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Abstract

During the spring-summer seasons of 2019 and 2020 (April-September), fourteen different genotypes of hybrid tomato were
evaluated under poly-house at the Vegetable Research Farm, CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur to estimate
genetic variability among horticultural traits and to evaluate these hybrids for protected cultivation. Tuta absoluta Meyrick
(Lepidoptera: Gelechiidae) is one of the biggest hazards to tomato agriculture areas after its pest outbreak. Sequencing and
characterization of the internal transcribed spacer (ITS) region 12S primers were used to identify all pest up to species level. To
explore the tomato germplasms T. absoluta infestation, two field trials were established on April 1st and September 21st, 2019-
2020. 14 genotypes, including check verities, were assessed using similar approaches. Leaf damage, on the other hand, increased
over time and peaked at 100% in 10—11 weeks after transplanting in all genotypes. Within 11 weeks following transplanting, the
greatest leaflet damage recorded ranged from 64.18 percent to 100 percent, with a marketable fruit yield of 7.62—7.97 (m2/kg) in

both experiments. In the current study, 14 tomato cultivars were evaluated for bacterial wilt disease resistance.
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1. Introduction

The fast spread of foreign invasive insect pests around the
world was aided by international trade and the transportation
of planting material from one country to another. Because they
lack natural enemies, alien species are more dangerous in new
regions, causing a variety of economic and ecological
consequences such as habitat degradation, extinction of native
flora and fauna, changes in ecosystem functioning, and
facilitation of further invasions (Ragsdale et al., 2011; Asplen
et al., 2015) [?8 31, The Tuta absoluta (Meyrick) (Gelechiidae:
Lepidoptera), also known as the tomato leafminer, tomato
borer, South American tomato moth, and South American
tomato pin worm, is a neotropical oligophagous pest that can
cause up to 100% damage to tomato plants (Miranda et al.,
1998; Desneux et al., 2011) 24101, During her lifetime, a female
T. absoluta can lay up to 260 eggs on the fragile leaves
(Desneux et al., 2010; Kasi et al., 2021a) *-: 2%, Young larvae
pierce leaves, stems, or fruits after hatching to feed and develop
(Desneux et al., 2010; Urbaneja et al., 2013) [ 411, Tomatoes
are the world's second most important vegetable crop, after
potatoes. It is one of India's most important vegetables, with an
area of 880 thousand hectares and a yield of 18.2 million tonnes
(NHB 2014) 27,

T. absoluta was initially discovered on tomato in the mid-hills
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of Himachal Pradesh, India, which is located in the North-
Western Himalayan region. Between 30 22' 40"-3312' 20"N
latitudes and 75 45 55"-79 04' 20" longitudes, Himachal
Pradesh is located at heights of 350-6975 m above mean sea
level. It is bordered on the north by Jammu and Kashmir, the
north-east by Tibet (China), the east/south-east by
Uttarakhand, the south by Haryana, and the west/south-west by
Punjab. Some tomato leaves were found with large, irregular,
blotch-like mines during a survey visit to the tomato field
planted at the experimental farm of The Department of
Entomology, Dr. YS Parmar University of Horticulture and
Forestry, Nauni, Solan (HP) India in November 2015.

The insect was identified on the bases of keys and characters
described by (Roditakis et al., 2010; Sridhar et al., 2014) [50.%7]
and the identity of the miner was confirmed by Dr. V. Shridhar,
Principal Scientist, Indian Institute of Horticultural Research,
Hessaraghatta, Karnataka, India and Dr. Biondi, University of
Catania, Italy. The study indicated low to moderate level of
infestation with up to 60% of plants damaged with the
leafminer and each infested plant had 5-17 number of mines
during November 2015. These mines were collected and
examined using a binocular stereo zoom microscope (SZ2,
Olympus make, Japan). After carefully separating these mines
under a microscope, tiny greenish larvae feeding on the

