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Biophysical and biochemical evaluation of Pigeonpea, Cajanus cajan (L.) Millsp. in relation to pod-borer, Helicoverpa armigera (Hubner) infestation


	ABSTRACT
An experiment was conducted to study the biophysical and biochemical attributes of Pigeonpea, Cajanus cajan (L.) Millsp. genotypes in relation to their susceptibility to the pod borer, Helicoverpa armigera.. Among10 different genotypes evaluated, ICP 7803-1 recorded significantly highest pod damage (47.50%) followed by ICP 1535-1 (42.50%) and ICP 9577-1 (41.3 %). No pod damage was recorded in ICP 16674-1 and ICP 60-1 whereas lowest pod damage was recorded in ICP 939-1, ICP 11281-1, IPA-203 and Asha, being 0.50%, 0.50%, 15.50% and, 17.50%, respectively. In context to the biophysical parameters, the trichome density, trichome length (leaves and pods) and pod wall thickness exhibited significantly negative correlation with percent pod damage whereas, pod length and width showed strong positive correlation (r = 0.925 and 0.940). Among the biochemical traits, protein and sugar content of seeds exhibited significant positive correlation whereas total phenols, tannins, and total flavonoids showed significant negative correlation with percent pod damage by pod borer, H. armigera. Thus, the genotypes with maximum pod wall thickness, longer trichomes with high density, high phenol, tannins, and flavonoids showed more resistance to pod borer, H. armigera.	Comment by manish gadekar: Which part you are for the trichome density study. Insert in bracket 	Comment by manish gadekar: Insert correlation values in bracket 
Key Word: Biochemical, Biophysical, ,Genotypes, Helicoverpa armigera and Pigeonpea,	Comment by manish gadekar: Remove 	Comment by manish gadekar: Remove and insert full stop. 
1. Introduction
	Pigeonpea (Cajanus cajan (L.) Millsp.) is an important legume crop widely grown in tropical and subtropical regions. In India, it is the second most grown pulse crop next to Bengal gram and is generally sown in Kharif season (Nene et al., 1990). It is popularly known as Arhar in Hindi and Red gram in English, Adhakiand Tuvarika in Sanskrit. It is a staple diet in most pans of India and is consumed as green peas as well as dry seeds (Tabo et al., 1995). Pigeonpea, also referred to as tur or red gram, is known by various regional names across India. It is called Arhar in Uttar Pradesh, Bihar, and Madhya Pradesh, Tur in Maharashtra and Gujarat, Rahar in certain areas of Bihar, Harad in Haryana and western parts of Uttar Pradesh, Tuvaraparippu in Kerala and Kokh-lan among the tribal communities of Tripura. The area under pigeonpea was 5.05 million hectares with the production of 4.34 million tonnes and productivity of 854 kg/ha (DA&FW, 2024). In Uttar Pradesh, the area, production, productivity of pigeonpea was 2.81 lakh ha, 3.07lakh tonnes and 1093 kg/ha, respectively, during 2022-23 (AICRP annual report, 2024). 	Comment by manish gadekar: Space 	Comment by manish gadekar: The area under pigeonpea  cultivation 	Comment by manish gadekar: Include this citation in reference section	Comment by manish gadekar: Missing in reference section 
	Pigeonpeais attacked by more than 300 species of insects of which H. armigera is the most important pests causing heavy yield loss (Sujayanand et al., 2025). It causes yield losses ranging from 39% to 45% (Divyasree et al., 2020). A single larva can damage 25-30 pods of pigeonpea in its life time. It feeds on tender shoots and young seedsand makes circular holes in pods and inserts its half body inside the pod to eat developing seeds (Ojha et al., 2017). Pod borer infestation has been directly linked with host morphological traits, such as pod wall thickness, trichome density, and trichome length, and pod width. In biochemical traits viz., sugar, total phenols, tannins, proteins, flavonoids, and trypsin inhibitors contents have shown correlations with the host susceptibility. Among these factors, total phenols, tannins, trichome density, trichome length, and pod wall thickness are key physiological factors for identifying pigeonpea genotypes with resistance to H. armigera. These traits are now widely used in breeding programs aimed at developing pod borer-resistant pigeonpea genotypes. Consequently, current research efforts are largely focused on developing effective and sustainable management strategies (Ambidi et al. 2021).	Comment by manish gadekar: Pigeonpea is 	Comment by manish gadekar: 39 to 45% 	Comment by manish gadekar: seeds and	Comment by manish gadekar: In reference section it is 2019. Correct it 	Comment by manish gadekar: Reference suggestions: Brar, H. S., Singh, R. (2017). Role of trichomes on leaves and pods for imparting resistance in chickpea [Cicer arientinum (L.)] genotypes against Helicoverpa armigera (HÃ¼bner). J. Appl. Natural Sci. 9, 2193–2198. doi: 10.31018/jans.v9i4.1509
