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			Abstract | Foliar application of five plant defense activators i.e., salicylic acid, citric acid, benzoic acid, KH2PO4 and K2HPO4 were tested against potato leaf roll virus (PLRV) in field conditions while two nutrient solutions i.e., macronutrients (N, P, K) and micronutrients (B, Zn, Cu, Mn, and Fe) were tested against the disease under glass house conditions during the years 2018 and 2019. All plant defense activators and nutrients were sprayed thrice using three different concentrations (0.25%, 0.50%, 0.75%) with 15-days interval. Although all activators were found effective to manage PLRV with some variations, but maximum disease was managed by salicylic acid with 0.75% concentration. In case of nutrients application, both solutions were found to be effective against PLRV but macronutrients solution with 0.75% concentration was found more effective than micronutrients solution to manage PLRV. It is advised to get better results against PLRV that both macro- and micro-nutrients should be sprayed in combination.
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			Introduction 

			Potato is the 4th important crop of the world with annual production of 388.2 million tons, grown at an area of 19.3 million hectares (Khalid et al., 2020). The area under potato cultivation in Pakistan was 195.7 thousand hectares with an average production of 24.89 t ha-1 (FAOSTAT, 2020). The attack of various bacterial, fungal and viral diseases is main obstacle in obtaining high yield of potato. Viral diseases are challenging to control for which more attention is needed (Gebhardt and Valkonen, 2001). Among various viral diseases, potato leaf roll is more infectious. In Pakistan, occurrence of PLRV (Potato Leaf Roll Virus) was first reported in 1978 (Ali et al., 2002). In Pakistan, PLRV is reported to be an aggressive disease due to excessive occurrence of 15-65% documented in the area. It is detected through enzyme-linked immunosorbent assay tests (Mughal, 2003). In Pakistan, 70-90% reduction in potato yield has been reported due to PLRV (Bhutta and Bhatti, 2002; Abbas et al., 2012; 2016). It largely affects the tuber and foliage. The virus sticks in phloem tissues, which makes it difficult to reclaim. It also causes necrosis and atypical functioning of carbohydrate that finally disrupt the transport of starch from leaves to tubers. Infected tubers are prime source of infection which result in yield reduction with undersized tubers. It ultimately lessens market value as compared to healthy ones (Anonymous, 2018). Rapid spread of leaf roll occurs through vector of aphid “Myzuspersicae” in spring crop of potato (Saljoqi, 2009).

			Many practices are used for the management of PLRV including cultural control, use of chemical, plant extracts as botanical control, use of virus free tubers and resistant cultivars. Insecticides are used to manage the insect vector (Ali et al., 2011). Modern practices to control the disease occurrence are application of nutrients and plant defense activators (Kaloshian and Walling, 2005). Systemic acquired resistance is an approach from potential plant disease management, which stimulates defense process in the host. It can be acquired by the usage of benzoic acid, citric acid, salicylic acid, K2HPO4 and KH2PO4 (Baloch et al., 2018). Salicylic acid is the most common inducer, which simulates the systemic actions of specific infection (Vallad and Goodman, 2004; Baloch et al., 2018). It also affects the plant growth and development, flowering, photosynthesis, ion uptake by a signal molecule and enzymatic activities (Uzunova and Popova, 2000). Similarly, proper application of macronutrients plays a vital role in improving plant health which generates resistance against disease. Nutrient deficient plants are more susceptible to disease, but their adequate amounts make a plant more tolerant or resistant against disease (Dordas, 2008). On the other hand, same nutrient in some environment may decrease the disease incidence but sometimes, it may increase incidence in other environment (Baloch et al., 2018). Mineral nutrition can produce antifungal compound in plants. Insect vectors and fungi are common sources to transmit these plant viruses. According to Oostendorp et al. (2001), silicon is not effective against sucking insects in order to reduce virus infection.

			The main objective of this study was to identify the most effective concentration of nutrient or plant activator against potato leaf roll virus as an alternative pathway for effective disease management.

			Materials and Methods

			Collection of infected tubers

			Infected tubers were collected from Plant Virology Section, Plant Pathology Research Institute, Ayub Agricultural Research Institute, Faisalabad. These tubers were taken from the infected plants of potato leaf roll virus (PLRV) which were confirmed through enzyme linked immunosorbent assay (ELISA) from crop of the previous season.

