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Effect of Foliar Application of Nano-TiO2 on Some Quantitative and Qualitative

Attributes of Strawberry Fruit (Fragaria x ananassa Duch.) cv. Sabrina under
Deficit Fertigation

RSYTRROWESR PP K Wy e

oS>

?
Sl GralesT iy b o8 (S58055 LS (S 5 (o8 Sl Ths 3l (P ¢ Sl polid sloe )35l Sl g psliteny
P eyio) weaST (65 pailis Waoydgil b (K 30s5 sladie b plnil J1)S5 aw o (Bolas ol jsbas gyl B 5o )96 & j900
ioilojl 0y59 bl 5o wias T (3l Jslre G beed T 1) 0) plie Jolone Soglie polie Ll s )0 (i o 05 ke VY
P 5 Jsb «0s adey 5 2l plail Sis 5 5 (55 eaee) 5 (Jslme sl slge (S5 sl osee Sl glg (S b A LIS
powliss o,d gl sl oslitial Jlass g (poJslone o5 o (2iSem a5 3l (las ozt (28,5 )18 (0l 090 w0 ,Shee g 0500
039 8 des Ol i A5 sbar g Jldgne 3 Shos 58 L8915 5 2lse plail g 4l S g 5 G55 o () 2 ST 60
poeilics woyd b i )0 )8 e WV 2lale 5 lie Jolowo e VYV Jlass )0 (2lea plail g aty; SAS 5 5 (59 9 09
50 85,5 (sl walz dlge (JS ol osee Ol Elig wosee 555 5 Jsb Sl ST 50 corizmen oS osalin apSlgs
0252 3 Jsb Olies r i 456 sba 199 Jlo Sne ST (65 2ol LaoyS ol e 5 (a3 Jslone o5 Lot (hol (sla 1 095,18
05 55 B 50 5 WS saalive arnST (63 palis Laoyd 6l i )3 )5 (e VY Cdale ;5 059555 5 Jolowe sl Slge gl cogee
ool el slaaxs (IS jsb 4ol ssalin (JolS (a3 gloe) wald jless )3 latiio col (liee (r i 325 (B3 ol
Lo plbo 03, (K805 3, Shae (Rl 50 1) 236 (n s 9T (63 asiles Wao)d ol o) )0 05 (e VY clale a5 ols las 2l
ol o2 JaloranS Ll o
Sgrg e o Shos oo, gl (S AO 050 gl i gualS slaojly

o

400

e 5l s pab lae JJods a5 canl o leos.s s3> ROsaceae oslgl> ;| Fragariax ananassa Duch ole pU L 5,804
M )0l 5 6, 5be S5 et (IS 0isSs, L ple o3y (S30g ol 03,5 Iy oozl 53 b5 s, VL
4 polis (pizen g SRS 955 4 jlo pae 500 pB) 4 Cund YU 050 ()9 (ST 5 Sebar SEL (EasdSy 050 w0lyj 0 Shee
(YY) aib o (2B slags low 5 45 o2 ST
Cdo Sty 355 Gras lime 2alS ed Wiy e LgS el ale waz slassS gl 5l ealiiul a5 el osls lis bnasdlas

i L sle JoSge 5 sl 5l slacgomme Wao,d il (YY) aiil ot YU o Slos 4y o, Sy 50 b oy mhaw ode 4y o] YL

ATV o pdy f,l A4V el o o, -)
Oyl cng | cding )l olzils (55,9l 0aSiiils ¢ Sliely pole 05,5 JLoiils g o)l wlid IS gomiils o pay =Y
.(ha.hassanpour@urmia.ac.ir) :Sisg xS Com ¢ Jgime odimygh %


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.10.5
http://journal-irshs.ir/article-1-514-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.10.5]

