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INTRODUCTION 

Tomato (Solanum lycopersicon L.), belongs to 

Solanaceae family, it ranks third in priority 

after Potato and Onion in India. In India, the 

tomato is grown in 1204,000 ha with a 

production of 19402,000 mt and productivity 

of 16.1 mt ha-1 (Indian Horticulture Database, 

2014). Tomato leaf curl virus (ToLCV) caused 

by geminivirus transmitted through whitefly 

(Bamisia tabaci Gennadius) belongs to family 

Geminiviridae and genus Begmovirus. The 

first case of ToLCV was identified in eastern 

Mediterranean and later it was reported to be a 

serious problem in the Middle East, African 

continents, south-east Asia and southern 

Europe
1
 and was first reported in India during 

1948
27

.  
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ABSTRACT 

Leaf curl disease of tomato caused by tomato leaf curl virus (ToLCV), a gemini virus, is 

transmitted by whitefly, Bermisia tabaci G. Thirty five tomato genotypes including wild 

accessions were screened for its resistance/ susceptible reaction against tomato leaf curl disease 

in field condition during summer cropping season 2015. Among the screened thirty five 

genotypes, seven genotypes Vaibhav, EC541109 (Solanum pimpinellifolium L.), EC168283 

(Solanum pimpinellifolium L.), IIHR2372 (Solanum lycopersicum L.), IIHR1970 (Solanum 

peruvianum L.), IIHR2200 (Solanum lycopersicum L.) and LA2805 (Solanum lycopersicum var. 

cerasiforme L.) showed high resistance against ToLCV without producing any symptoms of leaf 

curl disease. One genotype viz., EC165751 showed resistant reaction and two genotypes viz., 

Nandi and EC620545 showed moderately resistant reaction to ToLCV, Twelve genotypes showed 

moderately susceptible reaction, seven genotypes showed susceptible reaction and six genotypes 

were identified as highly susceptible to ToLCV. Solanum pimpinellifolium L. species is 

compatible with the cultivated Solanum lycopersicum L. So it can be used successfully as the 

source of resistance in breeding program. Identified genotypes can be screened for resistance 

genes using markers and can be used in the molecular breeding programmes for resistance to 

leaf curl disease in tomato. 
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It was reported that even a single viruliferous 

white fly can transmit the disease and requires 

30 minutes to acquire and transmit the virus in 

tomato plants
17

. The disease induces severe 

stunting, bushy growth and partial or complete 

sterility depending on the stage at which 

infection has taken place. Infected plant bears 

few or no fruit. The disease is serious 

throughout India and yield losses may be as 

high as 100%
11

. Host plant resistance is very 

effective and non-monetary input of Integrated 

Pest Management. During the past 20 years, 

considerable efforts have been made to 

develop tomato leaf curl virus resistant 

cultivars. Tomato cultivars however are not 

completely resistant to ToLCV. Therefore wild 

Lycopersicon species were screened for virus 

resistance in India by many investigators
15,17,18

. 

Nevertheless progress in breeding for ToLCV 

resistance has been slow
3,12

 because of the 

complex genetics of resistance. Identification 

of resistant genotypes/lines/cultivars and 

exploration of resistant sources in wild tomato 

germplasm is very much important for the 

effective and environmentally safer 

management of ToLCV. In view of the above, 

the present investigation was carried out to 

determine the level of resistance/susceptibility 

in selected popularly grown tomato varieties 

along with other wild accessions in open field 

condition under natural screening. 

 

MATERIALS AND METHODS 

The experiment was carried out under field 

conditions at College of Agriculture Vellayani, 

Thiruvananthapuram, Kerala during summer 

2015 for screening of Tomato leaf curl virus 

resistance (ToLCV). The thirty-five tomato 

genotypes/ cultivars/ lines were collected from 

different sources (Table 1). The seedlings were 

grown in greenhouse and 30 days old 

seedlings of thirty-five tomato genotypes/ 

cultivars/ lines/ accessions were transplanted 

during summer 2015 in randomized block 

design, with three replications. All the thirty-

five tomato genotypes/ cultivars/ lines/ 

accessions were screened against ToLCV 

causing leaf curl disease in tomato. 

ToLCV incidence and severity 

Based on the percent of curling and puckering 

of leaves, the plants were scored using 0-4 

scale as suggested by Banerjee and Kalloo
3
 

(1987). 0: Symptoms absent; 1: very mild 

curling (up to 25% leaves); 2: curling and 

puckering of 26-50 % leaves; 3: curling and 

puckering of 51-75 % leaves; 4: severe curling 

and puckering of >75 % leaves.  

