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Introduction

Today, in the commercial production of strawberries, short day cultivars are used due to having large fruits
of desirable quality .Among the short day cultivars available in Iranare Camarosa, Atabaki, Gaviota, Queen

Aliza, Paros and McDonance, which can be cultivated at greenhouse. Titanium dioxide (TiO2) nanoparticles are
one of the metal oxides that exist in three forms of rutile, brookite and anatase, which affect growth, enzymatic
activity and photosynthesis. Reported titanium nanodioxide in the highest concentration used (11.5 mg/l) increases
fruit formation percentage, leaf chlorophyll content, vitamin C content, fruit ripeningindex, fresh and dry weight
of roots and shoots and yield of strawberries. In another study, it was shown that titanium dioxide treatment under
drought stress can increase photosynthetic pigments, total soluble solids, vitamin C, phenol, flavonoid,
anthocyanin, and antioxidant activity, and it also improved plant performance. increase the strawberry cultivar
Ventana compared to the control treatment. In a research found that spraying titanium increases the biomass,
fertility and quality of peach fruit. It has alsow been showed that the pomegranate size of flowers and fruits

increased with using titanium nano dioxide, and this can increase the quantity and quality of Alberta peach cultivar.
Foliar application of titaniumnano dioxide in cucumber has been reported to increase photosynthesis and phenolic
content and reduce lipid peroxidation. In a research, it was shown that titanium dioxide nanoparticles increased
photosynthesis rate, water conductivity and transpiration rate in tomato leaves. Despite the effect of titanium
dioxide nanoparticles on the quantitative and qualitative improvement of some agricultural products, the researches
conducted on strawberry plants were not complete or were only conducted on a specific variety. Therefore, with
the aim of investigating and comparing the morphological and biochemical traits of some commercial strawberry
cultivars under the effect of foliar spraying with titaniumdioxide, the above research was conducted.

Materials and Methods

This research was conducted to investigate the effect of nano titanium dioxide foliar spraying on four
strawberry cultivars in the hydroponic greenhouse of the Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhadin 2020-2021. Experimental treatmentsincluded 4 levels of titanium
nano dioxide (0, 5, 10 and 20 mg/l) and 4 strawberry cultivars (Sabrina, Paros, Gaviota and Camarosa) with 4
replications. The research was done in a factorial manner based on a completely random design. JMP 8 software
was used to perform variance analysis and compare the averages of the measured traits. Means were compared
using Tukey test at 5% probability level and graphs were drawn using Excel 2010 software.
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Results and Discussion

According to the tables of mutual effects of titanium dioxide nano treatments and varieties, it can be found
that the application of titanium dioxide nanoparticles had a positive effect on the desired characteristics in all four
studied strawberry varieties. So that the application of different levels of titanium dioxide nano particles causes a
significant increase in quantitative traits (number of leaves, leaf area, root length, fresh and dry weight of aerial
and root parts, photosynthetic pigments) The yield-dependent traits compared to the control plants were found in
strawberry-strawberry cultivars. Nano titanium dioxide had an effect in increasing the number of fruits and
vegetative traits of all investigated cultivars, in such a way that, on the one hand, with a balanced increase in
vegetative growth, and on the other hand, improving the efficiency of photosynthesis and absorption through the
roots and increasing the percentage of fruit formation. , increased the yield per plant. Also, sprinkling of titanium
nanoparticles on all levels caused a significantincrease in juice pH, TSS, TA, vitamin C, anthocyanin, total phenol,
flavonoid and in general qualitative traits compared to the control. In the treatment of nano titanium dioxide,
especially at the level of 10 mg/liter, better results were observed.

