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ABSTRACT

Two accessions of wild species of tomato, viz. EC-520060 (Solanum habrochaites) and EC-521080 (Solanum
pimpinellifolium) have been utilized for introgression of ToLCV and EB resistant gene into 12 susceptible cultivars
bearing good yield traits. Most of the crosses of EC-520060 exhibited 13 (resistant): 3 (susceptible) genetic ratio but
'Flora Dade × EC-520060' expressed 3:1 genetic ratio. The crosses of EC-521080 have diverse genetic ratio of 1:2:1,
3:1 and 1:3. In result of inheritance of EB, the crosses of EC-520060 revealed 3:1 genetic ratio, and the crosses of
EC-521080 represented 1:3, 1:2:1 and 3:1 genetic ratio. The crosses of EC-520060 and EC-521080 showed additive,
dominance × dominance and additive × additive genetic models for both ToLCV and EB diseases. The inheritance
among crosses and genetics of variables can be utilized for improvement of resistant tomato.
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Tomato leaf curl virus (ToLCV) and early blight
(EB) are responsible for complete yield loss (Singh et
al., 2010, 2014a,b, 2015a, 2017; Kumar and Kumar, 2018;
Subhasmita et al., 2021). Limited resistant source had
been identified in cultivated tomato against ToLCV
and EB (Singh et al., 2014a,b, 2015a,b, 2017, 2018;
Adhikari et al., 2017; Kumar and Kumar, 2018). Wild
accessions had been utilized to develop new ToLCV
and EB resistant breeding lines and hybrids due to
presence of maximum level of resistance or complex
genetics of resistance in wild species or wild derivatives
(Singh et al., 2017, 2018, 2019; Subhasmita et al., 2021).

Earlier, three wild species had been utilized for
identification of six tomato leaf curl virus resistant
genes (Kumar and Kumar, 2018; Singh et al., 2019). The
utilization of DNA markers may be more appropriate
(Singh et al., 2010, 2015a). Many accessions of wild
species had been used in ToLCV and EB resistant
breeding programmes (Singh et al., 2013, 2014a,b,
2015a,b 2017, 2018; Subhasmita et al., 2021). Thus, new
sources of ToLCV and EB resistance is needed to know
the gene action using wild species for improvement in
tomato.

MATERIALS AND METHODS
A total five crosses were developed by using a

resistant accession 'EC-520060' (Table 1). While, twelve
crosses developed by using another resistant accession
'EC-521080' were used (Table 1). The seeds of these 17
crosses were sown in field to produce F1 hybrids. The
17 F1 hybrids were selfed to produce F2. The seeds of
17 F2 were sown in field. All the individual plant of
each F2 population were selfed and seeds harvested by
single plant selection method to produce F3. The seeds
of only five similar crosses of F3 of each accession 'EC-
520060' and 'EC-521080' were sown in field and
transplanted for raising the population. Seeds of each
generation F1, F2 and F3 along with P1 and P2 were
saved and divided into two sections for testing in field
and glasshouse conditions. In field condition, the
experiments were designed during most favourable
season (September-March) for pathogens of ToLCV
and EB, respectively. In glasshouse, it was tested in
two sections for ToLCV and EB on the same time.

Thirty plants of each parent and F1 were planted in
three replications (10 plants in each). Two hundred
forty plants of each F2 were transplanted in field in
three replications (80 plants in each) but some plants
could not survive. The survived plants were in the
ranges of 208 (Hissar Anmol × EC-520060) to 135 (Flora
Dade × EC-521080) of (Table 1). Ten plants of each F3
progeny (developed by single fruits of each separate
plant of 5F2s of EC-520060 and 5F2s of EC-521080*Corresponding author: nrai1964@gmail.com
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through SSD methods) were transplanted. The
susceptible tomato variety Punjab Chhuhara was also
transplanted after every 10 rows between the plant
population of parents, F1, F2 and F3 generation. Spread
of the vector population was allowed by avoiding spray
for whitefly control.

