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Introduction

Rapeseed (Brassica napus L.) has a special rank among oilseeds due to its outstanding agronomic
characteristics. Planting date is an important factor that affects grain yield, oil content and fatty acid
composition. Delay in rapeseed planting reduces vegetative growth period and produces plants with less
biomass, and reduces yield components and grain yield due to the exposure of the reproductive stage to high
temperatures. Proper nutrition of the plant is one of the important factors in improving the quantity and quality of
the product. Silicon is not considered an essential element for excellent plants. However, silicon has an effect on
improving plant growth, biomass, seed yield and quality, photosynthesis and resistance to biotic and abiotic
stresses. Zinc also regulates plant growth and activates many enzymes. This element is necessary for the
synthesis of chlorophyll and the formation of carbohydrates.

Materials and Methods

In order to conduct this research, a field experiment was conducted as a split-factorial in a randomized
complete block design with three replications at Qhaemshahr Agricultural Research Station (Qarakheil) during
2017-18. Planting dates as the main plot at two levels (normal planting [7 October] and delayed planting [22
October]), silicon fertilizer sources at three levels (control [no consumption], calcium silicate, nano-Si) and zinc
fertilizer sources at three levels (control [no consumption], zinc sulfate, nano-Zn) were considered as sub-plots.
Calcium silicate and zinc sulfate (200 kg ha™*) were added to the soil before rapeseed planting. Silica and zinc
nanoparticles (50 mg I™%) were sprayed in two stages of flowering and pod formation. The soil of the test site had
clay loamy texture with pH 7.5, organic matter 3.2%, total nitrogen 0.16%, absorbable P 15.7 mg kg™ and
absorbable K 101 mg kg™. The average annual rainfall at the test site was 745 mm. Data were analyzed by
Mstat-C statistical software and the means were compared with LSD test at a probability level of 5%.

Results and Discussion

Plant height, number of pods per plant, number of seeds per pod, 1000-seed weight, grain yield, seed oil,
grain silica and grain zinc were the studied traits that other than grain silica (non-significant) other traits
decreased with delay in planting. The present study showed that for each day of delay in planting, 39.15 kg ha™
of grain yield was reduced. With the delay of planting from 7 October to 22 October, the total grain yield
decreased by 22.03% due to the decrease in the number of pods per plant, 1000-seed weight and number of seeds
per pod. Seed oil also decreased by 3.3% with a delay in planting. Number of pods per plant (10.30 and 12.11%),
grain yield (11.15 and 12.43%), and grain silica (9.63 and 11.57%) increased with the use of calcium silicate and
nano-silica, respectively, compared to the control. The number of seeds in pods (14.85 and 13.01%) and grain
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zinc (21.47 and 26.57%) also increased with the use of zinc sulfate and nano-zinc, respectively, compared to the
control. Nano-zinc increased the number of pods per plant, 1000-seed weight and grain yield compared to the
control (18.66, 15.64 and 20.50%, respectively). The maximum number of seeds per pod was obtained in normal
planting date with calcium silicate (49.8 seeds) and the maximum seed oil was obtained under the combined
treatments of nano-silica and zinc sulfate (47.3%) and nano-silica and nano-zinc (47.5%).

Conclusion

In general, the results of the current study showed that the highest grain yield and grain silica concentration
were obtained by application different sources of silica as well as nano-zinc foliar application. The maximum
concentration of grain zinc was obtained by application different sources of zinc. The highest percentage of oil
was recorded with the simultaneous application of nano-silica and different sources of zinc.

Keywords: Grain silica concentration, Grain yield, Grain zinc concentration, Oil percentage
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Table 2- Soil analysis of experiment location (0-30 cm)

Property 3T Unit aslg Value ,laso
EC oSl cylin dsm? 0.56
(1:5)pH Sk du;.h.wl - 7.5
Available P Gls 1B yaus mg kg™ 15.7
Available K Gl B ey mg kg™ 101
N total Js @l % 0.16
Organic matter ST osle % 3.2
Sand O % 35
Silt <Y % 28
Clay 8.5 % 37
Soil texture Sk cal - o 29
Clay Loam
axlllae 3490 €1 )39l Ciladeiin Y Joan
Table 3- Specifications of the studied nanoparticles
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e 281> gg0 20 - 30 2.4 180-600 e
SiO, White
| -
S92 e >99% 10 - 30 5.606 20-60 e
Zn0 White
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1- Least significant difference (LSD)
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Table 4- Analysis of variance of some rapeseed agronomic traits under experimental treatments

30 (e y9 daas 3> &> dlaas

@2 Wy el a3 152 o 59 ;
ST . : &3 > Slos
SXOAY e o & Plant S RNCGIEL 1000Seed 5o
height 1 1 weight rainye
d.f 9 No. pods plant No. seeds pod g
Rep S 2 96.16™ 1754.68™ 28.12" 0.34™ 840365.16™
Planting date el fub 1 4930.66™ 126633.79" 6823.12" 1.058" 4655204.16™
(@)
(a) Error cusls ol gt 2 80.72 4165.90 98.46 0.084 435311.16
Silicon (b) s 2 15.16™ 2832.46™ 41.12" 0.010™ 514701.72"
Zinc (c) 59 2 727.72" 6615.79" 169.85™ 0.37" 1321396.22"
axb Ol X 3l 5o b 2 57.16™ 189.12"™ 63.12 0.014"™ 144171.72™
axc S9y X Bl o, 2 1.50™ 120.12" 12.96™ 0.034"™ 130948.22"
bxc 9y X Lyosdaws 4 8.47™ 65.35™ 18.18™ 0.018™ 36840.19™
podiw X S 2o,
axbxc o & 4 38.41™ 63.62" 9.62™ 0.026™ 767.19™
E13Rs
Total error Js s 32 31.63 175.77 7.92 0.023 44363.52
CV (%) () &y gy - 43 7.2 7.9 9.3 8.9

