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Abstract: Plant defensive systems against herbivores such as leafminers can be induced by application of biotic and 
abiotic elicitors. In this study we examined the effect of some elicitor treatments on the response of tomato hybrid 
cultivar Gold Stone against (Tuta absoluta). Also, their effects on the growth characteristics of tomato were studied 
in the successive summer seasons of 2011 and 2012. The treatments were salicylic acid (SA) at 200 ppm, L-ascorbic 
acid (L-AA) at 200 ppm and at 500 ppm, benzothiadiazole (BTH) at 200 ppm, effective microorganisms (EM) at 
5m/L., ethanol (solvent) at 1m/L. and tap water (control). The application were treated three times in three stages of 
growth. L-AA at 200 ppm followed by BTH at 200 ppm were significantly reduced the percentage of (Tuta 
absoluta) density population and significantly reduced the percentage of infested leaflets on tomato. Also, most of 
growth characteristics were responded. SA and L-AA at 200 ppm as well as EM treatments enhanced significantly 
L-ascorbic acid (vitamin C). Moreover, SA treatment at 200 ppm significantly decreased tomato yield in both 
seasons.  
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1. Introduction 

Tomato, suffers damage from a large numbers 
of insect pests. Induced resistance to insect pests and 
plant pathogens has been documented in several 
crops (Kahl et al., 2000; Omer et al., 2001). Several 
invistigators have proposed the use of elicitors of 
induced pest resistance as a means of controlling 
arthropod pests and diseases in agriculture ( Thaler et 
al., 1999; Boughton et al., 2006). This new control 
approach arise because insect pests are serious 
constraints to increase productivity and expansion of 
crops (Verhagen et al., 2006; Buonaurio et al., 2009).  
Radman et al. (2003) classified these elicitors to two 
groups depending on their origin which include 
physical or chemical, biotic or abiotic agent. In a 
broad sense, "elicitors", for a plant defense refer to 
chemicals from various sources that can trigger 
physiological and morphological responses and 
phytoalexin accumulation (Mejia-Teniente et al., 
2010). The chemical structure of elicitors is including 
glycoprotein, polypeptides, oligosaccharides, 
polysaccharides, lipid compounds or others 
(Odjacova and Hadjiivanova, 2001). Two pathways 
have been implicated in plant response to insect 
pests; the first is JA-dependent wound pathway, and 
the second is JA-independent wound pathway as 
reported by Reymond and Farmer (1998). They also 
should that both pathways are primarily associated 
with insects feeding and concluded that salicylic acid 
(SA) and jasmonic acid (JA) are seen as the key 

signals for defense gene expression. The ability of 
plants to produce or perceive members of the 
jasmonate family of regulators is essential for their 
defence against tobacco hornworm (Reymond et al., 
2000). Other signals and stimuli also lead to the 
expression of genes in wounded plant tissues are 
found such as ethylene (Rojo et al., 1999), abscisic 
acid and electrical signals (Wildon et al., 1992). 
However, jasmonic acid "JA" or methyl jasmonate 
"MJ" application increased plant resistance to insect 
pests by reducing insect preference, performance, and 
reproduction (Stout and Duffey, 1996 and Thaler et 
al., 1996).  In tomato, foliar application of jasmonic 
acid and other elicitors may be valuable pest 
management tools under high denisities of insect 
pests that can reduce yield (Thaler, 1999). Decreasing 
of populations of many common pests by different 
elicitors in tomato field were detected as reported by 
Thaler et al., 2002) and Boughton et al., (2006). 
These pests were Frankliniella occidentalis 
Pergrande (thrips), Spodoptera exigua, Trichoplusia 
ni Hubner (noctuid caterpillars), Epitrix hirtipennis 
Melsheimer (flea beetles), Macrosiphum euphrbiae 
Thomas, and Muzus persical Sulzer (aphis).  Howe et 
al., (1996) showed that a tomato mutant that was 
deficient in the capacity to induce defense genes, 
through the octadecanoid pathway, was very 
susceptible to damage by Manduca sexta. On the 
other hand, a large variations among different crops 
in their growth and yield response to the application 
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of elicitors were reported by Walker et al., (2004). 
The application of various doses from the elicitor 
Chitosan resulted in yield increase of nearly 20% in 
two out of three tomato trials but insignificant 
differences were detected in average yield of 
cucumber, capsicum or peas from any treatment. In 
this experiment, four elicitors were evaluated to 
identify their impact on the population densities of 
Tuta absoluta tomato pest as well as their effects on 
the growth and yield of tomato cv. Golden stone. 