A total fifteen seedlings of each parent and F1s as
well as 60 seedlings of each F2 were transplanted in
earthen pots, and kept in three replications, and divided
into two sections with similar strength of plants on the
same time. For ToLCV incidence, each tomato seedling
covered by insect-proof cages and inserts 15-20
viruliferous whiteflies for 48 hr. Plants were examined
on weekly intervals till 12 weeks for looking ToLCV
symptom and followed same procedure of Singh et al.
(2015a). For EB appearance, pure culture of virulent A.
solani used potato dextrose broth (PDB) and uniformly
sprayed on tomato seedlings for looking EB symptom
as earlier used by Singh et al. (2017). The inoculated
plants were maintained in glasshouse at 28 ± 2°C for
symptom development.

The observations were recorded on plant height
(PH), number of fruits/plant (NOFPP), fruit set per
cent (FS%), average fruit weight (AFW) and fruit yield/
plant (FYPP) in kilogram. The observation on disease
incidence of ToLCV was recorded 15 days and 30 days
after transplanting in glasshouse and field conditions,
respectively. The disease incidence of EB was recorded
7 and 30 days after transplanting in glasshouse and
field condition, respectively.

The disease was scored on a 0-5 scale for both
ToLCV and EB incidence, where 0=0%-5% (highly
resistant), 1=5.1%-12.0% (resistant), 2=12.1%-25.0%
(moderately resistant), 3=25.1%-50.0% (moderately
susceptible), 4=50.1%-75.0% (susceptible), and
5=75.1%-100% (highly susceptible). The per cent disease
incidence (PDI) was calculated by using formula of
Singh et al. (2015a, 2017).

×=
×

Score of  individual plant  100
PDI

No. of  plant samples  max imum rating scale

Genetic analysis
The chi-square analysis was studied for PDI of

ToLCV and EB by using all the population of F2
generation developed by 'EC-520060' and 'EC-521080'.
Chi-square was calculated by following formula:

χ2 = Σ(O-E)2/ E
where 'O' is observed frequency in each category; 'E' is
the expected frequency in corresponding category.

For generation mean analysis (GMA) only five
similar crosses of each parent 'EC-520060' and 'EC-
521080' were used. In order to find differences among
parents (P1 and P2) vs. F1, F2: F3 the data obtained for
each character (PDI of ToLCV and EB, PH, NOFPP,

FS%, AFW and FYPP) were analysed by five parameter
models (m, d, h, i and l) on the basis of previously used
formula of Singh et al. (2015a).

RESULTS AND DISCUSSION
All female parents were susceptible to highly

susceptible, while both male parents (EC-520060 and
EC-521080) were highly resistant to ToLCV and EB
diseases. All the cultivars were scored on '4-5' scale but
two wild accessions, EC-520060 and EC-521080, were
scored on '0-1' scale for both ToLCV and EB diseases
during field and artificial screening. Resistance capacity
in both wild accessions EC-520060 and EC-521080 were
due to the background of S. habrochaites and S.
pimpinellifolium (Singh et al., 2010, 2012, 2015a, 2017,
2018, 2019; Subhasmita et al., 2021). Total five and
twelve crosses were developed by using the accessions,
'EC-520060' and 'EC-521080', respectively. These crosses
were segregated to F1:F2:F3 generations.

Mendelian inheritance for ToLCV and EB
Five F1 crosses of EC-520060 were expressed highly

resistant to ToLCV and EB diseases (Table 1). Total
number of resistant plants were in the range of 100-160
for ToLCV. However, four F2 were categorized into
resistant (including highly resistant, resistant and
moderately resistant): susceptible (including
susceptible, moderately susceptible and highly
susceptible) plants and showed 13 (resistant): 3
(susceptible) genetic ratio. While, one F2 (Flora Dade ×
EC-520060) expressed 3 (resistant): 1 (susceptible)
genetic ratio with chi-square value 0.144 and probability
range 0.50-0.75 (Table 1). The inhibitory gene action
and monogenic dominant gene action were reported
by Singh et al. (2018). However, numbers of resistant
plants were obtained in the range of 100-160 for EB. All
the F2s were expressed 3 resistant (highly resistant,
resistant and moderately resistant): 1 susceptible
(susceptible, moderately susceptible and highly
susceptible) genetic ratio (Table 1) with chi-square value
along with the probability range was 0.267 (0.50-0.75)
to 1.297 (0.25-0.50).  The crosses of EC-520060 (S.
habrochaites) were expressed in 3:1 genetic ratio and
monogenic dominant gene action for EB. The
monogenic dominant gene effect for EB resistant has
also been reported by Singh et al. (2017).

