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ABSTRACT
 Silicon (Si) is a beneficial element that contributes to increasing the 
resistance of plants to diseases, pests and lodging, and rice productivity. The 
objectives of the present study were to explore the relationship between Si con-
centration and the expression of Si transport genes in different tissues of SPR1 
and PTT1 rice varieties. The rice was grown aerobically in sand culture in pots 
arranged in completely randomized design with 3 independent replications. 
Variation in Si concentration among growth stages and plant tissues in both 
rice varieties were detected. The Si concentration in SPR1 was higher than 
PTT1 in some plant parts up to flowering, but significantly higher in all tissues 
by maturity, including in the husk which accounts for almost all of the Si in the 
grain. The consistently higher expression of the genes Lsi1 and Lsi2, detectable 
only in the roots, was in agreement with higher Si concentration in SPR1 than 
PTT1 in all tissues at maturity. SPR1 had higher expression of Lsi6 than PTT1 
at booting stage, but the difference between varieties was less distinct at flower-
ing stage. Either a varietal difference in the passive Si transport by transpiration 
or changes in the level of expression of the gene in the period from flowering to 
maturity or both are suggested by discrepancies between expression of the Lsi6 
gene at flowering and the Si concentrations at maturity of the two rice varieties.

Keywords: Rice, Silicon, Uptake, Transportation, Gene expression, Lsi1, Lsi2, 
Lsi6
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INTRODUCTION
 Silicon (Si) is a beneficial element in the production of some crops 
(Broadley et al., 2012), as it helps to protect plants from various biotic and abiotic 
stresses, enhances resistance to diseases, insect pests, drought stresses and reduc-
es lodging (Richmond and Sussman, 2003; Ma and Yamaji, 2015; Hajipour and 
Jabbarzadeh, 2016). Different plant species have the ability to accumulate Si from 
0.1% to 10.0% in dry weight (Epstein, 1999; Ma, 2004; Hodson et al., 2005; Ma 
et al., 2011). Rice is a crop species in the Poaceae family that is able to accumulate 
Si up to 10% of its shoot dry weight, but with genotypic variation in the Si accu-
mulation attributed to differences in the roots Si uptake ability (Ma et al., 2007).
 Plants take up Si by its roots in the form of monosilicic acid (Si(OH)4), 
which is then translocated passively through the xylem (Ma et al., 2006; Ma et al., 
2011) to the shoot by transpiration (Mitani et al., 2005; Ma and Yamaji, 2006), and 
finally deposited in the cell wall of leaves, stem and hulls of the rice seed. Three 
genes involving Si uptake and transportation have been identified. The genes 
Lsi1 and Lsi2 are reportedly expressed in the roots, on the plasma membrane of 
both exodermis and endodermis, where the casparian strips are located (Ma et 
al., 2006; Ma et al., 2011), with the Lsi1 involving in the Si influx transporter and 
Lsi2 in the Si efflux transporter (Ma et al., 2007). The Lsi6 gene has been report-
ed to operate at the region of node-1 below the panicle and connected to the flag 
leaf. The Lsi6 has been found to be involved in the transfer of silicic acid across 
the parenchyma cell-bridge and its translocation to the panicle for development 
of the grain (Yamaji and Ma, 2009; Ma et al., 2011). The objectives of this study 
are to explore the relationship between Si concentration and expression of the Si 
transport genes in SPR1 and PTT1 rice, two of Thailand’s modern mega-varieties. 
The study was focusing on the expression of Si transport genes (Lsi1, Lsi2 and 
Lsi6) in comparison between the varieties, growth stage and plant parts. There-
fore, the optimum concentration of Si at 1 M was evenly applied into both rice 
varieties. The information obtained from this study will further the understand-
ing of the control of Si accumulation in rice, which could eventually be useful in 
manipulation of Si accumulation in different rice tissues in breeding programs. 

   
MATERIALS AND METHODS

Plant growth
The experiment, conducted in sand culture in the greenhouse at the 

Division of Agronomy, Faculty of Agriculture, Chiang Mai University, in-
volved 2 rice varieties, Suphan buri 1 (SPR1) and Pathum thani 1 (PTT1). The 
seed was sown after soaking in water overnight, seedlings grown for 2 weeks 
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were transferred into pots (28 cm in diameter, 30 cm in height) containing 
washed river quartz sand watered twice daily with one liter of nutrient solution 
containing 1 M of Si, the pH adjusted to 5.5 ± 0.05 (Yoshida et al., 1976) 
(Figure 1). One experimental unit consisted of 10 pots each containing one 
plant, arranged in Completely Randomized Design (CRD) with 3 replications.

