Iranian Journal of Horticultural Science el SLEL
Vol 51, No 3, Autumn 2020 (597-609) RN r’"&
DOI: 10.22059/ijhs.2019.280371.1637 @AV-F-R () WWAR 5y 7 85l DY 850

59 9B CalS” 30 (B AT 8 Khos § Dy g1 b D536 9 9 a0 W

Yoo s Vo, .
S yis 1 Dm0 9 ' Awgs Olos )
‘5‘.&5‘”4 K L«,& e.\m"}; ‘;.’1.&‘5}; )lgbb..ﬁ K ()‘ﬂ‘ ) SN sL'\:.n ‘_;Lﬁy AKJJ‘: “5,',‘,L.t5 RSN gd,‘o’S} &LA dﬁr.ﬁ.;‘: A
b‘ﬁ' V.J‘_,M ‘65”\..‘.5 @}Js K) u}ajy] uQLs.:E-"tJ ouj‘nﬂ ;ua'\-.&\g r}lﬁ Q\.E.;.E:J W}A gdrﬁ;
blﬁ‘ ) SOV ;l}.‘:««&;‘&y e@b ;6})_9\.&5 oSy sl LY

(YAAO/Y0 t 5 pdy fra sl = VWAAYNY 1ol s o )l)

oS>

220 ey 55 5 (G o p Bdee At 5N bt (Y0 s 4eSTigs S50 5 5 Ko it g Ble ST agn ol )
4 S ol AS gy 155,01 (3, KPS (53 Shes 5 shbs S S50 B Gl B3P 5 (S oL o
Jol ss; G Sins a3 S 1) Do Lo o o815 5 5155w b (ol Sl b aly » by sS6 bl & pm
Olgen cadyy St 5 5 035 (2l oIl K 5 5 05 aday b ol gl o8 pues a3 oS pas Jgb oS o (S sl
A g iy Ak (g S o3 5 Shas 5 0 g0 3IARS o5 0o o 5 Oj Jold 3, Shes 5o Sy 5 2l pINl ek
N Glady, padalon Sled 5o ady) KiS 5 § 0)y el oAl SES 5 5 05 sy dgb el Pl Sy phe S,
SV e le SV e Ble VAN (g e e Sle YN8 S YERY ol b S5 4 ek iU 2 55 08 e
2 ogm oS YYY/YY) 5 Shas Ole o ey Bl Sl e Sgli5 Aol Hlad b 45 b sdalie p B 6/5F 5 YA/YY (o S 0F/0 ¢
loles pled b 48 ad sdalie pbew i 2 55 0 S e NV glady, asdlon sl 3 dasles pled g 03 (6

ls la fme YU (s 3558 08) LS 5 s s S oL gl

g0 O)g 3 8l (glady, @:J}lm 4"5,3 J\ilgd}lm uS/J.g ch.u 1Sl saoilg

The effect of micro- and nanoparticles of silicon on growth and yield of strawberry
in hydroponic culture

Rahman Yousefi'” and Mahmood Esna-Ashari?

1. Former Ph.D. Student, Faculty of Agriculture, Bu-Ali Sina University, Hamadan, Iran and Research Assistant professor, Date
Palm and Tropical Fruits Research Center, Horticultural Sciences Research Institute, Agricultural Research, Education and
Extension Organization (AREEO), Ahvaz, Iran
2. Professor, Department of Horticultural Sciences, Faculty of Agriculture, Bu-Ali Sina University, Hamadan, Iran
(Received: May 03, 2019 - Accepted: Aug. 16, 2019 )

