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The Response of Monterey Strawberry Cultivar to Application of Nano
Zinc Oxide and Silica in Combination with L-arginine in Terms of Fruit
Growth, Quality and Physicochemical Characteristics
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Abstract

Improving strawberry fruit quality plays a crucial role in increasing its marketability and economic
value. In this regard, the effects of pre-harvest application of nano zinc oxide (100 mg/L) and nano silica
(150 mg/L), alone and in combination with different concentrations of L-arginine (0, 200, and 400
mg/L), along with a control (distilled water), on selected vegetative, qualitative, physicochemical, and
antioxidant properties of Monterey strawberry fruit were evaluated using a completely randomized
design with nine treatments and three replications. According to the results, the use of nano zinc oxide
and nano silica along with L-arginine significantly improved the growth, color, and biochemical indices
of strawberry fruit compared to the control. The greatest increase in fruit fresh weight (31.63% compared
to the control) was observed with the combination of 100 mg/L nano zinc oxide and 400 mg/L L-
arginine. The treatments significantly increased total soluble solids (TSS), decreased titratable acidity
(TA), and improved the flavor index of Monterey strawberry fruit. The highest vitamin C content (71.2
mg/100 g FW) was obtained with the 400 mg/L L-arginine treatment. Fruits treated with nano zinc, nano
silica, and L-arginine had significantly higher firmness than the control fruits. The highest total phenol
content (300.63 mg GA/100 g FW) was recorded in the 150 mg/L nano silica treatment. In the treatment
with 100 mg/L nano zinc oxide plus 400 mg/L L-arginine, total flavonoid content increased by 76.6%
compared to the control. The highest anthocyanin content (0.465 mg/g FW) was observed with the 200
mg/L L-arginine treatment. Overall, the results of this study showed that the application of nanoparticles
and L-arginine can increase the quality and quantity of Monterey strawberry fruit by enhancing growth
indices and secondary metabolism.
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Table 1. Treatments used in the present study

treatments  Zinc oxide nanoparticle  Nanosilica L-arginine
(mg/L) (mg/L) (mg/L)

Tl 0 0 0
T2 100 0 0
T3 0 150 0
T4 0 0 200
T5 100 0 200
T6 0 150 200
T7 0 0 400
T8 100 0 400
T9 0 150 400
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Table 2. Variance analysis of the effect of nano zinc oxide and silica in combination with L-arginine on some
morpho-physiclogical characteristics of Monterey strawberry fruit

Mean
Source of Degree of squares
variation freedom Fresh . S Fruit
. Length  Diameter TSS TA VitaminC .
weight firmness
Treatments 8 11.24* 11.33** 2.91m 1.09* 0.0053**  125.75**  0.002**
Error 18 3.57 2.71 8.54 0.33 0.001 33.23 0.0004
CV (%) 9.58 4.02 9.67 8.76 5.47 9.25 11
ns, * and **: non-significant, significant at 5% and 1% level, respectively
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Figurel. Means comparison of the effect of nano zinc oxide and silica in combination with L-arginine on fruit

fresh weight of Monterey strawberry fruit (Non-similar letters indicate significant difference at the 5% probability level using the
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Table 3. Means comparison of the effects of nano zinc oxide and silica in combination with L-arginine on some
physicochemical characteristics of Monterey strawberry fruit

Treatments (mg/L) TSS TA VvC Fruit Redness
(Brix) (mg/100 g FW)  (mg/100g FW) firmness (N) index (a*)
Si0+Zn0+ L-Arg0 4.66 ¢ 0.6712 51.9¢ 0.153°¢ 27.84°¢
Si0+Zn100+ L-Arg0 5 0.618 ¢ 59.54 ¢ 0.21° 30.362
Si150+Zn0+ L-Arg0 6.33% 0.605 b 69.22 0.226% 30.882
Si0+Zn0+ L-Arg200 6 ¢ 0.542¢ 58.6 ¢ 0.167 ¢ 30.372
Si0+Zn100+ L-Arg200 5.83ac 0.58 cde 61.33 ¢ 0.173%¢ 31.812
Si150+Zn0+ L-Arg200 5.5 bd 0.654 ® 70.162 0.17 k¢ 30.572
Si0+Zn0+ L-Arg400 6.6° 0.613 ¢ 7122 0.204 31.142
Si0+Zn100+ L-Arg400 6 ¢ 0.595 P-¢ 58.96 ¢ 0.159°¢ 30.542
Si150+Zn0 + L-Arg400 5.8 ac 0.554 ¢ 59,57 2 0.171 ¢ 30.322
Non-identical letters in each column indicate a significant difference between the means at the 5% probability level with the Duncan’s test.
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Table 4. Variance analysis of the effect of nano zinc oxide and silica in combination with L-arginine on color
index and phytochemical characteristics of Monterey strawberry fruit

Degree Mean squares
Source of variation of L a b Total Total_ Anthocyanin
freedom phenols  flavonoids
Treatments 8 13.22  3.51* 3.64  38669.37* 21.92* 0.025**
Error 18 5.37 1.14 2.02 1056.25 6.49 0.006
CV (%) 7.97 3.51 10.58 12.57 14.55 24.31

ns, * and **: non-significant, significant at 5% and 1% level, respectively
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Figure3. Means comparison of the effect of nano zinc oxide and silica in combination with L-arginine on total

phenol content of Monterey strawberry fruit (Non-similar letters indicate significant difference at the 5% probability level using
the Duncan’s test)
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Figure4. Means comparison of the effect of nano zinc oxide and silica in combination with L-arginine on total

flavonoid content of Monterey strawberry fruit (Non-similar letters indicate significant difference at the 5% probability level
using the Duncan’s test)
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Figure5. Means comparison of the effect of nano zinc oxide and silica in combination with L-arginine on total

Anthocyanin content of Monterey strawberry fruit (Non-similar letters indicate significant difference at the 5% probability level
using the Duncan’s test)
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