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			Abstract | The present study was conducted to determine the prevalence of Tomato yellow leaf curl virus (TYLCV) and the population of its vector, whiteflies (Bemisia tabaci), and determine the transmission properties of the prevalent isolate of the virus in the major tomato growing areas of Khyber Pakhtunkhwa (KP). For this purpose, surveys were conducted in the hilly areas of Mohmand Agency and Malakand Agency and plains of Shabqadar, Charsadda and Peshawar during 2011, 2012 and 2013, to determine the incidence of TYLCV and the population of its vector. Triple antibody sandwich-enzyme linked immunosorbent assay (TAS-ELISA) was successful in detecting TYLCV in naturally and whiteflies inoculated tomato plants. Transmission properties of the virus were determined by inoculation of tomato plants of susceptible cultivar, Roma-VF, by whiteflies, determining the minimum time required for acquisition and inoculation of the virus, latency period and the persistence capacity. The highest incidence of 9.47 percent of TYLCV was recorded in Mohmand Agency, followed by Malakand Agency with 8.2 percent, Shabqadar with 7.7 percent, Charsadda with 4.9 and Peshawar with 5.8 percent. The average whiteflies population was the highest, 22.13, in Mohmand Agency, followed by Malakand Agency with 18.5, Shabqadar with 15.6, Charsadda with 14.9 and Peshawar with 14.2. A positive correlation was found between the whiteflies population and the viral incidence. Studies on the transmission properties of TYLCV revealed that, given an acquisition access peiod (AAP) of 48 hours, a single viruliferous whitefly had the capacity to transmit the virus, but for 100 percent transmission a minimum of five whiteflies per seedling were required. The minimum requirement of AAP was 30 minutes, which was longer than inoculation access period (IAP) of 20 minutes. For 100 percent acquisition and transmission, a minimum of 10 hours was required. The latent period was five to seven hours. The virus persisted in its vector, Bemisia tabaci, upto 10 days after which the whiteflies were dead, indicating a persistent type of transmission. The viral incidence and whiteflies population were higher in the cooler hilly areas than the plains and the values for the transmission parameters were different from those reported elsewhere in the world.
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			Introduction 

			 

			Tomato (Lycopersicon esculentum L. Mill), a member of the family Solanaceae, is an important vegetable crop for its high nutritive value and consumption throughout the world (Rice et al., 1987). The viral diseases of tomato are not only prevalent in Pakistan but are present worldwide causing severe economic losses (Golnaraghi et al., 2004). About 146 viruses are reported to infect tomato worldwide (Czosneck et al., 2001; Petrov, 2014). TYLCV is one of the most devastating problems of tomato worldwide (Moriones and Navas-Castillo, 2000).

			 

			Tomato yellow leaf curl virus (TYLCV) is a type species of the genus, Begomovirus, and family, Geminiviridae, is one of the most devastating begomoviruses of tomato which has long been known in the Middle East (Czosnek et al., 1990), and spread to Southern Europe where severe outbreaks of TYLCV occurred (Moriones and Navas-Castillo, 2000). It has also been identified in the Carribean region (Nakhla et al., 1994), Mexico (Ascencio-Ibanez, 1999) and the United States and in Georgia (Mamol et al., 1999; Lapidot et al., 2001). Among the viral diseases infecting tomato in Pakistan, TYLCV has emerged as the most important geminivirus (Haider et al., 2007). The yield reduction caused by TYLCV was 5-70 percent in crop sown in February to May. A yield loss of 100 percent was reported in sub tropical region (Lapidot et al., 1997; Sawalha, 2013). Symptoms produced by TYLCV include vein clearing accompanied by twisting and upward and downward rolling of the leaf lamina (Cercauskas, 2004). Fruits are smaller in size and their number is markedly reduced (Anfoka et al., 2005). The most prominent symptoms of the TYLCV in tomato crop are leaf yellowing and curling (Melzer et al., 2009).

			 

			The host range of TYLCV is quite broad infecting plants belonging to Solanaceae, Malvaceae and Leguminoseae (Zakay et al., 1991; Sawalha, 2013). TYLCV has been shown to infect tomato and at least 30 other plant species in over 12 plant families (Salati et al., 2002; Polston and Lapidot, 2007). Weeds can also play a role in TYLCV survival and spread in most parts of the world (Sawalha, 2009). Some weeds, such as Datura stramonium and Cynanchum acutum, produce distinct symptoms, whereas others, such as Malva parviflora serve as symptomless carriers (Salati et al., 2002).