Page | 9


https://www.dzarc.com/phytology

International Journal of Phytology Research 2022; 2(4):09-18

mesophyll, which appeared to be T. absoluta, were discovered
(Sharma and Gavkare, 2016) B4, After that, a survey was
carried out in other tomato fields in the nearby area in order to
collect a larger number of mines and larvae. The larvae were
then grown in the laboratory at a temperature of 25 £ 0.5°C and
a relative humidity of 70 + 5% to produce pupae and adults for
identification. Wilt induced by Ralstonia solanacearum, a
bacterial disease, is a severe limiting factor in tomato
cultivation around the world (Hayward, 1991; Genin and
Denny, 2012) 6 231 The pathogen has a wide host range and
can persist in soil, crop debris, or weed hosts, making disease
control difficult unless disease resistant cultivars are used
(Hayward, 1991; Jyothi et al., 2012; Kasi et al., 2021b) [16. 18
211, To encourage the growth of wilt-susceptible but otherwise
superior genotypes, disease control strategies must evolve.
Crop rotation, the use of antagonistic microbes, and soil
amelioration are all used to achieve this goal (Jyothi et al.,
2012; Ramesh, and Phadke, 2012; Waiba et al., 2021) [*8 29,441,
We discovered that direct delivery of inoculum to the shoot
tissue interfered with the resistance characteristic of proven
resistant genotypes while evaluating alternative seedling-stage
inoculation methods for screening tomato (Solanum
lycopersicum) genotypes against R. solanacearum (Thomas et
al., 2014; Kasi et al., 2020) [¥% 22, Root injury and inoculation
on two-week-old seedlings found to be the best method for
distinguishing between known resistant and susceptible
genotypes, with the majority of susceptible plants knocked
down before field planting. While conducting screening
experiments using the root-injury inoculation method, illness
incidence appeared to be lower than expected in some of the
studies. A review of the data from similar studies revealed that
the age of the seedlings utilised in the screening programme
may have influenced the disease incidence. The current
research was carried out to examine if the age of tomato
seedlings at the time of challenge in the nursery or at the point
of pathogen exposure in the field had any bearing on disease
incidence or susceptibility to R. solanacearum.

Due to several factors such as susceptibility to various
insect/pests and illnesses, which results in poor vyield, the
current study on the production of local tomato varieties in a
protected environment is an unprofitable endeavour. To meet
these obstacles, hybrids are more suited for ensuring yield in
such harsh agro-ecological conditions as those found in
Himachal Pradesh. Evaluation of new combinations/hybrids
under protected conditions in Himachal Pradesh's temperate
highlands is the need of the hour for increasing tomato
production in the state. As a result, the current research was
conducted to assess the performance of new hybrid
combinations, as well as public and private sector tomato
hybrids, in a modified naturally ventilated poly-house during
the spring and summer seasons, with the goals of estimating
genetic variability among horticultural traits and evaluating
tomato hybrids for marketable yield.

2. Materials and methods

2.1. Experimental conditions

The experiment was carried out in a controlled environment at
the Department of Vegetable Science and Floriculture,
CSKHPKYV, Palampur, during the spring-summer of 2019
(April-September). The poly-house depicts the mid-hill zone of
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Himachal Pradesh, India, and is located at an elevation of
1290.80 m above mean sea level with 32 °6'N latitude and 76
°3' E longitude with East-West orientation. It has a humid and
sub-tropical climate, with 80 percent of rainfall falling between
June and September due to harsh winters, moderate summers,
and high rainfall (2500 mm). This region's mean monthly (RH)
throughout a year range from 46 to 48 percent. Due to high
rainfall after July, it is difficult to cultivate tomatoes in open
fields at Palampur.

2.2. Plant materials

Twelve different tomato genotypes, including Palam Tomato
Hybrid-1 as a control, were examined in a 250 m2 naturally
ventilated poly-house. The germplasms of tomato hybrids, as
well as their sources, are listed in (Table 1).

Table 1: List of tomato (Solanum lycopersicum L.) hybrids and their

sources

Sr. No. Hybrids Source
1 15-2 x 12-1 CSKHPKYV, Palampur
2 7-2 x Palam Pride CSKHPKYV, Palampur
3 CLN2126 x Palam Pride CSKHPKYV, Palampur
4 CLN1314 x Palam Pride CSKHPKYV, Palampur
5 7-2 x 16-B CSKHPKYV, Palampur
6 15-2 x CLN1314G CSKHPKYV, Palampur
7 16-B x Palam Pride CSKHPKYV, Palampur
8 12-1 x 16-B CSKHPKYV, Palampur
9 12-1 x CLN1314G CSKHPKYV, Palampur
10 12-1 x BWR-5 CSKHPKYV, Palampur
11 CLN2126 x CLN1314G CSKHPKYV, Palampur
12 Hybrid R.K-312 R. K. Seeds Pvt. Ltd.
13 | Palam Tomato Hybrid-1 (check) | CSKHPKYV, Palampur
14 Roma (BW susceptible check) IAR

2.3. Evaluation of tomato cultivars for diseases resistance
In the polyhouse, all 12 tomato cultivar nurseries were
cultivated individually on sterilised potting mixture in
germination trays. The polyhouse's daily temperature ranged
from 25 to 27 degrees Celsius. When necessary, the trays were
watered.

Table 2: Disease rating scale for bacterial wilt of tomato caused by
R. solanacearum (Winstead and Kelman 1952)

Rating Reaction observed
0 No wilting
Less than 10 % wilted plants
11-25 % wilted plants
26-50 % plants wilted
51-75 % plants wilted
>75 % plants wilted

GBIWIN|F

Table 3: Scale based on disease index for the categorization of
tomato germplasm

Disease index Reaction
0.00-0.2 Highly resistant
0.21-0.3 Resistant
0.31-0.4 Moderately resistant
0.41-0.5 Moderately susceptible
0.51-0.6 Susceptible
0.61-0.9 Highly susceptible
0.91-1.0 Extremely susceptible
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2.4. Field experiment

The experiment was carried out in three replications inside a
modified naturally ventilated poly-house (25 m x 10 m) in
(RBD). In each replication, ten plants of each hybrid were
spaced 70 x 30 cm apart and trained on two stems. Chemical
fertilizers were applied in addition to vermicompost at a rate of
5 tonnes per hectare, as per CSKHPKV's adhoc suggestion for
protected cultivation.

