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Plant Nutrients of Rice (Oryza sativa) var. RD41, Pathum Thanil
and Khao Dawk Mali105
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ABSTRACT: The nutrient contents of 3 rice varieties: RD41, Pathum Thanil (PTT1) and Khao
Dawk Mali105 (KDML105) were determined at 6 stages: seedling, early tillering, maximum tillering,
flowering, harvesting and late harvesting. All nutrient concentrations (N, P, K, Ca, Mg, Fe, Mn,
Cu, Zn and B) were at their highest levels during the vegetative phase, and gradually decreased
during the reproductive phase. Nutrient contents increased linearly with increased dry mass.
During early stage of growth, the rapid construction of shoot required higher amounts of N and
K, whereas a steady increase of P, Ca and Mg was required throughout the growing period. In
the reproductive part, N was 3-5 times higher than other nutrients. Whole plant major nutrient
contents in all three varieties were similar during vegetative phase, with potassium (1.2-1.8%)
and N (0.9-1.8%) contents being the most abundant. The levels became different at the
reproductive phase, as KDML105 continued to cumulate biomass after flowering, it required
much higher amount of nutrients up to harvesting. N in the reproductive part was as high as in
the vegetative shoot, while K reduced to ¥4, while other nutrients were miniscule. The fertilizer
ratio for RD41 was 3.5 : 1 : 1.8, as similar for PTT1 at 3.4 : 1 : 1.9, but that for KDML105 was
distinctive at 2.2 : 1: 2.1. The application of the widely recommended amount of fertilizer was
estimated to barely compensate for N and P in the harvested grain, with almost or no application
of K, Ca and Mg. The incomplete types and insufficient amount of nutrients applied to replenish
the soil in each rice production cycle is deemed as the cause of the stagnant rice yield of the
country.
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Table 1 Nutrient concentrations in various parts of RD41 at 6 stages of growth

Stage  Plant Concentration, % dry mass Concentration, llg ¢ dry mass
part N P K Ca Mg Fe Mn Cu Zn B
RD41

1 Leaf 2.03 0.25 2.58 0.25 0.17 1,128 649 34 18.3 1.8
2 Leaf 3.05 0.31 2.97 0.24 0.18 1,320 459 3.6 16.1 3.4
3 Leaf 3.15 0.32 2.90 0.22 0.17 596 182 3.1 13.8 2.2
a Leaf 2.09 0.30 2.08 0.27 0.21 843 244 1.5 15.4 1.1
5 Leaf 1.74 0.23 1.62 0.31 0.18 598 224 1.1 7.1 1.2
6 Leaf 1.71 0.21 2.15 0.37 0.19 770 239 1.2 11.1 1.4
1 Stem * 0.18 0.86 0.15 0.22 6,479 351 19.5 94.3 nd
2 Stem * 0.54 1.17 0.14 0.09 5,276 95 5.7 24.5 nd
3 Stem 147 0.50 1.11 0.13  0.10 4,050 89 5.5 20.8 0.9
4 Stem 0.81 0.33 040 0.21 0.07 4,649 82 3.6 16.0 0.2
5 Stem 0.83 0.25 0.28 0.16 0.06 4,280 70 3.3 15.0 nd
6 Stem 1.26 0.22 0.26 0.26 0.07 19,051 153 4.0 22.0 nd
1 Root * 0.18 1.09 0.22 0.14 17,014 360 10.4 20.6 nd
2 Root 1.59 0.55 0.44 0.31 0.10 44,174 279 7.6 32.1 nd
3 Root 1.37 0.40 0.37 0.31 0.09 34,575 190 6.1 28.4 nd
a Root 1.26 0.31 0.19 0.39 0.08 23771 180 4.9 30.3 nd
5 Root 1.29 0.30 0.26 0.30 0.10 20,959 182 4.6 28.8 nd
6 Root 0.77 0.19 0.23 0.14 0.05 3,957 61 3.0 13.0 nd