ABSTRACT

In this research, the effect of different concentrations of micro- and nanoparticles of silicon dioxide (20, 40, 60 and 80
milligrams per liter) and two methods of foliar and root application on some growth and yield characteristics of strawberry
(cv. Camarosa) were investigated. This research was carried out as a factorial experiment based on a completely randomized
design with three replications at Bu-Ali Sina University in Hamedan. Growth characteristics including leaf number, leaf
area, petiole length and diameter, plant height, root length, fresh and dry weight of aerial parts, fresh and dry weight of root,
amount of silicon in aerial parts and yield components including fresh weight of fruit, fruit volume, fruit number and yield
were measured. The highest number of leaves, leaf area, plant height, root length, fresh and dry weight of canopy, fresh and
dry weight of root were observed in root application of 60 mg L™ of nano-silicon with 24.33 leaf, 210.09 cm?, 31.66 cm,
49.70 cm, 70.33 and 13.04 g, 39.22 and 4.43 g amounts, respectively, which showed significant differences with control
treatment. Among all treatments, the highest yield (233.23 g fruit per plant) was observed in root application treatment of 60
mg L™ nano-silicon, which was significantly different with all the treatments of foliar application of micro-silicon and
control (no application of silicon).

Keywords: Foliar application, fruit weight, leaf area, nanoparticles, root application.
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Table 1. Results of variance analysis effect of silicon, concentration and application on leaf number, leaf area, petiole
length and diameter and plant height of strawberry plants

Mean of Square

Source of variation df Leaf number  Leafarea  Petiole length  Petiole diameter  Plant height
Silicon form 1 202.337 497397 29.636" 0.51253" 185.75
Concentration 3 44.026" 2229.08™ 6.5464" 0.15367™ 58.007™
Silicon formxconcentration 3 47076 1043.4" 2.8907" 0.0234"™ 8.7586™
Application method 1 10.593” 45.447™ 0.0014™ 0.0147™ 43.462"
Silicon formxApplication method 1 0.89380™ 209.55™ 3.9006" 0.00007™ 0.00011™
ConcentrationxApplication method 3 2.0368™ 70.615™ 1.9702" 0.0320™ 1.6931™
Si formxConcentrationxApplic meth. 3 6.0910” 579.04 1.9432" 0.0099™ 10.475
Error 32 1.4591 177.50 0.6651 0.0984 3.2914
C.V (%) : 6.60 7.48 7.90 11.90 7.04

a0 ) 50 Jleiml mhaw o ls pe Dglas ¢ jlo s Dgll Sgud i )5 4y sk g 3 NS
ns, * and **: Non-significantly difference and Significantly difference at 5 and 1% of probability levels, respectively.

Table 2. Mean comparison interaction effect of silicon, concentration and application method on leaf number, leaf
area and petiole length of strawberry

Leaf number Leaf area (cm?) Petiole length (cm)

. Silicon Concentr_a;tlon Foliar Root Foliar Root Foliar Root

(Micro and Nano) (mg L™) L L L . L L
application ~ application  application  application  application  application

Control 0 13.91' 13.83! 125.11° 133.64" 7.40" 7.66"

20 14.00 15.33%" 149.64™" 139.359" 9510 77717

Micro-silicon 40 16.00" 15.08" 164.75" 188.25%¢ 9.81°" 10.01°
60 17.33¢" 17.58%0 162.77¢ 160.33° 10.26°" 8.75f"

80 16.25" 18.25°%f 181.59°¢ 195.31°%¢ 9.98°" 10.45°¢

20 17..08°" 16.75™" 173.81°7 176.95¢ 10.21° 10.93%

Nano-silicon 40 19.33¢® 20.66" 183.85"° 171.64°" 1053 9.50%
60 20.41 24.332 194.90%° 210.09° 11.23% 11.89°

80 22.08° 22.01° 204.35% 189.29%¢ 11.25> 13.23°

5l Sl s gl 10 s jo Cdo o gl alie B > b sl Sl
Means with the same letters in related to each trait are not significantly different at the 0.05 level.
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Table 3. Mean comparison interaction effect of silicon, concentration and application method on plant height, root
length and canopy fresh weight of strawberry

Plant height (cm) Root length (cm) Canopy fresh weight (g)