2.5. Pest identification

2.2.1. Extraction of genomic DNA

The sample was picked up and placed in a mortar and
homogenized with 1 ml of extraction buffer and the
homogenate was transferred to a 2 ml-microfuge tube. An
equal volume of Phenol: Chloroform: Isoamlyalcohol
(25:24:1) was added to the tubes and mixed well by gently
shaking the tubes. The tubes were centrifuged at room
temperature for 15 min at 14,000 rpm. The upper aqueous
phase was collected in a new tube and an equal volume of
Chloroform: Isoamly alcohol (24:1) was added and mixed. The
upper aqueous phase obtained after centrifuging at room
temperature for 10 min at 14,000 rpm was transferred to a new
tube. The DNA was precipitated from the solution by adding
0.1 volume of 3 M Sodium acetate pH 7.0 and 0.7 volume of
Isopropanol. After 15 min of incubation at room temperature
the tubes were centrifuged at 4°C for 15 min at 14,000 rpm. The
DNA pellet was washed twice with 70% ethanol and then very
briefly with 100% ethanol and air dried. The DNA was
dissolved in TE (Tris-Cl 10 mM pH 8.0, EDTA 1 mM). To
remove RNA 5 ul of DNAse free RNAse A (10 mg/ml) was
added to the DNA.

2.2.2. PCR amplification

Internal transcribed spacer (ITS) region from total genomic
DNA of individual nematode strain was amplified with specific
primers (Vrain et al. 1992) B3, The amplified with ITS
Universal primer HC02198 (50
TAAACTTCAGGGTGACCAAAAAATCA 30) and
LCO1490 (50 GGTCAACAAATCATAAAGATATTGG 30).
These primers were procured through the custom primer
synthesis facility of Integrated DNA Technologies, Inc.
Coralville, 1A, USA and dissolved as described earlier in
section 3.4.1. PCR reactions were performed in 50 | reaction,
each containing 25ng template DNA solution (5 1), 1 mM
dNTPs mix (12.5 1), 10 uM primer (F+R) (5 1), Taq polymerase
5 units/pl (1.5 1), 15mM MgCI2 in 10X Taq reaction buffer (5
1) and Sterile Milli-Q H20 (21 I). All PCR- amplifications were
accomplished in a programmable DNA thermocycler
(Mastercycler Gradient- Eppendorf TM) using a PCR
amplification program consisting of 95 °C for 5 min
(preheating), 95 °C for 1 min, 52 °C for 1 min, 72 °C for 2 min
(30 cycles), 72 °C for 10 min (final extension) and stored at 4
°C until used.

2.2.3. Sequence analysis

Sequencing the double-stranded rDNA obtained from PCR
through the dideoxy ribonucleoside chain termination
procedure (Sanger et al., 1977) 2 and PCR products were
purified using a kit method at BioKart India Pvt. Ltd.,
Bangalore, India.
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2.2.4. BLAST and phylogenetic analysis

To identify species comparison of the partially edited
nucleotide sequences, 12S rDNA was performed using the
BLASTNn program from NCBI. ClustalW aligned nucleotide
sequences were given to construct a phylogenetic tree by using
the maximum likelihood method with MEGA Version 11.0
program (Tamura et al., 2021) [,

2.5. Pest and Diseases management

The pheromone lures were fixed in the lure holder and changed
once a month by TLM Lure [Pest Control (India) Private
Limited, Bangalore]. The traps were used to keep track on what
was going on. To record the total moth catches, the traps were
observed at weekly intervals from seedling stage to final
harvest (11 weeks). The insecticide spraying schedule
(sequential application) was created using T. absoluta
susceptibility pattern to chemical pesticides
(chlorantraniliprole).

The most common route of infection is through roots that have
been damaged during transplantation or damage control during
cultural operations. Tomato bacterial wilt is difficult to control,
and no single technique has proven to be 100 percent effective
in the past.

2.6. Data collection and analysis

2.6.1 Pest Assessment

The averages per plant were calculated using data obtained
from five plants in the middle of each plot. Observations began
two weeks after transplantation and continued weekly for the
next 11 weeks. The proportion of leaves impacted (mined) by
T. absoluta was measured for leaf damage, while leaflet
damage was measured for the percentage of leaflets affected by
T. absoluta on three leaves in the middle canopy of each plant
(Cocco et al., 2014) 1 (m?/kg) total yield.

