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			Abstract | Canola (Brassica napus L.) is one of the economically important crops of Pakistan and mustard aphid, Lipaphis erysimi Kalt. (Hemiptera: Aphididae), is a serious threat to this crop. This experiment was conducted with an aim to screen out selected canola cultivars for their tolerance against L. erysimi infestation under glass-house conditions. Experiment was carried out using completely randomized design with ten replications for each treatment during growing seasons of 2018 and 2019. Data were documented based on the tolerance indices (TI) and proportional plant dry weight change (DWT) to identify tolerance of canola crop. Results revealed that commercial cultivar ‘Zahoor’ comparatively performed well despite higher number of aphids found on itas compared its other counterparts “Abaseen, Omega and KS-75” and hence, was identified as tolerant to mustard aphid. This cultivar also exhibited strong vigor against mustard aphid and minimal symptoms of damages were observed. The yield losses based on DWT and TI in susceptible cultivar “Abaseen”was 40.79%, whereas it was 23.56% in Zahoor which confirmed the reduced percent yield losses in the later genotype. This study identified “Zahoor” as the most tolerant cultivar to mustard aphid followed by KS-75 and Omega hence, other susceptible cultivars should be replaced by Zahoor to attain higher and sustainable yield production in canola.
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			Introduction

			Canola (Brassica napus (L.)) is among the most important rabbi (winter season) crops of Pakistan. However, its production is hampered by many diseases and insect pests’ infestations. Insect pests and diseases are important factors responsible for the yield reduction in canola crop. Among insect pests, aphids are very destructive and serious threat to canola production in Pakistan (Aslam and Razaq, 2007; Tolba, 2020). Particularly, mustard aphid (Lipaphis erysimi) is a key pest that inflicts losses of around 96% in yield, 31% in seed weight and 5-6% in oil contents of canola crops (Dhaliwal et al., 2004; Rana, 2005; Shylesha et al., 2006). Moreover, yield losses of approximately 10% have been reported in certain mustard growing regions of Pakistan (Singh and Sachan, 1999). 

			Both adults and nymphs of L. erysimi may be congregate on leaves, flower, tender, stalks and pods that suck the cell sap and provide damage indirectly by secreting the honey-dew. Consequently, the affected plants loss their vitality, vigor and growth and becomes stunted and ultimately reduce the crop yield. Yield losses that occur only due to the mustard aphid (L. erysimi) in canola crop accounts for approximately 50-75%. Apart from sucking cell sap, it also acts as a vector of many viral diseases (Rana, 2005).

			Several control strategies have been evolved so far to manage mustard aphids such as physically, mechanically, culturally, biologically, chemically and hosts plants resistant control. Particularly, aphid control on mustard and canola crops is primarily done using persistent synthetic insecticides. Injudicious use of chemical pesticides has led to many problems including the development of resistance in several species of insect pests, eradication of bio-control agents, environmental pollution and health hazards (Rana, 2005; Mpumi et al., 2020; Siviter et al., 2020). The development of insecticide resistance in various species of insect pests has forced the entomologists to opt for an alternative strategy. Thus, the most durable pest control is through integrated pest management strategy with no or little adverse effect on environment, economy, natural enemies and health hazard. 

			Plants that are resistant to herbivore insect pests have unique Physicomorphic and biochemical characters that enable them to resist insect attack. Many factors are involved in plant resistance to insect pests including antixenosis, antibiosis and tolerance (Acquaah, 2012). Due to consumer acceptance and market demand, the varietal resistance has received priority in IPM programmes. Cultivation of resistant or tolerant cultivars or plant cultivars is the very effective and cheapest method of cultural control to save the mustard crop from being attacked by insect pests. Utilization of resistant varieties or germplasms against aphids results in increased production and helps to reduce pesticides residues in the environment (Dey et al., 2005).

			Keeping in view the importance of canola crop, selected cultivars of canola (B. napus) were further screened against aphid (L. erysimi) infestation and relative tolerance and yield parameters were determined under unsprayed conditions in a greenhouse. Results of this study would be helpful to local canola growers to find out aphid resistant/tolerant high yielding canola cultivars.

			Materials and Methods

			Research area

			The study was conducted in a glasshouse at the Institute of Biotechnology and Genetic Engineering, The University of Agriculture, Peshawar, Pakistan during the crop seasons of 2018 and 2019. Four selected cultivars viz. Abaseen, KS-75, Omega and Zahoor were used in the trials which were laid out in a complete randomized design with ten replications for each treatment.

