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Systemic changes in tomato induced by foliar-treated hormone and cultivar interactions
reduce the fitness of an invasive specialist herbivore, the tomato leaf miner

Azim Nematil, Babak Zahiriz*, Mohammad Khanjani3
Department of Plant Protection, Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran
(Received: April 9, 2020 - Accepted: July 28, 2020)

ABSTRACT

Injuries caused by biotic and abiotic factors lead to changes in the metabolism of the primary and secondary plant
metabolites. Plant hormones are the compounds that are increased followed by the attack of herbivores to enhance
plant defense ability. The idea of external application of hormones on crop plants to induce resistance to
herbivores was studied by examining the behavioral and physiological responses of tomato leafminer, Tuta
absoluta (Lepidoptera: Gelechiidae) on three tomato cultivars including Dehghan, Falat-111, and Mobil in
response to jasmonic acid and salicylic acid hormone treatments by measuring the oviposition preference of the
females, survivorship and development time of each immature stage and the concentration of soluble
carbohydrates and phenols in the leaves. Oviposition preference of females and embryo development time on the
susceptible cultivar, Falat-111, were significantly reduced and increased respectively in jasmonic acid treatment
units. The larval development rate showed the highest response to hormonal treatments in the semi-resistant
cultivar, Dehghan. Survivorship and development rates of the pupae were also significantly reduced under the
influence of jasmonic acid treatments on all three cultivars. Despite significant differences in leaf soluble
carbohydrates and phenols concentrations between control and sprayed tomato cultivars as well as a significant
positive correlation between changes in carbohydrates and phenols concentrations in the experimental units, no
significant correlation was observed between the aforementioned plant contents and insect biological variables.
Results showed that these hormones, in combination with appropriate plant varieties, can be used to induce
behavioral and physiological changes in the pest.

Keywords: Induced resistance, jasmonic acid, oviposition preference, salicylic acid, survivorship and
development time.
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6. Host Recognition & Host Acceptance
7. Host Suitability
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Table 1. Analysis of variance of biological variables of tomato leaf miner and leaf soluble contents of

tomato cultivars (Dehghan, Falat-111, and Mobil) treated with 0.5 and 1.5 mM of jasmonic acid and
salicylic acid

Variable Source DF Sum of Mean F Value Pr>F Model
of Variation Squares Square Parameter
Egg Count Cultivar 2 4570.106667 2285.053333 366.36  <0.0001 R*=0.946293
Hormone 4 839.653333 209.913333 33.66 <0.0001 CV =18.07983
Interaction 8 615.226667 76.903333 12.33 <0.0001  Root MSE =2.497427
Block 4 129.12 32.28 5.18 0.0013
Error 56 349.28 6.237143
Egg DT Cultivar 2 108.21 54.105 446.06  <0.0001 R*=0.891710
Hormone 4 18.0566667 4.5141667 37.22 <0.0001 CV =6.186078
Interaction 8 8.5733333 1.0716667 8.84 <0.0001  Root MSE =0.348276
Error 135 16.375 0.1212963
Larva DT Cultivar 2 339.8433333 169.9216667 778.93  <0.0001 R*=10.945349
Hormone 4 130.9233333 32.7308333 150.04  <0.0001 CV =3.662284
Interaction 8 38.6566667 4.8320833 22.15 <0.0001  Root MSE = 0.467063
Error 135 29.45 0.2181481
Pupa DT Cultivar 2 139.2533333 69.6266667 498.65  <0.0001 R*=10.957265
Hormone 4 243.3933333 60.8483333 435.78  <0.0001 CV =2.959376
Interaction 8 39.5966667 4.9495833 35.45 <0.0001 Root MSE =0.37367
Error 135 18.85 0.1396296
Carbohydrate Cultivar 2 0.0219 0.01095 4.76 0.0146 R*=0.903581
Hormone 5 0.53495 0.10699 46.52 <0.0001 CV=7.32188
Interaction 10 0.2191 0.02191 9.53 <0.0001  Root MSE =0.047958
Error 36 0.0828 0.0023
Phenol Cultivar 2 0.02003333 0.01001667 8.43 0.001 R*=0.844298
Hormone 5 0.18388333 0.03677667 30.93 <0.0001 CV =13.12146
Interaction 10 0.02816667 0.00281667 237 0.0284 Root MSE = 0.03448
Error 36 0.0428 0.00118889

DT: Development Time
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Table 2. Effect of cultivar-hormone interaction sliced by cultivar on biological variables of tomato leaf

miner and leaf soluble contents of tomato cultivars treated with 0.5 and 1.5 mM of jasmonic acid and
salicylic acid

Variable Cultivar DF Sum of Squares Mean Square F Value Pr>F
Egg Count Dehghan 4 43.76 10.94 1.75 0.1511
Falat-111 4 1344.56 336.14 53.89 <0.0001