Conclusion

According to the results, the use of Paros and Gaviota cultivars is recommended to farmers and agricultural
researchers due to its high yield and good quality.
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Table 2- ANOVA for the effect of titanium dioxide nanoparticle treatments on the vegetative characteristics of strawberry

cultivars
Slaspe (ke
o Mean squares
. >)
5 rolie :
e ool 9 I holass il Jeb o5 aw 0yl doll
Df -J Plant height Number of Runner Number of Intermediat
Root g runners length nodes e distance
length
c It_“’;’r © 3 37.64" 28.506™ 14.229" 39659.2 ™ 100.057™ 1678.63"
UltIvi
posliss 2T (53 b
I::g;‘;:igl' sx('%f 3 183.05™ 28.361" 12,687 8298.5™ 85.057" 84554
CxT 9 2.37 1.256™ 0.409 s 448.8™ 4.376m 35.831
E"” 48 0.03 0.292 1.479 0.064 3.828 23.79
rror
‘“‘C’“\’; (‘o;)’” ; 135 7.7 20.2 216 24.9 271
. 0

= NS
¢

Aoy B g ) st pmaw )3 (gl gxe (gl gxe pis i 4 T g
ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively
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Table 3- The mean comparison interactions cultivar and Titanium dioxide nanoparticle on strawberry vegetative
characteristics

ST gd 93U .
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) dioxide IEr:gL;':E OI_FrUIt Fruit leaf area Le%f Root “er 2le Rg? :
i : iameter 2 number
Cultivar  panoparticle (mm) (mm) number (cm?) weight (g) Shootdry jength
(mg.L?) weight (@) (cm)
0 36.8j ef 32.5 26.2 h 5605.1 de 75.0 ef 48 ¢ 9.7 h 302 m
5 415 f 35.0 de 372 e 5691.1 d 82.5 de 51 105 f 38.2 k
Uy b 10 453 ¢ 39.2 bed 452 ¢ 6172.3b 102.5 be 6.5 ¢ 120 ¢ 63.2 i
“Sabrina’ 20 36.0k 295 fg 192 j 5505.5 e 72.7 ef 39 i 8.4 j 227 0
0 40.79 35.7 cde 285 g 5200.1 f 66.7 fg 45 h 106 f 1100
5 430 d 42.2 ab 415d 5852.2 ¢ 83.7 de 6.0 d 11le 1437 ¢
€ sl 10 470 b 455 a 58.0 a 6230.7 b 109.2 ab 75b 126 b 166.2a
‘Paros’ 20 38.2 i 35.0 de 222 i 5129.0 f 64.0 fg 40 i 9.0 i 85.0 h
0 423 e 35.7 cde 205 j 5215.3 f 64.0 fg 6.0 d 105 f 103.1f
5 450 ¢ 40.7 abc 44.2 ¢ 6167.0 b 89.7 cd 65 ¢ 115 d 124.2d
G157 10 485 a 44.2 ab 532 b 6379.1a 1197 a 8.0 a 133 a 147.4b
‘Gaviota’ 20 40.0 h 32.5 ef 16.0 k 5198.8 f 52.7 gh 50 f 9.6 h 90.0¢g
0 330 | 285 fg 197 j 4665.5 h 57.2 gh 40 i 93 i 26.2 n
) , 5 37.2 315 efg 252 h 4900.2 g 73.7 ef 4.4 h 99 g 327 1
Log)Lels 10 41.1fg 35.5 de 327 f 49520 g 75.7 def 48 g 113 d 50.7 j
‘Camarosa’ 20 287 m 27.0 g 140 | 42933 i 47.7 h 3.1 j 8.0 k 192 p
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Means followed by the same letter within each column shows no significant differences at 5% of probability level by Tukey test.
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Table 4- ANOVA for the effect of titanium dioxide nanoparticle treatments on biochemical characteristics of strawberry
cultivars
Olry po (pSibo
Mean squares
ay’ .
oS be &l & ! BBl s Sl a Judg S
ey 4 ) = ..' e Q' -9 b . . Weda,lS
S0V Df sgus] dol> 2lge s Antioxidant  Chlorophyil e "
" Titulable Chlorophyll Total Carotenoids
pH juice Jglome acidity S a b chlorophyll
TSS
~ 3 0.579™ 63.292" 6.527" 1452.43™ 2767 3.484™ 12.427 2.046™
Cultivar (C)
A:.“ﬂ > 5}[}
posli
Titanium 3 0.104™ 94.145™ 9.406™ 4136.75™ 6.907 3.564™ 20.376™ 2772
dioxide
nanoparticle
(T)
CxT 9 0.001™ 0.162 0.369™ 18.44 s 0.116™ 0.027™ 0.238™ 0.022™
Eu 48 0.0001 0.112 0.010 14.12 0.003 0.0005 0.004 0.0008
rror
bl 48 35.1 48.0 212 312 353 326 374
C.V (%)