Among crosses of EC-521080 (S. pimpinellifolium),
all the F1 were resistant to ToLCV and EB diseases
(Table 1). In F2 crosses, infected plants were categorized
into highly resistant, moderately resistant and
susceptible in the range of 30-160, 0-100 and 30-160,
respectively. A total six F2 were segregated in a 1:2:1
genetic ratio as resistant (including highly resistant):
moderately resistant (including resistant and modera-
tely resistant): susceptible (including susceptible,



18

[Current Horticulture 11 (1)INHERITANCE FOR TOLCV AND EB RESISTANCE IN TOMATO
Ta

b
le

 1
. 

P
er

fo
rm

an
ce

 o
f 

F
1s

 a
n

d
 F

2 
p

o
p

u
la

ti
o

n
s 

o
f 

S
. 

ly
co

p
er

si
cu

m
 ×

 S
. 

h
ab

ro
ch

ai
te

s 
'E

C
-5

20
06

0'
 a

n
d

S
. 

ly
co

p
er

si
cu

m
 ×

 S
. 

p
im

p
in

el
lif

o
liu

m
 '

E
C

-5
21

08
0'

 a
n

d
 χχχχ χ

2  
va

lu
e 

fo
r 

To
L

C
V

 a
n

d
 E

B
 r

ea
ct

io
n

C
ha

ra
ct

er
F

2 
po

pu
la

tio
ns

P
1 

(H
S

)
P

2 
(H

R
)

F
1

H
R

R
+

M
R

M
S

+
S

+
H

S
G

en
et

ic
D

eg
re

es
C

hi
-s

qu
ar

e
P

ro
ba

bi
lit

y
=

0
=

1+
2

=
3+

4+
5

ra
tio

of
 f

re
ed

om
(χ

2 )
ra

ng
e

To
m

at
o 

le
af

 c
ur

l
P

un
ja

b 
C

hh
uh

ar
a

E
C

-5
20

06
0

H
R

14
0

0
40

13
:3

1
1.

42
5

0.
10

-0
.2

5
vi

ru
s 

(T
oL

C
V

)
P

us
a 

R
ub

y
E

C
-5

20
06

0
H

R
13

4
0

34
13

:3
1

0.
24

4
0.

50
-0

.7
5

H
is

sa
r 

A
nm

ol
E

C
-5

20
06

0
H

R
16

0
0

48
13

:3
1

0.
41

0
0.

50
-0

.7
5

H
is

sa
r 

A
ru

n
E

C
-5

20
06

0
H

R
12

0
0

34
13

:3
1

1.
12

3
0.

25
-0

.5
0

F
lo

ra
 D

ad
e

E
C

-5
20

06
0

H
R

11
3

0
35

3:
1

1
0.

14
4

0.
50

-0
.7

5
P

un
ja

b 
C

hh
uh

ar
a

E
C

-5
21

08
0

R
49

84
53

1:
2:

1
2

1.
91

4
0.

25
-0

.5
0

P
us

a 
R

ub
y

E
C

-5
21

08
0

R
44

78
42

1:
2:

1
2

0.
43

9
0.

50
-0

.7
5

F
lo

ra
 D

ad
e

E
C

-5
21

08
0

R
30

69
36

1:
2:

1
2

0.
61

0
0.

25
-0

.5
0

V
ai

bh
aw

E
C

-5
21

08
0

R
36

88
38

1:
2:

1
2

1.
25

9
0.

25
-0

.5
0

A
rk

a 
V

ik
as

h
E

C
-5

21
08

0
R

39
71

44
1:

2:
1

2
1.

