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Fig. S1	 Pearson correlation coefficients between quantities of Pathum Thani 1 rice significantly impacted by titanium dioxide nanoparticle treatment for 
Ti accumulation in soil, rice leaves, roots and stems, rice height, SPAD indices, number of panicles per hill, days to 50% flowering and harvest, fresh and 
dry weights, number of grains and percentage of good-quality grains

Supplementary Figures
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Fig. S2	 Pearson correlation coefficients between quantities of KDML105 rice significantly impacted by titanium dioxide nanoparticle treatment for  
Ti accumulation in soil, rice leaves, roots and stems, rice height, SPAD indices, number of panicles per hill, days to 50% flowering and harvest,  
fresh and dry weights, number of grains and percentage of good-quality grains
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Supplementary Tables

Table S1	 Weight of seeds (mean ± SD) from rice subjected to titanium 
dioxide nanoparticle (TNP) exposure

TNP concentration
(mg/L)

Weight of 100 seeds (g) for TNP size (nm)
20–30 80–120 400–600

(Pathum Thani 1) 0 -† - -
10 3.03±0.06 2.99±0.09 3.00±0.13
50 2.98±0.13 2.99±0.14 2.95±0.11
100 2.97±0.10 3.05±0.14 3.04±0.10
250 2.99±0.12 3.07±0.08 3.13±0.09
1,000 3.02±0.07 2.98±0.08 3.06±0.10
p-Value, %CV 0.84, 3.19 0.49, 3.60 0.47, 3.57
(KDML105) 0 - - -
10 3.06±0.11 2.97±0.12 2.95±0.12
50 3.05±0.12 3.03±0.04 2.94±0.04
100 3.03±0.06 3.04±0.04 3.00±0.07
250 3.01±0.18 3.01±0.09 2.99±0.14
1,000 2.90±0.08 2.93±0.07 3.03±0.14
p-Value, %CV 0.16, 4.15 0.07, 2.85 0.63, 3.56

CV = coefficient of variance. 
† = no seeds produced by rice.

Table S2	 Width and length of seeds (mean ± SD) from rice subjected to titanium dioxide nanoparticle (TNP) exposure
TNP concentration
(mg/L)

Seed width (mm) for TNP size (nm) Seed length (mm) for TNP size (nm)
20–30 80–120 400–600 20–30 80–120 400–600

(Pathum Thani 1) 0 -† - - - - -
10 2.07±0.21 1.94±0.14 1.95±0.16 10.35±0.25 10.57±0.47 10.68±0.37
50 1.89±0.17 2.04±0.11 1.85±0.11 10.58±0.54 10.74±0.69 10.84±0.60
100 1.83±0.24 1.98±0.27 1.92±0.29 10.61±0.53 10.99±0.65 10.83±0.60
250 1.92±0.22 1.96±0.15 1.94±0.20 10.37±0.45 10.51±0.57 11.04±0.34
1,000 1.95±0.18 1.98±0.21 2.08±0.18 11.02±0.43 10.80±0.62 10.72±0.87
p-Value, %CV 0.39, 10.7 0.92, 8.77 0.36, 10.2 0.11, 4.60 0.66, 5.47 0.85, 5.19
(KDML105) 0 - - - - - -
10 1.90±0.19 1.83±0.12 1.96±0.22 10.61±0.72 10.64±0.43 11.11±0.65
50 2.11±0.25 1.88±0.23 1.90±0.26 10.63±0.58 10.46±0.69 11.06±0.51
100 2.08±0.22 2.06±0.14 2.03±0.18 10.50±0.71 10.78±0.47 10.99±0.48
250 2.15±0.15 1.96±0.20 2.07±0.25 10.58±0.46 10.82±0.74 10.71±0.42
1,000 1.99±0.04 2.04±0.21 1.98±0.20 10.77±0.39 10.92±0.29 11.02±0.59
p-Value, %CV 0.27, 10.5 0.16, 9.93 0.85, 10.9 0.98, 5.17 0.64, 4.99 0.73, 4.71

CV = coefficient of variance. 
† = no seeds produced by rice. 