	Comment by manish gadekar: San Htet Su, Sagar D., Kalia Kumari Vinay, Krishnan Veda (2022). Effect of Different Chickpea Genotypes and Its Biochemical Constituents on Biological Attributes of Helicoverpa armigera (Hubner) . Legume Research. 45(4): 514-520. doi: 10.18805/LR-4474.	Comment by manish gadekar: genotypes/varieties 
Materials and Methods: 
	The experiment was conducted during year 2024-2025 in the Pulse Quality Lab (Division of Basic Science) at ICAR-IIPR, Kanpur. Tenpigeonpea genotypes viz., ICP-14722-1, ICP 1535-1, ICP 939-1, ICP 9577-1, ICP 11281-1, ICP 16674-1, ICP 7803-1, ICP 60-1, Asha and IPA-203 were evaluated and correlated in relation to infestation levels against H. armigera under lab conditions in a Randomized Block Design RBD with 3 replications.	Comment by manish gadekar: Ten pigeonpea 	Comment by manish gadekar: Randomized Block Design (RBD ) is not appropriate for the lab experiments. Justify this 
	Morphological factors such as pod length, pod width, trichome density, and trichome length pods and leaves of test genotypes were recorded in order to study their relationship with resistance or susceptibility to the pod borer.	Comment by manish gadekar: Correct this - trichome length pods?
	Ten pods were selected randomly from each genotypes of each replication. The length and width of each selected pods was recorded with the help of measuring scale.
	Pod wall thickness was measured using Electronic Vernier Calliper for the randomly selected 10 pods of each genotype of each replication.
	For the measurement of trichomes length on leaves and pods, leaves and pods were cut in the small section of pieces through microtome, then fixed to a glass slide and measured under a microscope using ocular micrometer method (Jackai and Oghiakhe, 1989a). Data were recorded on 10 uniformly developed leaves and pods of each replication and mean trichome length was obtained for the each genotype.
	The leaves and pods of test genotypes was cut into pieces of 9 mm diameter with the help of cork borer, the number of trichomes per unit area on the epidermal layer of the leaves and pods were counted under a binocular microscope. All measurements were subsequently converted to micrometers (Jackai and Oghiakhe, 1989b). Data was recorded on 10 uniformly developed leaves and pods per replication and mean trichome density was obtained for the each genotype.
	For biochemical attributes, protein, total sugar, flavonoids, tannins, and total phenol were extracted by crushed seed of selected genotypes and their correlation done with resistance or susceptibility to the pod borer.
	The protein and nitrogen content of pigeonpea genotypes were measured using Jackson's adapted Kjeldhal process (1967). 
Assessment of total phenols, flavonoids and tannins were done by crude extraction of seed sample.
	Ten gm of each pigeonpea seed material was grinded and crushed with pestle mortar to convert it into powder form. 1 gm the defatted flour was added in 10 ml of 70% ethanol in falcon conical centrifuge tube and shaking the resulting slurry for 3 hours at 300 rpm on a shaker (Scientific Industries Inc., USA) at room temperature (25°C). The mixture was then centrifuged at 3000g for 15 minutes (Sigma 2-16KL Bench-top Refrigerated Centrifuge), and the supernatant of each genotype was collected. The residue underwent re-extraction twice using 5 ml of 70% ethanol. The supernatants from each extraction were pooled in amber-colored bottles and stored in the dark at 4°C until for the assessment of total phenols, flavonoids, and tannins.	Comment by manish gadekar: pigeonpea genotypes	Comment by manish gadekar: correct this 3000g or 3000 rpm
	The total phenolic content was assessed utilizing the Folin-Ciocalteau method with minor adjustments following the recommendations of Chandrasekara and Shahidi, (2010). 100 µl of ethanolic extract from each genotype was added to a test tube, followed by the addition of 3 ml of double-distilled water, 250 µl of Folin-Ciocalteau reagent, and 750 µl of 7% sodium carbonate (Na2CO3) solution. The contents were thoroughly mixed and incubated for 2 hours at room temperature before measuring absorbance at 765 nm against distilled water as a blank. A standard curve was simultaneously prepared using different concentrations of gallic acid. The calibration curve exhibited linearity in the 10 to 100 µg/ml range. Results were expressed regarding mg gallic acid equivalent (GAE) per gram of seed.