			Preparation of plant and insect culture

			Plant culture was prepared to establish seedlings for aphid rearing. The seeds of our selected canola cultivars (B. napus) were individually sown in round mud trays. Aphid (L. erysimi) colonies were collected from the field and were carefully shifted on fresh plant (susceptible cultivars) for multiplication to further use in the experimentation in the glasshouse. Trays were filled with soils as a substrate. All trays were kept in the sliding metal trays to enable exchange of water and aeration. With great care plants in glasshouse were maintained at specific conditions (20±2°C, 60-65% RH, and of 14:10 h (D:L) photo-period). Plants cultures were observed for water levels and clean tap water was provided to the sliding metal trays if required, on daily basis. In case when plants get damaged, these were exchanged with new plants and aphids were also transferred to the new plants to maintain their colony for smooth running of the trial, while the old plants were carefully destroyed to avoid cross contamination. Pots were filled with potting mix materials. After emergence, plants were maintained in a growth chamber. Single seedling of each cultivar was planted in separate pots. Pot size was 16 x 32cm height and circular length. Tolerance against the aphids was determined by caging an individual adult aphid on each cultivar at four to six leaves stage (seedling stage). Susceptible canola plants (for raising aphid colony), when required were substituted with a new plant and old plants were carefully destroyed to avoid cross contamination. When enough colonies of aphids started to establish, the L. erysimi were carefully introduced to fresh clean plants. Before transferring aphids to new plants, careful observations were made to check and identify the presence of mummified forms.

			Tolerance test

			For determining the presence of tolerant factors in the selected canola cultivars, procedure of Reese et al. (1994) was adopted. The proportionality plants dry-weight changes (DWT) and tolerance indices (TI) were analyzed for each plant. The DWTs were recorded as DWTs = [(WC-WT) / WC] × 100, where WC is un-infested or control plants’ dry-weight and WT is the dry-weight of infested or un-control plants. From DWTs, TI were recorded as TI= DWTs or number of aphids produced on infested plants. The plant cultivars having TI value significantly lower were considered tolerant in comparison to untreated cultivars (control). The pre-germinated seedlings of each cultivar were planted individually in pots (6cmcircular ×8.5 cm height) with 10 replications of each treatment. Within each cultivar, when plants were at four-six leaves stage, they were paired based on similarity of plants in heights and growths. In each pair, single plant was caged and left as un-treated (control), while other plant was infested with 25 L. erysimi adult apterous individuals and plant was caged. The experiment was setup in a completely randomized design with one pair of the tested plants from each cultivar. Each pot was covered separately with organdy nylon mesh cages, and aphids were allowed to infest plants for 15 to 21 days till the susceptibility appeared or plants died. Cages were then removed and aphids on each infested plants were collected on a white paper sheet of wax, were put in 70% alcohol and were carefully counted. Shoots from the infested and un-infested plants were cut at soil surface and were put in pre-weighed aluminum foil pouches. Soil debris was carefully separated from the roots and was put again in the same pre-weighed aluminum foil pouches. Pouch with shoots/roots were dried in an oven at 75°C for about 48 h. Tissue weight was determined by removing the weight of foil pouch from the combined weight of pouches and tissues. For yield data, colonies of L. erysimi were established on the plants of each cultivar in pots infested with a fixed number of 25 aphids per plant. Aphid population was recorded after 21 days post-infestation period to record aphid density and resultantly their impact on the yield.

			The yield data were observed by harvesting the individual plants. Each cultivar was replicated ten times that were laid-out in completely randomized design. Percent yield losses were recorded from yield data in infested plots (treatment) and in un-infested plots (control) by the following formula;

			[image: ]

			Where;

			W: Percent yield losses; M: Obtained yield in check (control) plants; Y: Yield in treatment(aphid infested plants).

			Statistical analysis

			The data were statistically analyzed using analysis of variance (STATISTIX Version 8.1 package) (Steel and Torrie, 1997). The F-value was calculated at the probability level (p< 0.05). The treatment means were further compared using least significant difference (LSD) post-hoc testat 5% level of probability.

