


Temporal Dynamics of Enhanced Host Susceptibility (EHS) Phase in Resistant and Susceptible Brassica juncea Accessions to Myzus persicae Infestation
[bookmark: _GoBack]


ABSTRACT
Aim: To establish a standardised Enhanced Host Susceptibility (EHS) phase in resistant and susceptible genotypes based on aphid proliferation dynamics in Brassica juncea accessions infested with Myzus persicae.
Study design: Six replications per accession were used in a completely randomised design (CRD) in a controlled setting.
Place and Duration of Study: Performed at College of Post Graduate Studies in Agricultural Sciences, Central Agricultural University (Imphal) School of Crop Improvement in Umiam, Meghalaya during, 2024.
Methodology: Twenty Myzus persicae aphids per plant were infested on eight Brassica juncea accessions (four resistant and four susceptible) at 21 day seeding stage. For 60 hours, the number of aphids was counted every 12 hours. When a statistically significant increase in the aphid population it was referred to as the EHS phase.
Results: Aphid populations in susceptible accessions (IC 491136, IC 491173, IC 491037, EC 400082) reached up to 75.3 after exhibiting early EHS onset at 24 hours. While Pusa Mahak shown the highest level of resistance with EHS onset at 48 hours, resistant accessions (PM 30, PBR 91, CS 2005 138) had delayed EHS at 36 hours. Aphid growth rates in resistant and susceptible lines differed statistically significantly.
Conclusion: The optimised EHS timing assay provides a quick and accurate way to test for aphid resistance by successfully differentiating between resistant and susceptible B. juncea accessions. Aphid-resistant mustard breeding efforts can benefit greatly from the identified resistant accessions, especially Pusa Mahak.
Keywords: Aphid resistance, Brassica juncea, enhanced host susceptibility, EHS, Myzus persicae.

		



1. INTRODUCTION
		One of the most important oilseed crops in the world, Brassica juncea (L.) Czern., also referred to as Indian mustard, is essential to global agriculture and food security, especially in South Asia (Kaur et al., 2022). However, a variety of biotic stresses significantly reduce its yield, with insect pests serving as the main obstacle. The most destructive of these is the green peach aphid, Myzus persicae (Sulzer). Myzus persicae is a highly polyphagous insect that causes damage by sucking phloem sap, which depletes the plant's photoassimilates, and indirectly by serving as a vector for a variety of crippling plant viruses (Van Emden et al., 2007). Even though Integrated Pest Management (IPM) modules have shown effectiveness in reducing pest-related losses (Narayanamma et al., 2023) and sustainable solutions that combine ecological and biological techniques are gaining attention (Tiwari, 2024), there is still a high reliance on chemical control. However, long-term use of pesticides degrades the ecosystem and leads to the development of insect resistance. Therefore, breeding for genetically resistant cultivars offers a more reliable, cost-effective, and ecologically friendly solution for long-term pest management. It is crucial to comprehend the temporal dynamics of the Enhanced Host Susceptibility (EHS) phase because it establishes the exact window of time during which host resistance turns into susceptibility to aphid pressure, providing information on host vulnerability and pest adaptation.
		Plants have developed complex defence mechanisms to fend off biotic stresses. Aphids and other herbivores that are successful have co-evolved strategies to get over these defences. After initial colonisation, the host plant paradoxically develops a more favourable environment for the pest, a phenomenon known as enhanced host susceptibility (EHS) that might result from this interaction (Walling, 2008). The plant's own physiology is turned against itself to the insect's advantage when aphid salivary effectors successfully inhibit the host's defence signalling pathways (Hogenhout and Bos, 2011). Therefore, it is crucial to ascertain the exact timing of the EHS phase while researching plant-aphid interactions (Goggin, 2007). There is a crucial "tipping point" at this moment where the conflict between pest offence and host defence is resolved. By determining this window, scientists can look into the precise molecular and biochemical processes that cause resistance to break down and susceptibility to develop (Erb and Reymond, 2019). A strong and standardised procedure for high-throughput germplasm screening is also offered by a well-specified EHS time point. Breeders can quickly and accurately detect novel sources of genetic resistance by comparing the time it takes for various plant accessions to enter the EHS phase (Smith and Clement, 2012). In order to provide useful information for upcoming resistance breeding initiatives, we sought to identify the precise temporal variations in the establishment of EHS using a standardised high-density infestation of Myzus persicae. In light of this, the goal of the current study was to determine the earliest and enhanced host susceptibility time in four Brassica juncea accessions that had previously been identified as resistant and four that were susceptible.