	The total flavonoids were quantified using the aluminum chloride assay following the method outlined by Kim et al., (2003). 500 µl of extracts mixed with 4.5 ml of distilled water.  After  adding  300 μl  5%  NaNO2 , the  mixtures  was  allowed  to  stand  for  5 minutes  at  room  temperature. Then 300 μl of 10% AlCl3 was added and, after 6 minutes, 2 ml of 1N NaOH was added. The solutions were mixed well and kept in dark for 35 min, at room temperature. The absorbance was measured against prepared water blank at 510 nm. The calibration curve exhibited linearity in the 10 to 200 µg/ml range. Total flavonoid content was expressed as mg catechin equivalent/ g seed.

	Tannins content was measured  by  the  vanillin/HCl  assay  as  per  procedure  given  by Sun et  al., (1998). Aliquots of 1 ml of samples were mixed with 5 ml of 1% vanillin-methanol and 1 ml of concentrated HCl solution. After that, it was incubated in a water bath for 20 minutes at 30°C.  The absorbance was measured at 500 nm and blanked with methanol. The calibration curve exhibited linearity in the 5 to 500 µg/ml range. Total tannic acid content was expressed as mg Tannic acid equivalent /g seed.
	1 gm of defatted flour was added in 10 ml of 80% ethanol in falcon conical centrifuge tube and kept in water bath at 60ºC for 90 minutes and then centrifuged at 5000 rpm for 10 minutes (Sigma 2-16KL Bench-top Refrigerated Centrifuge). The supernatant of each genotype was collected in small beaker and allowed to evaporate at 60ºC in water bath. Finally, it was dissolved in 2 ml of double distilled water. Further, 10µl extracted sample was taken in small test tube and added with 990 µl of double distilled water (to maintain volume), 1ml of 5% phenol, and finally added 96% conc. H2SO4 and left for 30 minutes (DuBois et al., 1956). The absorbance was measured at 490 nm and blank with methanol. The calibration curve exhibited linearity in the 10 to 125 µg/ml range. Total sugar content was expressed as gram glucose /100gm of seed.	Comment by manish gadekar: Missing in reference section. Incorporate in reference 
	The biophysical and biochemical data of different genotypes were recorded and subjected to analysis of variance (ANOVA) by WASP version 1.0 (Web Agri Stat Package).
3. Result and Discussion:
	The 10 pigeonpea genotypes tested against the infestation by pod borer (H. armigera) showed a significant variation in pod damage. Among the genotypes, ICP 7803-1 recorded significantly highest pod damage (47.50%) followed by ICP 1535-1 (42.50%) and ICP 9577-1 (41.3 %). The lowest pod damage was recorded in ICP 16674-1 and ICP 60-1 (0.00 % and 0.00%) followed by ICP 939-1, ICP 11281-1, IPA-203 and Asha, being 0.50%, 0.50%, 15.50% and, 17.50%, respectively.
3.1. Biophysical traits:
Pod Length (mm): 
	Pod length indicated that mean pod length (Table 1) among the tested genotype ranged 43.33 to 54.22 mm. The maximum pod length 54.22 mm was recorded in the genotype ICP 7803-1, followed by ICP 4307-1 (53.50 mm), ICP 9577-1 (51.22 mm), ICP14722-1 (49.53 mm) and Asha (49.05 mm). The minimum pod length observed in the genotype ICP16674-1(43.33 mm), followed by ICP 60-1 (43.38 mm), ICP 939-1 (46.22 mm), ICP 11281-1 (46.50) and IPA-203 (48.28 mm), which were at par with each other. The results revealed that the correlation between the pod length and the pod infestation by the pod borer was significant and positive (r = 0.925**). The results are in line with the findings of Jagtap et al. (2014), according to them the genotypes having smallest pod length was least susceptible to pod infestation by H. armigera than the pigeonpea genotypes having longer pods. These findings were also reported by Thakur et al. (1989), who found positive perfect correlation between pod length and per cent pod infestation (Table.3).	Comment by manish gadekar: 	Comment by manish gadekar: The genotype ICP 4307-1 missing in manuscript. why this genotypes included in manuscript ?
Pod width (mm):
