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Field screening of faba bean (Vicia faba L.) genotypes against leaf miner and pod borer 
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ABSTRACT 
	
Host plant resistance is an important tool for minimizing the losses in faba bean due to leaf miner, Liriomyza trifolii (Burgess) and pod borer, Helicoverpa armigera (Hübner) which are most threatening pests of faba bean crop. The use of resistant varieties can effectively reduce insect pest infestation, minimize dependence on chemical pesticides and contribute to sustainable faba bean production.
Aims: To evaluate 44 faba bean genotypes for resistance against the leaf miner and pod borer and to study their relationship with agronomic traits such as plant height, days to maturity, pod length, pod width along with biochemical constituents such as phenol and protein content.
Study design: Randomized Complete Block Design (RCBD) with two replications 
Place and Duration of Study: AB Block Farm and Research Station of Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during the rabi seasons of 2019-20 and 2020-21.
Methodology: Observations on percent plant infestation were recorded weekly from eight randomly selected plants per plot. Severity of leaf miner and pod borer infestation was assessed separately using standard rating scale. Agronomic parameters including plant height, days to maturity, pod length and pod width were recorded. In addition, total phenol and protein contents were analyzed to assess their relationship with resistance against leaf miner and pod borer severity.
Results: Out of forty four genotypes of faba bean, six genotypes of faba bean FLIP15-159FB, FLIP15-197FB, L-2013-014, L-2013-060 (S4), L-2013-092 (S4) and L-2014-137 were identified as highly resistant genotypes against leaf miner. The genotypes Ahmednagar Local, Bangla Gangachar, EC-25085, FLIP15-196FB, FLIP15-197FB, Gazipur Local, HB-15, HB-90 and L-2013-060 were very highly resistant to pod borer.
Conclusion: The study identified several faba bean genotypes with high resistance against the leaf miner and pod borer along with desirable characters. The resistant genotypes may be utilized in breeding programmes for developing insect-resistant varieties and reducing pesticide usage under integrated pest management practices. 
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1. INTRODUCTION 
Faba bean (Vicia faba L.) is one of the most significant legume crops in the world. In India, it occupies about 2.63 mha area with a total production of approximately 4.87 million tonnes and a productivity of 2.12 t/ha (ICAR, 2020). It is a rich source of levodopa (L-DOPA), a precursor of dopamine and has potential medicinal value in the treatment of Parkinson’s disease (Etemadi et al., 2018). It is also widely recognized as an important green manure crop and an efficient biological nitrogen fixer, contributing significantly to soil fertility through atmospheric nitrogen fixation (Jensen et al., 2010). Faba bean is attacked by several herbivorous insects that reduce both yield and quality. The major pests include pod borer Helicoverpa armigera (Hübner), leaf miner (Liriomyza spp.) and legume aphids, Aphis craccivora (Koch) (Hafez et al., 1974; Abate and Ampofo, 1996 and Mahmoud et al., 2015). In the Indian sub-continent, information on the insect pest complex of faba bean is limited. Field observations in West Bengal revealed serious infestation of leaf miner, L. trifolii and pod borer, H. armigera. Leaf miner and pod borer infestations cause significant damage to faba bean, leading to yield and economic losses and often requiring repeated insecticide applications for their management. However, reliance on chemical control is neither economically viable nor environmentally sustainable. Therefore, screening of faba bean genotypes for resistance is essential for identifying resistant sources and developing sustainable pest management strategies (Vijayashanthi et al., 2024). Accordingly, the present study was undertaken to evaluate faba bean genotypes for their resistance to L. trifolii and H. armigera.
2. material and methods
 
2.1 Experimental site
The field experiment was conducted at the AB Block Farm and Research Station of Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal during the rabi seasons of 2019-20 and 2020-21 to evaluate 44 faba bean genotypes against leaf miner and pod borer (Fig. 1A-1C).
2.2 Experimental procedure
Altogether forty four genotypes (Procured from the BCKV Centre of the project entitled “Evaluation of high yielding, early maturing, disease resistant faba bean genotypes under WB Condition” funded by ICARDA South Asia and China Regional Programme, NAAS Complex, Pusa, New Delhi) along with a susceptible check EC-117744 were grown under recommended agronomic practices without pesticide application in a Randomized Complete Block Design (RCBD) with two replications. The row-to-row and plant-to-plant spacing was maintained at 40 cm and 10 cm, respectively, and the plot size was 3.6 m².
2.3 Observations
Counts of healthy and pest-infested plants were recorded separately for each pest from each plot. Severity of leaf miner and pod borer infestation was assessed using 1-4 (Table 1) and 1-9 rating scales (Table 2), respectively at weekly interval commencing from 14 days after germination of seeds. Observations on plant height and days to maturity were also recorded. In addition, pod length and pod width were measured from mature pods.
	PI (%) =
	Total number of infested plants/plot

	
	Total number of plants inspected/plot





	Severity (%) =
	Sum of numerical rating
	× 100

	
	Total number of plants inspected × Maximum scale value
	


Table 1: Rating scale for assessment of leaf miner infestation and host plant reaction
	Scale
	% leaf mining
	Host reaction