 
2. Materials and Methods 

Seeds of tomato hybrid Golden Stone were 
planted in trays under the green plastic house 
conditions using the standard nursery culture 
practices in Egypt, during the summer seasons of 
2011 and 2012. Seven treatments were applied with 
hand sprayer to plants at the 4-leaf stage. 
Neighboring plants in the nursery were shielded from 
the spray with a large sheet of plastic. The studied 
treatments were as follows: 
1. Salicylic acid "SA" at 200 ppm 
2. Ascorbic acid "AA" at 200 ppm 
3. Ascorbic acid "AA" at 500 ppm 
4. Benzothiadiazole "BTH" at 200 ppm 
5. Effective Microorganisms "EM" at 5m/L.( EM 

fertilizer : consists of around 80 species of 
selected beneficial microorganisms including 
lactic acid , yeast , photosynthetic bacteria and 
actinomycetes among other types 
microorganisms such as fungi (Xu, 2000). EM 
were obtained from Minia University – 
Agriculture college) . 

 
6. Ethanol 95 at 1ml/L. 
7. Tap water 

The salicylic acid was disloved in 1 ml of 
ethanol 95% before dispersed in one liter of tap 
water.  Ascorbic acid and benzothiadiazole and 
dispersed in one liter of tap water. 

The nursery treated plants were transplanted in 
the experimental open field after 45 days from 
sowing on 28th May of 2011 and the 20th May of 
2012. The first season was conducted at Experimental 
Farm of Faculty of Agriculture, Minia University. 
The second season was done at private farm at Talla 
village, El Minia governorate. The experiment in 
both seasons were arranged in a Complete 
Randomized Block Design (CRBD) with three 
replications. Each plot was three rows 4.5 meters 
long and one meter width. The transplants were 
spaced 45 cm within each row. The total numbers of 
tested plants per replicate for each treatment were 
approximately 30 plants. After 40 and 55 days from 
transplanting, tomato plants were retreated with the 
previously mentioned treatments. All agricultural 

practices were carried out according to the 
recommendations of the Egyptian Ministry of 
Agriculture for commercial tomato production 
(Mohamad and Desouky, 2005). Hand weeding was 
carried out when needed and no pesticides were used 
throughout the experiment.  
A. Data collection 

The data were recorded in the field and in the 
laboratory under binocular microscope. The 
percentage of reduction was calculated according to 
Henderson and Tilton formula (1955) with some 
modification as follows: 

 % of reduction = [1-Number of insect in 
specific treatment /number of insect population in 
control]*100. 

 Also, data were recorded for the following 
growth, fruit and yield characteristics: 

Above growth:  
Dry weight of 250 g. of above ground growth as 

well as from mature fruits were determined in the 
second season. The samples were dried for 5 to 6 
hours at 70OC until constant weight and the fresh/dry 
ratio of the sample were calculated as follows: 

% of dry weight = (sample dry weight/250)*100 
B. Chemical constituents of fruits: 
- Total soluble solids TSS was determined by a hand 
refractometer (Carlizeiss Jena 1 DDR 783255) in a 
fruit juice obtained by squeezing the flesh after 
cutting the fruit crosswise. 
- L-Ascorbic acid content was determined using 2, 4- 
Dichlorophenolindophenol blue dye (Cox and Person, 
1962) and expressed as mg/100g fruit fresh weight. 
- pH of tomato juice was measured using pH digital 
instrument model Hi 98127-HANNA- as described 
by Dilmacunal et al.(2011).  
- Number of locules/Friut. (Ten fruits in each plot 
were calculated). 
- Average fruit weigh: (In each treatment 
from3replicates / treatment after each picking). 

- Shape index: (The shape index = 
��������

������
  of fruit).  