2.6.2 Disease assessment

As previously stated, data were analysed for single factor
ANOVA using the Microsoft Excel-2007 data analysis
software (Thomas et al., 2014) B9, The reaction of different
age groups was examined using the following scale: 0% to
10%, high resistance (HR); 10% to 40%, moderate resistance
(MR); >40% to 70%, moderate susceptibility (MS); >70%,
high susceptibility (HS) (Thomas et al., 2014) 39,

2.6.3 Statistical procedures

The effect of treatments on the measured parameters was
determined using analysis of variance (ANOVA). Prior to
ANOVA, a normality check was performed, and the
appropriate transformation (log or square root) was applied to
achieve a normal distribution and match the ANOVA criteria.
Tukey's honestly significant difference (HSD) test at p < 0.05
was used to distinguish the means of statistically different
treatments.

3. Results
3.1. Molecular identification of pest, 12 S rDNA gene
sequencing
The selected two nematodes’ isolates were molecular
characterized by 12S rDNA Gene Sequencing. The 12S rDNA
gene was amplified with an ITS universal primer for the chosen
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nematode isolates having larvicidal activity. The analysis of the
amplified PCR product revealed a DNA size of 500 bp for all
four strains (Fig. 1). Further, the isolates were identified at the
species level by using BLASTn analysis. The result indicated
that these bacteria belonged to the genus T. absoluta.
Homology search against non-redundant nucleotide database
identified the isolates were.

3.2. Phylogenic analysis

The detection of homology towards closely related Tuta
absoluta isolates from the evolutionary history was inferred
using the Neighbor-Joining method (Saitou and Nei, 1987) (31,
The optimal tree is shown. The evolutionary distances were

ISSN NO: 2583-0635

computed using the p-distance method (Nei and Kumar, 2000)
(261 and are in the units of the number of base differences per
site. The proportion of sites where at least 1 unambiguous base
is present in at least 1 sequence for each descendent clade is
shown next to each internal node in the tree. This analysis
involved 35 nucleotide sequences. Codon positions included
were 1st+2nd+3rd+Noncoding. All positions with less than
95% site coverage were eliminated, i.e., fewer than 5%
alignment gaps, missing data, and ambiguous bases were
allowed at any position (partial deletion option). There was a
total of 605 positions in the final dataset. Evolutionary analyses
were conducted in MEGAL11. (Tamura et al., 2021) (381,
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Fig 1: Phylogenetic relationships of the one Tuta absoluta isolate found during the survey based on analysis of ITS rDNA regions. Numbers
indicated at the nodes represents bootstrap proportion values (50% or more, 500 replications). Numbers after each species and isolate indicate
the GenBank Accession numbers. T. absoluta (OL601546).

3.3. Leaf damage
In both trials, the genotypes evaluated had a substantial

(p<0.05) impact on T. absoluta leaf damage. For all genotypes
www.dzarc.com/phytology

in trials one and two, leaf damage increased throughout time

and peaked at 100 percent in 9-11 weeks after transplantation
(Table 4). In both trials, there was no significant difference in
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leaf damage across genotypes on weeks two, nine, ten, and
eleven after transplantation, however there was a significant
difference on week eight in trial two. In trials one and two,
documented lesser leaf damage and were not substantially
different from one other throughout the other times of
observation. When compared to the control verity, they all
considerably (p<0.05) reduced leaf damage. Their efficacy was
comparable to germplasm, although the latter caused much
more leaf damage in weeks 6 and 7 of trial one, and week 4 of
trial two.

3.4. Leaflet damage

Except for week two of both trials, there was a significant
difference in leaflet damage percentage among treatments (p<
0.05). (Table 4). Leaflet damage that did not differ
considerably from one another. During weeks seven, ten, and
eleven of trial one, and all weeks of trial two, check verity
leaflet damage was not substantially different from them or one
of them. In hybrid germplasm, there was more leaflet damage,
but the differences were not substantial for the first few weeks
after transplanting.

ISSN NO: 2583-0635

3.5. Total and marketable yields

Higher total and marketable yields lose were obtained in all
hybrid which were not significantly different from one another
in trials one and two. Lower yields were recorded with check
verity in both trials (Fig. 1).

3.6. Response of tomato germplasm to Ralstonia
solanacearum

The reaction of tomato germplasm to R. solanacearum is
summarized in Table 5. Assessment of cultivars on the basis of
disease index (Table 5) showed that none of the cultivar was
immune or highly resistant to R. solanacearum. Ten cultivars
15-2 x 12-1, 7-2 x Palam pride, CLN 2126 x Palam pride, 7-2
x 16-B, CLN 2126 x CLN 1314G, 15-2 x CLN 1314G, 16-B x
Palam Pride, 12-1 x 16-B, 12-1 x CLN 1314 G, and Hybrid
R.K-312 F1 were found resistant (R), and none of the cultivar
was moderately resistant (MR) and moderately susceptible
(MS) and two cultivar was CLN131 4 x Palam pride, 12-1 x
BWR-5 were found susceptible (S) with DI ranging 0.51-0.6
respectively, none of the found cultivars was highly susceptible
(HS) and Extremely susceptible (ES) to the bacterium (Tables

4).