	1
	no leaf mining
	HR

	2
	1-10% leaf mining
	R

	3
	11-20% leaf mining
	MR

	4
	21-50%  leaf mining
	S

	5
	> 50% leaf mining
	HS


Note: Modified after Toker et al., 2010

Table 2: Rating scale for assessment of pod borer infestation and host plant reaction
	Scale
	% pod damage
	Host Reaction

	1
	No pod damage
	VHR

	2
	1-10% pod damage
	HR

	3
	11-20% pod damage
	R

	4
	21-30 % pod damage
	MR

	5
	31-40 % pod damage
	I

	6
	41- 50% pod damage
	MS

	7
	51-60% pod damage
	S

	8
	61-70% pod damage
	HS

	9
	>70% pod damage
	VHS


Note: Modified after Kooner and Cheema, 2006

2.4 Host resistance mechanism based on morphological and biochemical attributes of susceptible and resistant faba bean genotypes

2.4.1 Assessment of morphological parameters in faba bean genotypes
Plant height at flowering and days to maturity were recorded from 10 randomly selected plants per plot. Pod length (tip to base) and pod width (maximum width) were measured from 10 randomly selected pods per genotype using a digital vernier caliper and expressed in cm per pod.
2.4.2 Assessment of biochemical parameters in faba bean genotypes
The total phenolic content of the plant extract was determined by the Folin-Ciocalteu method as described by Singleton and Rossi (1965), while the protein content of the seed samples was estimated by the Lowry’s Method (Lowry et al., 1951).
2.5 Statistical analysis
Data were subjected to analysis of variance after angular transformation for uniform distribution of data in OPSTAT (Sheoran et al., 1996). The data were analyzed according to Randomized Complete Block Design (Gomez and Gomez, 1984). The significance of differences between the treatments was measured by F-test, whereas the treatment means were compared using Tukey’s HSD (p=.05) test. Rank analysis of genotypes based on specific variables, and correlation were computed in MS Excel 2019. Significance of correlation coefficient was drawn at 1% and 5% probability level. 
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Figure 1(A-F): A- Experimental field of faba bean after sowing, B- Faba bean crop at seeding stage, C- Faba bean crop at later stage, D- Leaf miner damage showing serpertine mines on faba bean leaf, E- Larvae of Helicoverpa armigera,  F- Adult of leaf miner, Liriomyza trifolii
3. results and discussion
3.1 Response of faba bean genotypes to leaf miner, L. trifolii 
Among the 44 faba bean genotypes , six genotypes, namely FLIP15-196FB, FLIP15-197FB, L-2013-014, L-2013-060 (S4), L-2013-092 (S4) and L-2014-137 were identified as highly resistant (HR), exhibiting no visible symptoms of leaf mining (Table 3). All the highly resistant genotypes were statistically at par with each other with regard to percent plant infestation and leaf mining according to Tukey’s HSD test (p=.05) and were significantly superior to the susceptible check, EC-117744, which recorded  98.50% plant infestation and 33.33% leaf mining, and categorized as susceptible (S). Twelve genotypes, viz., Adululce, Aguadulce, EC-243793, EC-250192, EC-25085, FLIP15-159FB, HB-15, L-2013-060 (S2), 
L-2013-060 (S3), L-2013-092,  L-2013-092 (S2) and L-2014-128, were categorized as resistant (R), exhibiting comparatively low levels of plant infestation (12.50-37.50%) and leaf mining (4.16-12.50%) in relation to the susceptible check. These results demonstrate substantial variability among the tested genotypes in their response to leaf miner infestation. These findings are supported by Ebadah et al., 2006 who reported variation in susceptibility among faba bean varieties to leaf miner (Liriomyza congesta). Giza 714 was recorded to have comparatively higher infestation, indicating moderate susceptibility, whereas G843 showed the lowest infestation levels, indicating high resistance to leaf miner.

Table 3: Field screening of faba bean genotypes against leaf miner, L. trifolii during 2019-20 and 2020-21 (Pooled data)
	Sl No.
	Genotypes
	% plant infestation
(Mean ± SE)
	% leaf mining
(Mean ± SE)
	Resistance rating
	Host reaction