 

Based on the disease score, percent disease severity (PDS) was calculated using the following 

formula: 

    
                

                                                       
      

 

Percent disease incidence (PDI) was calculated using the following formula: 

    
                         

                               
      

 

Based on the coefficient of infection the 

genotypes were categorized into six groups 

(Banerjee and Kalloo
3
 (1987). 0-4: Highly 

resistant (HR); 4.1-9: Resistant (R); 9.1-19: 

Moderately Resistant (MR); 19.1-39: 

Moderately Susceptible (MS); 39.1-69: 

Susceptible (S); 69.1-100: Highly Susceptible 

(HS). 

RESULTS AND DISCUSSION 

Screening for ToLCV resistance under field 

conditions: - 

Even though several methods have been 

developed to control ToLCV, such as the use 

of healthy transplants, chemical and physical 

control of the vector and crop rotation, 

breeding for resistance to ToLCV is 
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considered to be the best method for the 

management of the diseases
16

. The breeding of 

tomatoes resistant to ToLCV is reported to be 

low because of the complicated inheritance of 

the resistance/ tolerance trait. Depending on 

the source, resistance has been reported to be 

controlled by one to five genes that are either 

recessive or dominant
28

. Therefore, available 

varieties were screened in open fields so as to 

find out the source of the resistance in tomato 

against tomato leaf curl virus disease under 

field conditions. The severity of disease was 

determined by using percent disease severity, 

percent disease incidence and coefficient of 

infection. 

Percent disease severity: - 

Percent disease severity result as indicated in 

Table 1. revealed that tomato genotypes 

exhibited a wide range of resistance reaction to 

the tune of 0 to 100 % against ToLCV under 

field condition during summer season. Among 

the Thirty-five genotypes, the seven genotypes 

Vaibhav, EC541109 (Solanum 

pimpinellifolium L.), EC168283 (Solanum 

pimpinellifolium L.), IIHR2372 (Solanum 

lycopersicum L.), IIHR1970 (Solanum 

peruvianum L.), IIHR2200 (Solanum 

lycopersicum L.) and LA2805 (Solanum 

lycopersicum var. cerasiforme L.) recorded 

disease severity of 0.00 % without any 

symptoms. One genotype (EC-165751) 

recorded disease severity of 14.17 %. Ten 

genotypes recorded disease severity in the 

range of 50-88.33 %. In seventeen genotypes 

the disease severity recorded 20 to 50 %. 

Camara et al
5
., screened forty one tomato 

genotypes for ToLCV under field condition 

and recorded percent disease severity 0 % to 

89.3 %. They observed that eleven genotypes 

were totally symptom-free and percent disease 

of incidence up to 100%, severity was 

generally over 50%. Asian Vegetable Research 

and Development Center (AVRDC), Shanhua, 

Taiwan developed these EC series lines and 

also found percent disease severity depends 

upon TY gene combinations. If any of the TY 

locus is present in germplasm that reduces the 

Percent disease severity. Lapidot et al
12

., 

working on varieties TY 172 and TY 197, 

revealed their resistance to ToLCV and their 

low harvest losses compared to other 

commercial varieties susceptible to the 

disease. 

Percent disease incidence: - 

The percent disease incidence was calculated 

using formula the number of plants infected 

divided by the total number of plant observed 

multiplied by 100. The result of percent 

disease incidence mentioned in Table 1. Out of 

thirty-five genotypes, seven genotypes were 

not infected by the virus, it means 0 % percent 

disease incidence. While in fifteen genotypes, 

(Palam Pride, Surya, BWR-5, S-7, 

Manulekshmy, Anagha, Vellayani Vijay, Arka 

Abha, PKM-1, Arka Alok, Manuprabha, EC-

620419, EC-326142, EC-16786 and EC-

16465) all the plants were infected, the percent 

disease incidence observed was 100 %. The 

Percent disease severity recorded in Anagha 

variety was 37.50 % and percent disease 

incidence was 100 % whereas Percent disease 

severity in Hawaii variety was 54.17 % and 

percent disease incidence was 90 %. The 

percent disease incidence and Percent disease 

severity values could be used to class the 

genotypes as tolerant or susceptible. Rao et 

al
22

., reported, the percentage of disease 

incidence in tomato and chillies showed more 

than 77% in all villages during Hagay season 

but the severity was observed between 20 and 

60%. Maruthi et al
13

., screened thirty four 

tomato genotypes for ToLCV under 

glasshouse and field conditions and found 

sixteen Varieties were resistant. Joshi and 

Choudhury
10

, Muniyappa et al
15

., and 

Nateshan et al
18

., have also reported the 

Varieties are resistant to tomato leaf curl virus. 