	The maximum pod width was recorded as 9.00 mm in genotype ICP 7803-1 followed by ICP 4307-1 (8.47 mm) and, ICP 9577-1 (7.18 mm). The minimum pod width was observed in the genotype ICP 60-1 (2.45mm) (Table 1). Pod width showed significant positive correlation with per cent pod damage (0.940**). Present findings are in line with results obtained by Rana et al., (2017), who also reported positive correlation with per cent pod infestation to pod width (Table 3).
Pod wall Thickness (mm): 
	Pod wall thickness of the evaluated genotypes ranged from 0.59 mm to 0.27 mm (Table 1). The minimum pod wall thickness was observed in the genotype ICP7803-1 followed by ICP 4307-1, ICP 9577-1, ICP14722-1, and Asha, with 0.27 0.31, 0.37, 0.39 and 0.45 mm, respectively, whereas the maximum pod wall thickness was recorded in genotype ICP 16674-1 followed by ICP 60-1, ICP 939-1, ICP 11281-1 and IPA-203, with 0.60, 0.57, 0.52, 0.50 and 0.48 mm, respectively. The pod infestation was correlated significantly negative (r = -0.948**) with the pod wall thickness. The results are in conformity with the findings of Jagtap et al., (2014), who found thicker pod wall exhibited less pod damage than the genotypes having thinner pod wall and it can be regarded as a non-preferential attributes for H. armigera (Table 3).
Trichome density (9mm2):
	The highest number of trichomes/9mm2 on leaves was observed in the genotype ICP 16674-1 followed by ICP 60-1, ICP 939-1, ICP 11281-1, and IPA-203,being 626.52, 600.33, 580.00, 550.45 and 405.50 respectively, whereas on pods it was maximum in ICP 60-1 followed by ICP 16674-1, ICP 939-1, ICP 11281-1, and IPA-203, being 705.30 , 700.48, 680.44, 675.59, and 520.32, respectively. The minimum trichome density found on leaves of the genotype ICP 7803-1 followed by ICP 4307-1, ICP 9577-1, ICP 14722-1, and Asha, being 190.43, 250.39, 305.50, 345.219, and 390.48 /9mm2, whereas on pods it was minimum in genotype ICP 7803-1 followed by ICP 4307-1, ICP 9577-1, ICP 14722-1, and Asha, being 285.64, 350.34, 365.76, 420.43, and 505.74/9mm2, respectively. The Significant variation was also observed in trichome density on leaves and pods. Correlation conducted during the study revealed that the trichome density on leaves and pods showed highly significant negative correlation with the  per cent pod damage due to H. armigera with correlation coefficient (r) being  -0.969** and -0.985**, respectively (Table 3). The present findings were in agreement with the observations of Oghiakhe et al., (1992 a). These results were also consistent with the findings reported by Romeis et al. (1999).	Comment by manish gadekar: Recheck it not properly matched with data presented in table 1 	Comment by manish gadekar: Missing in reference section 	Comment by manish gadekar: Missing in reference section 
Trichome length (µm):
	The trichome length on leaves was significantly lowest in the genotype ICP 7803-1 (70.67µm) followed by ICPP 4307-1 (115.35µm) and ICP 9577-1 (128.56µm), while it was highest on ICP 16674-1(300.56µm). The trichome length on other genotypes, viz., ICP 60-1, ICP 939-1, ICP 11281-1, IPA-203, Asha and ICP 14722-1 was 298.65, 276.54, 275.73, 210.31, 189.77 and 137.56µm respectively. The length of trichome on pods was significantly shorter in genotype ICP 7803-1(135.21µm). However, test genotypes, viz., ICPP 4307-1, ICP 9577-1, ICP 14722-1, Asha, IPA-203, ICP 11281-1, ICP 939-1, ICP 60-1, and ICP 16674-1 recorded 165.32, 180.55, 195.22, 225.45, 232.30, 292.12, 298.51, and 365.39µm, respectively. The trichome length varied from 135.21 to 365.39 µm (Table 1). Correlation analysis indicated significant negative relationship between trichome length on both leaves and pods with the pod damage caused by H. armigera. The correlation coefficients (r) were -0.984**for leaves and -0.935** for pods, as shown (Table 3). These findings align with the observations made by Oghiakhe et al., (1992 b). 	Comment by manish gadekar: Correct this not matched with data present in table 1	Comment by manish gadekar: 	Comment by manish gadekar: Rewrite the result and recheck it 
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Fig. 2.Trichome on leaf




