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			Abstract | A survey on the incidence and severity of late blight (Phytophthora infestans (Mont.) de Bary) of potato was conducted in the major potato growing areas of Punjab viz., Khushab, Sargodha, Sahiwal, Okara, Jhang and Chiniot districts during the cropping seasons of 2016-2017. A total of six districts comprising of three locations in each district were surveyed for the collection of late blight infected samples. During 2016 and 2017, prevalence of disease in all the surveyed districts ranging between 34.6-24.4% and 39.3-28.6% respectively with district Okara recording the maximum (39.3%) and district Jhang the minimum incidence (24.4%) for both the years. Similarly, disease severity ranging from 19.3-16.1% and 21.1-17.4% during the year 2016 and 2017 was recorded with Okara recording the maximum (21.1%) and Sahiwal the lowest blight severity (16.1%). The results clearly depicted that this disease is present in all the surveyed districts of the Punjab during both years with varying intensities. Moreover, disease incidence and severity seems to be varied from region to region and location to location depending on the prevailing environmental conditions, soil type, prevailing of different mating types and the vulnerability of the crop under plantation. 
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			Introduction

			 

			Potato (Solanum tuberosum L.) is one of the fourth most significant food crop across the world after wheat, rice and corn (Nowicki et al., 2013; Abbas et al., 2016). In Pakistan, the majority of the people consume less than one tuber a day while in Europe and other part of the world like South America; potato crop is more significant than cereals consumed as a staple food (Haq et al., 2008). 

			 

			Potato is grown in varied climatic conditions throughout the world as an important part of global food supply (Fry, 2008). Potato is grown over an area of 174.4 thousand hectares in Pakistan with a total production of 3802.3 thousand tons and the average yield was recorded 22 tons per hectares (GOP, 2016). Many biotic factors resulted in low yield of potato crop, among them late blight of potato which caused by P. infestans is very destructive disease (Haq et al., 2008; Rahman et al., 2008; Fry, 2008; Majeed et al., 2017). This disease in 1840s held responsible for the Irish famine that resulted in approximately one million people deaths. Annually, yield losses in the past and still a primary threat to potato crop in Pakistan which leads towards between 30-75% (Haverkort et al., 2009; Ahmed et al., 2015). 

			 

			One billion of people worldwide are dependent on potato consumption which highlights its popularity and importance to human being (Anwar et al., 2015). The annual cost for controlling this disease is approximated to be more than billions of dollars worldwide (Haverkort et al., 2008). This fungus usually attacks on leaves, stems, petioles when the temperature range from 18-20 ºC and 90-95 % relative humidity which resulted in spread of the disease (Fry, 2008, Tian et al., 2016). The prevalence of the pathogen, P. infestans in district Sawat, Pakistan was firstly reported by Khan et al. (1985). Yield losses inflicted by this disease in the past as well as in present situation made this disease as potential threat to sustainable production of potato in Pakistan (Ahmed et al., 2015). Many alternate hosts such as tomato, volunteer potato plants and potato refuse/cull piles are major source of spread within and across the area. Aerial dispersal, human activity and movement of the pathogen in the soil are a major mechanism for dissemination (Ristaino, 2000). 

			 

			Disease assessment is one of the most difficult tasks when operating with plant diseases. A plant after attack of disease can be easily recognized on the basis of symptom and sign. Since establishing the status and the resultant yield losses of the disease are pre-requisite for deciding at the logical components of decision making in the adoption of integrated disease management. Current study about the prevalence and severity of disease i.e. two years’ study is the first time study in Punjab, Pakistan according to best information to predict late blight of potato. All the surveys contain fairly large data set and satisfactory results have been achieved regarding potato blight predictions in response to disease. Therefore, the objective of study was to monitor the disease assessment (incidence and severity) in different districts of Punjab, Pakistan.

			 

			Materials and Methods

			 

			Survey for assessment of late blight disease was conducted in the major growing areas of potato in Punjab (Figure 1) viz., Khushab, Sargodha, Sahiwal, Okara, Jhang and Chiniot during the cropping seasons of 2016 and 2017 (Table 1).

