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Background and Obijectives: Silicon is an essential element for rice
plants and its maximum uptake occur in vegetative growth stage. It
increases resistance to environmental stresses and reduces possibility of
rot. To ensure the effectiveness of the use of siliceous fertilizers in paddy
fields in north of Iran, more research should be done in order to decide
about the necessity of its use. Due to the high price of imported nano-silica
fertilizer, on the other hand, the cheap and availability of the outer shell of
paddy as the annual waste of rice mills, as well as, the role that silicon
plays in rice growth and increase the resistance of rice to living stresses
such as pests and diseases and non-living stresses such as cold, heat,
drought and salt, investigating the effectiveness of nano-silica produced
from rice husk on silicon absorption and vegetative growth of rice
compared to imported amorphous nano-silica from USA is one of
objectives of this applied research.

Materials and Methods: In order to compare effectiveness of nano-silica
extracted from the outer shell of paddy compared to commercial imported
nano-silica from USA on silicon absorption and vegetative growth of rice,
a research with paddy soil with 4 treatments (amorphous nano-silica, semi-
crystalline nano-silica, imported commercialized nano-silica from USA
and rice husk ash, also control sample (without addition of silica) and
4 replications were conducted in greenhouse of agriculture faculty
sciences in university of Guilan.

Results: Results showed that among the vegetative growth characteristics
of the rice plant, leaf area and stem height at the time of tillering and at the
end of vegetative growth period, significantly in the plant treated with
amorphouse nano-silica produced from rice husk in compared with
imported amorphouse nano-silica, it was more. Despite this, number of
leaves, dry weight of stem and leaf, wet weight of stem and leaf were traits
that did not show significant difference between treatments. In addition,
the results of determination of silicon in plants with ICP device showed
that the amount of silicon in leaves and stems in plants treated with
nanosilica was significantly higher than plants treated with imported
commercial nano-silica. Investigations approved that silica produced from
rice husk is nano-particles. The relationships in the principal component
analysis showed that among the traits related to the vegetative growth of
the rice plant, except the height of the stem in the early growth, the rest of

51


mailto:m_nickkhoo8@yahoo.com
mailto:rezaebrahimi@guilan.ac.ir

the traits had a positive correlation with the amount of silicon in the leaves
and stems. Also, the results of principal component analysis confirmed
that there are three distinct groups including plants treated with amorphous
nano-silica, the control sample, and plants treated with semi-crystalline
nano-silica, rice husk ash, and imported commercial nano-silica,
considering the clear overlap between these three treatments.

Conclusion: Results indicate the difference in rice plant characteristics
between different treatments. Most of these changes are due to the change
in the amount of silicon absorbed. All the traits of rice plants studied in
this research, regardless of significance, showed the maximum value in
rice plants treated with amorphous nano-silica extracted from rice husk.
Results confirmed that amorphous nano-silica produced from rice husk
can be used as a suitable source of silicon to improve the vegetative
growth of different parts of rice plant.
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Table 1. Paddy soil properties in Jiredeh village, Shaft, East of Guilan.

Zn Si K P TN Eh pH EC Clay Silt Sand
(mg/kg) (mg/kg)  (mglkg) (mg/kg) (%) (mV) 1:25 (ds/m) % % %
2 10 120 16.3 0.21 -64.17 7.02 0.9 42 36 22

TS Sl % s balIe I e S s P R IE R PR R
Table 1.1. Silicon content in some paddy soils in East of Guilan.

10 11 12 13 14 15 16 17 18 19

Sample 4, 3 4 5 § 7 g
No.
si

23 37 11 39 28 26 37 36
(mg\kg)

25 21 33 36 32 25 24 26 18 24

Sl ¢ SAS 53 S ke B0 51 508 o L skt 2 (s 53 00S b bl S T sl Sl s

VGJ,G 093 J—l‘}‘)’ cj o\:f d‘ﬁ\‘q 6b3ﬁ):}<h3 d’hi Ch ot (.3)\.9—1 JS..’&
Figure 1. Iron and manganes toxicity symtoms in rice lower leaves in early period of flooding.
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Table 2. Descriptive statistics of leaf width (mm?) in different treatments.