26
0

0.
25

-0
.5

0
H

is
sa

r 
A

ru
n

E
C

-5
21

08
0

R
51

93
53

1:
2:

1
2

0.
65

5
0.

25
-0

.5
0

K
as

hi
 V

is
he

sh
E

C
-5

21
08

0
R

12
4

0
43

3:
1

1
0.

05
0

0.
75

-0
.9

0
T

LB
R

-3
E

C
-5

21
08

0
R

14
2

0
51

3:
1

1
0.

20
9

0.
50

-0
.7

5
II

H
R

-2
20

0
E

C
-5

21
08

0
R

12
1

0
54

3:
1

1
3.

20
2

0.
05

-0
.1

0
H

is
sa

r 
A

nm
ol

E
C

-5
21

08
0

R
12

9
0

59
3:

1
1

4.
08

5
0.

25
-0

.5
0

M
eg

ha
la

ya
 L

oc
al

E
C

-5
21

08
0

R
48

0
13

6
1:

3
1

0.
11

6
0.

75
-0

.9
0

S
ik

ki
m

 L
oc

al
E

C
-5

21
08

0
R

41
0

10
3

1:
3

1
0.

92
6

0.
25

-0
.5

0
E

ar
ly

 b
lig

ht
 (

E
B

)
P

un
ja

b 
C

hh
uh

ar
a

E
C

-5
20

06
0

H
R

13
2

0
48

3:
1

1
0.

26
7

0.
50

-0
.7

5
P

us
a 

R
ub

y
E

C
-5

20
06

0
H

R
12

3
0

45
3:

1
1

0.
28

6
0.

50
-0

.7
5

H
is

sa
r 

A
nm

ol
E

C
-5

20
06

0
H

R
15

1
0

57
3:

1
1

0.
64

1
0.

25
-0

.5
0

H
is

sa
r 

A
ru

n
E

C
-5

20
06

0
H

R
11

9
0

35
3:

1
1

0.
42

4
0.

50
-0

.7
5

F
lo

ra
 D

ad
e

E
C

-5
20

06
0

H
R

11
7

0
31

3:
1

1
1.

29
7

0.
25

-0
.5

0
P

un
ja

b 
C

hh
uh

ar
a

E
C

-5
21

08
0

R
42

95
48

1:
2:

1
2

0.
52

4
0.

75
-0

.9
0

P
us

a 
R

ub
y

E
C

-5
21

08
0

R
42

0
12

2
1:

3
1

0.
03

6
0.

75
-0

.9
0

F
lo

ra
 D

ad
e

E
C

-5
21

08
0

R
34

69
32

1:
2:

1
2

0.
12

6
0.

75
-0

.9
0

V
ai

bh
aw

E
C

-5
21

08
0

R
37

86
39

1:
2:

1
2

0.
55

6
0.

25
-0

.5
0

A
rk

a 
V

ik
as

h
E

C
-5

21
08

0
R

11
9

0
35

3:
1

1
0.

42
4

0.
50

-0
.7

5
H

is
sa

r 
A

ru
n

E
C

-5
21

08
0

R
39

11
1

48
1:

2:
1

2
4.

45
7

0.
10

-0
.2

5
K

as
hi

 V
is

he
sh

E
C

-5
21

08
0

R
34

94
39

1:
2:

1
2

2.
60

8
0.

05
-0

.1
0

T
LB

R
-3

E
C

-5
21

08
0

R
48

99
46

1:
2:

1
2

0.
17

1
0.

75
-0

.9
0

II
H

R
-2

20
0

E
C

-5
21

08
0

R
13

4
0

41
3:

1
1

0.
23

1
0.

50
-0

.7
5

H
is

sa
r 

A
nm

ol
E

C
-5

21
08

0
R

42
97

49
1:

2:
1

2
0.

71
3

0.
25

-0
.5

0
M

eg
ha

la
ya

 L
oc

al
E

C
-5

21
08

0
R

48
89

47
1:

2:
1

2
0.

