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Abstract
[bookmark: _GoBack]The present study aimed to assess the morphological and physiological traits associated with resistance to mustard aphid in seven Brassica genotypes. Mustard, a vital crop in India's agricultural sector, faces significant challenges from the mustard aphid (Lipaphis erysimi Kalt), a pest that causes substantial yield losses. The mustard aphids suck cell saps  from  the  plants, which  stunts plant  growth and  lowers the  quality and quantity of pods. The experiment, conducted during the rabi season of 2023-24, involved 50 Brassica genotypes, with an emphasis on identifying resistance mechanisms in selected genotypes based on aphid infestation patterns. Among the genotypes tested, KRANTI (Brassica juncea) exhibited the lowest aphid population and demonstrated superior traits such as hairy leaves, green leaf colour, scattered inflorescences and semi-spreading pod settings. These characteristics, combined with favourable growth traits such as higher plant height, increased number of branches, and superior seed yield, contributed to its enhanced tolerance. In contrast, genotypes such as BSH-1 (susceptible check) displayed higher aphid infestations, indicating their susceptibility. Overall, the findings suggest that morphological features like leaf hairiness and robust growth characteristics are critical in imparting resistance to mustard aphids. These traits, particularly in KRANTI, offer valuable insights for developing aphid-resistant mustard cultivars through selective breeding.      
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Introduction
The relationship between insects and plants has always been a frontier research hotspot, including insect behavior, plant defense, chemical ecology, physiological ecology, molecular ecology, and evolutionary biology. It was of great significance for revealing the insect-selection mechanism, and exploring new strategies and techniques for insect behavior regulation (Lu et al., 2022). Rapeseed-mustard, a key oilseed crop in India, plays a crucial role in India's agricultural economy, contributing significantly to the oilseed sector. In 2017-18, rapeseed mushrooms covered an estimated 36.68 million hectares globally, producing 72.42 million tonnes with a yield of 1974 kg/ha (ICAR-DRMR, 2018). As the third most important oilseed crop worldwide, mustard accounts for about 28.6% of India's total oilseed production and ranks second in its oilseed economy, just after groundnut, with a 27.8% share (USDA, 2018). Key mustard-producing states in India include Rajasthan, Uttar Pradesh, and Madhya Pradesh, among others.   Mustard is also used as condiments, salad, green manure, fodder, and fuel. In Bangladesh, mustard is the primary oil-producing crop that supplies much of the domestic need for edible oil. he  susceptibility of  plants  to herbivores  depends  on the  complex  interactions  between  plants  and  insects (Rahman et al., 2023).   Aphids are pests in 40 plants families, affecting hundreds of species, such as Brassica crops and weedy crucifers. They also act as vectors of more than one hundred viral diseases, which has led to severe economic losses. Compared to the chewing insects, aphids have highly specialized stylets that can penetrate the phloem mainly through the parenchyma in an intercellular manner and extract plant photo assimilates without destroying the structural tissues. When aphids penetrate the plant tissue, aphids produce saliva in salivary glands and inject it into plant tissues (Zhou et al., 2022).  
Mustard crops faces significant yield losses due to insect pests  mustard aphid, Lipaphis erysimi, considered as most destructive pest for Brassica crops worldwide, often leading to substantial yield losses (Shylesha et al., 2006; Thakur et al., 2009). This aphid species is a highly prolific pest that feeds on cruciferous plantsand causes significant reductions in yield ranging from 35% to 90% depending on the season (Biswas and Das, 2000; Rohilla et al., 2004). In Brassica campestris L., aphid damage can lead upto 66 t`rvbto 99% reduction in yield, while in Brassica juncea L., the losses range from 27 to 28% (Bakhetia, 1979) with 15% reductions in oil content (Verma and Singh, 1987). Given the severity of these losses, chemical control measures are recommended to mitigate yield reductions The mustard aphid, Lipaphis erysimi (Hemiptera: Aphididae), is the predominant pest affecting rapeseed and mustard crops, with yield losses ranging from 35% to 73% and a reduction in oil content by 5% to 6% (Shylesha et al., 2006). Rapeseed-mustard crops are particularly vulnerable to insect pests and diseases, with aphid infestations potentially causing yield losses as high as 97% (Yadava and Singh, 1999). 
Materials and methods
The experiment was conducted during rabi season 2023-24 at the Student Instructional Farm (SIF) of Chandra Shekhar Azad University of Agriculture and Technology in Kanpur, Uttar Pradesh. The farm is situated between 25° 26' and 28° 58' N latitude and 79° 31' and 80° 34' E longitude, at an altitude of 125.9 meters above sea level. The region is subtropical with a semi-arid climate. The experiment was conducted by growing Brassica genotypes. 
The experiment included Fifty Brassica genotypes each replicated three times. The efforts were made to establish the basis of resistance in 7 selected Brassica genotypes against mustard aphid by observing morphological characters, and physiological traits in plant parts. 
Morphological and physiological parameters of plants
	Morphological characteristics viz., leaf colour, compactness of inflorescence, setting of pods, waxy/glossy stem, glabrous / hairiness of leaves of each genotype were recorded. Besides, these, plant traits viz., plant height, number of primary and secondary branches, number of siliqua/plants, seeds/siliqua, 1000 seed weight and oil content were recorded. All these noted characters of each genotype were correlated to find out the causes of either resistance or susceptibility of genotypes to mustard aphids.