Table 4: Leaf damage (%) (mean + SD) caused by Tuta absoluta on hybrid tomato germplasm on experimental research trials

| 2wat | 3wat | 4wat | 5Wat | 6Wat | 7Wat | 8Wat | 9Wat | 10Wat | 11Wat
Trial one
G1] 9.3+0.6% | 13.3+1.42 [ 19.3+0.6 ™ | 32.0+1.02 | 50.0+3.4° | 64.6+2.42 [ 77.620.3° [ 84.0+3.0® [ 89.0+3.0% [ 94.6+2.6°
G2|10.3+1.2% | 13.3+0.89 | 20.6+0.8 9 | 32.3+0.3* | 47.3+2.6° | 70.3+2.32 [ 82.6+1.7° [ 85.0+1.5% [ 89.3+1.3% | 97.0+0.5°
G3|106+1.2% | 13.3+0.89 | 21.621.8* | 32.6+1.32 | 49.622.3° | 67.0+2.52 [ 80.0+3.6 ® [ 84.0+2.0¢ [ 85.0+2.8 0 | 94.3¢1.22
G4 | 11.0+2.09 | 13.620.3% | 22.0+1.1% | 34.6+0.89 | 52.6+3.3% | 70.3+2.42 [ 82.3+1.6 ¢ [ 82.6+1.2% [ 89.0+2.0¢ | 95.3t1.4°
G5| 9.0+0.5% | 14.0+1.02 | 23.0+1.5% | 35.3+1.6° | 49.0+3.6° | 67.6+2.6 " [ 82.0+2.3% [ 84.3+0.8 ¢ | 88.0+0.5° | 96.0+0.52
G6 | 86+1.2% |15.0+0.5% | 23.0+2.12 [ 33.6£1.2% | 49.3+1.72 [ 72.0+1.09 | 83.3+2.0¢ | 86.6+0.8¢ | 89.6+0.3 % | 96.3+1.42
G7|103+2.1% | 1504152 | 21.6+2.09 | 36.3+0.8¢ | 55.3+1.4° [ 71.3+1.8% [ 81.0+0.5° [ 85.6+1.6% [ 90.3+1.8° | 98.0+1.1°
G8| 83+1.6% | 14.0+1.02 | 22.0+2.12 [ 36.0£3.0%9 | 52.6+0.6° | 73.0+1.09 | 81.6+0.8° | 85.3+0.3¢ [ 89.3+0.3 % | 95.6+1.8°
G9|10.0+1.5% | 16.6+1.72 | 22.6+1.22 | 35.0¢1.72 | 53.020.59 [ 72.6+1.39 [ 82.6+1.4® [ 87.3+1.3% [ 93.0+1.0° | 95.6:0.3°
G10| 9.6+0.8% | 15.3+0.3% | 22.6+0.3* | 34.0+2.0¢ [ 58.6+3.2% | 71.6+2.3 9 [ 83.0+1.5% | 86.6+1.4 0 [ 91.3+0.8° | 97.610.32
G11]11.0£0.5% | 19.3+1.2% [ 20.620.3* | 34.0+1.1 % [ 51.6+4.3 ™ [ 69.6+2.8 % | 81.6+0.8° | 88.3+0.8¢ | 93.0+0.5° | 97.6+0.8°
G12| 12.0+0.5% | 17.0+0.5* | 23.0+1.1 | 34.6+2.3% | 51.6+0.3° | 74.6+0.8 9 [ 84.3+1.2°0 [ 87.6+1.3% [ 92.3+1.2° | 99.0+1.0°
G13]12.3+1.2% | 17.3+0.8* | 23.3+0.8¢ | 37.6£1.3% | 55.0+1.1¢ [ 75.0+1.72 [ 83.6+0.8 * [ 89.0+0.5° | 95.0+0.1% | 99.3+0.3 2
G14| 10.620.6 ® | 21.0+1.0%® | 24.3+0.8 | 34.6+0.6° | 55.6+0.3° | 72.3+1.22 [ 85.6+0.8 9 [ 90.3+0.3 % [ 95.3+0.6° | 99.6+0.32
CV| 19.69 1151 8.54 75 7.49 4.62 3.21 2.62 2.61 1.94