20
3

0.
50

-0
.7

5
S

ik
ki

m
 L

oc
al

E
C

-5
21

08
0

R
33

77
34

1:
2:

1
2

0.
48

6
0.

50
-0

.7
5

H
R

=
 H

ig
hl

y 
re

si
st

an
t; 

R
=

 r
es

is
ta

nt
; 

M
R

=
 m

od
er

at
el

y 
re

si
st

an
t; 

M
S

=
 m

od
er

at
el

y 
su

sc
ep

tib
le

; 
S

=
 s

us
ce

pt
ib

le
; 

H
S

=
 h

ig
hl

y 
S

us
ce

pt
ib

le



19

January–April 2023] SINGH AND RAI

moderately susceptible and highly susceptible). While,
four F2 expressed 3 (resistant): 1 (susceptible) genetic
ratio and remaining two F2 (Meghalaya Local × EC-
521080 and Sikkim Local × EC-521080) were segregated
as 1 (resistant): 3 (susceptible) with the chi-square value
0.1159 and 0.9259 and probability range 0.75-0.90 and
0.25-0.50 (Table 1).

In case of EB, F2s infected plants in range of 30-140,
0-120 and 30-140 as highly resistant, moderately
resistant and susceptible, respectively. One F2 (Pusa
Ruby × EC-521080) was segregated into 1 resistant
(highly resistant, resistant and moderately resistant): 3
susceptible (susceptible, moderately susceptible and
highly susceptible) genetic ratio with the 0.0325 and
0.75-0.90 chi-square value and probability range (Table
1). Nine F2 were categorized into three categories of
resistant (including highly resistant): moderately
resistant (including resistant and moderately resistant):
susceptible (including susceptible, moderately
susceptible and highly susceptible) plants and
segregated as 1:2:1 genetic ratio along with chi-square
value and probability range were 0.1259 (0.75-0.90) to
2.6083 (0.05-0.10).

Remaining two F2s (Arka Vikash × EC-521080 and
IIHR-2200 × EC-521080) were expressed 3 (resistant): 1
(susceptible) genetic ratio along with the chi-square
value 0.1159 and 0.9259 and probability range 0.50-
0.75 and 0.50-0.75, respectively (Table 1). The crosses
of 'EC-521080 (S. pimpinellifolium)' indicated partial
dominant gene effects, monogenic dominant gene
effects and monogenic recessive gene effects for both
ToLCV and EB diseases (Singh et al., 2017, 2018;
Oladokun et al., 2022).

Generation mean analysis
Among the crosses of EC-520060, all the crosses

showed 'additive (m+d)' genetic models for resistant
to ToLCV and EB, while a population 'Hissar Arun ×
EC-520060' showed 'additive and 'dominance ×
dominance (m+d+l)' for the resistant to EB (Table 2).
Earlier, 'additive' and 'dominant' gene action for ToLCV
and EB were also reported by Singh et al. (2015b, 2017,
2018, 2019) in the population of S. habrochaites.

For PH, Punjab Chhuhara × EC-520060, Pusa Ruby
× EC-520060 and Hissar Anmol × EC-520060 exhibited
dominance genetic models (m+h), while, the Hissar
Arun × EC-520060 and Flora Dade × EC-520060 showed
dominance × dominance (m+l) and dominant (m+l)
and dominance × dominance (m+h+l) genetic models.
The dominant genetic characters of plant height may
be possible due to the luxurious plant growth habit of
S. habrochaites (Singh et al., 2014a,b, 2018, 2019). For
NOFPP, the crosses of Punjab Chhuhara × EC-520060,
Pusa Ruby × EC-520060 and Hissar Anmol × EC-520060
showed dominant and additive × additive (m+h+i)

inheritance models while, crosses Hissar Arun × EC-
520060 and Flora Dade × EC-520060 indicated additive
× additive and dominant × dominant (m+i+l)
inheritance models.