Peduncle 1.60 0.20 1.20 0.09 0.22 139 83 1.5 15.6 2.2
5 Peduncle 1.09 0.07 2.04 0.19 0.10 143 109 1.2 7.6 1.6

Peduncle 0.99 0.07 1.99 0.20 0.14 217 100 1.4 11.2 33
a4 Filling seed 138 017 043 0.08  0.10 457 91 3.8 14.6 0.4
5 Filling seed * 0.12 0.47 0.17 0.09 27 121 0.8 10.1 2.2
6 Filling seed * 0.10 0.53 0.17 0.10 295 138 1.3 10.2 2.0
5 Filled seed 1.92 0.25 0.30 0.04 0.13 100 42 1.2 12.6 0.2
6 Filled seed 192 020 0.27 0.04  0.10 93 43 1.1 11.7 0.1

Note: Stage of growth: 1 = seedling, 2 = tiller initiation, 3 = maximum tillering,
4 = flowering, 5 = harvesting, 6 = late harvesting
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Table 2 Nutrient concentrations in various parts of PTT1 at 6 stages of growth

Stage Plant Concentration, % dry mass Concentration, ug g dry mass
part N P K Ca Mg Fe Mn Cu Zn B
PTT1

1 Leaf 3.48 0.35 1.44 0.29 0.25 456 627 6.5 26.5 2.6
2 Leaf 2.80 0.27 3.27 0.23 0.14 837 395 4.2 15.1 3.4
3 Leaf 2.10 0.24 2.05 0.23 0.15 571 158 2.2 13.4 1.0
a4 Leaf 2.16 0.29 1.63 0.31 0.14 597 188 1.6 15.1 1.7
5 Leaf 1.26 0.13 2.00 0.42 0.10 656 208 1.6 13.6 1.4
6 Leaf 1.10 0.16 1.68 0.46  0.09 615 189 1.2 11.6 1.6
1 Stem * 0.31 0.63 0.13 0.25 5,338 542 1173 162.1 nd
2 Stem 1.14  0.29 1.41 0.15  0.09 5,473 110 6.6 31.6 nd
3 Stem 087 027 051 0.16  0.09 4,922 83 6.0 29.2 0.1
a Stem 0.71 0.27 0.22 0.14  0.04 6,086 71 25 27.1 nd
5 Stem 0.61 0.16  0.16 0.20  0.06 8,064 102 4.3 24.2 nd
6 Stem 058 010 0.22 0.19  0.05 8,459 93 3.5 238 nd
1 Root * 0.39 0.60 0.16 0.13 24,161 479 18.1 37.1 nd
2 Root 1.25 0.34 0.74 0.25 0.09 27,741 270 7.8 30.1 nd
3 Root 1.10 0.26 0.31 0.31 0.10 22,342 174 5.3 27.8 nd
[ Root 1.06 0.19 0.16 0.28  0.06 16,879 136 3.9 23.7 nd
5 Root 0.96 0.18 0.15 0.29  0.09 15,776 204 3.5 259 nd
6 Root 0.79 0.12 0.14 0.32  0.07 14,921 138 3.3 22.6 nd
a Peduncle 1.61 0.19 1.12 0.10 0.23 356 71 2.0 16.8 9.2
5 Peduncle 1.10 0.05 1.76 0.27  0.05 144 113 1.9 11.7 1.6

Peduncle 0.97 0.08 2.53 0.22 0.11 232 79 2.3 9.7 24

Filling seed 1.31 0.17  0.49 0.14 0.12 400 98 2.8 20.1 2.9

Filling seed 129 016 047 0.13 0.10 189 89 2.5 10.3 0.6
6 Filling seed * 0.10  0.49 0.20  0.10 223 97 2.3 11.9 23