oSSl

Sl eds o S

Sl

(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
L
0.03 7529.84 7875.01 7308.61 -
(Control)
1,k
0.08 12540.18 13699.04 11124.53 T
(Treatment 1)
2 L
0.04 9119.56 9654.60 8632.77 .
(Treatment 2)
3 ks
0.08 9032.13 10180.51 8432.36 .
(Treatment 3)
4 s
0.06 8888.19 9811.94 8474.78 .
(Treatment 4)
16000 -
c a b b b
< 13000 Vi
kY e
2 l
% 11000
E "
9000 éEI
7000 .
WL 1 2 3 4
U low
Control Treatments

dals K lA)Lo.; B e.\ﬁéﬁfa}h\s‘ tS/j' ck.w A.ﬁ\i.a -2 Jg.ﬁ
Figure 2. Comparison of leaf surface measured in treatments and control.
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Table 3. Descriptive statistics of leaf fresh weight in different treatments and control.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.10 8.47 9.51 7.65
(Control)
1oks
0.05 8.69 9.38 8.34
(Treatment 1)
2 s
0.19 8.27 10.24 6.37
(Treatment 2)
3 ks
0.11 8.12 9.44 7.30 o
(Treatment 3)
4 L
0.05 8.23 8.88 7.77 o
(Treatment 4)
11 a a a a a
c
e IOI
&=
=
— . »
g 39 T
o 2y .
2 + 1
-} . =k -+
= 9.8 1 ¥
[=Y o
22 -+
= 1
— T
6 |
aals 1 2 3 4
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Figure 3. Leaf fresh weight in different treatments and control.
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Table 4. Descriptive statistics of stem fresh weight in treatments and control.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
L
0.07 20.99 23.10 19.01 M
(Control)
1 L
0.06 24.13 25.84 22.39 s
(Treatment 1)
2 -
0.13 22.63 26.89 20.33 Ao
(Treatment 2)
3 -
0.11 21.67 24.22 19.11 Aed
(Treatment 3)
4 -
0.06 22.82 24.05 20.78 Aed
(Treatment 4)
x @2 2 a2 =
27 +
c
2 3 25¢ T
g %
s 3 o T
@
s g 234 =
E X2
@
214 e
o B
19 L i
sl 1 g &
LV
Control Treatments

Al 5 byl s dle 5 05y amlis -4 S
Figure 4. Stem fresh weight in treatments and control.
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Table 5. Descriptive statistics of leaf dry weight in treatments and control.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.06 2.72 2.92 2.56
(Control)
l -
0.06 2.76 3.02 2.62 e
(Treatment 1)
2 -
0.15 2.75 3.19 2.26 e
(Treatment 2)
3 -
0.11 2.60 3.01 2.38 e
(Treatment 3)
4 s
0.08 2.68 3.01 2.49 o
(Treatment 4)
a a a a a
3.4

=

= -

[

- ]

E X

33

5]

= & 264 [

2.2 i B
s, 1 2 3 4
L jlass

Control Treatments

.Mu;;ﬂ;ﬁaﬁdu)w):«fﬁwO}JMuﬂ—sp

Figure 5. Comparison of leaf dry weight between treatments and control.
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Table 6. Descriptive statistics of stem dry weight in different treatments and control.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
0.09 4.35 4.76 3.87 (Control) stz
0.09 5.08 5.78 4.76 (Treatment 1) 1 Lo
0.14 4.95 6.03 4,52 (Treatment 2) 2 L
0.11 4.72 5.26 4.12 (Treatment 3) 3 _Los
0.08 4.96 5.56 4.65 (Treatment 4) 4 L.
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Figure 6. Comparison of stem dry weight in treatments and control.
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Table 7. Descriptive statistics of stem height in different treatments in early growth.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.15 4.25 5.00 3.50
(Control)
1 ks
0.12 3.87 4.50 3.50 o
(Treatment 1)
2 L
0.28 3.37 4.00 2.00 o
(Treatment 2)
3 A -
0.13 4.62 5.50 4.00 Ao
(Treatment 3)
4 s
0.17 4.37 5.00 3.50 o
(Treatment 4)
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Figure 7. Comparison of stem height in treatments in early growth stage.
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Table 8. Descriptive statistics of stem height in different treatments in middle of growth.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.08 10.25 11.50 9.50
(Control)
1 ks
0.07 12.50 13.50 11.50 o
(Treatment 1)
2 Ly
0.11 11.25 13.00 10.00 o
(Treatment 2)
3 ks
0.15 11.37 13.50 9.50 o
(Treatment 3)
4 s
0.2 11.62 12.50 9.50 o
(Treatment 4)
R 14 _ b a ab ab ab
g” 3 131
o W
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%n 3 e I
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Figure 8. Comparison of stem height in treatments and control in middle growth stage.
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Table 9. Descriptive statistics of stem height in treatments and control end of vegetative growth.