- Thickness of pericarp: (Thickness of flesh was 
determined by dermis tool). 
- Percentage of Insect-infested 

fruit:	(
	���������������	�����	

�����	������
 *100) 

 - Yield (tones/Feddan). (Total weight of fruits per 
plot were determined and converted to tons/feddan). 
C. Data analysis: 

Data were analyzed using the MSTAT statistical 
software (MSTAT Inc., USA), with comparison of 
means using Duncan’s means separation test. 

Mean of field temperatures and relative 
humidity on two seasons (2011 & 2012) were 
recorded in Table (1). 
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Table (1): Mean of field temperatures and relative humidity on two successive seasons (2011 &2012) 

Season 2011 2012 

Month Day 
Mean of Field temperature Mean of Relative 

humidity 
Mean of Field temperature Mean of Relative 

humidity Maxi. Mini. Maxi. Mini. 

April 20-30 39.4 10.3 59.7 46.1 11.5 54.0 

May 
1-15 

16-31 
41.2 
44.8 

12.8 
15.0 

49.4 
44.3 

44.9 
45.0 

14.0 
16.9 

42.8 
41.3 

June 
1-15 

16-30 
41.8 
43.9 

17.8 
17.6 

47.7 
50.4 

47.2 
48.7 

17.9 
20.3 

39.5 
42.4 

July 
1-15 

16-31 
45.5 
46.4 

19.0 
19.4 

43.6 
47.0 

49.5 
48.1 

20.3 
21.1 

46.9 
51.7 

August 
1-15 

16-31 
44.0 
40.5 

19.5 
18.3 

50.7 
51.9 

48.5 
45.7 

19.9 
17.9 

52.1 
58.2 

September 1-15 43.9 17.5 54.8 42.3 18.1 61.7 

Source: Agricultural Meteorology Station of Mallawy. 

 
3. Results 
Foliar damage: 

In the first season, the results on efficacy of 
elicitors obtained after second spray are presented in 
Table (2) and Fig (1). At 39 DAC (Day after 
cultivation), L-AA (200) ppm recorded the lowest 
percentage of T. absoluta infested plants followed by 
BTH and SA. Whereas all remaining treatments were 
found on par with each other. The reduction 
percentage of the total number of mines per plant 
were 75.28 and 39.00 % in 2011 and 73.19 and 57.10 
% in the second season for L-AA at 200 ppm and 
BTH treatments, respectively. After the first spray, 
numbers of mines of T. absoluta per plant was ranged 
from 2.93 to 11.87. Among the tested treatments, the 
lowest values was recorded in plots treated with L-

AA (200) ppm followed by BTH treatment. At 48 
DAC, all the treatment differed significantly over 
untreated control in reducing the population density 
of infested plants with T. absoluta. Observation 
showed that the plots treated with L-AA at 200 ppm, 
BTH and SA were recorded the lowest population of 
T. absoluta 11.2 and 20.80 stages per plant. EM 
recorded 26.20 stages which was significantly lower 
than untreated control (41.40) stages / plant. Similar 
treated was observed in the second season. However, 
the pest population was lower that the first one. 
Treatments with different elicitors had significant 
effects on Tuta absoluta mines at 64 days after 
cultivation.  
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Table (2) Efficacy of four elicitors against Tuta absoluta pest on tomato cv. Goldstone hybrid in 2011. 

Tr. Dose(ml/L.) 
2nd spray 3rd spray 4th spray 

39 DAC %Red. 48 DAC 64 DAC Mean %Red. 75 DAC 89 DAC Mean %Red. 

SA 200 8.13       BC 31.51% 20.80   C 31.60    CD 26.20 49.71% 33.13    CD 33.47   CDE 33.30 50.35% 

L-AA 200 2.93        D 75.32% 11.20   D 23.60    E 17.40 66.60% 25.80    E 26.27    E 26.03 61.18% 

L-AA 500 10.00   ABC 15.75% 22.73  BC 33.27    CD 28.00 46.26% 34.47    CD 35.40    CD 34.93 47.91% 

BTH 200 7.13       C 39.93% 18.73   C 27.47    DE 23.10 55.66% 28.40    DE 28.54    D 28.47 57.55% 

EM 5 10.73     AB 9.60% 26.20   BC 37.53    C 31.87 38.84% 39.33    C 39.67    C 39.50 41.10% 

Ethanol 
1 
 

10.33     AB 12.97% 29.20   B 45.73    B 37.47 28.09% 48.33    B 49.07    B 48.70 27.39% 

Control - 11.87     A - 41.40   A 62.80    A 52.10 - 66.67    A 67.47    A 67.07 - 

Means followed by a common letter are not significantly different at 5% level. 
 