			 

			Each district was represented by three locations and each location was further divided into three sites. Five plants were randomly selected from four corners and center of the plot representing each site. Plant diseased samples were collected in the polythene bags from the fields and stores, and brought to the laboratory for further processing. All the leaves were examined for recording incidence of disease and disease incidence was worked out as formula given by James (1974):
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			Disease severity

			The disease severity was measured by randomly marking an area of 1m×1.5m at different places in the field and the observation on the extent of the foliage blighted was recorded by using the disease rating scale by Mohan and Thind (1999).

			 

			The disease severity was calculated by using the following formula:
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							Disease
							Score description in terms of foliar infected (%)
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							No visible symptoms

						
					

					
							
							1

						
							
							1-10

						
					

					
							
							2

						
							
							11-25

						
					

					
							
							3

						
							
							26-50

						
					

					
							
							4

						
							
							51-75

						
					

					
							
							5

						
							
							>75

						
					

				
			

			

			 

			Results and Discussion

			 

			Late blight was first identified after visual observing the disease symptoms under field conditions. The earliest symptoms are present in lower leaves consist of small dark green spots that modify from brown to black lesions typically “V” shaped (Hannukkala et al., 2007; Fry, 2008) taken from the potato field during survey Figure 2 (B).

			 

			Disease assessment of late blight of potato

			Disease incidence: Surveys for disease incidence were conducted in potato growing areas of the Punjab includes Khushab, Sargodha, Sahiwal, Okara, Jhang and Chiniot districts during the year 2016-17 to assess the actual position of late blight occurrence.

			 

			The data presented in Figure 3 (A-F) revealed that the prevalence of disease in both the years from all the surveyed locations with varying degrees of mean incidence. Fields in district Okara exhibited the maximum mean blight incidence (36.95%) followed by Sargodha (36.6%), Sahiwal (35%), Khushab (30.2%), Chiniot (28.4%) while least incidence was recorded in the fields of Jhang (26.5%) during 2016 and 17.
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			Figure 1: Potato crop mask of Punjab, Pakistan.
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			Figure 2: A) Healthy potato leaves; B) Typical late blight diseased potato leaves.

			 

			The data recorded during the year 2016 season revealed that the occurrence of late blight in all the districts with disease incidence ranging between 34.6-24.4% while Okara district showed maximum disease incidence (34.6%) followed by Sargodha (34.4%), Sahiwal (32.5%), Khushab (29.3%), Chiniot (26.2%) and lowest was observed in Jhang (24.4%). In 2017, same pattern of incidence in all the fields were observed where once again Okara district showed maximum disease incidence (39.3%) followed by Sargodha (38.8%), Sahiwal (37.5%), Khushab (31.1%), Chiniot (30.6) while least incidence (28.6%) was recorded from district Jhnag. Overall, district Okara recorded the maximum disease incidence for both the years may be due to optimum conditions for the survival and spread of the blight pathogen. The site which exhibited late blight incidence of more than 50% was Saleem kot in Sahiwal district. However, all the surveyed fields from different districts viz., Bhawana from district Chiniot exhibited the lowest blight incidence (17%) only (Table 2).
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			Figure 3 (A-F): Box plots showing disease incidence of different districts showing increase in incidence 2016 and 2017 (A) Khushab (B) Sargodha (C) Sahiwal (D) Okara (E) Chiniot (F) Jhang.

			 

			Disease severity: Surveys for disease severity were also conducted in potato growing regions of the Punjab during the 2016-17. The overall data revealed varying degrees of blight severity throughout the potato growing district of the Punjab. The mean disease severity of late blight of potato recorded from different districts for both the years observed that Chiniot district showed highest disease severity (20.2%) followed by Okara, Sargodha, Khushab and Jhang (19.6%, 18.8%, 17.1%, 16.8%) respectively while Sahiwal district showed least severity of 16.75% Figure 4 (A-F) In case of potato late blight severity is concerned for the year 2016, the results revealed that fields in district Okara exhibited the maximum late blight severity (19.3%) followed by those in Chiniot (18.8%), whereas, Sargodha, Khushab and Jhang fields displayed disease severity in the range of 18.2- 16.2%. The data recorded during season of potato growing districts for the year 2017, clearly showed that severity of late blight in all the surveyed districts with the blight severity ranged from 21.1% to 17.4% with same order of districts as were observed in last year of field surveys (Table 3). The late blight unit accumulations shifted within the growing areas for each country, which could result in potato production as some areas experience increased late blight severity, and others experience the decreased late blight severity.