P | 04664 | <0.0001 | 02242 0.3963 0.079 0.0307 0.1504 00128 [ <0.0008 0.0224
Trial Two
G1|11.0+0.5% | 14.0+1.02 | 20.6+0.8° | 33.6+0.8 * | 48.6+2.0 ¢ [ 57.0+4.0° [ 72.3+1.4 % [ 87.0+1.5% | 94.3+1.42 | 100.0+0.02
G2 | 10.3+0.82 | 15.041.02 | 21.6+1.8% | 35.3+0.8 | 47.3+1.8% [ 71.6+3.7 %0 [ 80.3+1.3 % [ 86.6+2.0¢ [ 94.0+1.0° | 99.3+0.6°
G3|116+1.2% | 1564032 | 24.6+1.3% | 35.6+0.8 ° | 47.6+2.9%® | 64.3+2.32 | 74.6+2.4 9 [ 86.6+1.4 0 [ 96.0+0.5° | 99.3+0.6°
G4 | 11.6+2.09 | 16.3+0.62 | 24.0+1.5% | 33.3+1.3% | 51.0+2.0¢ | 66.3+3.4° | 76.3+2.7% | 86.3+0.8¢ | 95.3+1.2 | 100.0+0.02
G5| 9.620.3% | 16.6+0.3° | 25.6+1.72 | 33.3+t1.72 | 48.0+2.09 | 64.0+3.62 | 78.0+2.0¢ [ 88.3+0.6 ° [ 96.0+0.5° | 99.3+0.6°
G6 | 10.6+0.8% | 16.0+0.5° | 26.3+1.72 | 35.042.6 ®® | 50.0+1.5% | 69.3+0.8 ¢ | 78.6+0.3° | 88.6+0.8¢ [ 96.0+1.1° | 99.6+0.32
G7| 10.0+1.12 | 16.3+t0.8° | 23.6+2.6 ™ | 36.3+1.2 % [ 50.6+0.8 | 64.3+2.92 | 77.0+0.5¢ | 87.0+2.6 | 96.0+1.1? | 100.0+0.02
G8| 83+0.6% |153+1.3% | 24.3+2.12 | 34.6£1.4% [ 48.3+1.2% [ 70.0+1.09 [ 77.3+0.8° | 88.3+0.6 ° | 96.3+0.6° | 99.3+0.6°
G9 | 10.6+0.8% | 17.0+0.5¢ | 25.3+1.82 | 35.6+1.2% | 40.3+0.8 * | 70.3+1.2 9 [ 76.6+2.9 % | 88.0+2.6 ° | 96.0+0.0° | 99.6+0.3 2
G10| 12.0+1.0® | 17.6+0.3° | 26.620.8 | 35.0+2.0 ¢ | 49.6+0.6 * | 68.6+2.0% [ 78.6+1.49 [ 89.3+2.3" [ 98.0+0.0° | 99.3+0.32
G11| 13.0+0.52 | 18.3+0.6 * | 25.0+1.5* | 34.6+1.8%® [ 50.0+1.72 [ 64.6+2.9° [ 75.3+2.3% | 88.0+1.0° | 96.6+0.32 | 100.0+0.02
G12| 14.3+0.32 | 19.0+0.5° [ 26.6+1.2% | 35.6+2.09 | 50.3+0.8* | 71.0+1.52 [ 80.0+1.0¢ | 88.3+0.8¢ | 97.0+1.0° | 99.3+0.6°
G13|13.3+0.8% | 19.3+0.8° | 27.3+0.8° [ 39.0+1.1%® [ 52.0+0.5¢ [ 71.3+1.8° [ 81.3+1.2% | 91.3+0.6° | 98.6+0.3? | 100.0+0.0?
G14] 12.6+0.8® | 20.6+1.8 ® | 28.3+0.8° | 38.0+0.5 * | 53.0+0.5° [ 70.3+1.3 % [ 79.0+0.5° | 92.0+1.5° | 97.6+0.82 | 100.0+0.02
CV| 1485 9.01 9.58 7.05 4.01 6.74 3.66 3.16 1.56 0.76
P | 00143 | <0.0006 | 0.0334 0.3014 0.0605 0.0228 0.045 0.4088 0.0431 0.8821