W. Theerak et al. / Agr. Nat. Resour. 58 (2024) S1–S4S4

Table S3	 Fat and ash contents (mean ± SD) in grains from rice subjected to titanium dioxide nanoparticle (TNP) exposure
TNP concentration
(mg/L)

Fat content (%) in grains for TNP size (nm) Ash content (%) in grains for TNP size (nm)
20–30 80–120 400–600 20–30 80–120 400–600

(Pathum Thani 1) 0 -† - - - - -
10 0.46±0.17 0.51±0.09 0.51±0.09 0.37±0.03 0.40±0.04 0.37±0.07
50 0.52±0.09 0.53±0.07 0.50±0.05 0.39±0.04 0.34±0.07 0.36±0.04
100 0.52±0.07 0.51±0.11 0.57±0.05 0.39±0.04 0.37±0.05 0.35±0.07
250 0.53±0.11 0.46±0.11 0.56±0.11 0.35±0.05 0.38±0.04 0.36±0.05
1,000 0.47±0.12 0.46±0.06 0.47±0.12 0.38±0.02 0.37±0.05 0.38±0.03
p-Value, %CV 0.73, 23.0 0.57, 18.1 0.30, 17.7 0.32, 10.1 0.36, 13.7 0.86, 14.2
(KDML105) 0 - - - - - -
10 0.58±0.11 0.55±0.10 0.54±0.05 0.25±0.04 0.30±0.02 0.29±0.04
50 0.51±0.10 0.50±0.09 0.48±0.11 0.29±0.03 0.27±0.03 0.30±0.03
100 0.43±0.11 0.52±0.09 0.50±0.08 0.26±0.06 0.29±0.05 0.29±0.03
250 0.51±0.11 0.52±0.08 0.54±0.06 0.29±0.02 0.28±0.03 0.30±0.04
1,000 0.47±0.06 0.54±0.08 0.54±0.07 0.27±0.05 0.25±0.05 0.29±0.04
p-Value, %CV 0.13, 21.1 0.83, 15.6 0.55, 14.8 0.32, 16.2 0.32, 13.9 0.98, 12.2

CV = coefficient of variance. 
† = no grains produced by rice. 

Table S4	 Humidity content (mean ± SD) in grains from rice subjected to 
titanium dioxide nanoparticle (TNP) exposure

TNP concentration
(mg/L)

Humidity (%) in grains for TNP size (nm)
20–30 80–120 400–600

(Pathum Thani 1) 0 -† - -
10 11.27±0.31 11.20±0.38 11.94±0.44
50 11.82±0.59 11.54±0.45 11.65±0.95
100 11.52±0.59 11.80±0.54 11.74±0.64
250 11.76±0.50 11.31±0.49 11.61±0.59
1,000 11.29±0.49 11.64±0.52 11.78±0.50
p-Value, %CV 0.22, 4.56 0.21, 4.33 0.91, 5.21
(KDML105) 0 - - -
10 11.46±0.70 12.10±0.31 11.65±0.55
50 11.72±0.61 11.97±0.58 11.89±0.47
100 11.43±0.53 11.62±0.57 11.78±0.62
250 11.75±0.47 11.63±0.66 11.29±0.21
1,000 11.42±0.51 11.45±0.46 11.49±0.54
p-Value, %CV 0.73, 4.76 0.22, 4.68 0.28, 4.37

CV = coefficient of variance.
† = no grains produced by rice.

Table S5	 Calcium and potassium contents (mean ± SD) in grains from rice subjected to titanium dioxide nanoparticle (TNP) exposure
TNP concentration
(mg/L)

Calcium content (%) in grains for TNP size (nm) Potassium content (%) in grains for TNP size (nm)
20–30 80–120 400–600 20–30 80–120 400–600

(Pathum Thani 1) 0 -† - - - - -
10 0.08±0.01 0.08±0.01 0.08±0.01 0.15±0.02 0.16±0.03 0.15±0.03
50 0.08±0.01 0.08±0.01 0.08±0.01 0.15±0.03 0.15±0.01 0.14±0.02
100 0.08±0.01 0.08±0.01 0.09±0.01 0.16±0.02 0.16±0.01 0.16±0.02
250 0.08±0.01 0.09±0.01 0.08±0.01 0.14±0.03 0.16±0.02 0.14±0.02
1,000 0.08±0.01 0.09±0.01 0.08±0.01 0.14±0.02 0.15±0.02 0.14±0.02
p-Value, %CV 0.84, 11.4 0.76, 9.12 0.23, 10.3 0.55, 15.2 0.90, 10.7 0.61, 15.0
(KDML105) 0 - - - - - -
10 0.07±0.01 0.08±0.01 0.08±0.01 0.18±0.02 0.17±0.02 0.17±0.01
50 0.08±0.01 0.08±0.01 0.08±0.01 0.18±0.02 0.18±0.02 0.18±0.03
100 0.08±0.01 0.08±0.01 0.09±0.01 0.18±0.02 0.19±0.02 0.18±0.02
250 0.08±0.01 0.08±0.01 0.08±0.01 0.19±0.02 0.18±0.03 0.20±0.02
1,000 0.08±0.01 0.08±0.01 0.08±0.01 0.18±0.02 0.18±0.02 0.19±0.03
p-Value, %CV 0.31, 10.1 0.85, 11.0 0.23, 10.7 0.73, 11.0 0.40, 10.9 0.16, 11.7

CV = coefficient of variance. 
† = no grains produced by rice. 