	1. 
	Ahmednagar Local
	50.00 (45.29 ± 1.15) BC
	16.66 (24.46 ± 1.02) C
	3
	MR

	2. 
	Adululce
	12.50 (21.13 ± 0.64) E
	4.16 (12.46 ± 0.22) F
	2
	R

	3. 
	Aguadulce
	12.50 (21.13 ± 0.43) E
	4.16 (12.46 ± 0.22) F
	2
	R

	4. 
	Bangla Gangachar
	50.00 (45.29 ± 1.72) BC
	16.66 (24.47 ± 0.15) C
	3
	MR

	5. 
	EC-243793
	25.00 (30.31 ± 1.32) DE
	8.33 (17.29 ± 0.03) E
	2
	R

	6. 
	EC-250192
	12.50 (21.13 ± 0.43) E
	4.16 (12.46 ± 0.22) F
	2
	R

	7. 
	EC-25085
	12.50 (21.10 ± 1.28) E
	4.16 (12.47 ± 0.13) F
	2
	R

	8. 
	EC-293820
	37.50 (38.04 ± 2.10) CD
	12.50 (21.13 ± 0.22) D
	3
	MR

	9. 
	EC-329681
	50.00 (45.29 ± 0.58) BC
	16.66 (24.47 ± 0.26) C
	3
	MR

	10. 
	EC-343691
	50.00 (45.29 ± 3.45) BC
	16.66 (24.47 ± 0.12) C
	3
	MR

	11. 
	EC-628942
	50.00 (45.29 ± 2.30) BC
	16.66 (24.47 ± 0.50) C
	3
	MR

	12. 
	FLIP15-159FB
	25.00 (30.29 ± 1.98) DE
	8.33 (17.28 ± 0.23) E
	2
	R

	13. 
	FLIP15-196FB
	0.00 (4.10 ± 0) F
	0.00 (4.05 ± 0) G
	1
	HR

	14. 
	FLIP15-197FB
	0.00 (4.10 ± 0) F
	0.00 (4.05 ± 0) G
	1
	HR

	15. 
	Gazipur Local
	37.50 (38.05 ± 1.48) CD
	12.50 (21.13 ± 0.43) D
	3
	MR

	16. 
	HB-15
	37.50 (38.04 ± 2.10) CD
	12.50 (21.13 ± 0.17) D
	3
	R

	17. 
	HB-37
	50.00 (45.29 ± 1.72) BC
	16.00 (23.7 ± 0.30) C
	3
	MR

	18. 
	HB-58
	37.50 (38.05 ± 0.89) CD
	12.50 (21.13 ± 0.09) D
	3
	MR

	19. 
	HB-66
	25.00 (30.31 ± 1.32) DE
	12.50 (21.13 ± 0.02) D
	3
	MR

	20. 
	HB-90
	37.50 (38.05 ± 0.89) CD
	12.50 (21.13 ± 0.10) D
	3
	MR

	21. 
	HFB-1
	37.50 (38.05 ± 1.48) CD
	12.50 (21.13 ± 0.50) D
	3
	MR

	22. 
	L-2013-014
	0.00 (4.10 ± 0) F
	0.00 (4.05 ± 0) G
	1
	HR

	23. 
	L-2013-060
	96.50 (81.19 ± 4.76) A
	33.33 (35.57 ± 0.20) A
	4
	S

	24. 
	L-2013-060 (S2)
	25.00 (30.30 ±1.98) DE
	8.33 (17.29 ± 0.03) E
	2
	R

	25. 
	L-2013-060 (S3)
	12.50 (21.10 ± 1.28) E
	4.16 (12.47 ± 0.09) F
	2
	R

	26. 
	L-2013-060 (S4)
	0.00 (4.10 ± 0) F
	0.00 (4.05 ± 0) G
	1
	HR

	27. 
	L-2013-060 (S6)
	50.00 (45.29 ± 1.15) BC
	16.66 (24.47± 0.64) C
	3
	MR

	28. 
	L-2013-092
	25.00 (30.29 ± 1.98) DE
	8.33 (17.27 ± 0.75) E
	2
	R

	29. 
	L-2013-092 (S1)
	37.50 (38.05 ± 1.48) CD
	16.66 (24.46 ± 0.64) C
	3
	MR

	30. 
	L-2013-092 (S2)
	12.50 (21.10 ± 2.14) E
	4.16 (12.46 ± 0.22) F
	2
	R

	31. 
	L-2013-092 (S3)
	62.50 (52.54 ± 0.89) B
	20.84 (27.51± 0.12) B
	4
	S

	32. 
	L-2013-092 (S4)
	12.50 (21.10 ± 2.14) E
	0.00 (4.05 ± 0) G
	1
	HR

	33. 
	L-2013-122
	50.00 (45.29 ± 0.58) BC
	16.66 (24.47± 0.45) C
	3
	MR

	34. 
	L-2013-46
	37.50 (38.05 ± 0.89) CD
	16.66 (24.47 ± 0.45) C
	3
	MR

	35. 
	L-2013-60 ( S1)
	37.50 (38.06 ± 0.89) CD
	12.50 (21.13 ± 0.22)D
	3
	MR

	36. 
	L-2013-60 (S5)
	50.00 (45.29 ± 1.72) BC
	16.66 (24.47 ± 0.64) C
	3
	MR

	37. 
	L-2014-011
	37.50 (38.05 ± 1.48) CD
	12.50 (21.12± 0.71) D
	3
	MR

	38. 
	L-2014-128
	12.50 (21.10 ± 1.28) E
	4.16 (12.46 ± 0.49) F
	2
	R

	39. 
	L-2014-137
	0.00 (4.10 ± 0) F
	0.00 (4.05 ± 0) G
	1
	HR

	40. 
	NDF-12
	50.00 (45.29 ± 1.15) BC
	16.66 (24.46 ± 1.03) C
	3
	MR

	41. 
	NDF-8
	25.00 (30.31 ± 1.32) DE
	8.33 (17.27 ± 0.75)  E
	2
	MR

	42. 
	Rebeya-40
	37.50 (38.04 ± 2.10) CD
	12.50 (21.13 ± 0.22) D
	3
	MR

	43. 
	Vikrant
	37.50 (38.06 ± 0.30) CD
	12.50 (21.13 ± 0.27) D
	3
	MR

	44. 
	EC-117744 (Check)
	98.50 (83.43 ± 2.53) A
	33.33 (35.57 ± 0.20) A
	4
	S

	
	SEm (±)
	1.65
	0.40
	-
	-

	
	CV (p=.05)
	6.84
	3.02
	-
	-

	
	F-Stat
	106.27
	391.28
	-