			 

			The transmission properties of TYLCV have been extensively studied and these parameters can vary depending on the virus, its strain and the aleyrodid biotype. The virus primarily is transmitted by the sweetpotato whitefly (Bemisia tabaci). These whiteflies can acquire the virus by feeding on infected plants for as little as 5 minutes, and remain infective for life. The virus, however, is not passed on to their progeny. TYLCV is not spread by other whitefly species, such as the greenhouse whitefly (Trialeurodes vaporariorum) (Melzer et al., 2009). A single insect has the efficiency to acquire and transmit the virus. The minimum acquisition access and inoculation access periods are 30 minutes and 15 minutes. The rate of transmission increases with increase in acquisition and inoculation access periods. A minimum latent period of 8 hours from the start of acquisition is required for B. tabaci to transmit it to tomato test plants. (Martin, 1987). Other studies on these parameters showed that the AAP and IAP were approximately 10 to 20 minutes (Ghanem et al., 2001; Lapidot et al., 2001; Salati et al., 2002; Goldman and Czosneck, 2002). The minimal latent period reported was 21 hours but was 24 hours for the closely related TYLCV strain from Egypt (Mehta et al., 1994) and 17 hours for the more distant virus from Sardinia (Caciagli et al., 1995). Due to the presence of vectors in the tomato growing area of KP, TYLCV has spread widely in the crop causing heavy yield losses, but no work was done on the population of vectors and incidence of TYLCV and its transmission properties in the specific agro-climate of the area. Determining these parameters together with the knowledge of the virus hosts allows to elucidate the epidemiology of different geminivirus diseases as well as to design disease management strategies. This paper reports the incidence of TYLCV and population of its vector, B. tabaci, and its transmission properties of the severe isolate of the virus prevalent in our surveyed areas of KP.

			 

			Materials and Methods

			 

			Survey and plant sampling 

			Three comprehensive surveys were conducted during 2011, 2012, and 2013, in the major tomato growing areas of KPK which comprised hilly areas in Malakand and Mohmand Agencies and plains of Shabqadar, Charsadda and Peshawar (Figure 1). In each zone, three to nine villages were surveyed. In each village three fields were surveyed and in each field, 4m2 areas in three sites were randomly selected and the number of plants for characteristic symptoms of Tomato yellow leaf curl virus and the total number of plants were counted. The characteristic symptoms of TYLCV used during sampling were yellowing, curling and upward cupping of leaves (Figure 2). TYLCV in all plant samples was detected by Triple antibodies sandwich-Enzyme linked immunosorbent assay (TAS-ELISA). The percent incidence and distribution of TYLCV were calculated using the following formula:

			 

			[image: Image83631.PNG] 

			 

			Whitefly population

			Data on the population of whiteflies were recorded. Eight plants were randomly selected and whiteflies were counted on the upper, middle and lower leaf of selected plants and their average number was calculated.

			 

			Sources of Virus isolate

			Plant samples of naturally infected tomato plants showing symptoms of TYLCV were collected from plain areas of Peshawar, Charsadda, Shabqadar and hills of Mohmand agency and Malakand agency. These plants were used as virus source after with TAS-ELISA.

			 

			[image: Figure%201.jpg] 

			Figure 1: Map of Khyber Pakhtunkhwa showing Peshawar, Charsadda, Mohmand Agency and Malakand Agency projected to show frost falling, partially frost-falling and frost-free tomato growing areas. Locations where viral diseases of tomato and their vectors were reported and where samplings were made are indicated by a number.1: Sardar Garhi, 2: Faqir Abad, 3: Tarnab, 4: Abazai, 5: Tangi, 6: Tarangzai, 7: Utmanzai, 8: Somanat, 9: Safdar Qala, 10: Mayar, 11: Abade, 12: Nawe Kali, 13: Kerrha, 14: Dewdheri, 15: Dheri, 16: Serai, 17: Nawekali (upper), 18: Kaskuroona, 19: Marghan, 20: Yusuf Baba, 21: Taraki, 22: Daman, 23: Maluki, 24: Herosha, 25: Palai, 28: Harichand, 27: Jabanrh, 28: Rozi Band, 29: Palonow and 30: Mahdand.
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			Figure 2: Symptomatic naturally infected tomato plants showing severe stunting, marginal chlorosis, upward or downward, leaf curling, (upper) and flowers abortion and stem upright, yellowing, and curling (lower) in which Tomato yellow leaf curl virus (TYLCV) was detected by TAS-ELISA.