			 

			The tuber yield has been decreased almost 3.2 % with compared to last growing season as reported by Ministry of Finance, Pakistan 2016-17. During our two consecutive year surveys (2016-17). We also observed that yield was decreased in the year 2017 as compared to last year might be due to adaptation of the pathogen to environment. We observed lowest tuber mean yield of about 6.7 tons/acre in 2017 which was 7.8 tons/acre in 2016 which is reduced due to increase in disease severity and favorable environmental conditions in Khushab, Sargodha, Sahiwal, Chiniot, Okara and Jhang (10.30 to 7.94, 9.11 to 8.48, 9.24-8.42, 10.22 to 9.60 and 11.81 to 11.71 tons per acre) respectively (Figure 5). The increase in disease severity is indirectly proportional to tuber yield and the same trend has been observed in all the surveyed areas (Figure 4). 

			 

			Assessment of plant diseases are vital to our interpretation which leads towards management practices (Campbell and Neher, 1994). Potato crop is known to suffer from various diseases caused by various biotic factors like fungi, bacteria, viruses and plant nematodes. Among them, oomycete potato late blight (P. infestans) is commonly occurring disease in field as well as during transit and storage (Horsfield et al., 2010; Peerzada et al., 2013). 
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			Figure 4 (A-F): Disease severity of different districts showing increase in severity 2016 and 2017 (A) Khushab (B) Sargodha (C) Sahiwal (D) Okara (E) Chiniot (F) Jhang.
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			Figure 5: Releationship of mean disease incidence and severity of different districts with yield.

			Survey of different potato growing area was conducted to monitor the disease assessment caused by the disease in the field. The data recorded during season of potato growing districts clearly showed that occurrence of late blight in all the districts with the blight incidence ranging from 34.6 to 24.4%% for the year 2016 while 39.3-28.6% in case of 2017. For both the years, Okara district showed highest late blight incidence (39.3%) while Jhang was ranked as lowest (24.4%).

			 

			Table 1: Areas visited in order to record the incidence and severity of late blight of potato.

			 

			
				
					
					
					
					
				
				
					
							Sr no.
							Districts
							Locations
							Coordinates
					

					
							1
							
							Khushab

						
							
							Khushab, Naushehra (Soon valley), Jauharabad

						
							
							32°17′55″N 72°21′3″E

						
					

					
							2
							
							Sargodha

						
							
							Sargodha ,Shahpur, Sahiwal, 

						
							
							32°5′1″N 72°40′16″E

						
					

					
							3
							
							Sahiwal

						
							
							Chak Jeevan Shah, Saleem Kot, Chak Sundhey Khan

						
							
							30°39′40″N 73°6′30″E

						
					

					
							4
							
							Okara

						
							
							Okara, Renala Khurd, Deepalpur

						
							
							30°48′33″N 73°27′13″E

						
					

					
							5
							
							Chiniot

						
							
							Chiniot, Bhawana, Laliyan

						
							
							31°43′10″N 72°59′3″E

						
					

					
							6
							
							Jhang

						
							
							Jhang, Shorkot, Ahmad Pur Sial

						
							
							31°16′10″N 72°18′58″E

						
					

				
			

			

			 

			The disease severity data reveals varying degrees of blight severity throughout the Punjab. The data recorded during potato growing season in all districts clearly showed that blight severity ranged from 19.3 to 16.1% for the year 2016 while 21.1-17.4% in 2017 field visits.

			 

			The disease incidence and severity also observed increasing with advancement in crop growth phase and the light difference of incidence of disease in different locations with respect to their districts might be due to different dates of observations as observed by Fahim et al. (2003).