Means followed by a common letter are not significantly different at 5% level. 
 
 

The number of mines per plant 23.60 and 27.47 
for L-AA and BTH compared to 45.73 and 62.80 
stages per plant in the ethanol and water control, 
respectively. Mean mines counts per plant were not 
significantly differed on plants receiving SA and L-
AA (500 ppm) than counts on plants receiving EM 
treatment. Although the populations were much 
lower, the results trend were similar in the season 
reading. (Table 3) and Fig (1). At 75 days total 
number of mines was significantly affected by 
elicitor treatments (table 1). Means of mined leaves 
per plant were significantly lower on L-AA and 
BTH-treated plants (25.8 and 28.4 mines /plant) than 
on control-treated plants (66.67 mines).However, 
mines on L-AA – treated plants were about two and 
half times more than that on water control-treated 
plants. Insignificant differences of pest population 
per plant were detected among SA, L-AA 200 and L-
AA 500, BTH and EM treatments in the second 
season at this stage of growth. The population ranged 
from 6.20 to 10.00 mines / plant compared to 13.47 
and 19.80 mines in ethanol and water-control, 
respectively. 
Laboratory examination: 

The post spray data recorded after the first field 
spray at 48 days from cultivation in the first season 
and second one, respectively are presented in Table 
(4). In the first season, the percentage of infested 
leaflets obtained from samples taken on the first 

sampling date in all treatments were insignificantly 
less than in the untreated control. EM, BTH and SA 
treatments gave the less values in descending order. 
(Table 4). In samples from the second sampling 
dates, EM, BTH and L-AA 200 treatments 
significantly reduced the percentage of infested 
leaflets compared to the control. Also, in samples 
from the fourth sampling dates, all treatments 
significantly reduced the percentage of infested 
leaflets compared to the control. The population 
densities of Tuta absoluta were low on the third and 
fourth sampling dates (Table 4). EM showed 
minimum (9%) followed by BTH (13%) and SA   
(15%) compared to 28% in the water-treated plants. 
In the second season, all elicitors provided 
insignificant reductions of infested leaflet percent on 
the first sampling date when compared with the 
water-treated control. In addition, all elicitors 
treatments significantly reduced percentage of 
infested leaflets on tomato in the samples collected 
after 55 and 64 days from cultivation (Table 4). The 
most effective elicitors were SA, L-AA 200, L-AA 
500 and BTH and the least effective was EM. 

In the first season, the Tuta absoluta was high 
with about 28% of the fruit in the control plots being 
damaged (Table 5). All treated plots yielded more no 
damaged fruit than the control plots, treated with EM, 
L-AA 200, SA and BTH yielded insignificantly more 
healthy fruits than water-treated control. 

Table (3) Efficacy of four elicitors against Tuta absoluta pest on tomato cv. Goldstone hybrid in 2012. 

Tr. 
Dose 

(ml/L.) 

2nd spray 3rd spray 4th spray 

39 DAC %Red. 48 DAC 64 DAC Mean %Red. 75 DAC 89 DAC Mean %Red. 

SA 200 2.33 BC 37.5% 5.00    A 7.13     C 6.07 58.46% 7.40      C 8.80     C 8.10 60.80% 

L-AA 200 1.00    C 73.1% 4.00    B 6.00     C 5.00 65.75% 6.20      C 8.53     C 7.37 64.36% 

L-AA 500 3.20    B 14.2% 7.07    B 8.27  BC 7.67 47.47% 9.27     BC 9.67    BC 9.47 54.17% 

BTH 200 1.60 BC 57.10% 4.13    B 7.87  BC 6.00 58.90% 8.00      C 8.07      C 8.04 61.12% 

EM 5 2.65 BC 28.95% 6.27    B 9.67  BC 7.97 45.41% 10.00   BC 12.33  BC 11.17 45.97% 

Ethanol 1 3.53    B 5.36% 7.73  AB 12.47   B 10.10 30.82% 13.47    B 14.40    B 13.94 32.57% 