			 

			Diagnosis of TYLCV

			TYLCV was diagnosed in all plant samples by TAS-ELISA (Pico et al., 1999; Kashina et al., 2003).

			 

			Source of whiteflies

			Non viruliferous whitiflies were collected from Sarson (Brassica spp.) and were identified to be Bemisia tabacii in Entomology Research Section, FATA, Agricultural Research Institute Tarnab, Peshawar, KP, Pakistan. A group of 15 whiteflies were provided an IAP of 24 hours on tomato test plants. Symptoms were routinely observed and TYLCV was confirmed by TAS-ELISA (Figure 4). 

			 

			Acquisition and transmission of TYLCV by Bemisia tabaci

			Adult viruliferous whiteflies were collected from TYLCV infected tomato plants in groups of one, two, three, four, five, seven and ten individuals. Each group of whiteflies was caged on 30 tomato test plants inside a nylone net for an IAP of 48 hours. Virus transmission was evaluated by development of symptoms and confirmed by TAS-ELISA (Figure 4). 

			 

			For determination of AAP of TYLCV, 30 test plants 

			Table 1: Incidence of Tomato yellow leaf curl virus in tomato growing areas of KP province during 2011, 2012 and 2013.

			 

			
				
					
					
					
					
					
					
					
					
				
				
					
							 
							Year 2011
							Year 2012
							Year 2013
							 
					

					
							Areas
							Infected/ tested
							Percent incidence
							Infected/ tested
							Percent incidence
							Infected/ tested
							Percent incidence
							Mean Percent incidence
					

					
							
							Mohmand Agency

						
							
							14/300

						
							
							4.6

						
							
							21/160

						
							
							13.12

						
							
							24/200

						
							
							12.0

						
							
							9.47

						
					

					
							
							Malakand Agency

						
							
							13/500

						
							
							2.6	

						
							
							16/500

						
							
							10.0

						
							
							48/400

						
							
							12.0

						
							
							8.2

						
					

					
							
							Shabqadar

						
							
							12/500

						
							
							2.4

						
							
							15/700

						
							
							2.1

						
							
							25/700

						
							
							3.5

						
							
							7.7

						
					

					
							
							Charsadda

						
							
							11/300      

						
							
							3.6

						
							
							15/200

						
							
							7.5

						
							
							19/500

						
							
							3.8

						
							
							4.9

						
					

					
							
							Peshawar

						
							
							10/300

						
							
							3.3

						
							
							28/280

						
							
							3.2

						
							
							38/350

						
							
							10.9

						
							
							5.8

						
					

				
			

			

			 

			of tomato cultivar, Roma-VF, found TYLCV-susceptible in our three years survey, were selected. Virus free whiteflies were caged on TYLCV infected tomato plants for different times, such as 10, 20, 30, 40 minutes, and 01, 05, 12, 18, 25, 48 and 72 hours to acquire the virus. To determine the IAP, the whiteflies were then caged on tomato test plants of susceptible variety, Roma-VF, using 30 plants per each treatment for various time periods, such as 10, 20, 30, 40 minutes, 01, 05, 10, 12, 18, 25, 48 and 72 hours. Each group of 30 plants was separately covered in nylone net, inside a screen house equipped with an insect proof screen, so that insects may not pass through it (Firmino et al., 2009). 

			 

			For determining the latency period, five whiteflies were given an AAP of one hour and then transferred to each group of 20 test plants, covered in nylone net, for various IAPs, such as one, two, four, six, eight, ten, 12, 16, 20, and 24 hours. After each period, the insects were eliminated by spraying with the insecticide, Imidachloprid. Periodical symptoms evaluation were conducted and plants infection were confirmed by symptoms expression and TAS-ELISA (Munniyapa et al., 2000; Firmino et al., 2009).

			 

			For determining the persistence of TYLCV in its vectors, the whiteflies were given an AAP of 24 hours on infected tomato seedlings. The whiteflies were then caged on tomato test plants of variety, Roma VF, for successive IAPs of 24 hours. Each group of five whiteflies was allowed access to 20 test plants after one, two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13 and 14 days. After each trial, the virus transmission was evaluated by symptoms expression and TAS-ELISA. The longest period after which the whiteflies transmitted the virus showed the persistence capacity of TYLCV inside the whiteflies (Firmino et al., 2009).

