chlorophyll content showed stage-specific correlations: weak at 30 DAS (r=0.097, not significant), weak at 60 DAS (r=0.170, not significant), but moderate at 45 DAS (r=0.449, significant), during peak flowering vulnerability. The high SPAD value in Prachi (43.8 at 45 DAS) was linked to the highest infestation level (5.79 bugs). Madhava et al. (2003) [12] reported that higher SPAD readings were associated with greater pest preference, suggesting a link to nutritional quality.

Table 2. Correlation of mirid bug population with key morphological, physiological, and SPAD traits in sesame
	Trait category
	Trait
	Correlation coefficient (r)

	Morphological
	Plant height
	−0.868*

	Morphological
	Capsules per plant
	−0.922*

	Morphological
	Leaf thickness
	−0.847*

	Physiological
	Relative water content (RWC)
	0.848*

	Physiological
	Water stress deficit (WSD)
	−0.861*

	Physiological
	SPAD chlorophyll index 30 DAS
	0.097ns

	Physiological
	SPAD chlorophyll index 45 DAS
	0.449*

	Physiological
	SPAD chlorophyll index 70 DAS
	0.170ns


* Correlation is significant at p ≤ 0.05; ns indicates non-significance.
Resistance mechanisms and breeding implications

The outstanding performance of AT-467 and TKG-22 identifies these genotypes as top resistant donors for sesame breeding. These cultivars uniquely feature several complementary resistance traits: very low mirid populations (1.27-1.35 bugs/plant), tall plant height (>91 cm), thick leaves (>2.3 g/cm²), and good water relations (WSD >70%). This combination of resistance traits indicates antixenosis (non-preference) as the main mechanism, with physical and physiological barriers working together to discourage Nesidiocoris tenuis from colonizing and reproducing. Mishra et al. (2015) [4] recorded peak N. tenuis populations during flowering (45-60 DAS) across Madhya Pradesh's agro-climatic zones, aligning closely with the infestation peaks found in this study. The notably strong correlation in capsule number (r = -0.922**) supports a new reproductive sink hypothesis: high-yielding genotypes divert resources away from vulnerable vegetative tissues, resulting in fewer suitable feeding and oviposition sites. Singh et al. (2019) [13] supported this trade-off, showing that high-capsule sesame genotypes had 42% fewer mirids, likely due to resource partitioning. Leaf thickness acts as a vital physical barrier. Rao et al. (2018) [14] found that thicker laminae increase stylet penetration time by 65% in sap-feeders, thereby decreasing feeding efficiency. The gradient of RWC-WSD also indicates that physiological dehydration tolerance plays a role in resistance, with succulent tissues (Prachi, RWC 56%) supporting 4.3 times more populations than desiccated resistant tissues (SI-250, RWC 22.77%). Makwana (2018) [15] also identified multi-trait resistance in sesame germplasm screening against sucking pests, confirming AT-467 and TKG-22 as dependable parental sources. Practical breeding recommendations highlight AT-467, TKG-22, GT-10, and SI-250 as top choices for quick integration into JNKVV-Jabalpur's hybridization efforts. These genotypes provide immediate benefits for creating mirid-resistant cultivars suited to Madhya Pradesh's kharif season, potentially decreasing the need for 3-4 chemical insecticide sprays per season while ensuring stable yields under natural pest pressure. Their demonstrated success in field trials using RCBD validation makes them essential parent candidates for sustainable sesame integrated pest management (IPM) in central India.

CONCLUSION
Morphological traits like plant height, capsule number, and leaf thickness significantly affect sesame's resistance to Nesidiocoris tenuis. This resistance is further supported by important physiological water relations, including RWC and WSD. The germplasms AT-467 (1.27 bugs/plant) and TKG-22 (1.35 bugs/plant) stood out as elite varieties with enhanced multi-trait resistance, confirmed through proportional screening of 58 genotypes. These results confirm the success of the proportional screening method, which classified 4 as resistant, 5 as moderately resistant, 4 as susceptible, and 2 as highly susceptible. They also offer practical criteria for selecting mirid-resistant cultivars. The primary resistance mechanism identified is capsule number, particularly as the strongest indicator, providing breeders with dependable phenotypic markers. AT-467, TKG-22, GT-10, and SI-250 are valuable for selection in breeding programs targeting resistant sesame varieties and improved integrated insect management.