2. Material and Methods
2.1 Plant and Insect Material
		Eight different Brassica juncea accessions were used in the present study; they were chosen based on prior aphid resistance tests. This comprised four susceptible accessions (IC 491136, IC 491173, IC 491037, and EC 400082) and four resistant accessions (PM 30, PBR 91, Pusa Mahak, and CS 2005-138). For every infestation, a lab culture of the green peach aphid, Myzus persicae, was used.
2.2 Experimental setup and infestation
		The experiment began after 21 days of plant growth. In a controlled environment growing room, the bioassay was carried out under ideal conditions, with a 14-hour light/10-hour dark photoperiod, 22 ± 1°C, and 70% relative humidity. At 6:00 AM, 20 mature Myzus persicae aphids infested each plant. Each plant was placed inside a clear plastic box as soon as it was infested to keep aphids from escaping.
2.3 Data collection and statistical Analysis
		A completely randomised design (CRD) was used for the experiment, and each accession had six replications. For a total of 60 hours, the number of aphids per plant was counted at every 12-hour interval. Finding the earliest time point at which the overall aphid population increased statistically significantly was the main goal. For each individual accession, this time point was designated as the enhanced host susceptibility (EHS) phase.
2.3.1 Total aphid proliferation at 12 hour (TAP 12), 24 hour (TAP 24), 36 hour (TAP 36), 48 hours (TAP 48) and 60 hours (TAP 60) 
		The total number of aphids spikes from the initial number of aphids infested at 12, 24, 36, 48 and 60 hours (TAP12, TAP24, TAP36, TAP48 and TAP60), respectively.
3. Results and Discussion
		After an initial infestation of 20 aphids, the proliferation of Myzus persicae was observed on four resistant and four susceptible Brassica juncea accessions in order to determine the start of an enhanced host susceptibility (EHS) phase. For 60 hours, the entire aphid population was counted at twelve-hour intervals. The earliest EHS period was identified as the moment at which the overall aphid population increased statistically significantly.
3.1 Aphid Proliferation on Resistant Brassica juncea Accessions
		One important measure of the resistance mechanisms of the four chosen resistant accessions, i.e., PM 30, PBR 91, Pusa Mahak, and CS 2005 138, was their remarkable ability to inhibit the Myzus persicae population's initial growth. The commencement of notable population increase was obviously delayed in comparison to the susceptible accessions, even though all accessions finally supported some degree of aphid proliferation under high infestation pressure. Aphid populations on the PM 30 and PBR 91 accessions gradually increased at the 60-hour mark, the total number of aphids had increased from an initial 20 to 48.8 and 47.7, respectively (Table 1). The earliest notable onset of EHS for both of these accessions was found to occur 36 hours later (Fig. 1a, Fig. 1b, and Table 1). A similar pattern of delayed proliferation was observed in accession CS 2005 138, where the EHS phase was likewise set at 36 hours. A final population of 68.7 aphids was sustained by this importation (Fig. 1d and Table 1). With the slowest rate of aphid growth, the Pusa Mahak accession showed the best resistance. The population had grown to 34.7 aphids by the time the EHS phase for this line began, which was 48 hours later than expected (Fig. 1c and Table 1).
Table 1. Mean total aphid proliferation (TAP) on resistant Brassica juncea accessions over a 60-hour period.
	Total Aphid Proliferation (TPA)