Control - 5.73    A - 11.07  A 18.13  A 14.60 - 19.80    A 21.53    A 20.67 - 
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In the second season, the Tuta absoluta 
population was low about 25% of the fruit in the 
control plots being damage (Table 6). Compared to 
the water-treated control, SA, L-AA 200, L-AA 500 

and BTH treatments resulted in significantly less 
Tuta absoluta – damaged fruits.  

 

 

Table (4) Efficacy of four elicitors on % infested leaflets and population of Tuta absoluta in two successive seasons 2011 and 2012 after 48, 55, 
64 and 75 days 
From planting tomato cultivar Gold stone. 

2011 

Treatment/DA
C 

After 48 days 
After 55 days 

After 64 days After 75 days 
 

% 
infested 
Leaflets 

 

Population % 
infested 
Leaflets 

 

Population % 
infested 
Leaflets 

 

Population % 
infested 
Leaflets 

Population 

Mine Egg 
Larv
ae 

Total Mine Egg Larvae Total Mine Egg Larvae Total Mine Egg 
Larva

e 
Tota

l 

SA 15 5.67 0.67 0.33 6.67 3      A 0.67 - - 0.67 - - - - - 
4      

AB 
1.00 0.67 0.33 2.00 

L-AA200 19 6.33 4.00 0.33 10.66 1      A 0.33 - 0.33 0.66 - - - - - 
5      

AB 
1.33 - 1.00 2.33 

L-AA500 27 10.33 1.33 0.67 12.33 3      A 0.67 - - 0.67 3 0.67 - - 0.67 4      A 1.00 - - 1.00 

BTH 13 6.33 1.33 1.00 8.66 1      A 0.33 - 0.33 0.66 1 0.33 - 0.33 0.66 
4      

AB 
1.00 - - 1.00 

EM 9 3.67 - 0.67 4.34 1      A 1.00 - - 1.00 3 0.67 - - 0.67 
4      

AB 
1.00 - - 1.00 

Ethanol 21 10.00 0.67 0.67 11.34 
11    
AB 

2.67 - 0.33 3.00 - - - - - 
5      

AB 
1.33 - 0.33 1.66 

Control 28 22.33 1.67 1.00 25.00 15    B   10.33 - 0.67 11.00 5 1.33 - 0.33 1.66 13     B 3.67 - 0.67 4.34 

Treatment/DA
C 

ns     **     ns     **     

                                                                                                      2012 

SA 17 2.00 - - 2.00 3      A 0.33 0.33 - 0.66 -        A - - - - 10 - 1.00 - 1.00 

L-AA200 30 4.33 0.33 - 4.66 3      A 0.67 - - 0.67 -        A - - - - 3 0.33 0.33 - 0.67 

L-AA500 30 10.33 0.67 - 11.00 3      A 0.67 0.67 - 1.34 3       A - 0.33 - 0.33 7 0.33 0.33 - 0.67 

BTH 23 3.00 - - 3.00 3      A - 0.67 - 0.67 3       A 0.33 - - 0.33 13 0.67 1.67 - 2.33 

EM 10 1.33 0.67 0.33 2.33 7      A - 1.33 - 1.33 10     A 1.00 0.33 - 1.33 7 - 1.00 - 1.00 

Ethanol 13 1.67 0.33 0.33 2.33 10    A 0.67 1.67 - 2.34 10     A 1.00 0.33 - 1.33 10 0.67 1.33 - 2.00 

Control 50 7.00 1.00 0.67 8.67 33    B 4.67 2.67 - 7.34 23     B 2.33 1.00 - 3.33 10 1.00 4.00 - 5.00 

Significance  
at 0.05 level  

ns     **     **     ns     

Means followed by a common letter are not significantly different at 5% level.   

 
Table (5) Determination of infection in 25 fruits /plot treated with elicitors in season 2011. 