			Establishment of experiment

			To check the response of five plant defense activators i.e., salicylic acid, benzoic acid, dipotassium hydrogen phosphate (K2HPO4), potassium dihydrogen phosphate (KH2PO4) and citric acid against PLRV under field conditions, a field experiment was executed in RCBD with factorial fashion having three replications. Control was also kept for comparison. A potato advance line ‘FD69-1’ was sown during the years 2018 and 2019 at Virology Section, Plant Pathology Research Institute, AARI, Faisalabad. Three concentrations (0.25%, 0.50% and 0.75%) of each plant activator was prepared and sprayed three times on foliar part of plants with 15-day interval. In another experiment, treatments were comprised of solution of macronutrients (N, P and K) and micronutrients (B, Zn, Cu, Mn and Fe). These were also prepared and sprayed in aforementioned concentrations. The glass house experiment was executed in CRD. The pots were treated in the same manner with the regular intervals of 15 days. Control was also included to make comparison.

			Data recording

			Data were collected for disease management through plant activators, macronutrients and micronutrients. Disease incidence was calculated to compare the efficiency of treatments with the control. It was recorded on the basis of visual symptoms of every dose. Following formula was used to calculate the incidence percentage (Madden and Hughes., 1995).
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			Data analysis

			The trend was similar during both years. So, the data were averaged. After analysis of variance, differences among the treatment means were compared by applying Least Significant Difference test at 0.05 level of probability (Gomez and Gomez, 1984).

			Results and Discussion

			In first experiment, systemic resistance to manage Potato Leaf Roll Virus (PLRV) was induced through application of plant defense activators with three different concentrations. Different activators, concentrations of activators and their interaction had significant effects on PLRV (Table 1). Individually, salicylic acid showed significant control over PLRV (18.63%) as compared to other all other plant defence activators, while 0.75% concentration of the activators showed significant control over disease (35.65%) as compared to lower concentrations (Table 1). The interaction revealed that salicylic acid showed the most effective control over disease at 0.75% concentration (16.27%). It was followed by salicylic acid at concentration of 0.50% (19.39%) and 0.25% (20.25%), showing thereby that salicylic acid was the most effective activator sprayed at any concentration compared with all other activators.

			Table 1: Effect of different concentrations of plant activators on incidence of Potato Leaf Roll Virus (2-year average).
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			In second experiment, systemic resistance to manage Potato Leaf Roll Virus (PLRV) was induced through foliar application of micronutrients and macronutrients with three different concentrations. Nutrients, concentrations of nutrients and their interaction showed significant effects on PLRV (Table 2). Individually, macronutrients showed significantly more control over PLRV (24.52%) than micronutrients (38.55%), while 0.75% concentration of nutrients showed significant control over disease (41.72%) as compared to lower concentrations (Table 2). The interaction revealed that foliar spray of macronutrients @ 0.75% resulted in the most significant reduction in disease incidence (21.50%). It was followed by application of macronutrients at concentration of 0.50% (24.50%) and 0.25% (27.56%), showing thereby that application of macronutrients was the more effective sprayed at any concentration than micronutrients.

			Table 2: Effect of different concentrations of macro and micro-nutrients on Potato Leaf Roll Virus (2-years average).
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			On an average, 78% Potato Leaf Roll Virus (PLRV) was observed in controlled plots. 76% disease was observed to be decreased by foliar application of salicylic acid compared with control. It was followed by benzoic acid (68%), KH2PO4 (60%), K2HPO4 (53%) and citric acid (50%). It revealed that all activators had potential to control PLRV with some variations. Furthermore, 6.48% more effectiveness of activators against PLRV was observed when sprayed at 0.75% than that of 0.50% concentration and 10.49% more than that of 0.25% concentration. 

			Defense response in plants can be produced by plant activators. A sustainable and effective control is achieved by the use of plant activators which reduce speed of multiplication of pathogen and produce resistance. On the other hand, some activators are also reported to boost up plant vigour and yield (Gullino et al., 2000). It is a powerful tool to stimulate the plant defense responses against insect-pest and diseases. For many decades, induced resistance study was done in laboratories. With the available reports, it has been found inconsistent for management of pests in field. The plant activators can be defined as plant defense-activating compounds. These plant defense activators are also known as systemic acquired resistance inducers and are also named as biopesticides. These activators have no direct influence on the disease-causing pathogens. In integrated pest management (IPM) program, plant activators could be a practicable component by delaying early fungicide and insecticide applications on it and these could be substituted with the chemical control. Di-potassium hydrogen phosphate (K2HPO4), salicylic acid (SA) and ferric chloride (FeCl3) were used as plant defense activators. Salicylic acid @ 3mM showed maximum decrease in PLRV (51.8%) as compared to control, reported by Ali (2016), while 76% decrease in disease by salicylic acid was observed in our study. Similarly, these results are almost supported by those of Mushtaq et el. (2019) who reported that salicylic acid performed best at 1.0% concentration against potato leaf blight disease as compared to control. It was followed by KH2PO4, benzoic acid, K2HPO4, citric acid and calcium chloride. External application of salicylic acid or other activators like citric acid, K2HPO4, benzoic acid and KH2PO4 produce the pathogenicity related proteins which reduce the incidence of diseases (Gozzo, 2003). Foliar application of salicylic acid on tomato infected with stem canker significantly lessened the disease index contrary to its application on other infected crops (Esmailzadeh et al., 2008). Hao et el. (2014) narrated that application of salicylic acid significantly increased the accumulation level of H2O2 in plant parts. It revealed systemic hypersensitive responses and acquired resistance against pathogens. The modern techniques of managing PLRV should be practiced as there is no chemical introduced in the market till now that can control the viral infection. So, the method of inducing the systemic acquired resistance through foliar application of plant activators like salicylic acid is an important technique of managing the disease.