	-


Note: Data in parentheses indicate angular transformed values. Data marked by common letter are not statistically significant according to Tukey’s Honestly Significant Different Test at p= .05; HR= no leaf mining, R=1-10% leaf mining; MR=11-20% leaf mining, S= 21-50% leaf mining, HS= > 50% leaf mining
3.2 Response of faba bean genotypes to pod borer, H. armigera 
Out of 44 faba bean genotypes evaluated against pod borer revealed a wide range of variation in resistance response (Table 4). Based on percent pod damage, nine genotypes, namely Ahmednagar Local, Bangla Gangachar, EC-25085, FLIP15-196FB, FLIP15-197FB, Gazipur Local, HB-15, HB-90 and L-2013-060, were classified as very highly resistant (VHR), exhibiting no  plant infestation and  pod damage. Ten genotypes were categorized as highly resistant (HR), while eight were resistant (R), four moderately resistant (MR) and four intermediate (I). The remaining genotypes ranged from susceptible to very highly susceptible, indicating considerable variability in host response. The susceptible check EC-117744 recorded the maximum plant infestation (99.5%) and the highest pod damage (66.7%), placing it under the very highly susceptible (VHS) category. Highly resistant genotypes showed complete absence of pod damage and minimal plant infestation, and were significantly superior to the susceptible check according to Tukey’s HSD test (p=.05), demonstrating strong resistance against H. armigera. Similar patterns of genotypic variability had been reported by Noreen et al. (2024), who observed significant differences among chickpea mutants in resistance to H. armigera.
Table 4: Field screening of faba bean genotypes against pod borer, H. armigera during 2019-20 and 2020-21 (Pooled data)
	Sl
No.
	Genotypes
	% plant infestation
(Mean ± SE)
	% pod damage
(Mean ± SE)
	Resistance rating
	Host reaction

	1. 
	Ahmednagar Local
	0.00 (4.1 ± 0) G
	0.00 (4.1 ± 0) I
	1
	VHR

	2. 
	Aguadulce
	37.5 (38.0 ± 1.5) DEF
	12.5 (21.1 ± 0.4) FG
	3
	R

	3. 
	Aduluce
	97.0 (81.2 ± 4.8) A
	33.3 (35.6 ± 0.5) D
	5
	I

	4. 
	Bangla Gangachar
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	5. 
	EC-243793
	98.5 (83.4 ± 2.5) A
	33.3 (35.6 ± 1.4) D
	5
	I

	6. 
	EC-250192
	98.0 (82.6 ± 3.7) A
	37.5 (38.0 ± 1.5) CD
	5
	I

	7. 
	EC-25085
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	8. 
	EC-293820
	75.0 (61.6 ± 10.5) BC
	25.0 (30.3 ± 2.0) DE
	4
	MR

	9. 
	EC-329681
	50.0 (45.3 ± 5.8) CDE
	16.7 (24.5 ± 0.6) EFG
	3
	R

	10. 
	EC-343691
	50.0 (45.3 ± 2.9) CDE
	20.8 (27.5 ± 0.6) EF
	3.5
	MR

	11. 
	EC-628942
	25.0 (30.2 ± 3.3) EF
	8.3 (17.2 ± 1.2) GH
	2
	HR

	12. 
	FLIP15-159FB
	12.5 (21.1 ± 1.3) FG
	4.2 (12.4 ± 1.6) H
	2
	HR

	13. 
	FLIP15-196FB
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	14. 
	FLIP15-197FB
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	15. 
	Gazipur Local
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	16. 
	HB-15
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	17. 
	HB-37
	25.0 (30.3 ± 1.3) EF
	8.3 (17.2 ± 2.2) GH
	2.5
	R

	18. 
	HB-58
	37.5 (38.1 ± 0.9) DEF
	12.5 (21.1 ± 1.1) FG
	3
	R

	19. 
	HB-66
	12.5 (21 ± 2.1) FG
	4.2 (12.5 ± 0.2) H
	2
	HR

	20. 
	HB-90
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	21. 
	HFB-1
	25.0 (30.3 ± 0.7) EF
	8.3 (17.3 ± 0.7) GH
	2
	HR