[image: ]	Fig. 1.Trichome on pod

Table.1 Biophysical parameters of different pigeonpea genotypes screened against pod-borer H. armigera during kharif 2024- 2025.
	
	
	Trichome Density/ 9mm2
	Trichome length (µm)

	S.N.
	Genotype
	Pod Length
(mm)
(Mean ±SE)
	Pod Width
(mm)
(Mean ±SE)
	Pod Wall
Thickness
(mm)
(Mean ± SE)
	On Leaves
(Mean ± SE)
	On Pods
(Mean ± SE)
	On Leaves
(Mean ± SE)
	On Pods
(Mean ± SE)

	1
	ICP 14722-1
	49.53abc ± 2.874
	4.35bc ± 0.104
	0.39ef  ± 0.017
	345.21a ±2.846
	285.64e ± 2.470
	137.56e ± 1.786
	135.21f ± 0.669

	2
	ICP 1535-1
	53.50ab ± 1.227
	7.18ab ± 1.040
	0.31gh  ± 0.023
	250.39b ± 3.034
	675.59g ± 5.625
	115.37g ± 0.541
	292.12d ± 2.189

	3
	ICP 939-1
	46.22cd ± 2.786
	8.47d ± 0.453
	0.52bc  ± 0.017
	580.33c ± 1.143
	505.74b ± 1.085
	276.54b ± 1.925
	225.45h ± 2.211

	4
	ICP 9577-1
	51.22abc ± 0.566
	9.00ab ± 1.285
	0.37fg  ± 0.023
	305.50d ± 2.902
	680.44f ± 1.250
	128.56f ± 1.239
	298.51b ± 2.060

	5
	ICP 11281-1
	46.50cd ± 2.273
	4.77de ± 0.480
	0.50cd  ± 0.026
	550.45e ± 1.118
	705.30b ± 2.962
	275.73b ± 1.305
	360.62g ± 2.168

	6
	ICP 16674-1
	43.33d ± 1.031
	2.45e ± 0.293
	0.60a  ± 0.023
	626.52f ± 3.511
	365.76a ± 2.475
	300.56a ± 2.953
	180.55c ± 1.406

	7
	ICP 7803-1
	54.22a ± 1.746
	5.05 a± 0.176
	0.27h  ± 0.020
	190.43g ± 1.244
	350.34h ± 0.995
	70.67h ± 0.772
	195.22a ± 1.602

	8
	ICP 60-1
	43.38d ± 1.807
	7.00e ± 0.520
	0.57 ab  ± 0.032
	600.33h ± 2.699
	520.32a ± 0.563
	298.65a ± 2.175
	232.30i ± 2.926

	9
	Asha
	49.05abc ± 0.358
	5.20d± 0.115
	0.45de  ± 0.017
	390.48i ± 1.282
	420.43d ± 2.988
	189.77d ± 2.299
	165.32a ± 0.607