Do 09 ) Jin] maw )3 (g)b bxe (gl e pis g 4 T g
ms, ™ and *: non-significant, significant at p<0.01 and p<0.035, respectively
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Table 5- The interaction effect of cultivar x titanium dioxide nanoparticle on strawberry vegetative and biochemical
characteristics
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“a‘("’l’arlt;cle (em)  PHjuice o 100’ (mg.g FW) (mgg FW)  (mgg FW) (?&f
mg.I" FW)
0 2209  219de 374 ¢ 04 h 16 g 12 ] 291 08 i
« 5 252 e  234bc 382 d 1.2 ef 22 15 h 38 e 13 f
Lol 10 271c  244ab 388 c 19 ¢ 254d 18 f 43 d 15 e
“Sabrina’ 20 190 j 203e  392b 26 b 14 h 09 m 23 k 06 j
0 231 f 2;"55 347 k 12 f 20 f 15 h 35 f 13 f
Cnt 5 26.1 d 2;"57 3.52 ij 19 ¢ 27 ¢ 20e 47 ¢ 15e
‘Paros’ 10 285 b 253a 357 h 24 b 31b 22 ¢ 53 b 18 ¢
20 200 i 220de 360 f 29 b 15 gh 11k 27 j 08 i
0 262d  218de  382d 08 g 2.6 cd 214d 48 ¢ 16 d
s’ 5 282 b  237bc 388 ¢ 09 g 30 b 24 b 55 b 19 b
eal 10 301a  245ab 392 b 1.0 fg 35a 28 a 6.4 a 22 a
Gaviota 20 211 h 19.7 f 397 a 16 d 16 g 15 h 32 h 1lg
0 22 g 21.0e 343 | 15 de 14 h 1.0 1 24 k 08 i
s’ 5 235 f 209e 349 jk 20 ¢ 20 f 13 i 34 g 10 h
e 10 262d  225cd 354 i 28 b 254d 17 g 42 d 13 f
Camarosa 20 201 i 19.1 f 365 g 34 a 11 06 n 18 1 04 k

5185 ()b re glis Mo p3 B Jletn] a3 (S5 905l lil gty yd ailiie g s (il gl Sile

Means followed by the same letter within each column shows no significant differences at 5% of probability level by Tukey test.
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Table 6- The simple effects of cultivar and titanium dioxide nanoparticles on strawberry vegetative and biochemical

characteristic
poslis apSisd i, shaos o 5 slaos ol dhols  Jsloxe dol slga Ot
Titanium dioxide ) | di TSS Antioidants
; Number of Number of ntermediate : %
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mg.l-1) unners nodes
(mg (cm)
0 2.06 bc 38lc 22.81b 5.88d 58.45 d
5 281b 5.75b 24.88 b 6.48 c 74.68 c
10 3.75a 8.31la 3l.62a 7.69b 86.37 b
20 1.75¢ 3.18¢c 14.00c 11.30a 95.75 a
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L“”L“ 1.93b 3.43b 15.68 b 495¢ 90.96 a
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Means followed by the same letter within each column shows no significant differences at 5% of probability level by Tukey test.
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