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Abstract

Introduction

Silicon, primarily absorbed by rice roots in the form of H4SiOs, plays a pivotal role in rice
cultivation. It is estimated that approximately 300 kg of silicon is absorbed from the soil per
hectare when producing 5 tons of paddy. The critical silicon content in rice during the tillering
and ripening stages is 5% of dry weight in the stem and flag leaf. Sufficient silicon levels in the
stem help reduce lodging, thus potentially lowering harvesting costs.

Materials and Methods

This research was carried out at the Faculty of Agriculture, University of Guilan, using a
completely randomized design with 13 treatments and three replications. The objective was to
evaluate the effects of varying silica levels, derived from four different sources, on rice plant
height, stem diameter, number of nodes, and silica concentration in the stem. Silica sources
included paddy husk, husk ash, husk powder and a siliceous liquid fertilizer. The experiment was
performed using 39 pots containing paddy soil. The efficacy of these silica sources was assessed
based on changes in plant height, stem diameter, number of nodes, and silica accumulation in
both stems and leaves.

Results and Discussion

In the initial measurement, no significant differences in stem height were observed amongthe 13
treatments, indicating that silicon likely requires a longer period to influence stem elongation in
rice. However, with extended exposure to silica amendments, marked effects on morphological
traits became evident. For example, in the S3 treatment (silica extracted from paddy husk), stem
height increased from 15 cm to 8 cm over the growth period. The average number of nodes in
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the S3 treatment increased from 3.66 to 7.33 and in the C3 treatment from 3.33 to 6.66,
demonstrating a statistically significant difference between the S3 treatment and the others. At
the conclusion of vegetative growth, the stem diameters in the control, S3, and C3 treatments
were 2.63, 4.98 and 4.97 mm, respectively, with the S3 and C3 treatments significantly
outperforming the control.

Silicon uptake and translocation to the stem were highest in the S3 and C3 treatments with
statistically significant differences observed among treatments. In July, the silicon content in
stems was 7.06% for S3, 6.04% for C3, and only 1.94% for the control (B). By August,
significant differences in stem silicon concentration persisted across all treatments, peaking at
10.79% for S3, 8.03% for C3, and 3.69% for the control. In September, the silicon content in
stems decreased, with the highest value of 2.1% in S3, which remained statistically significant
higher than in C1 and B. The next highest, C3 at 2.06 %, was also significantly higher than C1
and B. Except for Cl1, all other treatments showed significant differences only when compared to
the control. It is noteworthy that the optimal silicon content optimal for rice stems is 8-10%;
levels below 5% indicate deficiency. Both S3 and C3 treatments were identified as optimal in
terms of plant height, stem diameter, number of internodes and internode length.

Conclusion

The results indicate that as rice plants age and increase in size, silicon concentrations in the stem
and leaf decrease, with a more pronounced decline in the leaf. This likely reflects the
translocation of silicon from these organs to the husk at the onset of reproductive growth. Among
the various treatments, application of 0.24 grams of extracted silicon per 3 kg of soil yielded the
greatest improvement in plant growth, followed by commercial siliceous fertilizer. Comparisons
between paddy husk ash and rice husk powder treatments revealed that husk ash was more
effective for most morphological traits evaluated.

Overall, silica addition enhanced rice growth. Therefore, in paddy soils with silicon
concentrations less than 100 mg. kg-!, silicon fertilizer application is recommended. Utilizing
silica extracted from rice husk milling by-products can fulfill the silicon requirements of rice
fields, providing a sustainable and environmentally friendly source of the essential element of
paddy soil fertility management.
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Tablel. Paddy soil characteristics used in pots, collected from Khashbijar in Chaboksar in Guilan

Si0, pH CEC Clay Silt  Sand

(mgkg!) - (me 100g1) % % %

Soil oM N P K
texture
- % %

(mgkgh)  (mgkg!h

20.5 6.1 20 10 44 46

Silty loam 9.1 0.45 11 120




At

ol ST b el 5531 S ) O 5 5 e

N 5 Lo Gre e ¥ OT pli)) B2 Cnds
Sdoee ke (S5l lasled (g L Ol jan atin s
sl 4 asy Jsb 53 ol Sl (6ls 44 pe s Jlas
Olej w53 ey b bas o &5 050 50 Sl s
(238l OLL 5 (35 iy Laulyl (55w £5,2)
23080k dgb o S0k shied bl ¢ syl fals
odS L Bl b s, dsy 5y 0L
o Dl o shie 4 s A3 (8 o1
6 oSl S 5 Y Sl o o w53 olS s
bas 5> Bl e i 5 ok S s
S a9 Sl b T i 55 g 4 b e
W s s bl (Ma and Yamaji, 2006) L&
A e b ol IS b I8 s S e b e
S T o 5 1o Sie awlis 5 T SPSS

el o S 05e3T L Ao

o 9 @b
4 ok 0333 Hfspmk Slge 3 SiO2 e
3 odd )‘Qr:“:l:—ﬂ oobe 3 Si02 luds ¢S
Sie g s (OIS oKl ST et oK le 5T
P s e S Gy suy fSE) SIO)
e ST slal 4 &S 2ld S s 2
Ma et al., 2002) ol ods i 1 ¥ Jsd s
2 OMIE 2 ST 4 0ds 03531 I ate Jllis
Sl ods E)NE 55 s byl 53 s el
S wpdr JB o p caie ol (Y Jodr)
S 53 ek Gl A 5 S ek
(S102) koo oY U 55 .Sl 0l dnlons IS
» Js oS Gl BB e sl 35 5 gm s
WS ild Gy s g s S S Gy 2SS
Ll JS s
Jsb 5o laan 93 Jolsp L Ol # 5o dlu ¢l
Llgl 6 sl Laulsl 5D oy ey by eys3