			In second experiment, 67% Potato Leaf Roll Virus (PLRV), on an average, was observed in controlled plots. 63% disease was observed to be decreased by foliar application of macronutrients and 42% by that of micronutrients solution compared with control. It revealed that both nutrient solutions had the potential to control PLRV. To get better results, both macro- and micro-nutrients should be sprayed in combination. Furthermore, nutrients sprayed at 0.75% concentration was observed 7.17% more effective against PLRV than 0.50% concentration and 3.42% more than 0.25% concentration.

			Dordas (2008) observed the differences in the response of obligate parasitic pathogens to nitrogen supply. He observed that infection severity level increased as the level of N increased. On the other hand, when facultative parasite outbreaks and N-level got higher, the level of infection severity declined. The host susceptibility dropped down up to an optimal level for growth as the level of K diminished and by crossing this limit, there was no further rise in plant resistance level. The role of P was in contrast to K. It disclosed that the resistance was variable and nitrogen apparently inconsistent. He further noted that Zn was affecting to have a number of different effects on the development of diseases as in some cases, it caused decrease in level of infection while in others, it caused increase in infection, and in some cases, it had no effect on plant susceptibility to the disease. According to Dordas (2008), Mn has also a vital role in photosynthesis, lignin biosynthesis, phenol biosynthesis and many other vital functions. He found B reducing the severity of many diseases because of its effects on cell plant metabolism, wall structure and membrane development. Similarly, application of Cl can also improve the resistance of host plant to the disease. Study of Dordas (2008)showed that Si generated a physical barrier which confined the growth and hyphae penetration of fungus. He concluded that integrated plant nutrition was an important aspect in sustainable agriculture because it is an eco-friendly (curtain the use of passive approach) and cost-effective to manage plant diseases (Dordas, 2008). In nutshell, nutrients are effective to reduce disease incidence to a specific level and also boost up growth and vigour of plants. Plant activators and nutrients are safer, comparatively cheap and more successful as compared to conventional organic biopesticides.

			Conclusions and Recommendations

			Although there is no appropriate antiviral compound available in the market to control plant viruses but justified use of recent management techniques such as induction of resistance through spray of plant activators and nutrients are effective to manage Potato Leaf Roll Virus (PLRV). Although all activators (salicylic acid, benzoic acid, KH2PO4, K2HPO4, citric acid) were found effective to manage PLRV with some variations but salicylic acid with 0.75% concentration was found the most effective to manage PLRV as compared to others. Both nutrient solutions had potential to control PLRV but macronutrients (N, P, K) solution with 0.75% concentration were found more effective than micronutrients (B, Zn, Cu, Fe and Mn) solution to manage PLRV. It is advisable to manage PLRV, both macro- and micro-nutrients should be sprayed in combination to get better results.

			Novelty Statement

			The study focuses on capability of plant activators and nutrients to manage potato leaf roll virus.
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Introduction

Potato is the 4™ important crop of the world with
annual production of 388.2 million tons, grown at
an area of 19.3 million hectares (Khalid ez 2/, 2020).
The area under potato cultivation in Pakistan was
195.7 thousand hectares with an average production
of 24.89 t hat! (FAOSTAT, 2020). The attack of
various bacterial, fungal and viral diseases is main
obstacle in obtaining high yield of potato. Viral
diseases are challenging to control for which more
attention is needed (Gebhardt and Valkonen, 2001).

Among various viral diseases, potato leaf roll is more
infectious. In Pakistan, occurrence of PLRV (Potato
Leaf Roll Virus) was first reported in 1978 (Ali ez
al., 2002). In Pakistan, PLRV is reported to be an
aggressive disease due to excessive occurrence of 15-
65% documented in the area. It is detected through
enzyme-linked immunosorbent assay tests (Mughal,
2003). In Pakistan, 70-90% reduction in potato yield
has been reported due to PLRV (Bhutta and Bhatti,
2002; Abbas ez al., 2012; 2016). It largely affects the
tuber and foliage. The virus sticks in phloem tissues,
which makes it difficult to reclaim. It also causes
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