			Results and Discussion

			Results of proportional plant dry weight change (DWT) and tolerance index (TI) of all tested canola cultivars is shown in Table 1. The statistical analysis for shoots of canola plants infested with mustard aphid (L. erysimi) revealed that all the tested cultivars showed significantly different response on the basis of DWT. The mean DWT values for shoots of KS-75 cultivar (29.51%) infested with L. erysimi was significantly less than that of Omega cultivar (31.79%), followed by Zahoor cultivar (33.23%), while maximum for the susceptible cultivar Abaseen (38.98%). The average percent Tolerance index ratio of cultivar KS-75 (0.11%) were recorded significantly lesser compared to cultivars Omega (0.15%), Abaseen (0.18%) and cultivar Zahoor (0.18%), however, susceptible cultivar Abaseen and Zahoor were non significantly different to each other in terms of tolerance index.

			Table 1: Percentage of proportional plant dry weight change (DWT) and tolerance index (TI) for shoot of canola plants (brasicca napus) infested with mustard aphid Lipaphis erysimi in 2018.
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							Abaseen

						
							
							38.98 ± 0.03 A

						
							
							0.18 ± 0.07 A

						
					

					
							
							KS-75

						
							
							29.51 ± 0.02 D

						
							
							0.11 ± 0.02 C
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							31.79 ± 0.03 C

						
							
							0.15 ± 0.05 B

						
					

					
							
							Zahoor

						
							
							33.23 ± 0.32 B

						
							
							 0.18 ± 0.06 AB
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							0.739

						
							
							0.031

						
					

				
			

			Means in each column with different letters are significantly different (p≤0.05; LSD).

			The proportional plant dry weight change ratio (DWT) and tolerance Index (TI) parameters for roots of tested canola cultivars fed by L. erysimi are presented in Table 2, Response of all the cultivars involving roots fed by L. erysimi was significantly different among the tested cultivars. Maximum (DWT) ratio was observed for Abaseen (46.21%) plants compared to the other tested cultivars, while cultivar KS-75 (18.25%) had shown significantly lower proportional plant dry weight changes (DWT) followed by Omega (33.39) and Zahoor (38.36%). Similarly, the tolerance Index (TI) for plant roots fed by L. erysimi was also obtained significantly different among the tested cultivars. Maximum TI value was recorded for cultivar KS-75(0.11) followed by Omega (0.14%), Zahoor (0.16%) compared to susceptible Abaseen (0.18%). The tolerance measurements for roots of plants infested by L. erysimi were similar to those of shoots for both DWT and TI values. The mean maximum TI value was recorded for cultivar (susceptible) Abaseen (0.18%) followed by Zahoor (0.16%) and Omega (0.14%), while minimum was recorded on cultivar KS-75(0.11%). 

			Table 2: Percentage of proportional plant dry weight change (DWT) and tolerance index (TI) for roots of canola plants (brasicca napus) infested with mustard aphid Lipaphis erysimi in 2018.
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							46.21 ± 0.045 A

						
							
							0.18 ± 0.002 A
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							18.25 ± 0.019 D

						
							
							0.11 ± 0.004 C

						
					

					
							
							Omega

						
							
							33.39 ± 0.034 C

						
							
							0.14 ± 0.003 B

						
					

					
							
							Zahoor

						
							
							38.36 ± 0.039 B

						
							
							 0.16 ± 0.002 AB
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							0.125

						
							
							0.036

						
					

				
			

			Means in each column with different letters are significantly different (p≤0.05; LSD).

			Data regarding relationship between L. erysimi density and yield losses in the tested canola cultivars are indicated in Table 3. The data indicated that aphid density recorded significantly higher on susceptible cultivar Abaseen (250.1 aphid plant-1) and lower on cultivar KS-75 (65.40 aphid plant-1). Similarly, aphid density per plant was also recorded on cultivar Zahoor (245.8 aphid plant-1), followed by cultivar Omega (200.3 aphid plant-1). All the tested cultivars responded against L. erysimi significantly different when compared with susceptible cultivar Abaseen. During the actual yield of untreated plants, maximum yield (6.96 gm) was obtained in cultivar Zahoor and minimum in Abaseen plants (4.67gm), while cultivar KS-75 (6.04 gm) and Omega falls in between the maximum and minimum; however, they were also significantly different from each other. Similarly, among the artificially aphid infested plants, cultivar Zahoor (5.48gm) yielded significantly higher followed by KS-75 (3.28 gm), Omega (3.28 gm) and Abaseen (2.88 gm) respectively. The last parameter of percent yield losses occurred due to aphid pressure recorded significantly higher in cultivar Abaseen (40.79%) and lower in commercial cultivar Zahoor (23.56%). While, yield losses of KS-75 (37.73%) and Omega (38.03%) obtained were non-significantly different from each other, but lower compared to susceptible Abaseen.