Sk S ks Sl Sl ks
(Variation Coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.09 27.25 31.00 25.00
(Control)
1 ks
0.03 32.50 33.00 31.00 o
(Treatment 1)
2 L
0.17 22.87 27.50 19.00 o
(Treatment 2)
3 ks
0.13 29.25 34.00 25.00 o
(Treatment 3)
4 s
0.26 27.25 34.00 18.00 o
(Treatment 4)
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Figure 9. Comparison of stem height in treatments and control end of vegetative growth.
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Table 10. Descriptive statistics of seedling height in different treatments and control in seedling.

Sk S ks Sl Sl ks
(variation Coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.11 11.75 13.00 10.50
(Control)
1 ks
0.06 11.50 12.00 10.50 o
(Treatment 1)
2 Ly
0.05 12.37 13.00 11.50 o
(Treatment 2)
3 ks
0.11 11.75 13.00 10.50 o
(Treatment 3)
4 s
0.07 11.50 12.50 10.50 o
(Treatment 4)
= 13 Sw a a a a a
R
= = 1251
E’J 3 =+ - =
2 31ns
wn
3

ool L i

Control Treatments

(SIS 0L s Mals 5 il gla e o ol g1 i 10 IS5

Figure 10. Comparison of plant height between different treatments and control at planting time.
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Table 11. Descriptive statistics of plant height in different treatments and control at tillering time.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.07 29.62 35.50 27.00
(Control)
1 \ -
0.11 38.87 43.00 33.00 Ao
(Treatment 1)
2 L
0.04 31.37 33.00 29.50 o
(Treatment 2)
3 ks
0.11 30.00 34.00 27.00 o
(Treatment 3)
4 s
0.13 35.37 32.00 31.50 o
(Treatment 4)
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Figure 11. Comparison of plant height in treatments and control at tillering time.
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Table 12. Descriptive statistics of plant height measured in treatments and control at harvest time.

Sk S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.09 71.25 80.00 63.00
(Control)
1 ks
0.05 80.37 85.50 76.00 o
(Treatment 1)
2 L
0.13 66.25 75.00 55.00 o
(Treatment 2)
3 ks
0.04 72.12 77.00 69.00 o
(Treatment 3)
4 s
0.17 71.00 83.00 54.00 o
(Treatment 4)
ab a b ab ab
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Figure 12. Comparison of plant height at harvest time.
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Table 13. Descriptive statistics of number of leaves in treatments and control.

Sk g S ks Sl Sl ks
(Variation coefficient) (Average) (Maximum) (Minimum) (Variable)
dals
0.31 6.25 9 5
(Control)
1 ks
0.22 7.75 10 6 o
(Treatment 1)
2 L
0.31 6.75 9 5 o
(Treatment 2)
3 ks
0.39 5.25 7 3 o
(Treatment 3)
4 s
0.62 5.25 9 2 Ao
(Treatment 4)
a a a a a
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g 8 l
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Figure 13. Comparison of number of leaves in different treatments.
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Figure 15. Silicon content in stem dry weight basis in different treatments and control.
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Figure 16. X-ray diffraction patterns of amorph (b) and semi-crystal (c) nanosilica samples.
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Table 14. Effects of rice plant traits on main components.
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(Fourth component)  (Third component)  (Second component)  (First component) (Studied characteristics)
S e
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(Leaf silicon)
5l (....«..L.d
0.035 0.052 0.112 0.691 e
(Stem silicon)
S sl
0.004 0.382 0.000 0.149 72
(Number of leaves)
CalS Ol y s L el )
0.677 0.072 0.000 0.028 M G
(Seedling height at planting time)
s et s 3l ol ol
0.090 0.024 0.010 0.494 o IS 02 e 00
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Csls p Obe Sl ol
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A I 5l Sl ol
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Ay ol Slw ol
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L i s
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(Stem dry weight)
3 i PO
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(Leaf dry weight)
L 5o
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g .
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Figure 18. Relationship between leaf and stem silicon and rice plant traits.
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