(Mi cr?)l 233 nN ano) Coz%%ntl_r_alglon Foliar Root Foliar Root Foliar Root.
application  application  application  application  application  application
Control 0 19.62' 20.37™ 36.807 40.007 31.83" 37.34"
20 22.75%" 22.16%" 39.46°7 42.70°° 40.57°" 42.63%"
Micro-silicon 40 22.41%" 23.839 41,937 40.96%9 42.77°" 39.22"
60 22.819" 24.41°9 43.23"¢ 41.30%9 47.64%9 42.06°"
80 24.35° 28.54™ 42.16"¢ 43.83>° 50.06™¢ 61.02%*
20 24.50°9 26.33™ 44.73™ 41.26°9 40.84°" 51.85""
Nano-silicon 40 23.50™" 27.08% 41.20%9 46.40° 45.70%9 50.76"9
60 28.08™ 31.66° 46.06> 49.70* 59.55%° 70.33%
80 31.00® 29.60%" 42.90™¢ 37.26" 58.25%¢ 54.01™¢

A5l poe gl 1.0 mhaw jo Cae o gl alie By L sl Sl
Means with the same letters in related to each trait are not significantly different at the 0.05 level.
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Table 4. Results of variance analysis effect of silicon, concentration and application on root length, canopy fresh and
dry weight and root fresh and dry weight of strawberry plants

Mean of Square

Source of variation d.f. Root Canopy Canopy Root Root
length fresh weight  dry weight  fresh weight  dry weight

Silicon form 1 36.400 800.21 18.572 378.99™ 0.6397"
Concentration 3 29.451" 493,01 10.635" 366.89” 2.3405™
Silicon formxconcentration 3 37.116™ 212.09™ 2.4412" 77.750™ 0.3109"
Application method 1 0.5633"™ 131.72"™ 44362 17.247° 0.8393™
Silicon formxApplication method 1 0.9633™ 65.613™ 0.1258™ 0.0121™ 0.3662"
ConcentrationxApplication method 3 8.9622"™ 17.425™ 1.9038" 0.8411™ 0.0746™
Si formxConcentrationx Application method 3 41.477" 141.38" 2.3474” 8.5971" 0.2947"
Error 32 7.0145 46.893 0.5668 3.1175 0.0987
C.V (%) - 6.18 13.74 7.12 6.80 9.60

Aoy ) 50 Jleaml mhaw 1o lo poe glas g jlo s Dgls Sgud 3 5 4y skt g 3 NS

ns, * and **: Non-significantly difference and Significantly difference at 5 and 1% of probability levels, respectively.
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Table 5. Mean comparison interaction effect of silicon, concentration and application method on canopy dry weight, root
fresh weight and root dry weight of strawberry

Silicon Concentration Canopy dry weight (g) Root fresh weight (g) Root dry weight (9)
(Micro and Nano) (mg L) Foliar Root Foliar Root Foliar Root
application  application  application  application application application

Control 0 6.83° 7.979 18.23° 18.99" 2527 2.85™
20 7.99;@T 9.75"ETl 19.302 19.62:3 2.81281 2.79261

. . 40 9.70% 9.13° 19.39 19.03 2.99% 2.87%
Micro-silicon 60 10.75" 9.94% 29.30" 29.97° 3.65™ 3.72%
80 10.29 11.93** 22,147 26.45% 2.98 3.40™

20 9.265:1 10.992'?1 21.93;' 22.91E 2.63‘;T 2.87"2T

. 40 10.22°* 11.16" 29.30™ 3141 3.20"* 3.957
Nano-silicon 60 12.30% 13.04° 36.92° 39.22° 359" 4.43°
80 11.51* 10.94>¢ 24.60% 23.88% 3.24% 3.16%°

Al le g gl 10 ey Cho o gl alie By > b sl Sl
Means with the same letters in related to each trait are not significantly different at the 0.05 level.
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Table 6. Results of variance analysis effect of silicon, concentration and application on Canopy silicon and fruit fresh
weight and volume, fruit number and yield of Strawberry plants

Mean of Square

Source of variation d.f.