			Results and Discussion

			 

			Incidence and distribution of TYLCV and its whitefly vectors in Khyber Pakhtunkhwa province

			The naturally infected tomato plants, exhibiting marginal chlorosis, upward or downward leaf curling, flower abortion and stem upright as well as stunted plant growth, were counted (Figure 2). The results of the three years survey revealed that the highest mean incidence of 9.47 percent of TYLCV was recorded in Mohmand Agency, followed by Malakand Agency with 8.2 percent, Shabqadar with 7.7 percent, Charsadda with 4.9 and Peshawar with 5.8 percent. The viral incidence in 2013 was relatively higher than 2011 and 2012. Howevere, it was detected in all the areas surveyed (Table 1). 

			 

			Whiteflies were observed in naturally infected tomato crop in the plain areas as well as in the hilly areas (Figure 3). The mean whiteflies population, over the three years, was the highest, 22.13, in Mohmand Agency, followed by Malakand Agency with 18.5, Shabqadar with 15.6, Charsadda with 14.9 and Peshawar with 14.2. The population of whiteflies was higher in the cooler higher altitudes of the hills of Mohmand and Malakand Agencies than the plains of Peshawar, Charsadda and Shabqadar. Whiteflies population showed a positive correlation with the incidence of TYLCV (Table 2).

			 

			Table 2: Population of whiteflies in tomato growing areas of  KP province during 2011, 2012 and 2013.

			 

			
				
					
					
					
					
					
				
				
					
							Zones
							Year 2011
							Year 2012
							Year 2013
							Mean
					

					
							
							Mohmand Agency

						
							
							22.4

						
							
							22.0

						
							
							22.0

						
							
							22.13

						
					

					
							
							Malakand Agency

						
							
							18.0

						
							
							14.5

						
							
							23.0

						
							
							18.5

						
					

					
							
							Shabqadar

						
							
							17.0

						
							
							10.0

						
							
							20.0

						
							
							15.6

						
					

					
							
							Charsadda

						
							
							11.0

						
							
							14.5

						
							
							19.2

						
							
							14.9

						
					

					
							
							Peshawar

						
							
							14.0   

						
							
							11.6

						
							
							17.0

						
							
							14.2

						
					

				
			

			

			Acquisition and transmission of TYLCV 

			Our results showed that, given a 24 hours AAP, a single viruliferous whitefly had the capacity to transmit TYLCV, but the rate of transmission, which was 25 percent, was very low. By increasing the number of whiteflies, the rate of transmission increased. Using different number of whiteflies, the rate of transmission increased by 55, 70, 80 and 100 percent. In increasing the number of whiteflies beyond 5, such as 7 and 10, the transmission rate remained constant, that is, 100 percent. It was concluded from these studies that even a single whitefly had the capacity to transmit the virus, but for 100 percent transmission, a minimum of 5 whiteflies per seedling were required (Table 3). 

			 

			Table 3: Effect of the number of whiteflies on the transmission of TYLCV. 

			 

			
				
					
					
					
				
				
					
							Number of whiteflies
							Infected/Inoculated
							Percent Transmission
					

					
							
							01

						
							
							3/12

						
							
							25

						
					

					
							
							02

						
							
							11/20

						
							
							55

						
					

					
							
							03

						
							
							14/20

						
							
							70

						
					

					
							
							04

						
							
							16/20

						
							
							80

						
					

					
							
							05

						
							
							20/20

						
							
							100

						
					

					
							
							07

						
							
							20/20

						
							
							100

						
					

					
							
							10

						
							
							20/20

						
							
							100

						
					

				
			

			

			Effect of number of whiteflies was determined by giving them 24 hours of each AAP and IAP; A 25 days old tomato seedlings of the susceptible variety, Roma-VF, were used. 

			 

			Table 4: Effect of different acquisition access periods (AAPs) and inoculation access periods (IAPs) on transmission efficiency of TYLCV to TYLCV- susceptible tomato, cv. Roma VF,  by B. tabaci. 