Treatment Healthy %Healthy Infected 
Tuta Mines/fruit Bollworm Mines/fruit 

SA 20.67 82.66 1.33 1.33 3.00 2.00 
L-AA200 19.33 77.32 2.67 2.67 3.66 3.00 
L-AA500 19.67 78.66 1.00 1.00 4.33 4.00 
BTH 18.67 74.68 1.67 1.67 4.67 4.67 
EM 19.67 78.68 1.33 1.33 4.00 4.00 
Ethanol 20.33 81.32 2.33 2.33 2.66 2.33 
Control 18.00 72.00 5.00 5.00 2.33 2.00 
Significance at 0.05 level   ns     

Means followed by a common letter are not significantly different at 5% level. 
 

Table (6) Determination of infection in 25 fruits /plot treated with elicitors in season 2012. 

Treatment Healthy %Healthy 
Infected 

Tuta Mines/fruit Bollworm Mines/fruit 
SA 22.67 90.67     A 2.00 1.44 0.67 0.67 

L-AA200 22.33 89.33     A 2.00 1.00 0.67 0.33 
L-AA500 23.00 92.00     A 2.00 1.92 0.33 0.33 

BTH 22.00 88.00     A 3.00 2.00 0.00 0.00 
EM 21.33 85.33     A 2.67 2.33 2.00 1.33 

Ethanol 21.67 86.67     A 2.33 4.08 1.67 1.17 
Control 18.67 74.67     B 4.67 2.37 2.33 1.67 

Significance at 0.05 level   *     
Means followed by a common letter are not significantly different at 5% level. 
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Table (7) Effect of Some elicitors on tomato fruit characteristics of hybrid cultivar Gold stone in two successive seasons.  

Treatment/Season 
Fresh weight 

(gm) 
Shape index 

TSS  No.of 
locules 

Thickness of 
pericarp 

L-Ascorbic acid 
mg/100g 

pH 
(o Brix ) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

SA 98.68 93.00 1.05 1.03 3.78 2.94 5.43 5.22 0.64 0.64 22.64A 25.76A 4.47 4.50 

L-AA200 95.20 89.53 1.05 1.04 3.72 3.11 5.33 5.11 0.62 0.61 24.91A 26.88A 4.47 4.47 

L-AA 500 100.52 109.27 1.09 1.04 3.56 2.67 4.66 4.89 0.63 0.61 14.51B 14.19C 4.40 4.70 

BTH 107.76 95.27 1.10 1.02 3.80 2.78 5.28 5.00 0.66 0.69 24.88A 21.28B 4.33 4.70 

EM 101.60 90.40 1.05 1.02 3.47 2.78 4.83 5.00 0.63 0.63 23.41A 28.00A 4.40 4.63 

Ethanol 100.08 86.00 1.10 1.02 3.33 2.89 4.76 4.56 0.64 0.61 15.12B 16.05C 4.57 4.40 

Control 91.60 78.44 1.05 1.03 3.44 2.89 4.89 4.89 0.58 0.60 12.61B 13.81C 4.57 4.60 

Significance 
at0.05 level  

ns ns ns ns ns ns ns ns ns ns ** ** ns ns 

Means followed by a common letter are not significantly different at 5% level. 
 
Data recorded on fruit characteristics are 

presented in table (7). Fruits in the tested treatments 
did not differ statistically in the fruit weight, fruit 
shape index, TSS, number of locules, pericarp wall 
thickness and pH in both seasons. On the other hand, 
the treated plants produced fruits with higher contents 
of ascorbic acid. The increase in the ascorbic acid in 
tomato fruits produced by treated plants was 
significantly more pronounced in the L-AA at 200 
ppm and BTH treatments in the first season and in the 
L-AA at 200 ppm and EM treatments in the second 
season. However, the control plants gave the lowest 
contents in both seasons (Table 7). 