Figure 1.   Phenotypes of (A) Pathum thani 1 (PTT1) and (B) Suphan buri 1 
(SPR1) varieties at tillering stage grown in sand culture watered 
twice daily with one liter of nutrient solution (Yoshida et al., 1976) 
containing 1 M of Si. 

Evaluation of Si concentration 
Plant parts were collected for Si analysis at 4 growth stages 

(Table 1). The samples were rinsed several times in distilled water excess
water removed with tissue paper and dried at 70 °C for 7 days. The dried 
samples were ground into a fine powder and dried in oven at 60 °C for 2 
days. The analysis for Si concentration was conducted by using a spec-
trophotometer at 650 nm after digestion in 50% NaOH (Dai et al. 2005).

Gene expression of Lsi1, Lsi2 and Lsi6
RNA extraction. Plant samples were collected for gene expression 

analysis at 3 stages in the 2 rice varieties (Table 1). The fresh tissues were 
ground in liquid nitrogen. RNA was extracted using PureLinkTM RNA Mini 
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Kit (Invitrogen, Thermo Fisher Scientific). Extracted RNA samples were ver-
ified for quantity and quality by using nanodrop spectrophotometer and 1.5% 
agarose gel electrophoresis. The total RNA was treated with DNaseI with 
the following condition; 1 µg of total RNA, 2 µl of 10x reaction buffer, 1 µl 
of DNase1, and 9-15 µl of DEPC – treated water (total volume 20 µl), incu-
bate the reaction at 37 °C for 30 min., add 1 µl of 50 mM EDTA and incu-
bate at 65 °C for 10 min. Total RNA isolated from different tissues were diluted
to 100 ng/μl concentrations and used for the qRT-PCR experiments.

cDNA synthesis. The cDNA was synthesized from 1 μg of total RNA 
using a RevertAid first strand cDNA synthesis Kit (Thermo scientific). PCR was 
carried out using 1 µg of total RNA (DNase I-treated), 1 µl of Oligo (dT)18, 2 µl 
of 10mM dNTP mix, 6 µl of 5x RT buffer, 1 µl of RiboLock RNase Inhibitor (20 
U/µl), 1 ul of RevertAid RT (200 U/ µl) and 1-5 µl of DEPC - treated water (total 
volume 30 µl) and RevertAid first strand cDNA synthesis Kit (Thermo scientific), 
incubate the reaction at 42 °C for 60 min and terminate the reaction by incubating 
at 70 °C for 5 min., store at -20 °C. The cDNA were verified for quantity and qual-
ity by using nanodrop spectrophotometer and 1.5% agarose gel electrophoresis

Table 1.  Harvesting stages and plant tissues used for evaluating Si concentra-
 tion and gene expression in SPR1 and PTT1.

Harvesting stages
Plant tissues for analysis

Si concentration Gene expression
Tillering stage 
(25-30 days)

Booting stage 
(126-130 days)

Flowering stage 
(133-137 days)

Maturity stage 
(163-168 days)

Roots, shoot

Roots, leaf, stem, flag leaf, 
panicle

Roots, leaf, stem, flag leaf, 
panicle

Roots, leaf, stem, flag leaf, 
panicle, paddy rice, brown 
rice, husk

Roots, shoot

Roots, node-11, internode-12, 
flag leaf

Roots, node-11, internode-12, 
flag leaf

Not determined

Note: 1Directly below the panicle; 2First internode below node-1.
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Gene expression by semi-quantitative RT-PCR analysis. Gene expres-
sion levels of OsLsi1, OsLsi2 and OsLsi6 were analyzed by semi-quantitative 
RT-PCR using gene specific primers of OsLsi1, OsLsi2, OsLsi6 and OsActin1 
(housekeeping gene) (Table 2). PCR were performed in triplicate for amplifi-
cation of cDNA templates with OsLsi1, OsLsi2, OsLsi6 and OsActin with the 
following reaction; 2 µl of 1:20 diluted cDNA of total RNA 1 µg, 14 µl of water
(ddH2O), 4 µl of 5x MyTaq Reaction Buffer, 0.2 µl of forward and reverse primer,
0.1 µl of 5 unit MyTaqTM HS DNA Polymerase (Bioline, UK), and 0.6 µl of 
DMSO (total volume 20 µl). The PCR condition was performed by denaturing 
at 95 °C for 2 min. followed by 33 cycles at 95 °C for 30 sec, primer anneal-
ing for 30 sec (depends on the suitability of each primer), extension at 72 °C 
for 30 sec and final extension at 72 °C for 5 min. The related transcript quan-
tification was performed using relative intensity to reference gene (Actin).