Result and Discussion:
Different morphological characters of the plants of 7 selected Brassica genotypes viz., Pusa MH 126, Shivani plus, Pitambhari, DRMRYS 204, TM 314-1, KRANTI, BSH-1, were recorded to see any distinct character responsible for imparting resistance in genotypes. On the perusal of Table-1 revealed the morphological characteristics of Brassica genotypes impart a resistant effect on the population of mustard aphids. The genotype KRANTI was observed to had minimum aphid population 23.6 aphid /plant followed by PUSA MH-126 (52.6 aphid /plant), Pitambhari (96.3 aphids/plant) and Shivani Plus (98.2 aphid/plants). The germplasm BSH-1 of B. rapa had a maximum population (168.3 aphid/plant) followed by DRMRYS-205 (112.6 aphid/plant) and TM-314-1(103.6 aphid/plant) during both the crop seasons. In comparison to B. rapa germplasms and B. juncea germplasms had minimum infestation of mustard aphid. It was due to the morphological characteristics of B. juncea i.e green leaf colour, hairy and Glabrous leaf surface. Light yellow flower colour, scattered inflorescence and semi spreading nature of pod setting.
(i) Stem: The stem was found waxy in all the seven genotypes viz., Pusa MH 126, Shivani plus, Pitambhari, DRMRYS 204, TM 314-1, KRANTI, BSH-1 hence it has no prominent influence on the expression of resistant or susceptible against mustard aphid.
[bookmark: _Hlk177205923](ii) Leaf: The leaf colour of KRANTI, TM-314, PUSA MH 126 was green, which was found distinct from the rest of the genotypes but the green colour of the leaf did not show the character imparting resistance in the plant against mustard aphids and the rest of genotypes show light green leaf colour viz., SHIVANI PLUS, DRMRYS 205, Pitambhari, BSH-1. The leaf colour of these genotypes did not reveal any factor showing resistance as the same colour observed in susceptible check. Similarly, the Glabrous leaf was observed viz., SHIVANI PLUS, DRMRYS 205, Pitambhari, BSH-1 so this character was not considered as a factor for imparting resistance in plant against mustard aphid. The hairyness of leaves of KRANTI was also observed in other 2 genotypes belonging to B. juncea (TM 314, PUSA MH 126 so this character of leaf was considered as a factor for imparting resistance in plants against mustard aphids.
(iii) Flower: The colour of flower, seven genotypes varied from yellow to light yellow. The yellow colour of flower was found in the susceptible and other two genotypes, which differed from the light yellow colour but both the colour of the flower does not considered as a factor of imparting resistance in plants against mustard aphid.
(iv) Inflorescence: Compactness of inflorescences of seven genotypes was observed and it was found that the arrangement of inflorescence was either scattered or compact. The compact arrangement of inflorescence was found viz., SHIVANI PLUS, DRMRYS 205, Pitambhari, BSH-1 and the scattered arrangement of inflorescence was found viz., KRANTI, TM-314, PUSA MH 126. This arrangement of inflorescence was not found to have role in imparting resistance in plant against mustard aphids.
(v) Pods: The setting of pods arrangement in seven selected genotypes was either semi-spreading or spreading. These two morphological characters did not show any basis of resistance in plant against mustard aphid.
Others morphological characteristics:
Other morphological/physiological characters such as plant height, number of primary and secondary branches, number of siliqua/plants, number of seeds/siliquae, 1000-seed weight and oil content were also observed in all 7 test genotypes and variations were found among genotypes with each character. Based on different morphological characters, it was found that KRANTI (B. juncea) possessed the maximum plant height, number of primary and secondary branches, number of siliqua/plants, seeds/siliqua and 1000-seed weight and all these characters provided the superiority of this genotype over rest 7 genotypes and that is why KRANTI was found comparatively tolerant to other test genotypes because of above stated predominant morphological characters present in KRANTI
The hairiness of leaves observed in the KRANTI genotype was also present in two other B. juncea genotypes, TM 314 and Pusa MH 126. This leaf characteristic is considered a factor contributing to resistance against mustard aphid. KRANTI exhibited several favorable morphological traits, including the maximum plant height, a greater number of primary and secondary branches, a higher number of siliquae per plant, more seeds per siliqua, and increased 1000-seed weight, all of which contribute to its tolerance to mustard aphid. Previous studies conducted by Pathak, 1961 and Teotia and Lal, 1999a have similarly identified traits such as plant height, seed number per siliqua, 1000-seed weight, and oil content as important morphological characteristics for aphid resistance.  The hairy leaves of KRANTI germplasm were considered a key morphological trait for its resistance. In contrast, BSH-1, used as a susceptible check, displayed high susceptibility due to its tender inflorescences and densely packed buds. 
Conclusion
The comparative analysis of morphological characters among seven selected Brassica genotypes revealed significant variations in their response to mustard aphid infestation. Among these, KRANTI (B. juncea) exhibited the lowest aphid population, indicating a comparatively higher level of tolerance. This resistance appears to be associated with specific morphological traits such as hairy leaves, green leaf colour, scattered inflorescence and semi-spreading pod setting, which were predominantly present in B. juncea genotypes. Although characteristics like leaf colour, Glabrous leaf surface, flower colour and inflorescence compactness were observed across genotypes, they did not consistently correlate with aphid resistance, suggesting they do not play a significant role in defence against the pest. In contrast, KRANTI's superior morphological and physiological traits-including greater plant height, higher number of primary and secondary branches, increased siliqua per plant and seeds per siliqua counts, higher 1000-seed weight, and better oil content-likely contribute to its enhanced tolerance by supporting better plant vigour and recovery capacity. Therefore, the presence of hairy leaves, combined with robust growth traits, appears to be a key morphological basis for resistance in KRANTI, making it a promising genotype for breeding programs aimed at developing mustard aphid-resistant Brassica cultivars.
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	Table No. 1. Morphological characters of selected Brassica genotypes and aphid infestation during rabi 2023-24.