	Accessions
	Aphid proliferation at different time intervals

	Resistant
	0h
	12h
	24h
	36h
	48h
	60h

	PM 30R
	20
	22.50
	26.50
	33.67
	41.00
	48.83

	PBR 91R
	20
	22.17
	24.33
	30.50
	39.33
	47.67

	Pusa MahakR
	20
	22.33
	25.67
	26.00
	34.67
	52.83

	CS 2005 138R
	20
	23.00
	30.50
	45.00
	58.33
	68.67


*Green colour represents significant increase in proliferation, R-Resistant 
		The study's findings are consistent with previous studies on plant-aphid interactions, since they clearly show that resistant Brassica juncea accessions exhibit a delayed commencement of the enhanced host susceptibility (EHS) phase. The presence of efficient defence mechanisms that inhibit the initial growth of the aphid population is confirmed by the establishment of EHS at 36 hours in the majority of resistant accessions and as late as 48 hours in the highly resistant Pusa Mahak. This result is in line with the findings of Ahuja et al. (2010), who found that resistance in Brassica is frequently connected to both antibiotic (adverse physiological) and antixenotic (deterrent) effects on aphids. Our study's particular delay was probably might be caused by a mix of chemical and physical barriers. The results of our experimental findings are consistent with research by Samal et al., 2025, and Halkier and Gershenzon, 2006, who described how Brassica secondary metabolites, i.e., specifically, glucosinolates and enzymes like ascorbate oxidase and ascorbate are essential for preventing aphid feeding and lowering fecundity. The Pusa Mahak accession appears to have a better combination of these defence features, as evidenced by its capacity to postpone considerable proliferation for 48 hours. Moreover, it is a well-established fact that aphids eventually proliferate even on these resistant accessions. Züst and Agrawal (2016) corroborate this conclusion by pointing out that high-density insect populations can apply tremendous pressure, ultimately defeating the constitutive and induced defences of a host plant. This emphasises that during extreme infestation, even strong genetic resistance may be weakened. Thus, host-plant resistance is a key component of integrated pest management (IPM) for Myzus persicae, and the resistant genotypes found here, particularly Pusa Mahak, constitute significant genetic material for crop improvement. IPM strategies still include chemical management, but new research has revealed that insecticides' effectiveness against aphid species like Hyadaphis coriandri varies, underscoring the necessity for crop- and pest-specific treatments (Sonali and Pathan, 2024). 


Fig. 1 Total aphid proliferation (TAP) on resistant Brassica juncea accessions over a 60-hour period: (a) PM 30, (b) PBR 91, (c) Pusa Mahak and (d) CS 2005 138. * Red asterisk indicates significant increase in aphid proliferation 
3.2 Aphid Proliferation on Susceptible Brassica juncea Accessions
		The four selected susceptible accessions, i.e., IC 491136, IC 491173, IC 491037, and EC 400082 have facilitated a swift and significant rise in the Myzus persicae population, in sharp contrast to the resistant accessions. Their ineffective defences against aphid invasion are evident from this increased growth. The EHS phase was established for every susceptible accession at the 24-hour mark. This was 12 to 24 hours before the resistant genotypes, indicating a fundamental change in how they interacted with the aphid. The earliest substantial onset of EHS was consistently found to occur at 24 hours in the accessions IC 491136, IC 491173, IC 491037, and EC 400082. The aphid populations had grown significantly by the 24-hour point, reaching 40.0 on IC 491136 and 38.3 on IC 491173 (Fig. 2a, Fig. 2b, Fig. 2d, and Table 2). Aphids proliferated robustly throughout the experiment among these accessions. By the 60-hour point, the accession IC 491037 had maintained the largest final population of 75.3 aphids, demonstrating its susceptibility (Fig. 2c and Table 2). These results are consistent with larger studies that examine host-pest relationships in various crops. As an illustration of the growing host range of aphid species and the significance of ongoing surveillance in Brassicaceae crops, Lipaphis pseudobrassicae has recently been found to infest broccoli in Gujarat (Pathan et al., 2024). The necessity of prompt resistance screening in important cultivars is further supported by these findings. Our findings are in agreement with earlier pest-resistance screening studies in other crops, such as black gram, where genotypic variation played a vital role in determining susceptibility to stem fly infestation (Pathan and Sisodiya, 2023).This data shows that the susceptible accessions exhibited susceptibility 12 to 24 hours before the resistant accessions, clearly distinguishing the susceptible and resistant genotypes depending on the time of the EHS phase.
Table 2. Mean total aphid proliferation (TAP) on susceptible Brassica juncea accessions over a 60-hour period.
	Total Aphid Proliferation (TPA)