Coefficient of the infection (CI):- 

The coefficient of the infection of thirty-five 

tomato genotypes is mentioned in Table 1. 

Based on the coefficient of infection, the 

genotypes were categorized into six groups 
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Banerjee and Kalloo
3
. Highly resistant reaction 

was found in seven genotypes, among these 

seven highly resistant genotypes three 

genotypes i.e., EC541109 (Solanum 

pimpinellifolium L.) (0%), EC168283 

(Solanum pimpinellifolium L.) (0%) and 

IIHR1970 (Solanum peruvianum L.) (0%) 

were wild species and four genotypes i.e., 

Vaibhav (0%), (0%), IIHR2372 (Solanum 

lycopersicum L.) (0%), IIHR2200 (Solanum 

lycopersicum L.) (0%) and LA2805 (Solanum 

lycopersicum var. cerasiforme L.) (0%) were 

cultivated species. Anbinder et al
2
., (2009) 

reported that ToLCV resistance derived from 

Solanum pimpinellifolium Hirsute-INRA line 

is under the control of a single dominant gene 

other than Ty 1. The fruit size of Solanum 

pimpinellifolium L. is very small and plant is 

indeterminate in nature but it has resistance 

against ToLCV. Ilana et al
8
., also observed 

resistance in Solanum peruvianum L. is 

controlled by a previously unknown major 

QTL, and four additional minor QTLs. The 

major QTL termed Ty-5, maps to chromosome 

4 and accounts for 39.7 to 46.6% of the 

variation in symptom severity. The location of 

this new gene is between markers TG 153 and 

CT 83. Along with this gene, QTL was located 

on chromosome 6 accounting for up to 27.7% 

of the variation in symptom severity.   

Genotype EC-165751 (7.08 %) was 

found to be Resistant and two genotypes 

Nandi (12.22 %) and EC-620545 (12.22 %) 

were found to be Moderately Resistant, 

whereas twelve genotypes were found to be 

Moderately Susceptible with Coefficient of the 

infection ranging from 26.39% to 38.33%, 

Seven genotypes were observed susceptible 

with Coefficient of the infection ranging from 

41.67% to 57.50% and six genotypes were 

observed as highly Susceptible with 

Coefficient of the infection ranging from 

71.67% to 88.33% (Table 1). Singh
25

, also 

observed the coefficient of the infection in 

Kashi Vishesh (8.06 %), Kashi Amrit (8.20 

%), Arka Meghali (52.74 %), Arka Alok 

(52.38 %) and Pusa Ruby (25.33 %). Yadav 

and Awasthi, 2009 also reported the 

coefficient of the infection in Arka Meghali 

(68.34%), Arka Alok (75.00 %) and Pusa 

Ruby (62.42%). Many researchers reported 

that wild tomato accessions of Solanum 

species such as H-7998 as resistant sources for 

ToLCV
3,4

. Sannaulla et al
23

., evaluated 29 

tomato genotypes for resistance to the virus 

and found that none of the genotypes showed 

resistance reaction.  

Among the wild species, Solanum 

pimpinellifolium is the most suitable for use in 

tomato breeding programmes, since there is no 

hybridization barriers between both species, 

and fruit size can be recovered in a few 

backcrosses
6
. In these study also Solanum 

pimpinellifolium L. was found to be highly 

resistant to local strain of ToLCV of Kerala. 

Breeding for resistance to ToLCV in tomato 

was initiated in Israel using the accession LA 

121 of Solanum pimpinellifolium L. as the 

source of resistance
20

. Solanum 

pimpinellifolium lines INRA, LA1478, 

PI407543 and PI407544 with different 

resistance levels were found
9
. Pilowsky and 

Cohen
21

, also reported Solanum peruvianum 

PI-126935 to be tolerance to ToLCV and this 

tolerance seemed to be a recessive trait 

controlled by five genetic factors. Friedmann 

et al
7
., also reported the TYLCV resistance in 

TY172 was derived from four divergent 

accessions of Solanum peruvianum. The EC 

series lines which were developed by Asian 

Vegetable Research Development Centre 

Taiwan has resistant reaction to ToLCV. The 

EC genotype which is highly resistant under 

natural condition can be used as a resistant 

source for developing resistant/ tolerant 

varieties/ hybrids against ToLCV. Several 

other important contributions made on this 

aspect are also available in the 

literature
14,19,24,26

. 
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Table 1: Screening of thirty-five tomato genotypes against tomato leaf curl during summer season  

2015-16 

Sl. 