Data presented in Table (8) and Fig (2) show 
that application of various elicitors affected 
significantly the total yield compared to the control 
treatments. The yield ranged from 19.95 to 25.58 Ton 
/Feddan in the first season and from 17.75 to 22.25 
Ton / Feedan in the second one. Salicylic acid at 200 

ppm was the most effective treatments in decreasing 
fruit yield of tomato cv. Goldstone. On the other 
hand, the highest yield occurred in ethanol treatment 
in the first season followed insignificantly by EM, L-
AA at 200 ppm and BTH treatments in the first 
season. In the second season, L-AA at 200 ppm 
treatment produced the highest yield followed by EM 
treatment without significant different among these 
treatments. In the second season, BTH treatment 
significantly increased the percentage of dry weight 
of fruits followed by SA treatment, while Ethanol, L-
AA 500 and L-AA 200 treatments significantly 
decreased the percentage of dry weight of fruits 
compared to control. On the other hand, the 
insignificantly highest percentage of dry weight of 
vegetative growth occurred in EM treatment followed 
by L-AA at 500 ppm compared to control. 
 

 
Table (8) Efficacy of four elicitors on yield in two successive seasons (2011 & 2012). 

Treatment 
Season / 

Dry weight/250 
gm. of fruits 

% of dry 
weight of 

fruits 

Dry weight /250 
gm. of vegetative 

growth 

% of dry 
weight of 
vegetative 

growth 

Yield ( Ton/Feedan ) 

2012 2012 2011 2012 
SA 16.71 6.68    AB 87.00 34.80 19.95       C 17.75        C 
L-AA200 10.61 4.24    C 87.07 34.83 23.10       B 22.25        A 
L-AA500 10.73 4.29    C 89.87 35.95 24.15      AB 19.39        BC 
BTH 18.91 7.56    A 84.90 33.96 23.10       B 19.03        BC 
EM 14.08 5.63    BC 91.02 36.41 22.77       B 21.94        A 
Ethanol 11.05 4.42    C 82.09 32.84 25.58       A 21.13        AB 
Control 15.14 6.06    B 84.22 33.69 24.82      AB 20.10        AB 
Significance at 
0.05 level  

 *  
ns 

** * 

Means followed by a common letter are not significantly different at 5% level. 
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4. Discussion 

Tuta absoluta have become important pest in 
tomato. Damage is inflicted by punctures in the 
leaves, steam and fruits made by larvae for either 
feeding or oviposition. The larvae mine through the 
tissues of tomato plants and reduce the 
photosynthetic capacity of the plant as well as 
causing defoliation. In recently invaded areas, if no 
control measures are taken, then the Tuta absoluta 
pest can cause up to 80-100% yield losses in tomato 
crops and may pose a threat to both greenhouse and 
open-field tomato production (Desneux et al., 2010). 
In addition, resistance development has been reported 
against many pesticides (Siqueira et al. 2000, 2001 
and Lietti et al., 2005) in different countries of South 
America. Chemical insecticide control has been the 
most common method for this control of tomato 
insect pests. Although, this method has effective 
against many insects, it has serious drawbacks and 
continued reliance on it is not a sustainable pest 
control strategy. This study aims to screen the 
response of tomato plants to some elicitors under 
open field conditions in order to minimize using 
pesticide and its side effect in the consumer health. 
Jasmonic acid induced resistance against leaf miner 
(Liriomyza trifolii) in Celery (Black et al., 2003) and 
in Sweet pepper (Tebayashi et al., 2007). Reduction 
of percentage of T. absoluta was obtained when 
tomato plants were treated with four elicitors in this 
study. Plant response to elicitors showed that the 
effects of the four elicitors were significantly 
different from the control treatments, but in various 
directions. The best was ascorbic acid (L-AA) at 200 
ppm. However, the endogenous level of AA has 
recently been suggested to be important in the 
regulation of developmental senescence and plant 

defense against pests (Pastor et al., 2003; Barth et al., 
2004 and Pavet et al., 2005). Molecular and genetic 
studies suggested that cross talk between AA and 
various plant hormones are existed. It includes 
alteration in the electrophilic secondary metabolites 
in plants (Taber and Stevens; 2011). In addition, it 
acts directly to neutralize superoxide radicals (O-