	Accessions
	Aphid proliferation at different time intervals

	Susceptible
	0h
	12h
	24h
	36h
	48h
	60h

	IC 491136S
	20
	26.33
	40.00
	46.83
	56.67
	70.17

	IC 491173S
	20
	26.00
	38.33
	46.00
	60.00
	72.33

	EC 400082S
	20
	24.00
	32.83
	42.67
	54.83
	64.67

	IC 491037S
	20
	28.33
	38.83
	52.17
	71.67
	75.33


*Green colour represents a significant increase in proliferation, S-Susceptible.
		A suitable host-aphid interaction is evident from the quick onset of the increased host susceptibility (EHS) phase at 24 hours in all four susceptible Brassica juncea accessions. This result is consistent with recent studies that indicate susceptibility is an active interaction in which the host is unable to establish a prompt or successful defence, rather than just a passive condition. According to Zaidi et al. (2018), this failure can be caused by the existence of susceptibility (S) genes that promote infection or by the absence of important resistance (R) genes. The 'effector-triggered susceptibility' concept is in keeping with the fast and persistent proliferation seen, particularly on the IC 491037 line. In order to create a favourable feeding environment, aphids, such as Myzus persicae, release a cocktail of salivary effector proteins that actively control host-cell processes and decrease basal defence responses (Stuart, 2015). Additionally, these accessions capacity to sustain large final aphid populations (up to 75.3 aphids) suggests that the host phloem has an extremely favourable nutritional environment. According to research by Jaouannet et al. (2014), aphid performance and fertility are significantly influenced by the nutritional quality of phloem sap, namely its amino acid content. Compared to the resistant genotypes, these susceptible accessions probably give Myzus persicae a richer or more balanced diet. As a result, the susceptible accessions, i.e., IC 491037 in particular, make good model systems and negative controls. According to Goggin (2007), it is essential to use well characterised susceptible accessions in order to precisely determine the resistance levels in breeding programs and to analyse the molecular mechanisms underlying plant sensitivity.


Fig. 2 Total aphid proliferation (TAP) on susceptible Brassica juncea accessions over a 60-hour period: (a) IC 491136, (b) IC 491173, (c) EC 400082 and (d) IC 491037. * Red asterisk indicates significant increase in aphid proliferation 
3.3 Summary of determined experimental findings
		A clear temporal difference in the commencement of the enhanced host susceptibility (EHS) phase between the selected resistant and susceptible Brassica juncea accessions was effectively detected by the aphid proliferation study. IC 491136, IC 491173, IC 491037, and EC 400082 were the four susceptible accessions for which the EHS time was consistently determined to be 24 hours after infestation. The EHS phase of the majority of the resistant accessions, such as PM 30, PBR 91, and CS 2005 138, started at 36 hours, in sharp contrast (Table 3). The accession Pusa Mahak with an even later EHS onset of 48 hours, stood out as the most resistant genotype. The effectiveness of these genotypes in examining varying host responses to Myzus persicae is confirmed by this obvious distinction, with susceptible accessions becoming vulnerable 12 to 24 hours earlier than their resistant counterparts (Table 3). 
Table 3. Determined enhanced host susceptibility (EHS) time for all tested accessions.
	More Resistant accessions Selected
	Earliest and Enhanced Host Susceptibility Time 

	PM 30R
	36 Hours

	PBR 91R
	36 Hours

	Pusa MahakR
	48 Hours

	CS 2005 138R
	36 Hours

	More Susceptible accessions Selected
	Earliest and Enhanced Host Susceptibility Time 