Table 2.  Primer used for study gene expression of OsLsi1, OsLsi2, OsLsi6 and
  OsActin gene. 

Primer Temperature 
annealing (oC)

Sequence (5’ – 3’) References

OsLsi1

OsLsi2

OsLsi6

OsActin

60

59

55

50

F: GCCTACCATGTACTACGGCG
R: GGTTCCGATCACATCCACCG

F: GGTGGAGGAAGGCAGGTCG
R:AGAAGCACCGTTGGTACGTTT

F: AGATCGTCGTCACCTTCAACAT
R: CTTGAAGGAGGAGAGCTTCTGG

F: GACTCTGGTGATGGTGTCAGC
R: GGCTGGAAGAGGACCTCAGG

Sahebi et al. 
(2017)

Yamaji et al. 
(2008)

Yamaji and Ma 
(2009)

Yamaji et al. 
(2008)

Note: F = Forward primer; R = Reverse primer.

Data analysis
 Statistical analyses of the data were performed by using the Statistica
9 software (analytical software SX, version 9, Tallahassee, FL, USA). The 
analysis of variance (ANOVA) was used to detect the differences between
the treatments, and the least significant difference (LSD) at P < 0.05 was used to 
compare the means. The significance of the correlation coefficients was analyzed 
by Pearson correlations at P < 0.05.   
 Gene expression levels were analyzed by relative intensity to reference
gene (Actin) using ImageJ software version 1.50i (Wayne Rasband National
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Institutes of Health, USA. The relative intensity of gene expression
was subjected to statistical analysis using Statistica 9 software (analytical 
software SX, version 9, Tallahassee, FL, USA).

                                                             Intensity of DNA

                                                             Intensity of Actin

RESULTS 
From tillering to flowering, SPR1 was clearly differentiated from PTT1 by 

the significantly higher root Si concentration, however, by maturity significantly 
higher Si was found in SPR1 than in PTT1 in all tissues including the brown rice 
which contained very little Si (Figure 2).  At tillering stage, the roots of both SPR1 
and PTT1 had higher Si concentration than shoot (Figure 2A). Si concentration 
in the roots in SPR1 was twice as high as in PTT1 (P < 0.01), but no significant 
difference was detected in the shoot. At booting stage, Si concentration in the 
roots, leaf, stem and panicle tissues were significantly different between tissues 
(P < 0.01) and generally higher in SPR1 (Figure 2B). Si concentrations highest 
in the roots (2.40-6.08% dry weight) and lowest in the stem (0.29-0.41%). When 
comparing between the rice varieties, Si concentration in SPR1 was higher than 
in PTT1 in most of the tissues, with the largest difference in the roots, less in the 
leaf, stem and panicle, there was little difference between varieties in their flag 
leaf Si up to flowering. At flowering stage, there was significant difference in Si 
concentration among rice tissues including root, leaf, stem, flag leaf and panicle. 
The Si concentrations were highest found in the roots (3.78-5.11%), while the 
lowest was in the stem (0.36-0.48%) (Figure 2C), the same as at the booting 
stage. Between the rice varieties, SPR1 had higher Si concentration than PTT1 
in the roots (5.11% vs 3.78%) and leaf tissues (1.83% vs 1.54%). However, there 
was no significant difference between the varieties in their stem, flag leaf and 
panicle Si. At maturity, significant difference of Si concentration was found be-
tween rice varieties and stages. Si concentration in all plant tissues of SPR1 were 
higher than PTT1 including root, leaf, stem, flag leaf, panicle, paddy rice, brown 
rice and husk. The highest Si concentration was found in the root tissue, 5.73% 
in SPR1 and 4.91% in PTT1, followed by the husk with 5.14% in SPR1 and 
3.43% in PTT1 (Figure 2D). The Si concentration in the flag leaf, which were 
not significantly different between the varieties at booting and flowering, were 
clearly differentiated at maturity, with the concentration in SPR1 being more 
than twice that in PTT1. Very little Si was found in brown rice, although the Si 
concentration in SPR1 (0.03%) was significantly higher than in PTT1 (0.01%).  