8 (e 4 (Solo

Ol GlalS oas Jpame g odd (59, § 55ke (] (o ke uundS aud (5905 aiile Lo yaie Sl (S Dl g ad, SO0
blg5 g iy Sge | (5 5iiestd olfiws LIS Wl se deaST (60 pomliss ooyd il a5 sl od asie iyt (V) amo
25U bt Glacdled 5 Jlb 9580 4 S5 6551 kot 9 058 alows cnos 5 w00 SRl ol 05 498 i sl | olS
5 gl oS 5 s sLié 5 11 istd ] e 3l S5 psbo s t05h oL 1o jriszd LIS (il sl 5 alis
OY) ol 0 ol iy

g S Fmg soerS; n skl Gilie mola g pglis boyd b Sl cwy )0 (VF) ey 5 s oo anlllas 5o
¥ocble b oSt 60 pouilis ae,d gl (Lol Jolome 45 widem; azes cpl 4 ad 3 olS (s sla el by g Jolne slail aimg, S
33,5 (g0 oS SES 5 5 ()9 o JS B IS il Sl 1 jo 05 e

e Jgb jo 0 Slee halS g g0 g 0y (halS el aS g9k 4wl 00d) e Sla i e lie 51 (o o 050eS 15
@ Wlgi oo wnld (pl a5 05l gilacnST 25 obml el wlgh oo (S35 (VA) 00 5 o0 Jpame (S 5 sly (o)
SRl else 5l K00 (S osdige jrwsid ollg el 4y e oy (nl 5l g ead e b g @ fdg IS slaailaSs, jlade tals
2 (b IS coloscins s e w3l 5l SIS SLlislS 0357 5 (g 0aiiS 561 (0 31) SLuS alisls o 31 uld; o Judg IS
b ds,lS colocun amil 0 g sy dn Srae 4 ey (SLble g U oad cel a5 wil oo (S25 A8 hlyo
e oS el 6l by, 52 6 ylleS ols 2alS 1 lacogaze ol s ae 6305 b (6 lloS o, 5 At o9 dxlgn Codguns
Oy sasdlas (pioman (VT 5 9) Cuils algs o, Slae j1alS (65, 1) ;U (1 5eS el plo S oo oo olS 4 1S oS
w3l Cadlad Gl (VYY) (S5 84 g8 50 Judg IS (slgiome Giulp8l el 08T (60 pguilins boo)d gl (Lol Jolome a5 ol o0ls (Lt
sl 030,85 (19) gt 5 (FF) iyl Sz po Al jingsd (ralidl s U] Slad (o O3 jslsen)) 55mas)
oy a1aS 41y 8 Shas Sales 59 5 Froosis alS Wy (Si5 5 byl 5 esle ol 3l esliil ol

05,5 9l | (LS 03505500 5 Suislsnsed S Sy ognte 0 XenST6d ol o,dgil il (i slotgsy 4z S
b yol Graghy Wl ad S 18 azgi 550 ;e 25 Lnlyd 5o Glals 5 Sles o o Shig d5ae 5o bo)d ol cnl 1Ll (F) conl
odsle o5 i kll o Lo ple 08, (58085 A g (o5 S Sy p ST (60 paailid boyd il 13U ) p San
oS Lol s b

Loy 9 9lg0

olosl plxil ogais g oS

g 235 mela g (b Sigg s Sl phss Tl ad plol g | olRiile (SLEL pgle 095 SlaalAS yo pl> tagh

YO 5 olecan 4o )0 YO (ansSeS o )0 B0 (ol S sbanS [0 olojw Li &, 5l o Lo ple o3, 5,809 olid
atin ol 5l iy Ll Cga gl atin .ol S p s CSHgSo G g s S S A YV (gel> cud, dw j0 Sl p dus

0)95 Okl U pibe atis jl 5 (Cliléps ailfgn Joloe) 0)99 (nl (opare l3 Jole 5l (lag) 08, Sy piid ain U pgo
9y Olime dnwloee b aaus 5 oolawl (V Jouz) a8l yoss ailSen o138 Joloo 51 o0 )b b 2al8 Ul 4 any clilop
Dyge 4 g e 59y 50 0k O @ plej (ul g oad e (B3 ele sl 5l 990 oy i o 5ls Gliee 5 U e 5l Jolowe
P9> Sy 39y 3 )b B (a3 Joloe b (25 (y9) J3l s 20 elone o5 25 Jlosl Sz (1) 0B ooy 55 p2 sb 4 B35
&3 polid oyd il alizme glacdale L2h Jolore (V) 0l oolasul 55, 50 )L Y (2o Jolone poas Bad;y 5 59, ;0 JL T (2o Jslxe
a3 ST (63 panilid ooy ol .3 plnl (L 8) )Ly ain j2 eaoza U w0 e atia jladgl G 5 o 5l am s
330 4 Giedshos (18L2) ¥+ 5110 80) o a5 55l Jylma jlass 5 05 oolitel (il 59 p,Skea 1Y 58 i) e
o] )0 (aS g (o5 cilisie sl sl § ool cudls p wiog a8 5 5; oy Ve 5l i a5 ologes (o 8,5 plol 4l