			The response of the mechanism of host plant resistance towards insect behaviour has been explained by previous study by Kishor et al. (2019) who investigated that plants revealing antixenotic may produce volatiles induced pest repellence in plants. Furthermore, susceptible plants may also emit aversive odors and cause insect movement to cease in close proximity to the odor source (host). The inter play between the odors emitted by plant sources, the effects of the environment on these odors, the perception of the odors by insects and the resultant insect behaviors. The plant secondary metabolites either act as an insect repellent or serve as a host recognition using olfactory signals (Baldwin, 2010). Canola germplasms have been tested against aphid (L. erysimi) by various researchers

			Table 3: Yield losses of canola (Brassica napus) cultivars incurred by mustard aphid Lipaphis erysimiin 2019.
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							Infested plant yield (gm) 
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							Abaseen

						
							
							250.1 ± 0.025 A

						
							
							4.67 ± 0.038 D

						
							
							2.88 ± 0.017 C

						
							
							40.79 ± 0.003 A
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							65.40 ± 0.065 D

						
							
							6.04 ± 0.039 B

						
							
							3.28 ± 0.021 B

						
							
							37.73 ± 0.004 B
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							200.3 ± 0.020 C

						
							
							4.98 ± 0.038 C

						
							
							3.28 ± 0.021 B

						
							
							38.03 ± 0.002 B

						
					

					
							
							Zahoor

						
							
							245.8 ± 0.024 B

						
							
							6.96 ± 0.040 A

						
							
							5.48 ± 0.030 A

						
							
							23.56 ± 0.002 C
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							0.037
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			Means in each column with different letters are significantly different (p≤0.05; LSD).

			(Matis et al., 2008; Sarwar, 2008; Rashid et al.,2009) regarding antixenosis test at different stages (vegetative, flowering and pod stage). 

			The analysis regarding Proportional Plant Dry Weight Change (DWT) and Tolerance Index (TI) analyzed for each cultivars, measurement involving shoots of canola plants infested against (L. erysimi), the mean DWT values for shoots of KS-75 plants infested with L. erysimi was significantly less than that of Omega, Zahoor and the susceptible cultivar Abaseen plants. Means (TI) values were also significantly different between shoot of the tested cultivars infested with L. erysimi. The tolerant measurement for roots of plants infested by L. erysimi was identical for the shoot of both (DWT) and (TI) value. The means DWT for roots of KS-75 plant infestation with L.erysimi was significantly less than mean roots DWT of Abaseen, Omega or Zahoor plants (Table 1 and 2). These results were also in similarity with that of Voothuluru et al. (2006) observing the importance of independent shoots and roots (DWT) measured rather than whole plants measurement. In this experiment, the tolerance expression in cultivar Zahoor may be due to activations of biomass accumulating metabolite genes as like in wheat crop, which are involved in cell repairing mechanism or photosynthesis regulations in response to RWA-1 (Smith et al., 2010) reported that several varieties of canola produced different quantities of biological yield with regard to shoot and roots organ of plants. Moreover, Murugan et al. (2010) calculated the DWT values for shoots, roots or both roots and shoots in infested as well as un-infested plants of barley with significant outcomes.

			The percent yield losses analyses revealed that mustard aphids, L. erysimi after feeding and breeding on the resistant canola cultivar for twenty one days produced significantly lower numbers of aphids on cultivar KS-75 among the tested cultivars. This response of KS-75 proved characteristics of a resistant plant; however, the resistant category is judged by the yield correspondence (Smith and Boyd, 2005). When the actual yield within the control plants were compared to susceptible plants, maximum yield was obtained in commercial cultivar Zahoor (6.96 gm) and minimum was recorded in susceptible cultivar Abaseen (4.67gm).Similarly, the yield of artificially infested plants were compared among the tested cultivars where cultivar Zahoor (5.48gm) yielded significantly higher compared to other cultivars and minimum yield was obtained in Abaseen (2.88 gm). The higher yield obtained in cultivar Zahoor (both during un-infested and infested trials) speaks loudly for tolerance properties of thecommercial cultivar Zahoor. Furthermore, during percent yield losses caused by L. erysimi, maximum losses were recorded in cultivar Abaseen (40.97%) and minimum percent yield losses were obtained in cultivar Zahoor (23.56%) among the tested canola cultivars. These results are in line with Khan et al. (2015) where reported yield losses significantly higher in susceptible cultivar Crusher (43.83%) and lower in resistant cultivar (11.08%) in T-16-401 against Brevicoryne brassicae in Brassica cultivars. Furthermore, (Kumar and Sangha, 2013) also elaborated during their study that cultivar BSH 1 and YST 151 suffered high yield loss due to aphid infestation. On the other hand, resistant cultivars T-27 and DLSC-2 sustained significantly lower aphid population and suffered the least yield loss and seedling mortality and can serve as important sources of resistance against mustard aphid during trials program of mustard/turnip aphid resistance. However, they could not categorize the resistant as antixenosis, antibiosis or tolerance. In contrast, in our current studies all the categories were evaluated separately based on all these three components and further the resistant category was calculated by the yield correspondence under treated and untreated plants. 