Canopy

Fruit Fruit Fruit

silicon fresh weight volume number Yield
Silicon form 1 0.0560 7.3476 11.950 6.5638 5361.7
Concentration 3 0.0455™ 2.4707™ 2.1645™ 10.424” 3972.06™
Silicon formxconcentration 3 0.0019" 1.2986" 1.4597" 0.3258™ 371.92"™
Application method 1 0.0123™ 2.4684™ 2.3541™ 5.0895" 2566.9"
Silicon formxApplication method 1 0.0111™ 0.2324™ 0.5786™ 6.1275" 753.001™
ConcentrationxApplication method 3 0.0015™ 1.5794"™ 2.4559™ 0.5128™ 599.40™
Si formxConcentrationx Application method 3 0.0033™” 4.73707 6.0976" 3.3349" 2367.66"
Error 32 0.00071 1.6574 2.0187 1.1698 632.72
C.V (%) - 7.71 10.18 10.44 7.63 13.96

Aoy ) 50 Jleixl mhaw 1ol poe ©glas ¢ jlo s Dglas Sgud S 5 4y skt g 3 NS
ns, *, **: Non-significantly difference and Significantly difference at 5 and 1% of probability levels, respectively.

SRS 0950 52 9 5 039 sl9p Il i 2 3l (B9, 9 Sl il Jlie ST :Sile aslie Y Jgor
Table 7. Mean comparison interaction effect of silicon, concentration and application method on canopy silicon, fruit
fresh weight and fruit volume of strawberry

Canopy silicon (%)

Fruit fresh weight (g) Fruit volume (cm®)

(Micrilla:rfg nNano) CO?;eerﬁ;'on Foliar Root Foliar Root Foliar Root
Y application application application application application application

Control 0 0.07 0.08' 10.94° 11.03° 12.12° 12.39™
20 O‘erl 0.26“n 12.68az 11.22‘; 12.17?} 13.66%

. i 40 0.33"9 0.29¢ 12.90° 11.06 13.86° 11.97°
Micro-silicon 60 0.34%% 0.38" 11.39° 13.43° 12.28% 14.20%°
80 0.34°"9 0.29%" 12.28% 12.98% 12,78 13.89*

20 0.27(1"T O.SOQDn 12.35az 11.91% 13.67*‘3c 12.93*“;c

- 40 0.35% 0.44 12.43% 14.05% 13.45% 15.13"
Nano-silicon 60 0.42" 0.50° 13.41% 14.29° 14.27%° 15.81°
80 0.33" 0.39" 13.29% 12.49% 14,58 12.99

A5l poe gl 10 mhaw jo Cae o gl alin By > b sl Sl
Means with the same letters in related to each trait are not significantly different at the 0.05 level.
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Table 8. Mean comparison interaction effect of silicon, concentration and application method on fruit number and
yield of strawberry plant

Silicon Concentration Fruit number Yield (g fruit/plant)
(Micro and Nano) (mg LY Foliar application Root application Foliar application Root application
Control 0 12.16° 12.28° 133.15" 135.55%
20 12.19° 13.36°¢ 136.98° 167.94°T
Micro-silicon 40 14.43"° 13.69°* 186.75™° 152.14%
60 14.82%¢ 15.05%° 170.22°" 202.22%¢
80 13.90% 12.98%¢ 170.89%" 169.36°"
20 13.41° 13.04°% 166.50°7 155.31°7
Nano-silicon 40 13.822de 16.45° 172.83°_’f 231.05%®
60 14.46" 16.33° 195.55%¢ 233.23%
80 13.75%¢ 15.07%° 182.83%¢ 188.30™

A5l poe gl 10 mhaw jo Cae o gy alie B> b sl Sl

Means with the same letters in related to each trait are not significantly different at the 0.05 level.
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