INRW PR PSRy

Yvy


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.10.5
http://journal-irshs.ir/article-1-514-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.10.5]

Mds’ /A}—LJLAJ Zmoj.i }.'Lv ‘;)J J/.J)b/)_u[:

oo, ol dags (]l —gie) il olge ol lolSiiony 5 1 51 Ltalasl ol 45 o0lil & )50 eS8 uilins sloo,d 5l
ng-l U] o).>9 C.‘a«; TS TS 9 0092 Js.w 65; 6)5J9$)3.o Ll g M Lbo):) 5.'14 s.i;) 099 )...Ayl.‘ K o)L.\J‘ Lu GIL....M_:)S Jim L
Sg a0y A% 0,3 5l opl ogls a0 g0 Ol o Jelme 9 Vo -FO

(SR g Gl ()lalosS gl eslinl 5)50 SliE Jslme oS 5 ) Jgar
Table 1. Composition of nutrient solution used to fertigate strawberry plants.
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Fig. 1. Main effects of titanium dioxide nanoparticles (a) and deficit fertigation (b) on fruit length of strawberry cv.
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Fig. 2. Mean comparison simple effect of Titanium dioxide nanoparticles (a) and deficit fertigation (b) on fruit width of
strawberry cv. Sabrina.
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Fig. 3. Interaction effect of titanium dioxide nanoparticles and deficit fertigation on fruit weight of strawberry cv. Sabrina.
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Fig. 4. Mean comparison interaction effect of Titanium dioxide nanoparticles and deficit fertigation on fruit, root fresh
weight (a), root dry weight (b), aerial parts fresh weight (c) and aerial parts dry weight (d) of strawberry cv. Sabrina.

Pl 5 (s (@) ata, S (g (All) 4t 5 0js p (@3] skme 05 5 aeaST (63 panilis slae,d 9l iSen n (Sl anlis -F S0
Lo plo 08, (5,8 05 (0) lsp plail s (459 5 (&) (252

TA qpH
5 palies sloo,d s iliie lacBle 5 oo Jslone oS (slojla AiSany o ol LS ail s 40525 g sloanes
TA Gl pdoy0 SO Jleis] mhaw 5o 16550 g0 cpl ool JI Ll sl (g)ls goe S (S5,8065 050 PH 9 TA 5 50 0S|
daw j0 ST (60 pauilis o,d ol eole Sl g doye S Jleio] maw jo (20 Jolore o5 ool il 58 PH 090 0 04 Slo sixe
JEY) mpeS g (oo < IOY) pyiies do)d U L jled 5o (o Sle anglis laass by g o goe wo 0 7y s
o5 Sl 50 Cpizmen (Al -0 JS) del Cans 0,390 i jo PSS e VY cdale 5 vals Jlad jo i 4 TA ol (be)s
Ceos &y il a8 ool 5 08L8 Jlas 3 a5 & TA Blias (amys +IT9) 5 5 (oo +1DR) (s o503 Jslons
$b i 0 o5 e VY cdale o aS o gba wb i PH oliae Woe,d gb cdale 2ol38 b5 pH 8,90 50 (o -0 JS5) sl
1288 28l Gl H PH oo sbns o5 fie Sl L emmizman sl s & (FIVE) lse ol iy a1 50 pislics sloo
GHIP 5 TA Glie Gl s (S5 (235 (0 g Bl =8 JS5) ey S @ (FYE) PH iy oo 00 (o3 Jslns oS
Eob L ablis sl (a5 B> 5 oS Ol talS 51 55 loasd cutlil o ool 1y llas ool s 8 5 o5en 15 PH s
S yan lugidg oliee SRl b Gy Oloj 5o a5 005 5551 e S plsie 4 ogee 0 I sl ols o (Sas 15 ol
e alaly Jsbowa sl Slys 5 (TA) aioial o 88 5,8 il plion ol aalllae sloazmats | (YF) abiso 2lS 5 o