	22. 
	L-2013-014
	87.5 (69.8 ± 2.2) AB
	54.2 (47.7 ± 1.9) AB
	7
	S

	23. 
	L-2013-060
	0.0 (4.1 ± 0) G
	0.0 (4.1 ± 0) I
	1
	VHR

	24. 
	L-2013-060 (S2)
	99.5 (85.9 ± 0) A
	66.7 (55.0 ± 1.3) A
	8
	HS

	25. 
	L-2013-060 (S3)
	99.0 (84.5 ± 1.5) A
	66.7 (55.1 ± 2.4) A
	8.5
	VHS

	26. 
	L-2013-060 (S4)
	98.0 (82.6 ± 3.4) A
	33.3 (35.6 ± 1.6) D
	5
	I

	27. 
	L-2013-060 (S6)
	62.5 (52.8 ± 7.5) BCD
	20.8 (27.5 ± 1.3) EF
	3.5
	MR

	28. 
	L-2013-092
	98.5 (83.4 ± 2.5) A
	4.2 (12.5 ± 0.2) H
	2
	HR

	29. 
	L-2013-092 (S1)
	99.5 (85.9 ± 0) A
	66.7 (55.0 ± 0.2) A
	8
	HS

	30. 
	L-2013-092 (S2)
	98.0 (82.6 ± 3.4) A
	50.0 (45.3 ± 2.9) BC
	6.5
	S

	31. 
	L-2013-092 (S3)
	50.0 (45.3 ± 5.8) CDE
	16.7 (24.5 ± 0.3) EFG
	3
	R

	32. 
	L-2013-092 (S4)
	37.5 (38 ± 3.3) DEF
	12.5 (21.1 ± 1.3) FG
	3
	R

	33. 
	L-2013-122
	25.0 (30.3 ± 1.3) EF
	8.3 (17.3 ± 0.7) GH
	2
	HR

	34. 
	L-2013-46
	25.0 (30.3 ± 1.3) EF
	8.3 (17.3 ± 0.03) GH
	2
	HR

	35. 
	L-2013-60 ( S1)
	98.5 (83.4 ± 2.5) A
	66.7 (55.1 ± 2.2) A
	8.5
	VHS

	36. 
	L-2013-60 (S5)
	37.5 (38 ± 1.5) DEF
	12.5 (21.0 ± 2.1) FG
	2.5
	R

	37. 
	L-2014-011
	25.0 (30.3 ± 0.7) EF
	8.3 (17.3 ± 0.3) GH
	2
	HR

	38. 
	L-2014-128
	99.0 (84.5 ± 1.5) A
	50.0 (45.3 ± 2.3) BC
	6.5
	S

	39. 
	L-2014-137
	98.5 (83.4 ± 2.5) A
	66.7 (55.0 ± 0.2) A
	8
	HS

	40. 
	NDF-12
	12.5 (21.1 ± 1.3) FG
	4.2 (12.5 ± 0.2) H
	2
	HR

	41. 
	NDF-8
	37.5 (38.0 ± 1.5) DEF
	12.5 (21.1 ± 1.3) FG
	3
	R

	42. 
	Rebeya-40
	75.0 (83.4 ± 3.3) BC
	25.0 (30.3 ± 1.3) DE
	4
	MR

	43. 
	Vikrant
	25.0 (30.2 ± 3.3) EF
	4.2 (12.4 ± 0.9) H
	2
	HR

	44. 
	EC-117744 (Check)
	99.5 (85.9 ± 0) A
	66.7 (55.1 ± 2.3) A
	8.5
	VHS

	
	SEm (±)
	3.04
	1.28
	-
	-

	
	CV (p=.05)
	9.60
	7.33
	-
	-

	
	F-Stat
	98.97
	177.64
	-
	-


Note: Data in parentheses indicate angular transformed values. Data marked by common letter are not statistically significant according to Tukey’s Honestly Significant Different Test at p= .05; VHR= No pod damage, HR= 1-10% pod damage, R= 11-20% pod damage, MR=21-30 % pod damage, I =31-40 % pod damage, MS= 41- 50% pod damage, S=51-60% pod damage, HS= 61-70% pod damage, VHS= >70% pod damage

3.3 Studies on morphological basis of resistance against leaf miner and borer 
The highly resistant (HR) genotypes against leaf miner infestation, namely FLIP15-196FB, FLIP15-197FB, L-2013-014, L-2013-060 (S4), L-2013-092 (S4) and L-2014-137, possessed relatively lower to moderate plant height (75.30-99.50 cm), days to maturity (82-92 days), pod length (5.40-9.55 cm) and pod width (1.00-1.55 cm) (Table 5). In contrast, the susceptible check genotype EC-117744 exhibited maximum plant height (112.46 cm), longer pods length (9.80 cm), pod width (0.90 cm) and matured in 79 days. Similarly, the very highly resistant (VHR) genotypes against pod borer infestation, viz., Ahmednagar Local, Bangla Gangachar, EC-25085, FLIP15-196FB, FLIP15-197FB, Gazipur Local, HB-15, HB-90 and L-2013-060, exhibited shorter plant stature (75.30-88.31 cm), early maturity (73-87 days), shorter pod length (5.40-6.50 cm) and narrower pod width (1.10-1.90 cm) compared to the susceptible check genotype EC-117744. These findings suggest that smaller plant architecture, early maturity and compact pod characteristics contributed to resistance attributes in faba bean.