Relative Intensity = 
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Figure 2. Silicon concentration in plant tissues of the rice varieties SPR1 
(Suphan Buri 1) and PTT1 (Pathum Thani 1) at 4 different growth 
stages: (A) tillering, (B) booting, (C) flowering and (D) maturity. 

 Note: *, ** and *** indicate significant difference between varieties at P < 0.05, 
 P < 0.01 and P < 0.001, respectively; ns indicates no significant difference. 

Expression of Lsi1, Lsi2 and Lsi6 gene
 The expression of Lsi1 and Lsi2 were detected only in the roots tissue 

not in the shoot including node, internode and flag leaf of tillering, booting and 
flowering stages (Figure 3A and 2B). The expression level of both Lsi1 and Lsi2 
was higher in SPR1 than PTT1 of all stage. The expression levels of Lsi6 varied 
among tissues, stages growth and the rice varieties, except in the roots where the 
expression of Lsi6 was not detected at any stage. The expression of Lsi6 was not 
detected in neither root nor shoot tissues at tillering stage but detected at boot-
ing and flowering stages (Figure 3C). At booting stage, the highest expression 
level of Lsi6 was in the node, more strongly in SPR1 than in PTT1, and in the 
internode and panicle in SPR1 but not in PTT1. At flowering stage, the high-
est expression level of Lsi6 was found in node tissues of SPR1 and PTT1 rice, 
although the difference between the varieties was much less than at booting. 
In the internode, the expression of Lsi6 was higher in PTT1 than SPR1. The 
expression of Lsi6 was not detected in the flag leaf of both varieties at flowering.  
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Figure 3.  Relative gene expression of Si transport genes Lsi1 (A), Lsi2 (B) 
and Lsi6 (C) in the roots (R), shoot (S), node (N), internode (IN), 
and flag leaf (FL) of the rice varieties SPR1 (Suphan Buri 1) and 
PTT1 (Pathum Thani 1) at tillering, booting and flowering stages by 
semi-quantitative RT-PCR analysis.  
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Correlation between Si concentration and relative gene expression
 At tillering stage, there were positive correlation between Si concentration
in the roots and relative gene expression of of Lsi1 and Lsi2 in roots (r = 0.73** 
and r = 0.74**, respectively) but not correlated with the Si concentration in 
shoot (Table 3). At Booting stage, there were positive correlation between Si 
concentration in roots and relative gene expression of Lsi1 in roots (r = 0.71**), 
Lsi2 in roots (r = 0.65*), Lsi6 in node (r = 0.58*), Lsi6 in internode (r = 0.79**), 
and Lsi6 in flag leaf (r = 0.86***) (Table 4). In addition, there were positive 
correlation between Si concentration in leaf and relative gene expression of Lsi1 
in roots (r = 0.72**), Lsi6 in node (r = 0.78**), Lsi6 in internode (r = 0.63*), 
and Lsi6 in flag leaf (r = 0.65*). Furthermore, the result showed that Si concen-
tration in panicle displayed positive correlation with relative gene expression 
of Lsi1 in roots (r = 0.69**), Lsi6 in node (r = 0.58*), Lsi6 in internode (r = 
0.92***), and Lsi6 in flag leaf (r = 0.95***). However, there was no correla-
tion between Si concentration in Stem and flag leaf with any gene expression. 
At flowering stage, there were positive correlation between Si concentration in 
root and relative gene expression of Lsi6 in node (r = 0.60*), Si concentration 
in leaf and Lsi2 in root (r = 0.65*), and Lsi6 in node (r = 0.56*) (Table 5).

Table 3.  Correlation between Si concentration and relative gene expression of 
plant tissue in SPR1 and PTT1 at tillering stage.

Rice tissue Si concentration
Gene expression Roots Shoot

Lsi1 roots 0.73** 0.20ns

Lsi2 roots 0.74** 0.31ns

Note: ** indicate significant difference at P < 0.01; ns indicates no significant difference. 

Table 4.  Correlation between Si concentration and relative gene expression of 
Lsi1, Lsi2 and Lsi6 in SPR1 and PTT1 at booting stage.