For FS%, Punjab Chhuhara × EC-520060 and Pusa
Ruby × EC-520060 showed dominant (m+h) gene
effects. The crosses Hissar Anmol × EC-520060 and
Hissar Arun × EC-520060 exhibited dominance and
additive × additive (m+h+i) genetic models, and Flora
Dade × EC-520060 was indicated dominance ×
dominance genetic models (m+l). For AFW, only Hissar
Arun × EC-520060 exhibited additive and additive ×
additive genetic model (m+d+i) but remaining four
crosses showed additive genetic model (m+d). Two
crosses, Hissar Anmol × EC-520060 and Hissar Arun ×
EC-520060 exhibited additive (m+d) and dominance
(m+h) genetic effects and remaining crosses showed
additive and dominant × dominant (m+d+l) inheritance
model for FYPP (Table 2).

The number of fruits, fruit set per cent, fruit weight
and fruit yield per plant of the crosses showed
'dominant' and 'additive' genetic models, while the
crosses of 'Hissar Anmol × EC-520060', 'Hissar Arun ×
EC-520060', and 'Flora Dade × EC-520060' indicated
either 'additive' or 'dominant' inheritance models for
these traits. This may be due to the presence of either
S. habrochaites in pedigree background of 'Hissar
Anmol', 'Hissar Arun' and 'Flora Dade' or presence of
any other close pedigree of wild species (Zdravkovic et
al., 2011; Singh et al., 2014a, b, 2018).

The data indicated that population of Pusa Ruby ×
EC-521080 for ToLCV, EB, AFW and FYPP, the
population of Flora Dade × EC-521080 for ToLCV and
EB, and population of Hissar Arun × EC-521080 for
AFW showed additive (m+d) genetic models (Table 2).
The population of Pusa Ruby × EC-521080 exhibited
additive × additive and dominant × dominant genetic
models (m+i+l) for NOFPP; dominance and additive ×
additive genetic models (m+h+i) for FS%; additive
(m+d) genetic effects for ToLCV, EB, AFW and FYPP;
and dominance (m+h) and dominant × dominant
(m+h+l) genetic model for PH and NOFPP. Whereas,
population Hissar Anmol × EC-521080 exhibited
additive and dominant × dominant genetic models
(m+d+l) for ToLCV and FYPP; additive and additive ×
additive genetic models (m+d+i) for EB and AFW; and
dominance and dominant × dominant (m+h+l) genetic
model for PH, NOFPP and FS%.

The population of Hissar Arun × EC-521080
displayed additive and dominant × dominant genetic
models (m+d+l) for ToLCV; additive and additive ×
additive genetic models (m+d+i) for EB and FYPP;
dominance and dominant × dominant (m+h+l) genetic
model for NOFPP. The population of Flora Dade × EC-
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521080 exhibited additive genetic models (m+d) for
ToLCV and EB; dominance and additive × additive
genetic models (m+h+i) for PH; additive × additive
and dominant × dominant genetic models (m+i+l) for
NOFPP; dominance and dominant × dominant (m+h+l)
genetic model for FS%; additive and dominant ×
dominant genetic models (m+d+l) for AFW; and
additive × additive genetic models (m+i) for FYPP
(Table 2).

All the crosses of 'EC-521080' had shown additive
(m+d), dominant × dominant genetic models (m+d+l)
and additive × additive genetic models (m+d+i) for
ToLCV and EB resistance due to presence of S.
pimpinellifolium background (Singh et al., 2017, 2018).
Among the yield traits, all crosses showed either
additive, dominant × dominant and additive × additive
gene effect for AFW and FYPP or represented dominant,
additive × additive and dominant × dominant genetic
effects for PH, NOFPP and FS%. Earlier, many reports
have been published for genetics of yield traits by
using S. pimpinellifolium or any other background of
tomato (Zdravkovic et al., 2011; Singh et al., 2018).

CONCLUSION
It was concluded that crosses of 'EC-520060'

exhibited inhibitory gene action and monogenic
dominant gene action, while crosses of 'EC-521080'
showed partial dominant, monogenic dominant and
monogenic recessive for both ToLCV and EB resistance.
The accessions of S. habrochaites had a strong and fix
genetic architecture in resistant breeding programmes
but accessions of S. pimpinellifolium would be given
flexible results of genetics in resistance breeding of
tomato.
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