			 

			
				
					
					
					
					
					
					
				
				
					
							Acquisition access periods
							Inoculation access periods
					

					
							
							Time

							 

						
							Infected/ Inoculated
							Percent transmision
							Time
							
							Infected/

							Inoculated

						
							Percent transmision
					

					
							
							10min

						
							
							0/30

						
							
							0.0

						
							
							10min *

						
							
							0/30

						
							
							0.0

						
					

					
							
							20 min

						
							
							0/30

						
							
							0.0

						
							
							20 min

						
							
							1/30

						
							
							3.4

						
					

					
							
							30 min

						
							
							2/30

						
							
							6.7

						
							
							30 min

						
							
							3/30

						
							
							10

						
					

					
							
							40 min

						
							
							4/30

						
							
							13.4

						
							
							40 min

						
							
							5/30

						
							
							16.7

						
					

					
							
							1h

						
							
							8/30

						
							
							26.7

						
							
							1h **

						
							
							7/30

						
							
							23.4

						
					

					
							
							5 h

						
							
							25/30

						
							
							93.4

						
							
							5 h

						
							
							21/30

						
							
							70

						
					

					
							
							10 h

						
							
							30/30

						
							
							100

						
							
							10 h

						
							
							30/30

						
							
							100

						
					

					
							
							12 h

						
							
							30/30

						
							
							100

						
							
							12 h

						
							
							30/30

						
							
							100

						
					

					
							
							18 h

						
							
							30/30

						
							
							100

						
							
							18 h

						
							
							30/30

						
							
							100

						
					

					
							
							25 h

						
							
							30/30

						
							
							100

						
							
							25 h

						
							
							30/30

						
							
							100

						
					

					
							
							48 h

						
							
							30/30

						
							
							100

						
							
							48 h

						
							
							30/30

						
							
							100

						
					

					
							
							72 h

						
							
							30/30

						
							
							100

						
							
							72 h

						
							
							30/30

						
							
							100

						
					

				
			

			

			* min: Minutes;  ** h: Hours.
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			Figure 3: Whiteflies feeding on the underside of the leaves of tomato plants for acquiring TYLCV in the field.
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			Figure 4: Tomato plants of cultivar, Roma VF, covered under nylone net inside a screen house for studying transmission properties of TYLCV. Each category of plants was applied specific timing (upper), and plants under nylone net to which specific number of whiteflies were applied for transmission of TYLCV (lower).

			 

			The AAP required for the whiteflies to transmit the virus to tomato test plants was determined. Following each AAP on infected tomato plants, the whiteflies were allowed to feed on 20 tomato test plants, using five insects per plant (Figure 3). The results showed that the minimum AAP was 30 minutes when two out of 20 test plants were infected, showing a transmission rate of 6.7 percent. The transmission efficiency increased with the length of AAP. The minimum IAP required was also determined similarly. The minimum IAP was 20 minutes when one out of 30 test plants were infected showing a transmission rate of 3.4 percent. The transmission efficiency increased with the length of IAP. An IAP of 10 hours was required for 100 percent transmission (Table 4). 

			 

			The latent period of TYLCV was determined. Following an AAP of 01 hour, the whiteflies were allowed to feed on tomato test plants for different IAPs. The whiteflies started to efficiently transmit the virus after six hours of IAP, which indicated that the insects got the ability to inoculate the plants between five and seven hours after the start of AAP (Table 5). 

			 

			Table 5: Latent period of TYLCV in whiteflies.

			 

			
				
					
					
					
				
				
					
							Time (hours)
							Infected/ Inoculated
							Percent transmision
					

					
							
							01

						
							
							0/20

						
							
							0

						
					

					
							
							02

						
							
							0/20

						
							
							0

						
					

					
							
							04

						
							
							0/20

						
							
							0

						
					

					
							
							06

						
							
							3/20

						
							
							15

						
					

					
							
							08

						
							
							3/20

						
							
							15

						
					

					
							
							10

						
							
							6/20

						
							
							30

						
					

					
							
							12

						
							
							8/20

						
							
							40

						
					

					
							
							16

						
							
							12/20

						
							
							60

						
					

					
							
							20

						
							
							14/20

						
							
							70

						
					

					
							
							24

						
							
							14/30

						
							
							70

						
					

				
			

			

			A 5 viruliferous insects were caged on each seedling following an AAP of 01 hour; Latent period: IAP+AAP for 01 hour.