3.4 Studies on biochemical basis of resistance against leaf miner and borer 
The highly resistant (HR) genotypes against leaf miner infestation, namely FLIP15-196FB, FLIP15-197FB, L-2013-060 (S4) and L-2013-092 (S4), exhibited comparatively higher phenol content (20.54-38.43 mg GAE/g) and lower to moderate protein content (8.88-23.80 %) compared to the susceptible check genotype EC-117744, which recorded the minimum phenol content (8.87 mg GAE/g) and highest protein content (22.95%) (Table 5). Similarly, the very highly resistant (VHR) genotypes against pod borer infestation, viz., Ahmednagar Local, Bangla Gangachar, EC-25085, FLIP15-196FB, FLIP15-197FB, Gazipur Local, HB-15, HB-90 and L-2013-060, possessed higher phenol content (34.20-38.43 mg GAE/g) and lower protein content (8.88-9.43%) compared to the susceptible check genotype EC-117744. These findings indicate that higher phenol and lower protein content are associated with resistance against pod borer infestation in faba bean.
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Table 5: Influence of morphologicial and biochemical traits on resistance against leaf miner and pod borer in faba bean during rabi 2019-20 and 2020-21 (Pooled data)
	Sl No.
	Genotypes
	Plant height (cm)
	Days to maturity 
(days)
	Pod length (cm)
	Pod width (cm)
	Phenol
(mg GAE/g)
	Protein content in seed (%)