Filled seed 1.75 0.22 0.26 0.04 0.12 133 38 2.6 12.9 nd
6 Filled seed 1.57 0.20 0.28 0.05 0.12 96 39 2.1 12.3 nd

Note: Stage of growth: 1 = seedling, 2 = tiller initiation, 3 = maximum tillering,
4 = flowering, 5 = harvesting, 6 = late harvesting
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Table 3 Nutrient concentrations in various parts of KDML105 at 6 stages of growth

Stage Plant

Concentration, % dry mass

Concentration, p1g g dry mass

part N P K Ca Mg Fe Mn Cu Zn B
KDML105
1 Leaf 4.69 0.48 299 0.30 0.23 301 572 3.8 28.0 3.6
2 Leaf 2.30 0.36 3.39 0.26 0.15 658 279 3.7 15.1 29
3 Leaf 212 0.31 2.30 0.27 0.15 437 194 22 14.9 1.1
[ Leaf 1.32 0.29 1.20 0.22 0.16 533 127 1.4 17.4 1.4
5 Leaf 0.69 0.20 1.46 0.37 0.16 441 124 1.2 16.0 1.2
6 Leaf 0.80 0.19 0.92 0.38 0.10 592 103 1.4 9.3 1.5
1 Stem * 0.40 1.89 0.14 0.24 2,566 511 235 116.1 nd
2 Stem 1.34 0.49 2.16 0.13 0.09 3,201 85 4.5 53.8 0.7
3 Stem 1.04 0.43 0.94 0.17 0.06 4,802 105 3.6 30.6 0.1
4 Stem 0.86 0.30 0.21 0.18 0.06 4,722 81 3.0 28.5 nd
5 Stem 0.39 0.23 0.20 0.10 0.02 1,750 55 1.2 14.3 nd
6 Stem 0.48 0.19 0.20 0.17 0.05 4,797 76 3.4 15.7 nd
1 Root * 0.36 1.66 0.18 0.15 27,466 502 20.5 36.5 nd
2 Root 1.37 0.31 0.70 0.31 0.07 17,450 191 7.0 23.0 nd
3 Root 1.52 0.35 0.41 0.47 0.07 22,575 248 59 27.5 nd
4 Root 1.36 0.20 0.16 0.38 0.07 15,450 180 4.3 25.9 nd
5 Root 0.93 0.13 0.20 0.25 0.07 12,232 157 3.6 24.5 nd
6 Root 0.90 0.12 0.18 0.32 0.09 12,102 199 3.4 23.9 nd
Peduncle 1.44 0.22 0.97 0.08 0.20 234 a5 1.2 15.6 1.2
Peduncle 0.68 0.06 1.59 0.20 0.05 99 7 0.9 10.5 1.7
Peduncle 0.78 0.07 1.29 0.21 0.08 148 63 0.7 12.4 0.9
Filling seed  1.12 0.13 0.49 0.11 0.10 343 66 1.6 18.5 1.4
Filling seed  0.84 0.14 0.41 0.13 0.10 459 91 29 16.4 1.3
Filling seed  1.43 0.20 0.40 0.10 0.12 153 77 1.4 17.3 0.8
Filled seed  1.23 0.20 0.27 0.04 0.11 126 32 1.8 15.5 nd
Filled seed  1.30 0.15 0.21 0.04 0.09 82 36 1.3 13.9 0.0

Note: Stage of growth: 1 = seedling, 2 = tiller initiation, 3 =

4 = flowering, 5 = harvesting, 6 = late harvesting
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Table 4 Whole plant averaged of nutrient concentrations in 3 rice varieties

