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Abstract

The tomato leaf miner, Tuta absoluta, is a significant pest of plants in the Solanaceae
family, particularly tomatoes, and can destroy the entire crop if not managed properly.
Because the frequent use of chemical insecticides is sometimes ineffective due to the
concealed life of the insect during the larval stage, the potential for resistance, and
undesirable environmental effects, it is advised to explore suitable and biocompatible
alternative methods to combat this pest. One strategy to address this issue involves
enhancing the host plant's resistance using silver nanoparticles. In this study,
concentrations of 200, 400, 600, and 800 ppm of silver particles (39. 50 nm) were
employed to develop and bolster the resistance of tomato plants against this moth pest.
For this purpose, several physiological indicators of tomato plants were assessed.
Additionally, several biological characteristics of the pest were examined, including the
number of eggs laid and the mortality rates of eggs and larvae. The results indicated that
as the concentration of nanoparticles increased, the antioxidant enzymes peroxidase and
superoxide dismutase exhibited an upward trend. However, no significant changes were
observed in the enzymes polyphenol oxidase and catalase. Furthermore, with increasing
concentrations of silver nanoparticles, the total phenol content increased while the
anthocyanin content decreased significantly (p < 0.05); however, no changes were noted
in the total carbohydrate content. Moreover, significantly fewer eggs were laid in the
group treated with silver nanoparticles, and the mean percentage of embryonic and larval
mortality was lower (p < 0.05). This effect was particularly pronounced at the higher
concentrations of 600 and 800 ppm. Hence, the application of silver nanoparticles can
contribute to making tomato plants resistant to 7. absoluta, and it could likely be used in
the future as a safe alternative to conventional insecticides.
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Fig. 1. Evaluation of silver nanoparticles using SEM at 200 nm magnification
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Table 1. Mortality rate of T. absoluta eggs and larvae treated with different concentrations of silver nanoparticles.
Silver nanoparticles (ppm) Lavae mortality (%) *+ SE Egg mortality (%) = SE

200 44.82" + 4.96 42.40°+5.93
400 41.00 + 3.88 42.60° + 6.20
600 67.48* +5.54 58.60* + 5.86
800 63.26* £ 1.85 59.68* + 6.30
flubendiamide (negative control) 43.64° +1.40 59.58*+6.41
distilled water (positive control) 21.50°+1.17 13.80° + 3.66
P-value >0001 >0001

Different letters in the columns indicate a significant difference at the 5% level.

T. absoluta &)l 31 56 (55 S o, Sl 6k Cilies glacdale Lol jleg (Kb S JlanS| sl Slis uis =Y s

Table 2. Antioxidant changes in the tomato plants treated with different concentrations of silver nanoparticles under
stress caused by 7. absoluta.

Silver nanoparticles (ppm)

CAT (Ug!'FW) SOD(U g'FW) PPO(U g' FW) POD(U g! FW)

200 152.44 + 8.40 947.87¢+5.63 87.83+2.52 119.29°+9.78
400 154.32 +8.42 944.41°+3.98 88.34£4.97 11445°+12.17
600 158.30+£522 1005.32%+16.46 86.06+2.83 154.082+ 1.67
800 159.44 +£8.59 1019.78*+10.40 84.88+4.19 153.70*+1.64

flubendiamide (negative control)  157.59 + 8.23 990.46% +7.13 88.40 +4.44 115.55°+11.48
distilled water (positive control) 150.29 £ 7.20 922.644+5.54 87.56 £490 59.46°+10.58
P-value 0.51 >0001 0.78 >0001

POD: peroxidase; PPO: polyphenol oxidase; SOD: superoxide dismutase; CAT: catalase. Different letters in columns indicate
significant differences at the 5% level.
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Table 3. Changes in total phenol content (mg/100g wet plant weight) of the tomato treated with different concentrations
of silver nanoparticles under stress caused by T. absoluta.

Silver nanoparticles (ppm) Total phenol (mg/100g of wet weight)
200 0.25% +0.03

400 0.26™ +0.04

600 0.36% +0.05

800 0.38*+£0.08
flubendiamide (negative control) 0.29% + 0.06

distilled water (positive control) 0.17¢+£0.01

P-value >0001

Different letters in columns indicate significant differences at the 5% level.

o o D3l il glaclale Lot leas (S5 s 58 (oS 5 035 08 ol S ) IS liden s S Olpee ks —8 J s
T. absoluta ;I .G s

Table 4. Changes in total carbohydrate content (mg/100 g wet plant weight) of the tomato treated with different
concentrations of silver nanoparticles under stress caused by 7. absoluta.

Silver nanoparticles (ppm) Carbohydrate content (mg/100g of wet weight)
200 0.592 +0.08

400 0.562 +0.11

600 0.552 £0.11

800 0.524 £0.05

flubendiamide (negative control) 0.524 +£0.02

distilled water (positive control) 0.592 £0.05

P-value 0.82

Different letters in columns indicate significant differences at the 5% level.
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Fig. 2. Mean fecundity of T. absoluta on tomato plants treated with different concentrations of silver nanoparticles
(200, 400, 600 and 800 ppm), distilled water (positive control) and flubendiamide (negative control). Different letters
above the columns indicate significant differences at the 5% level.
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Fig. 3. Anthocyanin content of the tomato plant treated with different concentrations of silver nanoparticles (200, 400,
600 and 800 ppm), distilled water (positive control) and flubendiamide (negative control) under stress caused by 7.
absoluta. Different letters above the columns indicate significant differences at the 5% level.
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