Mobil 4 66.56 16.64 2.67 0.0415

Egg DT Dehghan 4 237 0.5925 4.88 0.001
Falat-111 4 19.13 4.7825 39.43 <0.0001
Mobil 4 5.13 1.2825 10.57 <0.0001
Larva DT Dehghan 4 106.48 26.62 122.03 <0.0001
Falat-111 4 12.07 3.0175 13.83 <0.0001
Mobil 4 51.03 12.7575 58.48 <0.0001
Pupa DT Dehghan 4 67.03 16.7575 120.01 <0.0001
Falat-111 4 70.28 17.57 125.83 <0.0001
Mobil 4 145.68 36.42 260.83 <0.0001
Carbohydrate Dehghan 5 0.2848 0.05696 24.77 <0.0001
Falat-111 5 0.3616 0.07232 31.44 <0.0001
Mobil 5 0.10765 0.02153 9.36 <0.0001
Phenol Dehghan 5 0.05665 0.01133 9.53 <0.0001
Falat-111 5 0.1014 0.02028 17.06 <0.0001
Mobil 5 0.054 0.0108 9.08 <0.0001

DT: Development Time
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Table 3. Effect of cultivar-hormone interaction sliced by hormon on biological variables of tomato leaf
miner and leaf soluble contents of tomato cultivars (Dehghan, Falat-111 and, Mobil) treated with 0.5 and
1.5 mM of jasmonic acid and salicylic acid

Variable Hormone DF Sum of Squares Mean Square F Value Pr>F
Egg Count Control 2 1598.8 799.4 128.17 <0.0001
JA 0.5 mM 2 552.5333 276.2667 44.29 <0.0001
JA 1.5 mM 2 136.9333 68.46667 10.98 <0.0001
SA 0.5 mM 2 1526.933 763.4667 122.41 <0.0001
SA 1.5 mM 2 1370.133 685.0667 109.84 <0.0001
Egg DT Control 2 27.81667 13.90833 114.66 <0.0001
JA 0.5 mM 2 16.51667 8.258333 68.08 <0.0001
JA1.5 mM 2 15.65 7.825 64.51 <0.0001
SA 0.5 mM 2 24.95 12.475 102.85 <0.0001
SA1.5mM 2 31.85 15.925 131.29 <0.0001
Larva DT Control 2 23.45 11.725 53.75 <0.0001
JA 0.5 mM 2 129.2667 64.63333 296.28 <0.0001
JA 1.5 mM 2 114.6167 57.30833 262.7 <0.0001
SA 0.5 mM 2 44.51667 22.25833 102.03 <0.0001
SA 1.5 mM 2 66.65 33.325 152.76 <0.0001
Pupa DT Control 2 26.81667 13.40833 96.03 <0.0001
JA 0.5 mM 2 91.81667 45.90833 328.79 <0.0001
JA 1.5 mM 2 22.05 11.025 78.96 <0.0001
SA 0.5 mM 2 14.55 7.275 52.1 <0.0001
SA 1.5 mM 2 23.61667 11.80833 84.57 <0.0001
Carbohydrate Control I 2 0.023400 0.011700 5.09 0.0113
Control II 2 0.113400 0.056700 24.65 <0.0001
JA 0.5 mM 2 0.018200 0.009100 3.96 0.0280
JA1.5 mM 2 0.002400 0.001200 0.52 0.5979
SA 0.5 mM 2 0.011400 0.005700 2.48 0.0981
SA 1.5 mM 2 0.072200 0.036100 15.70 <0.0001
Phenol Control I 2 0.000200 0.000100 0.08 0.9195
Control I 2 0.003200 0.001600 1.35 0.2731
JA 0.5 mM 2 0.004200 0.002100 1.77 0.1854
JA1.5 mM 2 0.005600 0.002800 2.36 0.1093
SA 0.5 mM 2 0.029400 0.014700 12.36 <0.0001
SA 1.5 mM 2 0.005600 0.002800 2.36 0.1093

DT: Development Time; Control I: not sprayed plants and not injured, Control II: not sprayed plants and injured; JA:

Jasmonic Acid, SA: Salicylic Acid, mM: mili Molar
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Table 4. Biological variables of tomato leaf miner on tomato cultivars treated with 0.5 and 1.5 mM of
jasmonic acid and salicylic acid

Treatment Eoa C Development Time (Day) (Mean + SD) Corrected Survivorship
ount

Cultivar Hormone & Egg Larva Pupa Egg Larva Pupa
Dehghan Control 10.4+1.14  645+044°  13.15+0.24% 12.15+0.24° 1.00 1.00 1.00
JAOSmM  07.4+2.07 7.00 +0.33" 15.95 +0.55" 14.15 +0.34° 0.70 0.86 0.67