2), 
singlet oxygen (O-) or hydroxyl radical (OH-) simply 
by acting as a secondary antioxidant during reductive 
recycling of the oxidized from of α- tocopherol 
(Noctor and Foyer, 1998). L-AA serves as a Co- 
factor for many enzymes (Arrigioni and De-Tullio., 
2000) and it contributes to the detoxification of 
reactive oxygen species (ROS) (Smirnoff and 
Wheeler, 2000; Conklin, 2001; Conklin and Barth, 
2004). BTH followed by SA reduced pest population 
and mines / plant compared to control. Foliar 
application of BTH and SA was used to induce SA- 
dependent defenses (Cooper et al., 2004). Treatment 
with the SA and BTH induced both SA - and JA 
elicited genes (Heidel and Baldwin, 2004).The 
kinetics of SA and JA production varies greatly in 
both quantity and timing. SA and JA play a primary 
role in the orchestration of the plants defence 
response, but other regulatory mechanisms such as 
pathway cross- talk or additional attacker- induced 
signals, eventually shape the highly complex 
attacker- specific defence response (Vos et al., 2005 
and Oosten,2007). Whereas, it has been reported that 
SA and JA act antagonistically, where SA inhibits the 
activity of JA and vice versa (Maffei et al., 2007 and 
Rayapuram and Baldwin, 2007). The microorganisms 
elicitors (EM) also, has effectiveness on the reduction 
percentage of Tuta absoluta. It suggested that the 
effectiveness of microbially induced SAR and ISR 
against herbivore feeding such as Spodoptera exigua, 
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is associated with enhanced defense - related gene 
expression (Oosten, 2007). In laboratory examination 
the data recoded that, all elicitor treatments reduced 
the percentage of infested leaflets on tomato. The 
effective elicitors were SA, L-AA and BTH. Results 
obtained by Inbar et al. (1998) showed that BTH 
application reduced the density of leaf miner 
(Liriomyza trifolii) (adult host preference) in 
tomatoes but not larval survival. BTH induced local 
resistance and it seems that the negative effect of the 
SAR induced by BTH on insect herbivores should 
vary among plants and insect species (Inbar et al., 
2001 and Nombela et al., 2005). Also, acquired 
resistance and R-gene mediated resistance can 
interact for enhanced suppression of insect herbivores 
(Cooper et al., 2004). Moreover, SA signaling 
molecule is involved in local defence as well as in 
induction of systemic resistance as reported by Peng 
et al., 2004. H2O2 induced by SA in treated plants 
defend them against various insect pest since H2O2 
activity damages the digestive system of insects 
(Peng et al., 2004 and Maffei et al., 2007). 
Furthermore, SA signals release of plant volatiles that 
attract natural enemies of insect pests in tomato 
plants (De Boer et al., 2004). The effect of elicitors 
on fruit damage resulted in less Tuta absoluta – 
damaged fruits. Also, the obtained results indicated 
that all elicitor treatments insignificantly increased 
fresh weight, TSS and pH. On the other hand, some 
treatments enhanced significantly the L- Ascorbic 
acid (vitamin C). Similar results were found when SA 
was applied on tomato plants by Yildirim and Dursun 
(2009) and Glala et al. (2005). The four elicitors 
haven't affect the cultivar dependent characteristics; 
shape index, number of locules and thickness of 
pericarp. All elicitor treatments were insignificantly 
increased sample dry weight of vegetative growth. 
These results agree with those obtained by Glala et al. 
(2005) and Yildirim and Dursum (2009) when tomato 
plants treated with SA. However, BTH and SA 
treatments significantly increased dry weight of 
fruits. The same results were recorded when SA was 
foliarly applied by Glala et al. (2005) and Yildirim 
and Dursun (2009). Although SA treatment in this 
study was significantly reduced total yield compared 
to water- treated, Iverson et al. (2001), Yildirim and 
Dursun (2009) reported that yield of tomato was 
significantly influenced by foliar SA application and 
the highest yield occurred in 0.50 mM SA treatment. 
Yield response to application of various elicitors 
could be partially explain the difference between 
these results and the results reported by other 
researchers. From the preceding results and 
discussion, it can be concluded that foliar application 
on tomato cultivar Gold stone with L- ascorbic acid 

at 200 ppm dose and BTH at 200 ppm dose improved 
tomato growth and reduced Tuta absoluta damage. 
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