Ul s mls Gb s S el (s

Dlke 1S s w3l os el ek
P LS s Ssm ey Sl Jols 2S5 0
BLAlosigs T il e W0 0T 45 w5y Lo )
a5 S5 65, OTPH V0 53 6o JS il U
A esls OIS Sk ol L sl ¥ Soke 4
okile 3L slge 5 A5 FY ity Sl S L e
Nge 93K, I8 el b L pkir o BT (g,
(Kalapathy et A g5le @)l OT ko 5 sizud
Lo ol peal ek al., 1999; Jiet al., 2021)
OTPH 5 85 Jbe i plty S50 2 (e 74
Fes5 05T 55 5 @b V0¥ 53 dle i Ko I8 al b
e Sl Sl Olgie 4 K (g 4 )
oalitul pelaw dw 53 (S gld gy Sl ol o el
dietal., 2021) 4

Yool mle Gl L ke )l 5
(C3 L2 L) T a3 5 GO A ek o
REREYS

Jols SIS J2le3T cpl s ol Jlast gl jlas
v )3 0kd i ko ‘(s‘«“*L«“‘“ 0393 O9b) dals
a3 (’f? Si=+/t¥ 5 So=v/+% Sz=+/NY o
PaY/FS ols S m wnyy yog S p?jl.f
FeS S S S w3 0 5 Pioe/# 5 PooVY
A2/ A3 N gl LSS gl g ey
DS 358 5 S 0 S AS ww 3 0 8 Al /Y
5 G2 Cobd mshe b omle @l by
sses k) ol OT 2 ey 2l e Ci=Vd
L LS s by iy S O e
4 LOME s O ae 1SS an b &Sl 0 S LS
e Sl 05T bl el 5 Jame 4l
5 Ju s Dled s oyl Jald 4l lassS Sl (55l
bajlad olal e G5l 00l 5 5 nly 55 1
FUIL g sl 3o a5 b glis OIS 2 oSl L
STl s cnlie Aolb b5 (e Sl 10 55u)

LU ¢S sy sl s s ciS OIS e



\7a

VPP ol oF osled FA W alS Sl

rmerhees 025381 L o e 0L MU o)l Sl 5 SV 5k

Ll 550 OT e 31 5l oS 4

S i Lasie (F Jsds) oS gyl 5 (F Jsa)
QLA) I DL sl CLAS)‘ B ol dl.o&‘ LsLA)Ls.:S
A oy & Jlal mhw 53 ads (5,5 65l
Sl W o (S oIl sl 5s Lads g syl s me
(oo Ay B4 A edaline Sls pme Dl

Qlﬁ) 4 ac‘f oL; DL 48l CLG‘)‘}J ng‘v\.?j‘ Lg‘j’

&y 18 b @l 3O Cpudow Hld0 -Y S g0

Table 2. SiO; content in silica sources used in this research

Source of Silica

Si0, (% w/w)

Synthesized Silica
Rice Husk Ash

Rice Husk Powder
Commercial Silica Fertilizer

81
44
20
20

Bl £ Sl il 519 4378 @ A0S T Joor
Table 3. Summary of variance analysis results for stem height

Date Mean Squares Degree of Freedom F.value
First measurement 0.40 12 1.20ns
SEM 0.33 26
Second measurement 7.36 12 4.69*
SEM 0.91 26
Third measurement 23.56 12 10.53*
SEM 0.81 26
Fourth measurement 99.61 12 7.61™
SEM 0.80 26
Fifth measurement 97.96 12 25.90™
SEM 0.66 26
Sixth measurement 114.11 12 50.27*
SEM 1.00 26