			 

			Almost similar trends of blight severity in potato fields located in different districts of Kashmir were observed during 2008 cropping seasons (Peerzada et al., 2013). The role of environmental factors in the development of potato late blight disease epidemic has been documented (Fahim et al., 2003). The results clearly depicted that this disease is present in all the districts of the Punjab with varying intensities. Incidence has been increased with the passage of time. It is assumed that the disease assessment is more in the areas where potato was cultivated after the harvesting of rice like Okara, Sahiwal, Sargodha which might be due to the damp condition and presence of more moisture in the soil which favors rapid development of the disease. Incidence of the disease is increasing and if it remains unattended, it can occur in epidemic form and destroy the potato crop in the years to come (Rotem, 2012; Peerzada et al., 2013).

			 

			The yield losses were reported up to 50- 70% (Haq et al., 2008) while Kumar et al. (2003), Fry (2008), Dowley et al. (2008) and Thomas-Sharma et al. (2016) reported 25- 85% yield losses due to late blight primarily on the degree of vulnerability of the effected plant. While, more recently Ahmed et al. (2015) observed almost 100% yield losses under favorable environmental conditions in Pakistan. The adoption of different cropping patterns and the use of different varieties in the field also account for such difference in incidence percentage with respect to locations.

			 

			Table 2: Disease incidence of potato growing areas of the Punjab, Pakistan.

			 

			
				
					
					
					
					
					
				
				
					
							District
							Location
							Site
							2016
							2017
					

					
							Khushab
							
							Khushab

						
							
							Katha Saghral

						
							
							33

						
							
							37

						
					

					
							
							Nari

						
							
							30

						
							
							31

						
					

					
							
							Padhrar

						
							
							19

						
							
							20

						
					

					
							
							Jauharabad

						
							
							Mitha Tiwana

						
							
							32

						
							
							32

						
					

					
							
							Chak No.14/Mb

						
							
							19

						
							
							21

						
					

					
							
							Choha

						
							
							30

						
							
							31

						
					

					
							
							Noshera

						
							
							Angah

						
							
							38

						
							
							40

						
					

					
							
							Khabaki

						
							
							38

						
							
							42

						
					

					
							
							Mardwal

						
							
							25

						
							
							26

						
					

					
							Mean
							
							 

						
							
							 

						
							
							29.3

						
							
							31.1

						
					

					
							Sargodha
							
							Sargodha

						
							
							Havali Majoka

						
							
							19

						
							
							42

						
					

					
							
							Farooka

						
							
							38

						
							
							40

						
					

					
							
							Thati Sargodha

						
							
							30

						
							
							32

						
					

					
							
							Shahpur

						
							
							Shahpur Sadar 

						
							
							35

						
							
							53

						
					

					
							
							Aqil Shah

						
							
							45

						
							
							32

						
					

					
							
							Jalal Pur Jadeed

						
							
							42

						
							
							30

						
					

					
							
							Sahiwal

						
							
							Jahanian Shah

						
							
							36

						
							
							38

						
					

					
							
							Chaway Wala

						
							
							25

						
							
							47

						
					

					
							
							Lakhiwal Sharif

						
							
							40

						
							
							36

						
					

					
							
							 

						
							
							 

						
							
							34.4

						
							
							38.8

						
					

					
							Sahiwal
							
							Chak Jeevan shah

						
							
							Ghaziabad

						
							
							38

						
							
							44

						
					

					
							
							Gulistan

						
							
							28

						
							
							30

						
					

					
							
							Iqbal Nagar

						
							
							27

						
							
							29

						
					

					
							
							Saleem kot

						
							
							Kassowal

						
							
							43

						
							
							46

						
					

					
							
							Nai-Abadi

						
							
							40

						
							
							50

						
					

					
							
							Pahri

						
							
							34

						
							
							42

						
					

					
							
							Chak Sundhey Khan

						
							
							Sikhanwala

						
							
							23

						
							
							26

						
					

					
							
							Tirathpur

						
							
							25

						
							
							34

						
					

					
							
							Mirbaz

						
							
							35

						
							
							37

						
					

					
							
							 

						
							
							 

						
							
							32.5

						
							
							37.5

						
					

					
							Okara
							
							Okara

						
							
							Bibi Pur

						
							
							37

						
							
							21

						
					

					
							
							Fateh Pur

						
							