Rice tissue Si concentration
Gene expression Roots Leaf Stem Flag leaf Panicle

Lsi1 Roots 0.71** 0.72** 0.53ns     0.30ns  0.69**

Lsi2 Roots  0.65* 0.44ns 0.42ns    -0.23ns  0.93ns

Lsi6 Node  0.58* 0.78** 0.49ns 0.55ns  0.58*

Lsi6 Internode  0.79** 0.63* 0.54ns    -0.03ns 0.92***

Lsi6 Flag leaf 0.86*** 0.65* 0.44ns    -0.11ns 0.95***

Note: *, ** and *** indicate significant difference at P < 0.05, P < 0.01 and P < 0.001, respec-
tively; ns indicates no significant difference.
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Table 5.  Correlation between Si concentration and relative gene expression of 
plant tissue in SPR1 and PTT1 at flowering stage.

Rice tissue Si concentration
Gene expression Roots Leaf Stem Flag leaf Panicle

Lsi1 Roots    0.36ns 0.24ns 0.13ns -0.13ns -0.27ns

Lsi2 Roots    0.40ns 0.65* 0.50ns -0.15ns 0.04ns

Lsi6 Node    0.60* 0.56* 0.36ns -0.30ns -0.18ns

Lsi6 Internode  -0.58*   -0.41ns  -0.19ns -0.08ns -0.05ns

Note: * indicate significant difference at P < 0.05; ns indicates no significant difference.

DISCUSSION
 The present study illustrated Si concentration and gene expression of 
Lsi1, Lsi2 and Lsi6 in various tissues at four growth stages in SPR1 and PTT1 
rice varieties. The results showed that the highest Si concentration was found in 
root tissue of all growth stages in both rice varieties at vegetative and reproduc-
tive stage. This is in contrast to earlier observations of japonica rice in which Si 
concentration was high in transpiratory organs (husk and leaf blade), but low in 
absorptive organs (roots) (Yoshida et al., 1962a; Yoshida et al., 1962b). Ma et al. 
(1989) who also studied japonica rice reported that the highest Si contents was 
found in leaf blades. The result might be due to differences in experimentation, 
including the rice varieties and/or the fact that present study was conducted with 
rice planting grown aerobically in sand culture whereas those by Ma et al. (1989); 
Yoshida et al. (1962a) and Yoshida et al. (1962b) were conducted in solution cul-
ture. A possible contamination of root Si from the sand (SiO2) needs to be resolved.
 The Si concentration in plant tissue increase with the growth stage 
suggested that accumulated in plant tissues with the increasing of the growth 
from tillering to maturity. However, Si in the paddy rice (i.e. the rice seed) 
accumulated much more in the husk and very little in the brown rice which
is the endosperm enclosed in pericarp. The results are consistent with
findings of Yoshida et al. (1962b). 
 The higher Si concentration found in the tissues of SPR1 than PTT1 ex-
emplified differential ability to take up and accumulate Si between rice varieties. 
The ability to take up and accumulate Si depends on physiological and morpho-
logical traits that influence acquisition of the element from the soil and its trans-
portation to the various tissues and organs, including the passive transport in the 
transpiration stream (Mitani and Ma, 2005; Ma et al., 2007).  Si uptake from the 
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soil depends on the density and distribution of root structure characteristic of 
each plant species and Si concentration in the soil (Takahashi et al., 1990; Deren, 
2001; Ma et al., 2011). Plants with higher root density and deeper distribution 
into the soil would be able to extract more nutrient. It has been previously report-
ed that Si accumulation is a mechanism for plants such as rice to withstand biotic 
and abiotic stresses (Ma and Yamaji, 2006), from enhancing resistance to patho-
gens and insect pests, strengthening stems against lodging, strengthening and 
improving rigidity of cell walls, improving light-interception, decreasing tran-
spiration rate and increasing fertility of grains, to increasing rice productivity 
(Balasta et al., 1989; Hossain et al., 1999; Ma et al., 2006; Van Soest, 2006; Ma 
et al., 2007; Ma et al., 2011), all of which contributing to higher grain yield. The 
variety SPR1 is described as having shorter and stronger stem, more resistance 
to several fungal diseases and insect pests, with up to 20% higher yield potential 
than the variety PTT1 (Rice Department, 2018). It remains to be explored wheth-
er the ability to accumulate more Si is directly associated with higher yield.
 The expression levels of the Si transport genes Lsi1 and Lsi2 are con-
sistent with the Si concentration in rice tissues and growth stages, and higher in 
the variety SPR1 than in PTT1. The expression of Lsi1 and Lsi2 were detected 
only in the root tissue in all growth stages, the positive correlation between Si 
concentration in root and relative gene expression of Lsi1 and Lsi2 in root and 
the implication that these two genes are involved in Si uptake in the rice roots, 
are in agreement with previous reports. The study by Ma et al. (2008) that Lsi1 
and Lsi2 were detected in the roots and highly expressed in the exodermis and 
endodermis cells. Later, Ma et al. (2011) found that Lsi1 was expressed in the 
distal side while, Lsi2 was expressed in the proximal side on the exodermis and 
endodermis cells in the lateral root, which have important function of uptake 
and accumulation of Si in roots. Ma and Yamaji (2015) confirmed the function 
of Lsi1 and Lsi2 on silicon uptake in rice by knocking out Lsi1 and Lsi2 genes 
resulted in significant decrease in Si uptake in the rice roots. The function of 
Lis1 and Lsi2 together indicated the efficiency of Si uptake in rice root. More-
over, the immunostaining showed that Lsi1 functions as influx transporter while 
Lsi2 functions an efflux transporter, Si is transported passively from external 
solution to the root exodermal cells and then released actively to the apoplast of 
the cortex in roots, before translocated to various parts of rice (Ma and Yamaji, 
2008). The higher expression of Lsi1 and Lsi2 in SPR1 than PTT1 found here 
is consistent with the higher Si concentration is all tissues of SPR1 by maturity.