G1: 15-2 x 12-1, G2: 7-2 x Palam Pride, G3: CLN2126 x Palam Pride, G4: CLN1314 x Palam Pride, G5: 7-2 x 16-B, G6: 15-2 x CLN1314G,

G7: 16-B x Palam Pride, G8: 12-1 x 16-B, G9: 12-1 x CLN1314G, G10: 12-1 x BWR-5, G11: CLN2126 x CLN1314G, G12: Hybrid R.K-312,
G13: Palam Tomato Hybrid-1 (check), G14: Roma (BW susceptible check). Means followed by the same letter (s) are not significantly different
according to Tukey’s test (p < 0.05).

www.dzarc.com/phytology

Page | 13


https://www.dzarc.com/phytology

International Journal of Phytology Research 2022; 2(4):09-18

ISSN NO: 2583-0635

=12 WAT C—9WaT TRIAL-1
10WAT 11 WAT
100 105
a a
a0 a a a a a i i a i i i Ei A 51_
— — — __ — q [ ] 4 E 100
5 80 ap d of | A b ] L
€ 70 al LN cf ) — ™~ — 9 *
o 1 S~ q b 95 &
[# ] [~
5 60 ~ P g
; ) h 4 d ab ) / R’/ ——] =
an 50 q /.—-—""""“--.__/ a0 E
E N /"""'--..--' 7]
g 40 q e
= 4 85 4
4“4 30
L¥]
= 20 bl |
ab ab ab d ab ab ab ab ab ab ab a a ab 80
pg - BEEINN BT ML T T T
>l b o ] ] ol ) | ] Liml
- ~ L] 7] - — ~
o o 3 3 & 8 o & 3 5 5 5 5 5
Significant difference among genotypes
Fig 2
= 2 WAT 15 waT TRIAL-2
— 10 WAT — 11 WAT
100 101
a a
N N N A P . | IR
T I~= [ ~l1—1 I~ —1A ] \//ra i
80 o o a o E o o 99
B 3 3 3 3 be 3 ~ i
w o
g 70 /\ c // N[ 2 g
o d &
g 60 cfl g q cfl 1 ci/ \--"""- o7 g
7] —T"T— =
%‘J 50 /-\\f,/ 96 5
2 40 | cf 95 =
= ] C/ [}
< s | T 94 -
—
0wl ol o] ol ol ol . NENEINE al | | | ab 93
** (L mEd mEL M ] ] ml ) ]t ] )
0 e l— LU L L Ll o
5 8 3 & % % 5 3 3 % F § & 3
Q Q Q Q Q
Significant difference among genotypes

Fig 3

Table 5: Categorization of genotypes for bacterial wilt incidence (according to anonymous 2000)

DI Genotypes Reaction

0-0.2 - HR

0.21-0.3 15-2 x 12-1, 7-2 x Palam pride, CLN _2126 x Palam pride, 7-2 x 16-B, CLN 2126 x CLN 1314G, 15-2 x CLN R
1314G, 16-B x Palam Pride, 12-1 x 16-B, 12-1 x CLN 1314 G, Hybrid R.K-312 F1

0.31-0.4 - MR
0.41-0.5 - MS
0.51-0.6 CLN131 4 x Palam pride, 12-1 x BWR-5 S
0.61-0.9 Hybrid R.K-312, Roma (BW susceptible check) HS
0.91-1.0 - ES

It was also discovered that symptoms appeared 4 days after
inoculation in HS cultivars. In HS cultivars, the symptoms
started on the leaves and then spread to other parts of the plant,
resulting in full wilting. Within sensitive cultivars, total wilting
took 14 days. Brown staining was also seen in the vascular

www.dzarc.com/phytology

system of transversely sliced portions of HS plants. The disease
was proven by reisolating the bacterium from susceptible
plants. Symptoms emerged on leaves followed by chlorosis in
R cultivars, but no wilting was seen even after 14 days of
inoculation.
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3.7. Crop management practices

T. absoluta can be controlled with the chemical pesticide
chlorantraniliprole (Coragen™). Coragen™) reduced the
amount of eggs laid by T. absoluta females, resulting in a
considerable reduction in the number of tunnels in the treated
leaves, as well as a reduction of up to 85 percent in tomato fruit
damage due to cyantraniliprole foliar or soil spray against T.
absoluta. Chemical pesticides, on the other hand, should only
be used when absolutely necessary, and caution should be
exercised to avoid resistance, which has already been observed
in T. absoluta with chlorantraniliprole and other diamides in
various parts of the world.

In both seasons, pheromone trapping in the IPM plots revealed
asingle peak in T. absoluta population build-up, which steadily
fell during the later crop stages. The use of a sex pheromone
trap as a monitoring tool in T. absoluta management has been
documented. However, research on the deployment of the
mating disruption strategy against T. absoluta found that mass-
trapping alone was ineffective in minimising leaf and fruit
damage. As a result, in the current investigation, pheromone
traps were used as a monitoring method. As a result, the IPM
package, which includes pheromone traps, microbial
pesticides, neem, and the chemical pesticide, is as effective as
farmers' calendar-based chemical pesticide application, but
with additional economic and environmental benefits.

Phyto sanitation and cultural practises are the best strategies for
controlling bacterial wilt in the field. These treatments have
shown to be beneficial in some situations in areas where the
disease is endemic. Chemical control using spying copper
bactericides, soil fumigation (chloropicrin), and phosphorous
acid application are similarly costly to implement; soil
fumigation has been observed to have poor success when used
in conjunction with other control measures. Chemical control
should be used in conjunction with other approaches to lessen
pathogen resistance selection pressure.