							38

						
							
							46

						
					

					
							
							Tariq Abad

						
							
							30

						
							
							37

						
					

					
							
							Renala khurd

						
							
							Akhtarabad

						
							
							47

						
							
							38

						
					

					
							
							Bazeeda

						
							
							24

						
							
							48

						
					

					
							
							Mopalkey

						
							
							26

						
							
							44

						
					

					
							
							Deepalpur

						
							
							Qadir Abad

						
							
							37

						
							
							38

						
					

					
							
							Kani Pur

						
							
							46

						
							
							37

						
					

					
							
							Mazhar Abad

						
							
							27

						
							
							45

						
					

					
							
							 

						
							
							 

						
							
							34.6

						
							
							39.3

						
					

					
							Chiniot
							
							Chiniot

						
							
							Salaray

						
							
							33

						
							
							36

						
					

					
							
							Tahirabad

						
							
							22

						
							
							28

						
					

					
							
							Rao Bagg

						
							
							24

						
							
							28

						
					

					
							
							Bhawana

						
							
							Jamia Abad

						
							
							30

						
							
							32

						
					

					
							
							Haveli Chadharh

						
							
							17

						
							
							20

						
					

					
							
							Barana

						
							
							28

						
							
							36

						
					

					
							
							Lalian

						
							
							Thatta Musa

						
							
							27

						
							
							31

						
					

					
							
							Tahli Mangeni

						
							
							23

						
							
							25

						
					

					
							
							Rao Bagh

						
							
							30

						
							
							40

						
					

					
							
							 

						
							
							 

						
							
							26.2

						
							
							30.6

						
					

					
							Jhang
							
							Jhang

						
							
							Chellay Wala Thall

						
							
							33

						
							
							36

						
					

					
							
							Mandi Shah Jeewna

						
							
							26

						
							
							27

						
					

					
							
							Mohza Hasnana

						
							
							18

						
							
							24

						
					

					
							
							Shorkot

						
							
							Haveli Bahadar Shah

						
							
							23

						
							
							25

						
					

					
							
							Ludah Mahni

						
							
							22

						
							
							24

						
					

					
							
							Chak no.478/JB

						
							
							20

						
							
							31

						
					

					
							
							Ahmad Pur Sial

						
							
							Basti Mian Ahmed Din

						
							
							25

						
							
							33

						
					

					
							
							Pir Abdul Rehman

						
							
							27

						
							
							31

						
					

					
							
							Hasoo Balel

						
							
							26

						
							
							27

						
					

					
							
							 

						
							
							 

						
							
							24.4

						
							
							28.6

						
					

				
			

			

			 

			Table 3: Disease severity of potato growing areas of the Punjab, Pakistan.

			 

			
				
					
					
					
					
					
				
				
					
							District
							Location
							Site
							2016
							2017
					

					
							
							 

							 

							 

							 

							 

							Khushab

						
							
							 

							Khushab

						
							
							Mangoor

						
							
							15.3

						
							
							15.2

						
					

					
							
							Jalal pur

						
							
							16.5

						
							
							17.2

						
					

					
							
							Abbas pura

						
							
							18.9

						
							
							23.2

						
					

					
							
							 

							Jauharabad

						
							
							Mitha Tiwana

						
							
							17.3

						
							
							15.2

						
					

					
							
							Chak No.14/Mb

						
							
							15.4

						
							
							17.2

						
					

					
							
							Choha

						
							
							19.3

						
							
							17.3

						
					

					
							
							 

							Noshera

						
							
							Angah

						
							
							16.4

						
							
							19.2

						
					

					
							
							Khabaki

						
							
							19.7

						
							
							16.7

						
					

					
							
							Mardwal

						
							
							10.5

						
							
							18.2

						
					

					
							
							Mean

						
							
							 

						
							
							 

						
							
							16.5

						
							17.7
					

					
							
							 

							 

							 

							 

							 

							Sargodha

						
							
							 

							Sargodha

						
							
							Havali Majoka

						
							
							18.3

						
							
							19.5

						
					

					
							
							Farooka

						
							
							16.4

						
							
							18.5

						
					

					
							
							Thati Sargodha

						
							