	1.
	Ahmednagar Local
	85.75 ± 0.83
	76 ± 1
	5.60 ± 0.50
	1.50 ± 0.30
	34.43 ± 0.72
	8.88 ± 0.59

	2.
	Aguadulce
	105.26 ± 0.78
	94 ± 1
	10.50 ± 0.70
	1.60  ± 0.30
	17.63 ± 0.69
	20.65  ± 0.72

	3.
	Aduluce
	99.74 ± 0.83
	94 ± 1
	7.90  ± 0.80
	1.25  ± 0.30
	29.12  ± 0.71
	14.73  ± 0.65

	4.
	Bangla Gangachar
	85.27 ± 0.86
	73 ± 1
	5.50 ± 0.60
	1.20  ± 0.30
	34.70  ± 0.75
	9.04  ± 0.59

	5.
	EC-243793
	102.36 ± 0.82
	80 ± 1
	8.30  ± 0.80
	1.20  ± 0.30
	18.76  ± 0.71
	17.66  ± 0.68

	6.
	EC-250192
	105.24 ± 0.88
	76 ± 1
	8.50 ± 0.80
	1.25  ± 0.35
	16.48  ± 0.66
	18.14  ± 0.69

	7.
	EC-25085
	75.30 ± 0.72
	76 ± 2
	5.50  ± 0.70
	1.25  ± 0.30
	37.12  ± 0.77
	8.96  ± 0.59

	8.
	EC-293820
	102.36 ± 0.75
	78 ± 2
	8.20 ± 0.90
	1.90  ± 0.50
	17.45  ± 0.67
	16.45  ± 0.67

	9.
	EC-329681
	101.52 ± 0.79
	79 ±1
	7.66  ± 0.76
	2.20  ± 0.60
	20.48  ± 0.69
	15.56  ± 0.66

	10.
	EC-343691
	103.65 ± 0.77
	77 ± 3
	7.20 ± 0.80
	1.90  ± 0.50
	17.45  ± 0.74
	15.98  ± 0.67

	11.
	EC-628942
	96.76 ± 0.82
	75 ± 1
	6.50  ± 0.80
	1.20  ± 0.40
	28.34  ± 0.72
	12.45  ±  0.63

	12.
	FLIP15-159FB
	91.72 ± 0.77
	84 ± 1
	6.60 ± 0.80
	1.20  ± 0.30
	33.54  ± 0.75
	10.43  ± 0.61

	13.
	FLIP15-196FB
	75.30 ± 0.67
	87 ± 1
	6.20 ± 0.80
	1.25  ± 0.30
	38.43  ± 0.72
	9.32 ± 0.59

	14.
	FLIP15-197FB
	75.30 ± 0.78
	82 ± 1
	5.40 ± 0.70
	1.25  ± 0.35
	38.43  ± 0.72
	8.88  ± 0.57

	15.
	Gazipur Local
	80.75 ± 0.77
	74 ± 1
	6.50 ± 0.90
	1.90  ± 0.70
	34.56  ± 0.72
	9.02  ± 0.59

	16.
	HB-15
	81.75 ± 0.84
	76 ± 2
	5.60 ± 0.70
	1.60  ± 0.60
	34.70  ± 0.72
	9.43  ± 0.59

	17.
	HB-37
	99.5 ± 0.78
	77 ± 2
	7.00  ± 0.90
	1.50  ± 0.50
	27.46  ± 0.69
	12.74  ± 0.64

	18.
	HB-58
	100.42 ± 0.75
	78 ± 1
	7.50 ± 0.90
	1.50  ± 0.40
	24.56  ± 0.68
	14.60  ± 0.65

	19.
	HB-66
	92.64 ± 0.76
	81 ± 1
	6.10 ± 0.90
	1.30  ± 0.50
	31.08  ± 0.72
	11.60  ± 0.62

	20.
	HB-90
	80.75 ± 0.79
	79 ± 2
	5.50 ± 0.70
	1.20  ± 0.50
	34.20  ± 0.75
	8.96  ± 0.58

	21.
	HFB-1
	95.38 ± 0.76
	77 ± 2
	7.80 ± 0.90
	1.21  ± 0.49
	26.56  ± 0.68
	12.80  ± 0.64

	22.
	L-2013-014
	93.28 ± 0.72
	82 ± 3
	9.55 ± 0.95
	1.20  ± 0.40
	20.54  ± 0.69
	20.32  ± 0.71

	23.
	L-2013-060
	88.31 ± 0.73
	81 ± 1
	5.45 ± 0.75
	1.10  ± 0.40
	34.56  ± 0.75
	8.96  ± 0.61

	24.
	L-2013-060 (S2)
	105.44 ± 0.83
	84 ± 2
	9.20 ± 1.10
	1.25  ± 0.40
	14.56  ± 0.64
	19.70  ± 0.71

	25.
	L-2013-060 (S3)
	104.49 ± 0.73
	81 ± 1
	10.70 ± 1.20
	0.95  ± 0.40
	13.98  ± 0.63
	21.08  ± 0.72

	26.
	L-2013-060 (S4)
	98.72 ± 0.77
	82 ± 1
	8.50 ± 1.10
	1.50  ± 0.50
	25.78  ± 0.71
	17.67  ± 0.69

	27.
	L-2013-060 (S6)
	102.36 ± 0.74
	82 ± 3
	7.80 ±  1.00
	1.25  ± 0.35
	16.65  ± 0.67
	15.80  ± 0.67

	28.
	L-2013-092
	91.60 ± 0.78
	82 ± 1
	6.25 ± 0.95
	1.10 ± 0.40
	33.24  ± 0.75
	10.87  ± 0.61

	29.
	L-2013-092 (S1)
	107.24 ± 0.79
	92 ± 2
	8.80 ± 1.00
	1.60  ± 0.50
	11.98  ± 0.62
	20.65  ± 0.71

	30.
	L-2013-092 (S2)
	106.00 ± 0.82
	84 ± 2
	9.20 ± 1.20
	1.75  ± 0.55
	17.18  ± 0.66
	19.70  ± 0.72

	31.
	L-2013-092 (S3)
	100.42 ± 0.78
	83 ± 2
	7.50 ± 1.00
	0.55  ± 0.35
	20.34  ± 0.69
	15.70  ± 0.65

	32.
	L-2013-092 (S4)
	99.50 ± 0.81
	84 ± 2
	7.20 ± 1.10
	1.55  ± 0.65
	33.65  ± 0.73
	14.43  ± 0.64

	33.
	L-2013-122
	96.58 ± 0.77
	86 ± 1
	7.90 ± 0.90
	0.95  ± 0.50
	27.52  ± 0.68
	13.02  ± 0.63

	34.
	L-2013-46
	98.72 ± 0.74
	86 ± 1
	7.60 ± 0.90
	1.00  ± 0.50
	27.52  ± 0.73
	12.90  ± 0.63

	35.
	L-2013-60 ( S1)
	107.24 ± 0.72
	81 ± 2
	9.80 ± 1.10
	0.90  ± 0.50
	11.70  ± 0.62
	21.08  ± 0.74

	36.
	L-2013-60 (S5)
	100.76 ± 0.82
	83 ± 2
	6.90 ± 1.00
	1.25  ± 0.30
	24.80  ± 0.69
	14.43  ± 0.66

	37.
	L-2014-011
	96.76 ± 0.77
	85 ± 1
	7.00 ± 1.00
	0.95  ± 0.50
	27.46  ± 0.72
	12.76  ± 0.64

	38.
	L-2014-128
	104.49 ± 0.78
	87 ± 1
	8.90 ± 1.00
	0.80  ± 0.50
	16.87  ± 0.66
	19.42  ± 0.71

	39.
	L-2014-137
	91.72 ± 0.74
	92 ± 2
	9.50 ± 1.30
	1.00  ± 0.40
	23.80  ± 0.68
	21.67  ±  0.74

	40.
	NDF-12
	95.38 ± 0.79
	75 ± 1
	5.90 ± 0.90
	2.11  ± 0.61
	28.94  ± 0.73
	11.60  ± 0.63

	41.
	NDF-8
	108.72 ± 0.76
	77 ± 1
	6.50 ± 0.90
	0.50  ± 0.40
	26.70  ± 0.68
	15.01  ± 0.65

	42.
	Rebeya-40
	103.65 ± 0.79
	76 ± 1
	7.90 ± 1.10
	1.10 ± 0.40
	12.65  ± 0.62
	16.83  ± 0.68

	43.
	Vikrant
	94.10 ± 0.76
	78 ± 1
	5.60 ± 0.70
	1.60 ± 0.60
	30.14  ± 0.72
	10.76  ± 0.61

	44.
	EC-117744 (Check)
	112.46 ± 0.78
	79 ± 1
	9.80 ± 1.30
	0.90  ± 0.50
	8.87  ± 0.58
	22.95  ± 0.75

	
	SEm (±)
	0.02
	0.63
	0.18
	0.1
	0.04
	0.05

	
	CV (p=.05)
	0.03
	1.09
	3.4
	11.88
	0.22
	0.47

	
	F-Stat
	248,534.68
	69.68
	68.32
	13.42
	45,991.26
	7,857.21