			 

			The study revealed a persistant type of transmission of the virus. The whiteflies were provided a 24 hours AAP on infected tomato plants, using five insects per plant. The whiteflies were allowed to feed on tomato test plants for consecutive IAP of 24 hours and then on healthy tomato plants. The whiteflies transmitted the virus upto 10 days, after which they were dead, which indicated the presence of the virus in the whiteflies. As the whiteflies were dead after ten days, therefore, no further transmission was observed (Table 6).

			 

			Our data, for the three years, on the incidence of TYLCV and whiteflies showed a higher population of inoculative whiteflies and the higher incidence of TYLCV in the hilly areas than in the plains. As other tomato viruses were also infecting the crop causing mixed infection, however, plants with typical symptoms of TYLCV were counted for determining the incidence. These higher altitudes provide a cooler favourable environment for the whiteflies which caused a higher incidence of TYLCV. During 2011, the highest incidence of TYLCV and the highest whiteflies population was recorded in hills of Mohmand and Malakand agencies than the plains of Shabqadar, Charsadda and Peshawar. The data on these parameters in the following years, 2012 and 2013, showed the same trend. The study on the epidemiology of TYLCV in Palestine also showed that a favorable condition for multiplication of whiteflies and their higher population had a potential role in the outbreak of TYLCV in the region (Sawalha, 2013). 

			 

			Table 6: Persistence of TYLCV in whiteflies after 24 hours of Acquisition access period on infected tomato plants of TYLCV susceptible cultivar, Roma VF.

			 

			
				
					
					
					
					
				
				
					
							No. of days
							Infected/ noculated
							%  infection
							Transmission
					

					
							
							1

						
							
							3/20

						
							
							15

						
							
							T

						
					

					
							
							2

						
							
							8/20

						
							
							40

						
							
							T

						
					

					
							
							3

						
							
							18/20

						
							
							90

						
							
							T

						
					

					
							
							4

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							5

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							6

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							7

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							8

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							9

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							10

						
							
							20/20

						
							
							100

						
							
							T

						
					

					
							
							 

						
							
							0/20

						
							
							0.0

						
							
							D

						
					

				
			

			

			T: Transmission; D: Death of whiteflies.

			 

			The acquisition, retention and transmission were, for the first time, studied for Tomato yellow leaf curl virus-Israel (TYLCV-Is) and were based on biological tests (Cohen and Nitzany, 1966). Our study on these parameters revealed several phenomena. Firstly, a single whitefly was efficient enough to transmit TYLCV, following a 24 hours AAP, though not all plants were infected this way. These results were supported by other studies which reported the same AAP enabling a single whitefly to transmit the virus (Czosnech et al., 2002). Secondly, increasing the insect number the efficiency of transmission increased and when 5 insects per seedling were used, the transmission efficiency reached 100 percent. Similar results were obtained in other studies in which 5 to 15 insects were used (Czosnech et al., 2002). Thirdly, it was observed in our study that a longer AAP of 30 minutes was required for virus than an IAP of 20 minutes. Other studies on TYLCV, mentioned that the minimum requirement of AAP was usually longer than IAP (Salati et al., 2002). Fourthly, increasing both the AAP and IAP increased the efficiency of transmission. The transmission efficiency was 100 percent when an AAP and IAP of 10 hours were applied. The transmission of Tomato yellow leaf curl virus-Saudi (TYLCV-SA) was 100 percent for an AAP and IAP of 48 hours. 

			 

			On the other hand great variations have been reported in the values of these parameters for TYLCV from different parts of the world. Our values for the minimum times required for AAP and IAP were 30 and 20 minutes compared to 15 to 60 minutes and 15 to 30 minutes for TYLCV-Is, as then reported (Cohen and Nitzany, 1966; Mansour and Al-Musa, 1992; Mehta et al., 1994). The minimum AAP and IAP of Tomato leaf curl virus-Banglore (ToLCV-Ban4), a begomovirus, were 10 and 20 minutes respectively (Muniyappa et al., 2000). Similar values were reported for TYLCV-SA from Italy (Casiagli et al., 1995) and from India (Butter and Rataul, 1977; Reddy and Yaraguntarah, 1981). The AAP and IAP required for 100 percent transmission of TYLCV-SA was 48 hours. 

			 

			The latent period in our study was 7 hours compared to latent period of 8 hours for TYLCV-Is (Ghanem et al., 2001). The latent period longer than 24 hours was required for TYLCV from Egypt (Mehta et al., 1994), while 6 hours reported for ToLCV-Ban4 (Munniyappa et al., 2000). The parameters of acquisition and transmission reported for TYLCV isolates from the Middle East also showed greater heterogenith (Cohen and Nitzany, 1966). The latent period varied between 6 and 24 hours and the virus was retained by its vector for the entire life span.