							14.2

						
							
							15.3

						
					

					
							
							 

							Shahpur

						
							
							Shahpur Sadar 

						
							
							13.5

						
							
							15.5

						
					

					
							
							Aqil Shah

						
							
							16.7

						
							
							17.7

						
					

					
							
							Jalal Pur Jadeed

						
							
							19.8

						
							
							20.9

						
					

					
							
							 

							Sahiwal

						
							
							Jahanian Shah

						
							
							21.4

						
							
							22.5

						
					

					
							
							Chaway Wala

						
							
							28.3

						
							
							29.4

						
					

					
							
							Lakhiwal Sharif

						
							
							15.4

						
							
							16.5

						
					

					
							
							 

						
							
							 

						
							
							18.2

						
							19.5
					

					
							
							 

							 

							 

							 

							 

							Sahiwal

						
							
							Chak Jeevan shah

						
							
							Ghaziabad

						
							
							19.4

						
							
							20.5

						
					

					
							
							Gulistan

						
							
							15.3

						
							
							17.4

						
					

					
							
							Iqbal Nagar

						
							
							13.5

						
							
							15.2

						
					

					
							
							 

							Saleem kot

						
							
							Kassowal

						
							
							14.4

						
							
							15.7

						
					

					
							
							Nai-Abadi

						
							
							16.5

						
							
							17.2

						
					

					
							
							Pahri

						
							
							11.4

						
							
							12.2

						
					

					
							
							Chak Sundhey Khan

						
							
							Sikhanwala

						
							
							18.5

						
							
							19.61

						
					

					
							
							Tirathpur

						
							
							17.4

						
							
							18.41

						
					

					
							
							Mirbaz

						
							
							19.3

						
							
							20.4

						
					

					
							
							 

						
							
							 

						
							
							16.1

						
							17.4
					

					
							
							 

							 

							 

							 

							 

							Okara

						
							
							 

							Okara

						
							
							Bibi Pur

						
							
							18.4

						
							
							19.5

						
					

					
							
							Fateh Pur

						
							
							17.3

						
							
							19.7

						
					

					
							
							Tariq Abad

						
							
							19.4

						
							
							21.3

						
					

					
							
							 

							Renala khurd

						
							
							Akhtarabad

						
							
							21.2

						
							
							23.2

						
					

					
							
							Bazeeda

						
							
							23.4

						
							
							25.2

						
					

					
							
							Mopalkey

						
							
							22.3

						
							
							23.4

						
					

					
							
							 

							Deepalpur

						
							
							Qadir Abad

						
							
							15.3

						
							
							17.2

						
					

					
							
							Kani Pur

						
							
							17.4

						
							
							19.3

						
					

					
							
							Mazhar Abad

						
							
							19.3

						
							
							21.2

						
					

					
							
							 

						
							
							 

						
							
							19.3

						
							21.1
					

					
							
							 

							 

							 

							 

							 

							 

							Chiniot

						
							
							 

							Chiniot

						
							
							Salaray

						
							
							21.4

						
							
							22.5

						
					

					
							
							Tahirabad

						
							
							22.5

						
							
							23.7

						
					

					
							
							Rao Bagg

						
							
							24.3

						
							
							25.4

						
					

					
							
							 

							Bhawana

						
							
							Jamia Abad

						
							
							15.4

						
							
							17.3

						
					

					
							
							Haveli Chadharh

						
							
							17.2

						
							
							19.2

						
					

					
							
							Barana

						
							
							15.9

						
							
							17.1

						
					

					
							
							 

							Lalian

						
							
							Thatta Musa

						
							
							19.3

						
							
							21.2

						
					

					
							
							Tahli Mangeni

						
							
							17.2

						
							
							18.4

						
					

					
							
							Rao Bagh

						
							
							16.4

						
							
							19.3

						
					

					
							
							 

						
							
							 

						
							
							18.8

						
							20.4
					

					
							
							 

							 

							 

							 

							 

							Jhang

						
							
							 

							 

							Jhang

						
							
							Chellay Wala Thall

						
							
							13.4

						
							
							15.7

						
					

					
							
							Mandi Shah Jeewna

						
							