6o o, ¢l L350 R Mbsa f’5’3"L""’ leo,d ¢l Jlasl b aonul oeals g il u“-l‘)-"‘ 5! u;“"l" alayl, U"‘ aS o,ls vezy

Yvs


https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.3.10.5
http://journal-irshs.ir/article-1-514-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-29 ]

[ DOR: 20.1001.1.16807154.1400.22.3.10.5 ]

kST (60 pouiliod oo, gili Sy 00,15 6

G2lS 5 (gl S BB Aol ol o o, gl o o5 didln8eS o8, (5,8 D8 Sodela it sla Sy p paslid S|
o Ganod Lmub U"‘ lJ )...: )..ol.‘> u.u.bs).s ‘Sl-bm as (\\H) ..\.n))f 0gue pH u‘).a.a

a 06 b 0.7 A .
ol b - -
0.5 1 < 0.6 b
c
0.5 4
0.4 1
¢
L 04
< 0.3 ’,1 0.3
= 3
5 024 3 0.2 A
%,
5 0.1 - 0.1 ~
0 0
0 6 7 130 110 920
(i) 355 colon) snsT (g poailial b 0,5 i cild (7 shoo) (3 Jghona o5
Concentration of titanium dioxide nanoparticles (mgl?) Deficit fertigation (ml)

Fig. 5. Mean comparison simple effect of Titanium dioxide nanoparticles (a) and deficit fertigation (b) on TA content of
strawberry cv. Sabrina.
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Fig. 6. Mean comparison simple effect of Titanium dioxide nanoparticles (a) and deficit fertigation (b) on fruit pH of
strawberry cv. Sabrina.
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Fig. 7. Mean comparison simple effect of Titanium dioxide nanoparticles (a) and deficit fertigation (b) on fruit TSS of
strawberry cv. Sabrina.
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Fig. 8. Mean comparison interaction effect of Titanium dioxide nanoparticles and deficit fertigation on chl a (a) and simple
effect of deficit fertigation on chl b (b) of strawberry cv. Sabrina.
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Fig. 9. Mean comparison simple effect of Titanium dioxide nanoparticles (a) and deficit fertigation (b) on carotenoid
content of strawberry cv. Sabrina.
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Fig. 10. Mean comparison interaction effect of Titanium dioxide nanoparticles and deficit fertigation on yield of strawberry
cv. Sabrina.
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Research article

Effect of Foliar Application of Nano-Tio. on Some Quantitative and Qualitative
Attributes of Strawberry Fruit (Fragariax ananassa Duch.) cv. Sabrina Under
Deficit Fertigation

P. Sadeghi and H. Hassanpour*!

In order to investigate the effects of titanium dioxide nanoparticles (nano-TiO2) on some
quantitative and qualitative characteristics of strawberry cv. Sabrina, a factorial greenhouse
experiment was conducted in a completely randomized design with three replications. The
strawberry plants were sprayed with titanium dioxide nanoparticles (0, 6 and 12 mg L) and under
different deficient fertigation treatments (90, 110 and 130 ml). At the end of the experiment, traits
such as leaf chlorophyll a and b, pH, TA, TSS, carotenoids, fresh and dry weight of aerial parts and
roots, fruit weight, length and width and yield were evaluated. The results showed that the
interaction effect of deficient fertigation and titanium dioxide nanoparticles treatments on fruit
weight, fresh and dry weight of roots and aerial parts, chlorophyll a and yield was significant, so
that the highest yield, fruit weight and fresh and dry weight of roots and aerial parts were observed
in 130 ml of deficient fertigation and 12 mg L titanium dioxide nanoparticles treatments. Also, the
main effects of deficient fertigation and titanium dioxide nanoparticles treatments were significant
on fruit length and width, pH, TA, TSS, chlorophyll b and carotenoids traits. The highest length and
width of fruits, pH, TSS and carotenoids were observed by separate using of 12 mg L™ titanium
dioxide nanoparticles or 130 ml of deficient fertigation. In general, the obtained results of this study
showed that the concentration of 12 mg L™ of titanium dioxide nanoparticles had the highest effect
on increasing the yield of strawberry cv. Sabrina under deficient fertigation.
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