	10
	IPA-203
	48.28bcd ± 0.943
	2.72cd ± 0.782
	0.48cd  ± 0.017
	440.42j ± 5.845
	700.48c ± 3.146
	210.31c ± 2.850
	365.39e ± 2.953

	
	CD 
	5.265
	1.923
	0.068
	8.673
	8.165
	5.782
	6.034

	
	SE(m)
	1.772
	0.647
	0.023
	2.920
	2.749
	1.946
	2.031

	
	SE(d)
	2.506
	0.916
	0.032
	4.129
	3.887
	2.752
	2.872

	
	C.V.
	6.326
	19.960
	8.851
	1.181
	0.914
	1.682
	1.436


*Treatments found Significant at 1% and 5% level of significance CD (0.01) and C.D. (0.05).


3.2. Biochemical traits:
Protein content:
	Protein content in different genotypes varied from 17.71 to 23.77 per cent (Table 2). Least protein content was recorded on the highly resistant genotype ICP 14722-1 with 17.71 per cent. The second lowest protein content was noticed on genotype ICP 60-1 with 19.67 per cent followed by ICP 939-1 with 19.81 per cent. The highest protein percent was recorded inthe highly susceptible genotype ICP 7803-1 which was at par with ICP 14722-1. The respective protein contents in ICP 7803-1, ICP 4307-1, ICP 9577-1, and ICP 14722-1 were 23.77, 23.34, 23.16 and 23.14 percent. The Overall observations showed that the least susceptible genotypes have relatively lower protein percentage as compared to the moderately susceptible and susceptible genotypes. The correlation studies clearly indicated a highly significant positive relation (r = 0.846**) between protein content and per cent pod infestation due to pod borer,  depicting the protein content increases so is the infestation of pod borer is an increasing manner (Table 4). The present findings are in line with Sunitha et al., (2008) where they concluded that the susceptibility in different genotypes of pigeonpea are due to the higher protein (25.5%) content in pods. These findings were in close correspondence with Sai et al., (2018) who reported that the pod infestation is positively correlated (r= 0.717**) with the protein content. 	Comment by manish gadekar: Rewrite and recheck it not correctly match with data presented in table 2 
Sugar content:
	Among the genotype, ICP 7803-1 recorded the maximum sugar content with 4.99 percent. Second highest content was observed in the genotype ICP 1535-1 with 4.17 per cent. Among the tested genotypes, highly resistant genotype ICP 16674-1 recorded the lowest sugar content with 3.42 percent, followed by ICP 60-1, IPA-203, ICP 939-1 and ICP 14722-1, being 3.53, 3.64, 3.72 and 3.75 per cent , respectively (Table 2). The overall observations indicated that the sugar content was comparatively less in resistant genotype as compared to susceptible. The studies indicated a significant positive correlation (r = 0.720*) between the total sugar content and percent pod damage due to pod borer infestation. Thus, from the result it is clear that as the sugar content increased, infestation by the pod borer also increased (Table 4). The present results indicated the observation of Sharma et al., (2009) that expression of resistance to H. armigera was associated with low amounts of sugars in pigeonpea. Similarly the results were also in consonance with Blaney and Simmonds (1990). According to them, more total sugar content increases the incidence of H. armigera in pigeonpea.	Comment by manish gadekar: Rewrite and recheck result.  it not correctly match with data presented in table 2	Comment by manish gadekar: Missing in reference section
Tannin content:
	Tannin content varied from 9.59 to 0.64 mg/g of seed on different pigeonpea genotypes. The maximum tannin content was recorded as 9.59 mg/g in the genotype ICP 16674-1 followed by ICP 60-1, ICP 939-1, ICP 11281-1 and IPA-203, being 4.08, 3.85, 3.63 and 1.67mg/g of seed, respectively. The minimum tannin content was observed in the genotype ICP 7803-1 with 0.64 mg/g seed followed by ICP 1535-1, ICP 9577-1, ICP 14722-1, and Asha, respectively, being 0.92, 1.03, 1.11, and 1.18 mg/g seed, respectively. The correlation between tannin content of the seeds and pod damage showed significant negative correlation (r= -0.723*), which clearly shows genotypes with high tannin content offered resistance against pod borer, H. armigera (Table 4). The results were in accordance with Jat et al., (2018) who reported the tannin content in seed exhibited negative correlation with H. armigera. These findings were in close correspondence with Ambidi et al., (2021) who reported association of higher tannin content with reduced susceptibility of H. armigera in pigeonpea.	Comment by manish gadekar: Rewrite and recheck result.  it not correctly match with data presented in table 2
Total flavonoids:
	The total flavonoids estimated in different genotypes varied from 4.17 to 0.99 mg/g seed, with significant differences among the test genotypes (Table 2). The genotype ICP 16674-1 exhibited highest flavonoid content with 4.17 mg/g seed, followed by ICP 60-1, ICP 939-1, ICP 11281-1, and IPA-203, with2.88, 2.13, 1.83, and 1.41 mg/g of seed, respectively. In contrast, the ICP 7803-1 (0.99mg/g) has recorded the lowest flavonoid content, followed by ICP 9577-1, ICP 14722-1, and Asha, with1.13, 1.17 and 1.32mg/g of seed, respectively. The study indicated a significant negative correlation (r = 0.752*) between the total flavonoid content and percent pod damage due to pod borer infestation. Thus, from the result it is clear that as the flavonoid content increased, infestation by the pod borer decreased (Table 4). Tyagi et al., (2020) investigated the molecular basis of pod borer resistance in pigeonpea and found that the flavonoid biosynthesis pathway plays a crucial role in resistance. Cheboi et al., (2019) suggested significant negative correlations between total flavonoid content and pod damage caused by the pod borer, H. armigera. These findings suggested that higher levels of flavonoids may contribute to resistance against pod borer damage in pigeonpea genotypes.	Comment by manish gadekar: Rewrite and recheck result.  it not correctly match with data presented in table 2
	Comment by manish gadekar: In reference section it is 2022. Correct it and recheck 
Total phenols:
	The phenol content in the evaluated genotypes was lowest in ICP 1535-1 with 1.27 mg/g of seed, followed by ICP 9577-1, ICP 14722-1, Asha, and IPA-203, with 1.94, 1.98, 2.04, and 2.57mg/g of seed, respectively, whereas the significantly highest phenol content in seed was recorded in the genotype ICP 16674-1, followed by ICP 60-1, ICP 939-1, ICP 11281-1, and ICP 7803-1, with 7.30, 4.78,4.10, 2.94, and 2.657mg/g of seed, respectively (Table 2). Correlation studies between phenol content and per cent pod damage by pod borer showed significant negative association (r = 0.701*), which clearly shows that high phenol content exhibits critical role in offering resistance to pod borers in field condition (Table 4). The results were similar to Cheboi et al., (2019) who reported significant negative correlation between total phenol with the pod damage (r -0.923*).Our study was also similar to Jagtap et al., (2014), who reported pigeonpea genotypes with higher phenol content may possess potential resistance to H. armigera.	Comment by manish gadekar: Rewrite and recheck result.  it not correctly match with data presented in table 2