							15.3

						
							
							17.5

						
					

					
							
							Mohza Hasnana

						
							
							21.2

						
							
							19.1

						
					

					
							
							 

							Shorkot

						
							
							Haveli Bahadar Shah

						
							
							13.2

						
							
							18.4

						
					

					
							
							Ludah Mahni

						
							
							15.4

						
							
							16.3

						
					

					
							
							Chak no.478/JB

						
							
							17.5

						
							
							19.5

						
					

					
							
							 

							Ahmad Pur Sial

						
							
							Basti Mian Ahmed Din

						
							
							16.3

						
							
							17.1

						
					

					
							
							Pir Abdul Rehman

						
							
							17.5

						
							
							21.3

						
					

					
							
							Hasoo Balel

						
							
							16.5

						
							
							12.2

						
					

					
							
							 

						
							
							 

						
							
							16.2

						
							17.4
					

				
			

			

			 

			The late blight disease of potato is re-emerging across the world (Fry et al., 2015) therefore; the same disease is frequently studied by various scientists across the world (Subbarao et al., 2015). Similarly, unstable degree of crop losses due to late blight has been recorded by Bhat et al. (2010) in Punjab. It was observed that the disease severity varied from State to State and overall 10-15% yield losses were estimated during 2013-14 due to late blight. The tuber yield of potato with respect to disease prevalence decreases (Lal et al., 2016). It might be due to prevalence of complex race of the pathogen. Peerzada et al., 2013 monitored disease incidence of late blight of potato in Kashmir valley, Pakistan and observed the prevalence of disease with the blight incidence ranged between 39.2% to 49.6%. Both the late blight incidence and severity increased with development in crop growth stage. A survey was conducted to monitor the disease incidence in potato growing areas of Swat valley, Pakistan by Ahmad et al. (2015) revealed that out of 32 potato fields Powdery scab, black scurf, and late blight were the main prevalent diseases of potato. Similarly, Naher et al., 2013 surveyed 150 different fields of Bangladash during potato cropping season 2007-08 to check disease severity and observed that there were a lot of variations in disease in different districts. Our results are almost similar to the findings of Abbas, 2017 who conducted a survey in randomly selected five fields in Nomal Valley of GB and observed the highest percent disease severity 66.4%. Late blight disease incidence ranged between 0 to 85.71% when Naffaa et al., 2017 collected diseased samples from five different regions to examine prevalence of the disease across the interior of Syria during 2011, 2013 and 2014 cropping seasons.

			 

			Most of the published studies have showed that meteorological factors suitable for potato late blight development are: temperature, humidity, and rainfall or leaf wetness interval. Temperature ranged between 17 to 22°C and humidity in excess of 90% is observed to favor potato blight development in the areas of sample collection (Modesto et al., 2016). Due to the impact of meteorological factors for blight development in sampled areas of Punjab, weather maps and different forecast models have been used in forecasting potato blight and timing of chemical based applications to manage disease (Olanya et al., 2012 a, b). The environmental variations especially temperature (Erwin and Ribeiro, 1996) throughout the potato growing areas of Punjab also favored pathogen survival. Moreover, during the field surveyed in potato growing areas it has been observed that in the presence of moisture (water) and suitable temperatures (18°C) sporangia germinate, and infection of stem tissues occurs and white mildew can be seen with naked eye (Modesto et al., 2016).

			 

			While humidity also have greater impact if the pathogen developed greater tolerance for dry conditions and the requirement for high humidity, a proxy for leaf surface wetness, is common for many foliar pathogens including P. infestans causing late blight disease (Caubel et al., 2012). The requirement for high relative humidity may limit the response to climate change for other foliar pathogens, which would otherwise have experienced temperature as a primary limiting factor.

			 

			High precipitation and relative humidity in high disease incidence area like Okara, while, reverse in case of Jhang due to reduced relative humidity (Sunseri et al., 2002). A well understanding of the environmental factors of potato late blight, the purpose of theoretical models to location- specific contexts, and determining the potential for use of weather forecasts are important considerations (Hamill et al., 2006).