	Brassica species
	Genotypes
	Aphid population
*(Av. No./plant)
	Waxy/glossy stem
	Leaf colour
	Glabrous/ hairyness
	Flower colour
	Compactness of inflorescence
	Settings of pods

	Brassica juncea
	KRANTI
	23.6
	Waxy
	Green
	Hairy
	Light yellow
	Scattered
	Semi-spreading

	Brassica rapa
	Shivani plus
	98.2
	Waxy
	Light green
	Glabrous
	Yellow
	Compact
	Spreading

	Brassica rapa
	Pitambhari
	96.3
	Waxy
	Light green
	Glabrous
	Yellow
	Compact
	Spreading

	Brassica juncea
	TM 314-1
	103.6
	Waxy
	Green
	Hairy
	Light yellow
	Scattered
	Semi-spreading

	Brassica rapa
	DRMRYS 205
	112.6
	Waxy
	Light green
	Glabrous
	Yellow
	Compact
	Spreading

	Brassica juncea
	Pusa MH 126
	52.6
	Waxy
	Green
	Hairy
	Light yellow
	Scattered
	Semi-spreading

	Brassica rapa
	BSH-1 (CHECK)
	168.3
	Waxy
	Light green
	Glabrous
	Yellow
	Compact
	Spreading










	Table No. 2. Morphological and physiological traits of selected Brassica genotypes and aphid infestation during rabi 2023-24.

	Genotypes 
	Aphid population
*(Av. No./plant)
	Plant height(cm)
	No. of primary branches
	No. of secondary branches
	No. of siliqua/ plant
	No. of seeds/ siliqua
	  1000-seed weight (g)
	Oil content (%)

	KRANTI
	23.6
	162.5
	8.5
	23.93
	181.1
	19.1
	4.84
	42.28

	Shivani plus
	98.2
	120.6
	8.3
	19.13
	178.4
	14.9
	4.44
	38.89

	Pitambhari
	96.3
	117.9
	6.73
	14.73
	112.3
	12.75
	3.94
	36.49

	TM 314-1
	103.6
	146.7
	6.7
	19.25
	177.3
	16.3
	4.52
	38.51

	DRMRYS 205
	112.6
	131.2
	7.9
	18.66
	176.3
	17.63
	4.24
	38.75

	Pusa MH 126 
	52.6
	154.6
	7.63
	20.13
	119.3
	14.63
	4.34
	36.79

	BSH-1 (CHECK)
	168.3
	112.8
	5.2
	11.73
	108
	10.9
	3.34
	35.18

	SE.m.±
	1.36
	1.31
	0.13
	0.23
	1.31
	0.24
	0.05
	0.54

	CD at 5 %
	4.26
	4.10
	0.41
	0.74
	4.09
	0.76
	0.18
	1.68