			 

			The persistence capacity in our results was 10 days after which the whiteflies were dead, indicating a persistent type of transmission. The parameters of acquisition and transmission of TYLCV isolates from the Middle East were also heterogeneous (Cohen and Nitzany, 1966). The latent period varied between 6 and 24 hours and the virus was retained by its vector for the entire life span which indicates persistence of the virus. 

			 

			Variables such as the TYLCV species, geoghraphic origin of the virus isolate and the whiteflies may also affect these parameters as reported in studies on other begomoviruses (Firmino et al., 2009). These variations may also be due to the frequency of whiteflies, the way the insects are handled and the nature of the test plants. (Rosell et al., 1999). 

			 

			From our results and studies conducted elsewhere it can be inferred that the persistence of TYLCV in its vector and the efficiency of a single whitefly to inoculate the virus, intensive cultivation of tomato throughout the year and weed hosts harboring the virus are the causes for the high incidence of TYLCV in the nature. 
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			Conclusions

			 

			The incidence of TYLCV and whitefly population was higher in the hilly areas than in the plains was because of the cooler favourable environment for the multiplication of the whiteflies. A positive correlation was found between the whitefly population and the viral incidence. A single viruliferous whitefly had the capacity to transmit the virus, though not all plants were infected this way, however, five whiteflies per plant caused 100 percent transmission. The minimum requirement of acquisition access period (AAP) was 30 minutes, which was longer than inoculation access period (IAP) of 20 minutes. The values for the transmission parameters in our study were different from those reported elsewhere in the world which was due to difference in the strain.
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Tomato yellow leaf curl virus in Tomato Crop of Khyber Pakhtunkhwa
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Abstract | The present study was conducted to determine the prevalence of Tomato yellow leaf curl virus (TY-
LCV) and the population of its vector, whiteflies (Bemisia tabaci), and determine the transmission properties
of the prevalent isolate of the virus in the major tomato growing areas of Khyber Pakhtunkhwa (KP). For this
purpose, surveys were conducted in the hilly areas of Mohmand Agency and Malakand Agency and plains
of Shabqadar, Charsadda and Peshawar during 2011, 2012 and 2013, to determine the incidence of TYLCV
and the population of its vector. Triple antibody sandwich-enzyme linked immunosorbent assay (TAS-ELI-
SA) was successful in detecting TYLCV in naturally and whiteflies inoculated tomato plants. Transmission
properties of the virus were determined by inoculation of tomato plants of susceptible cultivar, Roma-VF, by
whiteflies, determining the minimum time required for acquisition and inoculation of the virus, latency peri-
od and the persistence capacity. The highest incidence of 9.47 percent of TYLCV was recorded in Mohmand
Agency, followed by Malakand Agency with 8.2 percent, Shabqadar with 7.7 percent, Charsadda with 4.9 and
Peshawar with 5.8 percent. The average whiteflies population was the highest, 22.13, in Mohmand Agency,
followed by Malakand Agency with 18.5, Shabqadar with 15.6, Charsadda with 14.9 and Peshawar with
14.2. A positive correlation was found between the whiteflies population and the viral incidence. Studies on
the transmission properties of TYLCV revealed that, given an acquisition access peiod (AAP) of 48 hours,
a single viruliferous whitefly had the capacity to transmit the virus, but for 100 percent transmission a mini-
mum of five whiteflies per seedling were required. The minimum requirement of AAP was 30 minutes, which
was longer than inoculation access period (IAP) of 20 minutes. For 100 percent acquisition and transmission,
a minimum of 10 hours was required. The latent period was five to seven hours. The virus persisted in its
vector, Bemisia tabaci, upto 10 days after which the whiteflies were dead, indicating a persistent type of trans-
mission. The viral incidence and whiteflies population were higher in the cooler hilly areas than the plains
and the values for the transmission parameters were difterent from those reported elsewhere in the world.
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Introduction etable crop for its high nutritive value and consump-
tion throughout the world (Rice et al., 1987).The viral

omato (Lycopersicon esculentum L. Mill), a mem-  diseases of tomato are not only prevalent in Pakistan

ber of the family So/anaceae, is an important veg-  but are present worldwide causing severe economic
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