No 

Genotype Source PDS PDI CI Reaction 

1 PALAM PRIDE CSK HPKV, PALAMPUR 88.33 100.00 88.33 HS 

2 SURYA CSK HPKV, PALAMPUR 75.00 100.00 75.00 HS 

3 BWR-5 CSK HPKV, PALAMPUR 71.67 100.00 71.67 HS 

4 S-7 CSK HPKV, PALAMPUR 44.17 100.00 44.17 S 

5 ARKA VIKAS IIHR, BENGALURU 35.83 86.67 31.06 MS 

6 HAWAII CSK HPKV, PALAMPUR 54.17 90.00 48.75 S 

7 MANULEKSHMY KAU, KERALA 37.50 100.00 37.50 MS 

8 ARKA MEGHALI IIHR, BENGALURU 30.00 90.00 27.00 MS 

9 ANAGHA KAU, KERALA 37.50 100.00 37.50 MS 

10 AKSHAY KAU, KERALA 33.33 90.00 30.00 MS 

11 VELLAYANI VIJAY KAU, KERALA 42.50 100.00 42.50 S 

12 VAIBHAV UAS, BENGALURU 0.00 0.00 0.00 HR 

13 ARKA ABHA IIHR, BENGALURU 57.50 100.00 57.50 S 

14 PKM-1 ASHOK FARM AIDS 51.67 100.00 51.67 S 

15 NANDI UAS, BENGALURU 18.33 66.67 12.22 MR 

16 ARKA ALOK IIHR, BENGALURU 60.00 100.00 60.00 S 

17 S-22 SOCCAR SEEDS 31.67 83.33 26.39 MS 

18 MANUPRABHA KAU, KERALA 41.67 100.00 41.67 S 

19 EC620419 NBPGR 79.17 100.00 79.17 HS 

20 EC362944 NBPGR 31.67 90.00 28.50 MS 

21 EC168283 

(Solanum pimpinellifolium L.) 

 

NBPGR 0.00 0.00 0.00 HR 

22 EC620545 NBPGR 18.33 66.67 12.22 MR 

23 IC549835 NBPGR 31.67 90.00 28.50 MS 

24 EC165751 NBPGR 14.17 50.00 7.08 R 

25 EC322634 NBPGR 35.00 96.67 33.83 MS 

26 EC326142 NBPGR 80.00 100.00 80.00 HS 

27 IIHR2372 

(Solanum lycopersicum L.) IIHR, BENGALURU 0.00 0.00 0.00 HR 

28 EC16786 NBPGR 85.00 100.00 85.00 HS 

29 IIHR1970 

(Solanum peruvianum L.) 

 

IIHR, BENGALURU 0.00 0.00 0.00 HR 

30 EC541109 

(Solanum pimpinellifolium L.) 

 

NBPGR 0.00 0.00 0.00 HR 

31 EC16465 NBPGR 38.33 100.00 38.33 MS 

32 IIHR2200 

(Solanum lycopersicum L.) 

IIHR, BENGALURU 0.00 0.00 0.00 HR 

33 EC320574-1 NBPGR 35.00 90.00 31.50 MS 

34 IC247508 NBPGR 38.33 93.33 35.78 MS 

35 LA2805 

(Solanum lycopersicum var. 

cerasiforme L.) 

 

UAS, BENGALURU 0.00 

 

0.00 

 

0.00 

 

HR 

 

PDS - Percent disease severity, PDI - Percent disease incidence, CI - Coefficient of the  infection HR- Highly Resistant, R- 

Resistant, MR- Moderately Resistant, MS-Moderately Susceptible, S- Susceptible, HS- Highly Susceptible. 
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CONCLUSION 

Goal of this research was to identify 

germplasm lines which have resistance to local 

Kerala strain of tomato leaf curl virus 

(ToLCV). In this study, we have identified that 

genotypes Vaibhav, EC541109 (Solanum 

pimpinellifolium L.), EC168283 (Solanum 

pimpinellifolium L.), IIHR2372 (Solanum 

lycopersicum L.), IIHR1970 (Solanum 

peruvianum L.), IIHR2200 (Solanum 

lycopersicum L.) and LA2805 (Solanum 

lycopersicum var. cerasiforme L.) were highly 

resistant to tomato leaf curl virus under natural 

field screening. The wild species Solanum 

pimpinellifolium L. can be successfully used as 

donor for resistance as it is reported to be 

compatible with Solanum lycopersicum L.  and 

Solanum lycopersicum var. cerasiforme L. can 

also be used as it is found to be compatible 

with Solanum lycopersicum L. and can 

produce viable seeds. These genotypes can be 

screened for identification of specific 

resistance gene genotypically with molecular 

markers. Identified resistance gene donors can 

be used for pyramiding the reported ToLCV 

genes i.e., Ty 1, Ty 2, Ty 3a and Ty 3b so that 

durable resistance can be imparted to the 

varieties.  
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