oy iy g o yd S Jlein] pskaw )3 (60 pxe )3 gime i iy i s NS
ns, **, *: non-statistically significant and significant at 1% and 5%, respectively

wlo)i S lowd Cod 135 oly); Olho A (lhe duglio -0 Jean
Table 5- Comparison of the average of some rapeseed agronomic traits under experimental treatments

Wy g u?;? i D‘.-w als jlia oj > 3 Ses
Treatments Wlos Plant height 903 o9 2 1000 Seed  Grain yield
(cm) No. pods no.seeds  eight (g) (kg ha™)
plant™ pod™
Planting date cusls )b
Normal Hgexe 139.3a 232.6a - 1.79a 2665.6a
Delayed ey 120.2b 135.8b - 1.51b 2078.3b
LSD 0.05 o re B3] J8las 3.118 7.35 - 0.084 116.7
Silicon resources ks 2l
Control Jals - 169.9b - - 2177.8b
Calcium silicate S OIS L - 189.4a - - 2451.2a
Silicon nanoxide ol 536 - 193.3a - - 2486.9a
LSD 0.05 S xe BB J3las - 9.001 - - 143.01
Zinc resources $9) @le
Control Jali 123.0c 163.0c 32.1b 1.51c 2101.1c
Zinc sulfate $9y ©lgu 130.7b 189.1b 37.7a 1.64b 2371.8b
Zinc nanoxide $9) 96 135.6a 200.4a 36.9a 1.79a 2642.9a
LSD 0.05 S xe BB J3las 3.81 9.001 1.91 0.10 143.01

Al o3 oy gy Jloin] s )3 I3 xe BMES] JBlas g0l ywluol 1 l5 xe BMBT gyl gt ya 1 S e g > L ol
Means followed by the same letter are not significantly different at the 0.05 level, using LSD test.
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Figure 1- Interaction of planting date with silica sources on the number of seeds in rapeseed pods
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Columns that have at least one common letter are not significantly different at the 5% probability level based on the LSD test (LSD =

4.68)
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Figure 2- Interaction of silica and zinc resources on the percentage of rapeseed oil
= o me M3 JBho) 55 (g yly dxe VS| so > gy Jloin] e )3 I gize BM] JBlis 905l bl p disnd S e Gy S JBlis glyls &S ol gias

(\¥Y

Columns that have at least one common letter are not significantly different at the 5% probability level based on the LSD test (LSD =
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Table 6- Analysis of variance of some rapeseed quality traits under experimental treatments

axyd . b —
SOV Ol i gylio Ry “S‘" C59) s gk ail sy,
of eedoil  Grajn silica Grain zinc
concentration concentration
Repeat IS 2 15.03ns  1336107.22ns 1.41ns
Planting date (a) cusls g )b 1 148.66**  124787.79ns 546.05**
(a) Error cusls o)l olas 2 0.32 78550.55 22.02
Silicon (b) Ol 2 26.58**  355652.70** 82.78ns
Zinc (c) &$9) 2 8.79** 118804.29ns 888.37**
axb b X S 5 b 2 0.45ns 5972.37ns 17.45ns
axc Sy x cuils Fu)b 2 0.044ns 4922.37ns 12.66ns
bxc Sy X ke 4 1.91* 5372.22ns 6.15ns
axbxc CX o x ca3l§ 56 4 0.172ns 7827.63ns 3.51ns
Total error S s 32 0.635 54013.63 37.58
CV (%) (7) @l yess oy - 1.7 10.7 13.6

oy gz 5 Mo yd S Jlein] zslaw 13 (60 xe )3 jxepf S Sy i ki NS
ns, **, *: non-statistically significant and significant at 1% and 5%, respectively
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Table 7- Comparison of the average of some rapeseed quality traits under experimental treatments

W5 o CLE il gg, il

4> s, . o
Treatments Bl Seed oil Grainssilica Grain zinc
(%) concentra}}lon concentre};uon
(mg kg™) (mg kg™)
Planting date casls &b
Normal J9ene 47.9a - 48.4a
Delayed b 44.6b - 42.0b
LSD 0.05 o gime OS] JBlas 0.44 - 3.39
Silicon resources o @ilio
Control Al - 2020.1b -
Calcium silicate el SIS - 2235.3a -
Silicon nanoxide b 956 - 2284.4a -
LSD 0.05 Mo gixe BB J3las - 157.8 -
Zinc resources $9) e
Control Jals - - 37.3b
Zinc sulfate sy g - - 47.5a
Zinc nanoxide &3y 95U N - 50.8a
LSD 0.05 b re M| J8las - - 4.16

il b 3o yd gy Jloin] s )3 I3 xe U] JBlas g0l wluol 1 I xe BMBT gyl gt ya 1> S e gy L ol

Means followed by the same letter are not significantly different at the 0.05 level, using LSD test.
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