Table.2 Biochemical parameters of different pigeonpea genotypes screened against pod borer H. armigera during kharif 2024-2025
	S.N.
	Genotype
	Protein
(%)
(Mean ± SE)
	Sugar
(%)
(Mean ± SE)
	Tannins
(mg/ g seed)
(Mean ± SE)
	Flavonoid
(mg/ g seed)
(Mean ±SE)
	Phenol
(mg/ g seed)
(Mean ± SE)

	1
	ICP 14722-1
	23.17ab ± 0.294
	3.54e ± 0.003
	3.63e ± 0.026
	1.83f ±0.004
	7.30f ± 0.002

	2
	ICP 1535-1
	23.77c ± 0.040
	3.43b ± 0.007
	0.64fg ± 0.000
	0.99g ±0.001
	4.79g ± 0.004

	3
	ICP 939-1
	23.34a ±0.199
	4.18ef ± 0.004
	1.18g ± 0.015
	1.32c ±0.002
	2.57c ± 0.001

	4
	ICP 9577-1
	19.67d ± 0.241
	4.99c ± 0.003
	3.85c ± 0.124
	2.13f ±0.001
	4.10f ± 0.006

	5
	ICP 11281-1
	19.81a b± 0.262
	3.72d ± 0.012
	4.08fg ± 0.110
	2.88d ±0.003
	2.04d ± 0.006

	6
	ICP 16674-1
	17.71c ± 0.146
	4.04h ± 0.004
	1.03d ± 0.049
	1.13a ±0.001
	1.94a ± 0.001

	7
	ICP 7803-1
	21.81e ± 0.217
	3.65a ± 0.003
	1.11a ± 0.023
	1.17g ±0.000
	1.99e ± 0.001

	8
	ICP 60-1
	23.15a ± 0.544
	3.76g ± 0.005
	1.62h ± 0.049
	1.41b ±0.001
	2.94b ± 0.004

	9
	Asha
	22.52d ± 0.318
	3.76e ± 0.005
	0.92b ± 0.012
	0.99e ±0.001
	1.27f ± 0.003

	10
	IPA-203
	21.81bc ± 0.217
	3.90f ± 0.007
	9.59f ± 0.136
	4.17e ±0.001
	2.66e ± 0.001

	
	CD 
	0.823
	0.017
	0.215
	0.006
	0.011

	
	SE(m)
	0.277
	0.006
	0.072
	0.002
	0.004

	
	SE(d)
	0.392
	0.008
	0.102
	0.003
	0.005

	
	C.V.
	2.212
	1.138
	4.527
	3.653
	2.874


*Treatments found Significant at 1% and 5% level of significance CD(0.01) and C.D. (0.05).
Table. 3 Correlation Matrix of biophysical parameters with per cent pod damage by pod-borers, H. armigera during kharif 2024 - 2025.
	S.N.
	Parameters
	Per cent
pod damage
	Pod length
	Pod width
	Pod wall thickness
	Trichome density on leaves
	Trichome density on pods
	Trichome length on leaves
	Trichome length on pods

	1
	Per cent 
pod damage
	1
	
	
	
	
	
	
	

	2
	Pod length
	0.925**
	1
	
	
	
	
	
	

	3
	Pod width
	0.940**
	0.980**
	1
	
	
	
	
	

	4
	Pod wall 
thickness
	-0.948**
	-0.987**
	-0.985**
	1
	
	
	
	

	5
	Trichome density
 on leaves
	-0.969**
	-0.978**
	-0.956**
	0.980**
	1
	
	
	

	6
	Trichome density on pods
	-0.985**
	-0.961**
	-0.950**
	0.963**
	0.992**
	1
	
	

	7
	Trichome length on leaves
	-0.984**
	-0.965**
	-0.960**
	0.974**
	0.994**
	0.996**
	1
	

	8
	Trichome length on pods
	-0.935**
	-0.981**
	-0.967**
	0.969**
	0.977**
	0.969**
	0.975**
	1




Table. 4 Correlation Matrix of biochemical parameters with per cent pod damage by pod-borers, H. armigera during kharif 2024 - 2025.
	S.N.
	Parameters
	Per cent
pod damage
	Protein
	Sugar
	Tannins
	Flavonoids
	Phenol

	1
	Per cent
pod damage
	
1
	
	
	
	
	

	2
	Protein
	0.846**
	1
	
	
	
	

	3
	Sugar
	0.720*
	0.696*
	1
	
	
	

	4
	Tannins
	-0.723*
	-0.931**
	-0.567NS
	1
	
	

	5
	Flavonoids
	-0.752*
	-0.962**
	0.615NS
	0.974**
	1
	

	6
	Phenol
	-0.701*
	-0.942**
	-0.485NS
	0.954**
	0.975**
	1



4. Conclusion: 
	Plant biochemical and morphological features have their significant impacts on its resistance or susceptibility to the herbivore feeding on it. From the above findings, it can be concluded that the trichomes on leaves as well as pods, and pod wall thickness were associated with the resistance against H. armigera whereas, genotypes with higher pod length and pod width were found susceptible. In the biochemical parameters, high amount of tannin, flavonoid, and phenol contents were also associated with the resistance against H. armigera, whereas, higher amount of total sugar and protein contents of seed imparted susceptibility to the pod-borer. 
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