			Conclusions and Recommendations

			It is concluded from the study results that susceptible cultivar ‘Abaseen’ suffered high yield loss due to aphid infestation compared to other tested cultivars, while the commercial cultivar Zahoor suffered the least. Thus, canola cultivar ‘Zahoor’ is proved tolerant cultivar against mustard aphid and is recommended to indigenous farmers in Pakistan in future breeding programmes. It can be used in future breeding programs against L. erysimi. As this type of pest tolerant cultivars may encourage natural enemies (predator, parasites and parasitoids) to keep the natural ecosystem balanced without compromising the crop yield.

			Acknowledgments

			The authors are highly grateful to the Higher Education Commission for providing all necessary facilities and funds for this research work.

			Novelty Statement

			Canola (Brassica napus L.) is an important crop and mustard aphid, Lipaphis erysimi Kalt. (Hemiptera: Aphididae) is a serious threat to this crop. This study was conducted to screen out selected canola cultivars for their tolerance against L. erysimi infestation under glass-house conditions. 
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Abstract | Canola (Brassica napus L.) is one of the economically important crops of Pakistan and mustard aphid,
Lipaphis erysimi Kalt. (Hemiptera: Aphididae), is a serious threat to this crop. This experiment was conducted
with an aim to screen out selected canola cultivars for their tolerance against L. erysimiinfestation under glass-
house conditions. Experiment was carried out using completely randomized design with ten replications for
each treatment during growing seasons of 2018 and 2019. Data were documented based on the tolerance indices
(TI) and proportional plant dry weight change (DW'T) to identify tolerance of canola crop. Results revealed
that commercial cultivar “Zahoor’ comparatively performed well despite higher number of aphids found on itas
compared its other counterparts “Abaseen, Omega and KS-75” and hence, was identified as tolerant to mus-
tard aphid. This cultivar also exhibited strong vigor against mustard aphid and minimal symptoms of damages
were observed. The yield losses based on DWT and TT in susceptible cultivar “Abaseen’was 40.79%, whereas
it was 23.56% in Zahoor which confirmed the reduced percent yield losses in the later genotype. This study
identified “Zahoor” as the most tolerant cultivar to mustard aphid followed by KS-75 and Omega hence, other
susceptible cultivars should be replaced by Zahoor to attain higher and sustainable yield production in canola.
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Introduction

Canola (Brassica napus (L.)) is among the most
important rabbi (winter season) crops of Paki-
stan. However, its production is hampered by many
diseases and insect pests’infestations. Insect pests and
diseases are important factors responsible for the yield
reduction in canola crop. Among insect pests, aphids
are very destructive and serious threat to canola pro-
duction in Pakistan (Aslam and Razaq, 2007; Tolba,
2020). Particularly, mustard aphid (Lipaphis erysimi)
is a key pest that inflicts losses of around 96% in yield,
31% in seed weight and 5-6% in oil contents of can-

ola crops (Dhaliwal ez a/.,2004; Rana, 2005; Shylesha
et al., 2006). Moreover, yield losses of approximately
10% have been reported in certain mustard growing
regions of Pakistan (Singh and Sachan, 1999).

Both adults and nymphs of L. erysimi may be con-
gregate on leaves, flower, tender, stalks and pods that
suck the cell sap and provide damage indirectly by
secreting the honey-dew. Consequently, the affected
plants loss their vitality, vigor and growth and be-
comes stunted and ultimately reduce the crop yield.
Yield losses that occur only due to the mustard aphid
(L. erysimi) in canola crop accounts for approximately
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