4. Discussion

Germplasm evaluation of tomato hybrids A rapid spread of
foreign invasive pests is necessary for improved crop
performance and subsequent production since they can cause
significant damage and even total devastation. Desneux and
colleagues (2010) 1Y, Tuta absoluta Meyrick (Lepidoptera:
Gelechiidae) is a major threat to tomato (Solanum
lycopersicum L.) production in various parts of the world,
according to Biondi et al (2018) [61. Despite the fact that there
is widespread agreement that vegetable and seedling trade is a
major driver of T. absoluta spread (Karadjova et al., 2013;
Campos et al., 2017) [1° & previous modelling efforts have
only focused on establishment potential Tonnang et al., (2015)
1401 and spatial dispersion Guimapi et al., (2016) [*°I, This is the
first study to investigate human-mediated mechanisms in T.
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absoluta Venkatramanan et al., (2017) 2,

The crop management package tested in this study consisted of
a series of chemical pesticide applications
(chlorantraniliprole). The results showed that using the IPM
package reduced the damage caused by T. absoluta larvae.
According to Devi et al., Andhra Pradesh, together with Uttar
Pradesh, Maharashtra, Punjab, and Haryana, accounted for
70% of overall pesticide usage in India, with a positive growth
trend (above 5%) (2017). This could raise the likelihood of T.
absoluta developing resistance to all of the pesticides that are
often used in the field. Diamides, for example, were one of the
most efficient pesticide classes used to control T. absoluta
Biondi et al (2018) . In recent years, however, considerable
resistance to these pesticides has been recorded in Brazil and
Europe (Guedes, 2017; Silva et al., 2019) [6.36],

In all seasons, pheromone trapping in crop management
revealed a single peak in T. absoluta population growth, which
steadily fell over the later crop stages. The use of a sex
pheromone trap as a monitoring tool in T. absoluta
management has been documented (Braham, 2014; Bhanu et
al., 2017) [ 4. Pheromone traps are extremely valuable as a
monitoring tool in crop management packages since early
detection is achievable even before obvious T. absoluta
damage appears (Bhanu et al., 2017) . However, mass-
trapping alone proved ineffective in minimising leaf and fruit
damage, while investigations on the mating disruption
technique's application against T. absoluta yielded mixed
findings Megido et al (2013) 231,

As a result, in the current investigation, pheromone traps were
used as a monitoring method. As a result, the crop management
package, which includes pheromone traps, microbial
pesticides, neem, and the chemical pesticide, is as successful as
farmers' calendar-based chemical pesticide application, but
with additional economic and environmental benefits.

Among the various management techniques for bacterial wilt
in aubergines, using resistant cultivars is a low-cost,
environmentally  beneficial, and long-lasting option.
Researchers in various nations have attempted to identify
resistant aubergine sources against R. solanacearum
(Gopalakrishnan et al., 2014; Bhavana and Singh, 2016) 4 3],
Some of the aubergine cultivars studied in this study showed
somewhat resistant reactions to R. solanacearum. Certain genes
confer resistance to R. solanacearum.

The bacterial wilt resistance in tomatoes is also regulated by
soil temperatures, with resistance in cultivars breaking down as
the temperature rises, because this temperature promotes
pathogen growth, but soil temperatures below 20°C are
unsuitable for the disease. Wang and Lin are a couple (2005)
431 At 30-35 °C, the bacterial wilt disease of tomato induced
by R. solanacearum was severely harmed. Hernandez et al.,
(2012).
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Fig 4: Total and marketable yield of tomato genotypes against Tuta absoluta in trials one (trial-1) and two (trial-2). (lowercase for total yield,

uppercase for marketable yield) above the bars indicate nonsignificant difference according to Tukey’s test (p < 0.05)

Resistance and susceptibility have also been linked to the onset
of symptoms. Symptoms appeared after 4 days in susceptible
genotypes and 14 days in resistant genotypes, which is
consistent with the findings of (Sharma et al., 1997; Anith et
al., 2004) 351 who tested new tomato bred lines for resistance
to R. solanacearum and recommended three of them that were
moderately resistant and high yielding. The tomato cultivars
Swarna Lalima, Swarna Naveen, and B-17 were determined to
be resistant by Sharma et al. (2016) 4. Scott et al. (2009) [
also found a high level of R. solanacearum resistance in large-
fruited breeding lines from eight F5 generation crosses.

In line with this, (Biondi et al., 2018; Silva et al., 2019) [ 3¢
found lower tomato crop yields as a result of T. absoluta
damage, emphasising the importance of carefully selecting and
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implementing efficient pest management techniques to avoid
production losses of up to 100%.

5. Conclusion

Tuta absoluta infestation became one of the most serious
dangers to tomato producing areas almost quickly. In the
experiments, 14 hybrid tomato genotypes were assessed, as
well as check verities that were also infested. In all genotypes,
leaf damage increased with time and peaked at 100% in 10-11
weeks after transplantation. The highest leaflet damage was
reported in both trials 11 weeks after transplantation. In the
current study, 14 tomato cultivars were evaluated for bacterial
wilt disease resistance. As a result, the (R) cultivars are
suggested for use in integrated production systems and in the
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development of novel resistant tomato cultivars.
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The genome sequence and its annotations are available at
NCBI under the accession numbers OL601546.
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