The expression of Lsi6 of both SPR1 and PTT1 rice varieties that was not 
detected in the roots at all stages, but the highest expression was found in the 
node at booting and flowering stages together with the positive correlation of the 
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Si concentration in panicle with the relative gene expression of Lsi 6 in node, 
internode and flag leaf especially at booting stage confirmed the suggestion by 
Yamaji and Ma (2009) that that Lsi6 was involved in Si transportation to upper 
part of the rice plant. Yamaji and Ma (2009) reported that Lsi6 is the transporter 
at the nodes, with the highest level of Lsi6 expression in the first node below the 
panicle and the expression increases after the panicle is fully emerged implied 
that Lsi6 is functioned as Si transporter from root to accumulate in the grain 
(Ma et al., 2011). The mechanism for partitioning most of the Si to the husk and 
very little to the caryopsis (i.e. brown rice) remains to be explored. Ma et al., 
(2007) also suggested that Si uptake and the expression level of genes those in-
volved in Si uptake and transportation are differ among rice varieties.  However, 
in the present study although the higher Si concentration in the different shoot 
tissues was in agreement with higher expression of Lsi6 in SPR1 than PTT1 at 
the booting stage, but this was not the case at the flowering stage, nor was there 
agreement between Lsi6 expression at flowering and the higher Si concentration 
in all tissues of SPR1 than PTT1 at maturity.  These discrepancies suggested ei-
ther changes in the level of expression of Lsi6 over time after flowering, or more 
likely, accumulation of Si by other mechanism(s) in addition to the action of the 
Si transporter. After it is taken up by the roots, Si is loaded into the xylem, its 
distribution to the various organs of the shoot governed by the transpiration rate 
and age of the organ (Jones and Handreck, 1969; Broadley et al., 2012). The role 
of varietal difference in this passive transport of Si, possibly via differential rate 
of transpiration, is suggested by the Si concentration in transpiring organs at ma-
turity that was much higher in SPR1 than PTT1, including the flag leaf and husk.

CONCLUSION
 This study has established that differential ability to accumulate Si 
in two Thai rice varieties SPR1 and PTT1 was partly associated with expres-
sion level of the Si transport genes Lsi1, Lsi2 and Lsi6. The level of expression 
of Lsi1 and Lsi2, detected only in the roots, was associated with the higher Si 
concentration in all tissues, i.e. root, leaf, stem, flag leaf, panicle, paddy rice, 
brown rice and husk in SPR1 than PTT1, from tillering, booting, flowering 
to maturity. The much higher Si concentration in all tissues at maturity, how-
ever, could not be predicted by expression of the gene Lsi6 at flowering. Dif-
ference between varieties in the passive transport of Si via differential rate of 
transpiration is offered as a possible mechanism by which SPR1 accumulated 
more Si in its transpiring organs, including the leaves and husks, than PTT1.  
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