Ll s e (oD o3 G Jlaz| c]e_w): S 5 050 Seslial b 0w 5388 2ha Cog o (gl Lghoriil:.a
Means in each column, followed by similar letter are not significantly different at 1% probability level using Tukey

test
S 570 11 Calizko (S o) 38 (yio i) 4Ble S5 9 1 sow Wi aSiloo duslio —F Jou>
Table 4. Mean comparison of treatments effect on stem height (cm) at different times measurements
Treatment First Second Third Forth Fifth Sixth
B 14.662 19.500 33.264 33.664 56.66¢ 56.664
S 14.832 21.00° 31.00b¢ 52.00%¢ 72.00b 74.33be
S, 14.662 23.00% 33.66%¢ 52.66%¢ 73.66° 78.33b
S; 15.52 25.838 37.662 57.832 79.662 83.002
A 15.322 20.662 33.00b¢ 42.00¢ 72.66° 74.5b¢
A, 15.662 22.66% 34.00%c 43.33bd 74.00° 76.00b¢
A, 15.332 22.83% 34.66%¢ 46.66vd 75.00% 77.00b¢
P, 15.002 21.80b 30.33de 48.66%¢ 71.000 73.33¢
P, 14.662 22.00° 32.33be 50.00%< 72.300 76.66b¢
Ps 15.002 22.30% 34.332¢ 52.00%¢ 72.00° 76.33bc
C, 15.002 20.60° 30.664 43.000 73.33b 76.33bc
C, 14.662 21.16° 32.33be 50.66%¢ 74.002 77.33b¢
G 14.508 23.00% 35.32#® 53.00% 75.00% 78.66%
SEM 0.33 0.91 0.81 0.80 0.66 1.00

Al s gme sl sy S Jl».::-lcle,u):u;j 05T 3l oaliiwl b O g a 55 &S 2ia (o9 éb‘bé\.&ﬁlﬁa
Means in each column, followed by similar letter are not significantly different at 1% probability level using Tukey

test
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Table 5. Effect of soil treatment on the number and length of internode in three times

First measurement Second measurement Third measurement
Treatment Length Number Length Number  Length (cm) Number
(cm) (cm)
B 4.002 2.00b 3.662 2.66¢ 3.832 4.33¢
S, 2.66b¢ 3.334 2.33ac 4.33b 2.16bd 5.66b<
S, 2.66bc 2.66% 2.33ac 4.33b 1.88cd 6.0024
S, 2.00¢ 3.662 1.00¢ 6.002 1.334 7.332
A, 3.50% 2.00b 2.66® 3.66b¢ 3.33a¢ 4.664%
A, 3.334 2.33a 2.33ac 4.33b 3.002¢ 5.33be
A, 3.33® 2.66% 2.33ac 4.00bc 2.6634 6.0024
P, 3.334% 2.00b 1.66b 3.00b¢ 3.66% 5.00¢¢
P, 3.66% 2.66% 2.33ac 3.66b¢ 3.33a¢ 5.00¢<
P, 3.00a< 3.332® 2.002c 4.00bc 3.002¢ 6.332¢
C, 3.334% 2.00b 3.00%® 3.33be 3.50%® 5.33be
C, 3.33® 2.662 2.66% 3.66b¢ 3.44ac 5.00¢<
Cs 3.16%¢ 3.334 1.50b¢ 4.33b 2.16bd 6.66%
SEM 0.19 0.22 0.30 0.30 0.31 0.20

Ll ls gme oD Ao 3 G ez Cla..:); S 5 053l esliul b Ot a 53 88 i Q,,»&\)l:du@ﬁl._s
Means in each column, followed by similar letter are not significantly different at 1% probability level
using Tukey test
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Table 6. Mean comparison of treatments effect on stem diameter (cm)

Treatment B S1 S2 S3 Al A2 A3 P1 P2 P3 Cl C2 C3 SEM

Diameter 2.63° 3.8° 3.83° 498" 321%™ 264° 3™ 316 3.52° 359 325% 272 497" 0.14

Ll pae Ot | o5 ¢S Jlaz| ch,uﬁof}: O30T 3l oalital b O g 53 88 2ie oy > Ls\)lbleA&:i?l:.n
Means in each column, followed by similar letter are not significantly different at 1% probability level using Tukey test
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Table 7. Mean comparison of silicon in rice leaf and stem in different treatments and dates

June July

Treatment  Leaf (%) Stem(%) Leaf(%) Stem(%) Leaf (%) Stem(%)
B 1.61¢ 1.94¢ 4.784 3.69¢ 1.24b 0.52¢
S 4.962¢ 4.842 8.732¢ 7.69¢b 2.78® 1.53%
S, 7.892 5.76% 9.21c 8.612® 3.47% 1.82
S; 8.132 7.062 11.032 10.792 52 2.15%®
A 5.58w¢ 3.592¢ 6.74b-d 6.67b4d 1.37° 1.55%
A, 6.152® 4ac 7.53bd 4.064 2.23b 1.632
A, 7.31% 5.232¢ 8.072¢ 6.26b< 2.350 1.73%
P, 3.4 3.47¢ 4.784 4.84d- 1.71° 1.46%
P, 3.52¢b 3.57¢ 6.58qd 4.844d- 1.89° 1.542
Py 4.282c 3.8a¢ 8.882¢ 5.93b< 2.07° 1.66%
C, 5.58¢ 3.88¢ 7.25b-d 7.48cb 1.820 1.08be
C, 7.142b 4,122 9.18¢ 7.10¢ 1.89° 1.692
C, 7.762 6.042b 9.722 8.03a 4.982 2.062
SEM 0.79 0.88 0.63 0.76 0.69 0.61
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Means in each column followed by similar letter(s) are not significantly different at 1% probability level using

Tukey test
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