3.5 Correlation between morphological and biochemical traits with pod damage (%) and leaf mining (%) in faba bean
Pod damage exhibited significant positive association with plant height (r = 0.64), days to maturity (r = 0.43), pod length (r = 0.92) and protein content in seed (r = 0.95), whereas a significant negative correlation was observed with phenol content (r = -0.82) (Table 6). However, pod width showed a non-significant negative association (r = -0.14) with pod damage. In case of leaf mining, days to maturity exhibited a significant negative correlation (r = -0.32). However, plant height (r = 0.17), pod length (r = -0.21), pod width (r = -0.02), phenol content (r = -0.12) and protein content (r = -0.15) showed non-significant association with leaf mining incidence (Table 6). The present findings revealed that plant height, days to maturity, pod length and protein content were positively associated with pod borer infestation, whereas phenol content showed a significant negative correlation with pod damage. Pal et al. (2020) published similar findings, stating that gram pod borer infestation in field pea was significantly positively correlated with plant height. The positive association between days to maturity and pod damage corroborates the findings of Boit et al. (2018) in lablab. Halder et al. (2006), Chandrayudu (2003) and Sujithra et al. (2012) also found positive correlation between pod length and pod borer infestation, while pod width exhibited negative association with pod damage in field bean genotypes. In line with Ganguli et al. (2026), who found that higher protein content improved host adaptability for pod borer infestation in pigeonpea, the current study found a positive correlation between protein content and pod damage. On the other hand, phenol content showed a strong negative correlation with pod damage, supporting the results of Bhagat et al. (2024), who found that pigeonpea genotypes with higher phenol content were resistant to pod borers. However, most of the morphological and biochemical traits exhibited non-significant association with leaf mining incidence. This might be due to the concealed feeding habit of leaf miner larvae within leaf tissues, where infestation was influenced more by leaf anatomical and environmental factors than by pod and seed characteristics.
Table 6: Correlation between morphological and biochemical traits with %pod damage and %leaf mining in faba bean during rabi 2019-20 and 2020-21 (Pooled data)

	Morphological and biochemical traits
	% pod damage
	% leaf mining

	Plant height (cm)
	0.64**
	0.17NS

	Days to maturity (days)
	0.43**
	-0.32*

	Pod length (cm)
	0.92**
	-0.21 NS

	Pod width (cm)
	-0.14 NS
	-0.02 NS

	Phenol (mg GAE/g)
	-0.82**
	-0.12 NS

	Protein content in seed (%)
	0.95**
	-0.15 NS




4. Conclusion

The present study demonstrates substantial variability among the selected faba bean genotypes in their resistance response against leaf miner and pod borer infestation. FLIP15-196FB, FLIP15-197FB, L-2013-014, L-2013-060 (S4), L-2013-092 (S4) and L-2014-137 were identified as highly resistant genotypes against leaf miner, whereas Ahmednagar Local, Bangla Gangachar, EC-25085, FLIP15-196FB, FLIP15-197FB, Gazipur Local, HB-15, HB-90 and L-2013-060 exhibited very high resistance against pod borer infestation. FLIP15-196FB and FLIP15-197FB showed high resistance to both leaf miner and pod borer infestation. Plant height, days to maturity, pod length and seed protein content were found to be positively correlated with pod borer infestation, but phenol concentration demonstrated a substantial negative correlation, suggesting that it may play a role in imparting resistance. However, the majority of morphological and biochemical characteristics did not significantly correlate with the prevalence of leaf mining, indicating that environmental and anatomical factors may have a greater impact on leaf miner infestation. The study was limited to field-level screening under a specific agro-climatic condition and lacked detailed biochemical and molecular characterization. Therefore, further multi-location trial and molecular marker assisted technology must be explored for confirmation of resistance to avoid wrong selection of the resistant source. Lastly, if the promising genotypes revealed consistent result under different location then the genotypes could be explored in near future for the development of leaf miner and pod borer resistant variety. 
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