Plant Concentration, % dry mass Concentration, pg g dry mass
stage N P K Ca Mg Fe Mn Cu Zn B
RD1
Vegetative 1.82 0.25 1.84 031 0.18 2,307 223 1.7 12.6 1.2
Reproductive 1.82 0.21 0.39 0.05 0.12 115 49 13 12.1 0.3
Total 1.78 0.23 118 020 015 1,296 147 1.5 12.1 0.8
Filled seed 1.92 0.23 028 004 0.12 96 a2 1.1 12.1 nd
PTT1
Vegetative 1.56 0.20 1.67 035  0.11 2,131 192 1.9 14.8 1.4
Reproductive 1.58 0.20 0.40 0.06 0.12 132 ar 23 12,5 0.3
Total 1.49 0.19 1.15 025 0.11 1,317 133 2.0 13.9 1.0
Filled seed 1.66 0.21 0.27 0.04  0.12 115 38 23 12.6 nd
KDML105
Vegetative 0.86 0.21 1.21 033 0.13 1,247 121 1.5 14.9 1.2
Reproductive 1.21 0.18 0.33 0.05 0.10 126 39 1.6 14.9 0.2
Total 0.92 0.20 0.97 026  0.12 941 99 1.5 14.8 0.9
Filled seed 1.25 0.19 0.25 0.04  0.12 113 33 1.7 15.0 nd

Note: nd = not detectable
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Table 5 Major nutrient contents for the production of yield and vegetative parts in 3 rice varieties

Filled Seed, kg rai™

Vegetative part, kg rai’

Yield mass Nutrient content Mass Nutrient content
fresh dry N P K Ca Mg dry N P K Ca Mg
RD1
700 595 114 1.34 1.70 0.24 0.69 621 11.3 155 114 1.91 1.10
750 638 12.2 1.44 1.82 0.25 0.74 665 12.1 1.66 122 2.05 1.18
800 680 13.0 1.53 1.94 0.27 0.79 710 129 177 130 2.18 1.26
850 723 13.8 1.63 2.06 0.29 0.84 754 137 188 138 2.32 1.34
900 765 14.7 1.72 2.18 0.30 0.89 798 145 200 147 2.45 1.42
PTT1
600 510 8.5 1.07 1.37 0.22 0.61 569 89 1.16 9.5 2.01 0.64
650 553 9.2 1.16 1.48 0.24 0.66 616 9.6 125 103 2.18 0.69
700 595 9.9 1.25 1.60 0.25 0.71 664 103 135 111 2.35 0.75
750 638 10.6 1.34 1.71 0.27 0.76 711 111 1.45 119 251 0.80
800 680 11.3 1.43 1.82 0.29 0.81 758 11.8 154 127 2.68 0.85
KDML105
300 255 3.2 0.48 0.64 0.09 0.30 695 6.0 1.48 8.4 2.32 0.91
350 298 3.7 0.56 0.74 0.11 0.35 811 70 173 9.8 2.70 1.06
400 340 4.2 0.64 0.85 0.13 0.40 926 79 198 112 3.09 1.21
450 383 4.8 0.72 0.96 0.14 0.45 1,042 89 222 126 3.47 1.36
500 425 53 0.80 1.06 0.16 0.50 1,158 9.9 247 140 3.86 1.51
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Table 6 Suggested fertilizer formula, fertilizer and dolomite rates to compensate for the
production of various levels of yield of the 3 rice varieties. The calculation was based
on the assumption that half of the required nutrient contents were derived from the
leftover biomass of the previous crop

Fertilizer rate, kg/rai

Variety
Field rice yield Fertilizer formula Dolomite

25-7-13

RD41 700 68.2 9.6

RD41 750 73.1 10.3

RD41 800 779 10.9

RD41 850 82.8 11.6

RD41 900 87.7 12.3
25-7-14

PTT1 600 53.8 7.1

PTT1 650 58.3 77

PTT1 700 62.7 8.3

PTT1 750 67.2 8.9

PTT1 800 1.7 9.5
20-8-20

KDML105 300 30.8 58

KDML105 350 359 6.7

KDML105 400 41.1 77

KDML105 450 46.2 8.7

KDML105 500 51.3 9.6
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Figure 1 Total contents of major nutrients in 3 rice varieties
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