Disclaimer (Artificial intelligence)

[bookmark: _GoBack]Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 




REFERENCES
1. Anilkumar K, Pal A, Khanum F, Bawa A., 2010. Nutritional, Medicinal and Industrial Uses of Sesame(Sesamum indicum L.) Seeds An Overview. Agriculturae Conspectus Scientificus. 75(4): 159-168
2. Dossa, K., Wei, X., Niang, M., Liu, P., Zhang, Y., Wang, L., Liao, B., Ciss´e, N., Zhang, X., Diouf, D., 2018. Near-infrared reflectance spectroscopy reveals wide variation in major components of sesame seeds from Africa and Asia. Crop J. 6, 202–206
3. Ahirwar, R.M.; Banerjee., S. and Gupta, M.P., 2009. Seasonal incidence of Insect pests of Sesame in relation to Abiotic factors. Ann. Pl. Protec. Sci., 17(2): 351-356
4. Mishra, M.K., Gupta, M.P., Thakur, S.R. and Raikwar, R.S., 2015. Seasonal incidence of major insect pests of sesame in relation to weather parameters in Bundelkhand zone ofMadhya Pradesh.Journal of Agrometeorology, 17(2), pp.263-264.
5. Baker, J.R., Smith, R.L., & Jones, P.A., 2019. Role of minerals in plant defense mechanisms against pests.Journal of Agricultural Sciences, 12(4), 345-356.
6. Weatherley, P.E., 1950. Studies in the water relations of the cotton plant 1. The field measurement of water deficits in leaves
7. Aldesuquy, H.S., Ibraheem, F.L., and Ghanem, H.E., 2018. Assessment of salicylic acid and trehalose impact on root growth and water relations in relation to grain yield of droughted wheat cultivars. Nutri. Food Sci. Int. J, 7, p.555701.
8. Haider, I., Younas, M., Ali, S., Ahmad, H.B., Mustafa, H.S., ul Hassan, E., Bashir, M.R., Gill, A.N., Hussain, D., Aslam, A. and Malik, M.K., 2025. EVALUATION OF COMPARATIVE RESISTANCE IN ELITE SESAME GERMPLASM AGAINST ITS INSECT PEST COMPLEX. Journal of Agricultural Research (JAR)., 63(3), pp.237-242.
9. Khan, M.F., Ali, S., &Hussain, M., 2020. Influence of plant height on pest dynamics in agricultural crops: A review.Pest Management Science, 76(2), 123-130.
10. Yagnesh, B., Patel, D.R. and Gami, P.S., 2021. Screening of sesame genotypes/cultivars against major insect pests. J. Entomol. Zool. Stud, 9, pp.362-365.
11. Mourad, K.A., Othman, Y.I.M., Kandeel, D.M. and Abdelghany, M., 2025. Assessing the drought tolerance of some sesame genotypes using agro-morphological, physiological, and drought tolerance indices. BMC Plant Biology, 25(1), p.352.
12. Madhava, H.B., Sheshshayee, M.S., Shankar, A.G., Prasad, T.G. and Udayakumar, M., 2003. Use of SPAD chlorophyll meter to assess transpiration efficiency of peanut.

13. Singh, A.K., Gupta, R., & Sharma, P.K., 2019. Reproductive structures as deterrents against herbivory: Evidence from field studies on crop plants.Crop Protection, 120, 225-232

14. Rao, K.V., Reddy, S.V., & Reddy, P.S., 2018. Mechanical resistance in plants: A key factor influencing herbivore feeding behavior.Plant Ecology, 219(5), 651-661.
15. MAKWANA, M., 2018. Host plant resistance studies in sesame against leaf webber and capsule borer, Antigastra catalaunalis Duponchel



[bookmark: _Hlk219284361][bookmark: _Hlk198031404]