	IC 491136S
	24 hours

	IC 491173S
	24 Hours

	IC 491037S
	24 hours

	EC 400082S
	24 hours


R- Resistant, S- Susceptible


4 Conclusion
		In order to investigate plant interaction with Myzus persicae, this work effectively developed a standardised procedure for causing an enhanced host susceptibility (EHS) phase in Brassica juncea accessions. By means of methodical optimisation, it was determined that with an initial infestation of 20 aphids, we were able to distinguish between susceptible and resistant genotypes in terms of the temporal dynamics of susceptibility. While resistant accessions successfully postponed the beginning until 36 to 48 hours, susceptible accessions regularly developed the EHS phase at 24 hours. This research is necessary because developing a dependable and reproducible bioassay has been a major obstacle in the investigation of interactions between plants and aphids. The standardisation of these important biological and environmental elements in this work offers a strong foundation for further research. The results have important implications for the future. Breeding efforts can quickly incorporate the identified resistant accessions, especially the extremely resistant Pusa Mahak, to create mustard genotypes that are resistant to aphids. Additionally, the EHS model created here can be employed as a high-throughput screening technique to effectively find novel sources of resistance in larger collections of germplasm and to explore the molecular mechanisms behind plant susceptibility and resistance.
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(c) Pusa Mahak
Total aphid proliferation (TAP)	0	0.71506332035190956	1.3335999688488807	1.8261069640667946	1.8562925952070011	2.3867807154961374	0	0.71506332035190956	1.3335999688488807	1.8261069640667946	1.8562925952070011	2.3867807154961374	0h	12h	24h	36h	48h	60h	20	22.333333333333332	25.666666666666668	26	34.666666666666664	52.833333333333336	



(d) CS 2005 138
Total aphid proliferation (TAP)	0	0.68326666111398582	1.9454682318614285	2.2064934399520291	3.0300905641691793	3.0846256647263477	0	0.68326666111398582	1.9454682318614285	2.2064934399520291	3.0300905641691793	3.0846256647263477	0h	12h	24h	36h	48h	60h	20	23	30.5	45	58.333333333333336	68.666666666666671	



(a) IC 491136 
Total aphid proliferation (TAP)	0	0.66679998442443944	1.8261069640667946	2.496050649914467	2.2464332147301223	3.2606791957044559	0	0.66679998442443944	1.8261069640667946	2.496050649914467	2.2464332147301223	3.2606791957044559	0h	12h	24h	36h	48h	60h	20	26.333333333333332	40	46.833333333333336	56.666666666666664	70.166666666666671	



(b) IC 491173
Total aphid proliferation (TAP)	0	0.85652008833822102	2.4317638692393997	2.7452407209426886	3.624718827467889	3.5472255079378026	0	0.85652008833822102	2.4317638692393997	2.7452407209426886	3.624718827467889	3.5472255079378026	0h	12h	24h	36h	48h	60h	20	26	38.333333333333336	46	60	72.333333333333329	



(c) EC 400082
Total aphid proliferation (TAP)	0	0.57746572575463262	2.0727185513944528	1.2295184201046649	2.701363021344338	3.0300905641691793	0	0.57746572575463262	2.0727185513944528	1.2295184201046649	2.701363021344338	3.0300905641691793	0h	12h	24h	36h	48h	60h	20	24	32.833333333333336	42.666666666666664	54.833333333333336	64.666666666666671	


(d) IC 491037
Total aphid proliferation (TAP)	0	1.1157697853229451	0.94593985865763208	2.3586724058452426	3.432563008824955	5.0716265026483285	0	1.1157697853229451	0.94593985865763208	2.3586724058452426	3.432563008824955	5.0716265026483285	0h	12h	24h	36h	48h	60h	20	28.333333333333332	38.833333333333336	52.166666666666664	71.666666666666671	75.333333333333329	


(a) PM 30 
Total aphid proliferation (TAP)	0	0.76391535050509218	1.5002999649549889	1.6468744752692688	2.0497999833419573	2.857337134568148	0	0.76391535050509218	1.5002999649549889	1.6468744752692688	2.0497999833419573	2.857337134568148	0h	12h	24h	36h	48h	60h	20	22.5	26.5	33.666666666666664	41	48.833333333333336	



(b) PBR 91
Total aphid proliferation (TAP)	0	1.6619914370888447	1.4066161081000497	2.3492282341596615	2.4180120311640119	2.0767367494499145	0	1.6619914370888447	1.4066161081000497	2.3492282341596615	2.4180120311640119	2.0767367494499145	0h	12h	24h	36h	48h	60h	20	22.166666666666668	24.333333333333332	30.5	39.333333333333336	47.666666666666664	