			 

			In the area under studied, the farmers mainly apply chemicals to overcome this disease that leads towards health hazard and development of fungicide resistance world over including Pakistan, which has necessitated the exercise of additional alternative strategies for the control of disease (Arora et al., 2014). Based on the results of the present study, it is suggested that the farmers should cultivate the resistant varieties like Caroda, apply chemicals when/where need bases and apply alternatives such as botanical and biocontroal agents (Lal et al., 2016; Majeed et al., 2015, 2017).

			 

			Conclusions and Recommendations

			 

			Disease epidemics are one of the most challenging tasks to study plant diseases. Insight into the data revealed that comparatively more disease incidence and severity in 2017 as compared to that in 2016 all the surveyed locations, may be due to fluctuation in environmental factors. Trials about disease risk analyses based on host–pathogen interactions should be planned, and research on host response should be conducted to understand how change in the climatic conditions could affect the progress of late blight diseases.

			 

			Future strategies

			Applying climate changes in future the current scenarios of potato cropping systems indicated small global tuber yield of potato reductions by 2055 (−2% to −6%), but larger declines by 2085 (−2% to −26%), depending on the Representative Concentration Pathway (RCP). The simulated impacts varied depending on the potato growing areas, with high tuber reductions in the high latitudes and the lowlands of different countries, but less so in the mid-latitudes and tropical highland. Ambiguity due to different climate models were also similar to seasonal variability by mid-century, but became larger than year-to-year variability by the end of the century.
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			Novelty Statement

				

			The assessment of potato late blight disease is inadequately documented in Pakistan in different potato growing zones. Keeping in mind, field surveys were conducted to draw exact picture of pathogen for its effec-tive management strategies with respect to disease sampled fields.   
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Occurrence of Late Blight (Phytophthora infestans (Mont.) de Bary) in
Major Potato Growing Areas of Punjab, Pakistan
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Abstract | A survey on the incidence and severity of late blight (Phytophthora infestans (Mont.) de Bary) of

potato was conducted in the major potato growing areas of Punjab viz., Khushab, Sargodha, Sahiwal, Okara,
Jhang and Chiniot districts during the cropping seasons of 2016-2017. A total of six districts comprising
of three locations in each district were surveyed for the collection of late blight infected samples. During
2016 and 2017, prevalence of disease in all the surveyed districts ranging between 34.6-24.4% and 39.3-
28.6% respectively with district Okara recording the maximum (39.3%) and district Jhang the minimum
incidence (24.4%) for both the years. Similarly, disease severity ranging from 19.3-16.1% and 21.1-17.4%
during the year 2016 and 2017 was recorded with Okara recording the maximum (21.1%) and Sahiwal the
lowest blight severity (16.1%). The results clearly depicted that this disease is present in all the surveyed
districts of the Punjab during both years with varying intensities. Moreover, disease incidence and severity
seems to be varied from region to region and location to location depending on the prevailing environmental
conditions, soil type, prevailing of different mating types and the vulnerability of the crop under plantation.
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Introduction

otato (Solanum tuberosum L.) is one of the fourth

most significant food crop across the world after
wheat, rice and corn (Nowicki et al., 2013; Abbas
et al,, 2016). In Pakistan, the majority of the people
consume less than one tuber a day while in Europe
and other part of the world like South America;
potato crop is more significant than cereals consumed

as a staple food (Haq et al., 2008).

Potato is grown in varied climatic conditions
throughout the world as an important part of global
food supply (Fry, 2008). Potato is grown over an area
of 174.4 thousand hectares in Pakistan with a total

production of 3802.3 thousand tons and the average
yield was recorded 22 tons per hectares (GOP, 2016).
Many biotic factors resulted in low yield of potato
crop, among them late blight of potato which caused
by P infestans is very destructive disease (Haq et
al., 2008; Rahman et al., 2008; Fry, 2008; Majeed
et al., 2017). This disease in 1840s held responsible
for the Irish famine that resulted in approximately
one million people deaths. Annually, yield losses
in the past and still a primary threat to potato crop
in Pakistan which leads towards between 30-75%
(Haverkort et al., 2009; Ahmed et al., 2015).

One billion of people worldwide are dependent on
potato consumption which highlights its popularity
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