JALSmM  07.0+1.73¢  7.05+0.28" 17.15 + 0.24° 15.40 + 0.46° 0.60 0.67 0.75

SAO05mM  09.6+1.14%¢  6.70 +0.48% 13.90 + 0.46° 12.90 £ 0.21% 0.80 0.75 0.83

SALSmM  09.4£055¢ 675+035"  14.25+0.35° 12.80 + 0.35¢ 0.60 0.67 0.75

Falat-111 Control 322+550° 4.10+0.32¢  11.25+0.63% 09.90 +0.21 1.00 1.00 1.00
JAOS MM  194+4.04°  570+035%  11.45+£0.50%  11.15+0.24% 0.70 0.86 0.67

JALSmM  132+1.92°  530+0357  12.55+0.50° 13.45 + 0.44° 0.80 0.75 0.83

SA0.5mM  308+5.63*  4.55+0.558  11.20+0.63" 11.25+0.35% 0.90 0.78 0.86

SA1l5mM  28.6+336° 42540358 11.60 = 0.52f 10.65 + 0.41" 0.80 0.63 0.60

Mobil Control 102+1.92¢  510+021"7  11.30+0.35% 11.50 +0.53% 1.00 1.00 1.00
JAOSmM  05.8+148%  525+0.267 11.65 +0.47" 15.30 + 0.35° 0.70 0.57 0.75

JALSmM  066+152°  595+028¢  13.70+0.42% 15.10 +0.32° 0.80 0.63 0.80

SA05mM  092+2.05¢  5.10+0.21° 11.45+0.37%  11.70 £ 0.48°" 0.70 0.86 0.71

SAL5SmM  074+195%  520+026%  10.75+0.54¢ 12.00 + 0.47°* 0.80 0.88 0.57

JA: Jasmonic Acid, SA: Salicylic Acid, mM: mili Molar; Means within each column followed by the same letter do not differ
significantly according to Tukey-HSD test, p < 0.05
(Tukey-HSD test, p < 0.05) ai)la g )l cxe Sglds (gt 2 10 alive g, b o1 Sile
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Table 5. Leaf soluble contents of tomato cultivars treated with 0.5 and 1.5 mM of jasmonic acid and
salicylic acid

Treatment Leaf Soluble Content (mg/100gr) (Mean # SD)
Cultivar Hormone Carbohydrate Phenol
Dehghan Control I 0.44 + 0.04s 0.17 £ 0.024
Control I 0.49 + 0.04f 0.18 £0.034
JA 0.5 mM 0.70 + 0.08abcd 0.27 £ 0.02bcd
JA1.5 mM 0.65 £ 0.07¢de 0.27 £ 0.04bcd
SA 0.5 mM 0.81 £ 0.072° 0.33 £0.05%
SA 1.5 mM 0.67 £ 0.04bcde 0.27 £ 0.06bcd
Falat-111 Control I 0.41£0.038 0.17 £ 0.034
Control II 0.67 £ 0.02bcde 0.22 £ 0.03
JA 0.5 mM 0.60 + 0.04def 0.31 £ 0.03abc
JA 1.5 mM 0.67 £ 0.04bcde 0.31 £ 0.04abc
SA 0.5 mM 0.82 £0.032 0.40 £ 0.032
SA 1.5 mM 0.83 £0.052 0.33 £ 0.042
Mobil Control I 0.53 £0.05¢f 0.18 £ 0.034
Control I 0.76 £ 0.052bc 0.18 £ 0.034
JA 0.5 mM 0.69 * 0.052bcd 0.26 + 0.03bcd
JA1.5 mM 0.69 * 0.052bcd 0.33 £ 0.04
SA 0.5 mM 0.74 + 0.052bcd 0.26 + 0.04bcd
SA 1.5 mM 0.62 + 0.050cdef 0.29 # 0.03bc

Control I: not sprayed and not injured plants, Control II: not sprayed and injured plants; JA: Jasmonic Acid, SA: Salicylic Acid,
mM: mili Molar; Means within each column followed by the same letter do not differ significantly according to Tukey-HSD

test, p<0.05

(Tukey-HSD test, p < 0.05) w,)lai (g,lo sixe &gl ygiw ,2 50 ailie B9, b o Silo

olirs slapd; sall slo o (55, 055 by Lot
5995551 (aglia g5l 052y satmaplis Juge 5
g cplil i a5 cwl lagd) pl jo ()38 w5
Sg ol 5,158 (2015) Irannejad-Parizi ef al.
S sbles ) Sger o ees 4 wld
Sy palS Sl sl § Siganl> ol
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(Huang et ailoals o138 ol sle g9, ol i

al., 1993; Renwick & Chew, 1994; Soldaat, et
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12. Antixenosis
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Figure 1. Biological variables of tomato leaf miner and leaf soluble contents of tomato cultivars treated
with 0.5 and 1.5 mM of jasmonic acid and salicylic acid (Control I: not sprayed plants and not injured,

Control II: not sprayed plants and injured; JA: Jasmonic Acid, SA: Salicylic Acid, mM: mili Molar;
Means within each diagram followed by the same letter do not differ significantly according to Tukey-

HSD test, p < 0.05)
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