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Table.22. Physicochemical properties of soil samples.

' N/5 Hel soluble Particle size
o 1-C nutrient ‘ CEC distribution Tex-
Soil group Humos | T-N | C/N | (mg/100g} ‘ mel | Corse | Fi ture
HO | Kd | (%) PO | KO | | end | smd | S|
Peat soil 5.2 4.6 | 0.62 | 22,0 | 12.8 | 20.6 | 22.2 | 36.6 | 25.9 | 28.0 | 30.4 | 25.2 | 16.4 CL
Andosol 6.0 5.1 | 0.41 8.1 4.7 | 11.5 | 36.3 | 15.3 11.6 | 64.2 | 158 | 144 5.6 SL
Dituval sl 56| 4802 | 43| 25| 17| 50| 155 | 156 | 102 | 6.2 | 386 | 5.0 | LC
(loam) |
Allwvil soil 6.0 | 550023 | 46| 27| 16 | 18.21] 163 | 7.2 | 12| 162 | 5.0 | 8.6 | LC
(loam)
Allvial soil g5 g Do | 70 | 40 |10 | 49 | 129 | 159 | 165 | 34| 8.5 | 8.6 | CL
(clayey loam)
Table.23. Growth and yield on different soil.
NH:o-N (mg) | Eh (mV) N .
Lamina | Brown rice
i i . i . nitrogen .
Soil group E?_;:g:?on Heading | Heading content yield
stage stage stage (%) (Kg/10a)
Peat soil 4.2 1.7 + 21 4.4 1 564
Andosol 1.7 0.8 +145 3.4 9 453
Diluvial soil (loam) 2.0 0.8 + 43 3.76 460
Alluvial soil(loam) 2.1 0.7 - 1 3.97 499
Alluvial soil(clayey loam) 2.0 0.9 + 35 4.0 9 460

Table. 24. Average values of eating ‘quality of Hokkaido rice from

various soils over 3- year period.

Amylogram Texturogram Cooking qualities
Soil group Maximum | Break- | Hardness| Adhesiv- H/-H Water up- | Expanded | Total
viscosity | down (H eness(-H) take ratio | volume solid
Peat soil 347 127 5.37 1.38 19.5 3.10 32.3 0.193
Andosol 382 161 4.64 1.77 13.1 2.90 30.4 0.159
Diluvial soil
(loam) 364 144 4.66 1.77 13.2 2.95 3.1 0.172
Alluvial soil
(loam) 360 139 4.83 1.66 14.5 2.98 3l.4 0.172
Alluvial soil
(clayey loam) 348 130 4.81 1.57 15.3 3.04 32.0 0.183
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Fig. 43. Statistical differences among eating quality rice of rice from various soil.

—, ==, Significant at the 5% and 1% levels, respectivery.

Table. 25. Relationship between adhesiveness and inorganic component

in rice.

Inorganic component

Correlation coefficient

N
P
K
Mg
Mn
Fe

—0.624%*

—0.430
0.033
0.207
0.192

-0.513

* . Significant at the 5% levels, respectively.
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Table. 26. Effect of fertilization on

concentrations of three elements and yields.

Dry matter Stem and leaf in % Milled rice (%)
Treatment yield(g/hill) N P20s K20 N P20s K20
+N 56.0 2.28 (0.72 |1.93 2.14‘140 96
+P 50.2 2.03(1.25 (2.63 |1.89 224|107
+K 49.4 2.42(0.49(2.12|1.82 182|116
—N 31.5 0.77 ]10.33(0.901(1.32 | 144 79
-P 42.5 1.78 |0.09 |1.33 (2.13 81 7 4
-K 42.5 2.67 10.70(0.93]2.23| 154 67
NPK 53.4 1.75 (0.54 (1.91 |1.50 | 123 96

Table. 27. Effect of excesses or deficies in three elements on eating quality.

Amylose Amylogram Texturogram Cooking qualities
Treatment co(n(;:)nt ‘I:/f::g::;,; Breakdown Har(dHn;zss ;\;ish:(silﬁ') H/-H I‘;]())(I;l)l:::ged gl‘:e;arﬁ;

+N 21.2 365 114 4.5 1.8 12.5 33.0 3.12

+P 21.0 342 82 4.4 1.9 13.8 33.4 3.16

+K 21.5 350 95 4,4 1.7 12.9 33.1 3.10

-N 20.8| 435 153 3.9 2.5 7.8 30.2 2.90

-P 21.5 304 62 4.3 1. 6 13.4 32.6 3.08

-K 21.6 300 60 4,5 1.5 15.0 34.1 3.18

NPK 21.1 417 148 4.1 2.1 9.8 31.0 3.07
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Table. 28. Effect

of fertilizers on yield

and absorption of three elements.

Drymatter | Brown rice | Grain | Green- | Rice Nutrient uptake
Treatment yield yield straw | kerneled | screenings (kg/10a)
(kg/10a) | (kg/10a) ratio | rice (%)| (%) N P:0; K0
No fertilizer 100 44.9 1.25| 23.7 3.6 12.6 | 5.2 | 11.9
No nitrogen 99 46.4 1.35 20.4 2.0 8.1 5.1 11.4
No phosphoric acid 111 47.8 1.17] 28.3 4.5 14.5 | 5.6 | 14.5
No potassium 110 46,9 1.16 ] 26.4 4.5 13.6 | 6.2 12.2
Three elements 111 48.3 1.18 | 23.2 4.0 14.2 | 6.3 | 14.2
Table.29. Effect of fertilizers on eating quality.
Amylose| Protein Amylogram Texturogram
Treatment content |content | Maximum | Break |Hardness | Adhesive
(%) (%) | viscosity | down (H) ness{(-H) H/—H
No fertilizer 23.5 7.3 369 131 4.0 2.5 8.0
No nitrogen 23.1 ] 6.8 399 153 3.9 2.6 7.5
No phosphoric acid 23.1 | 8.3 314 113 4.4 1.8 12.2
No potassium 23.1 | 8.3 334 121 4.4 1.9 11.6
Three elements 23.1 | 7.7 342 128 4.2 2.2 9.5
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Table.30. Effect of microelements on eating quality.

Treatment T ?Omnziﬁfe So?tt;i? T . Amylogram
(kg/10a) (%) x:z::;g‘ Breakdown
Standard plot 22.9 7.9 449 165
Mg—38 23.1 7.7 450 163
Mg—16 23.0 7.9 447 160
Ca—16 23.0 8.0 445 154
Ca—32 23.3 7.8 447 161
Si—16 23.6 7.8 459 165
Si—64 23.4 7.5 451 168
S-8 23.2 7.5 454 168
S—16 23.1 8.2 445 159
Na—8 23.3 8.1 434 157
Na—16 23.2 7.7 440 158
Cl—8 23.0 8.1 438 154
Ci—16 22.6 7.7 437 1589
Al—8 23.4 8.3 431 158
Al—16 23.2 8.2 429 152
B—2.4 23.1 8.1 425 147
B—4.8 22.9 8.7 414 139
Zn—2.4 23.1 7.9 434 150
Zn—4.8 22.9 7.6 450 161
Cu—-2.4 23.2 7.9 446 153
Cu—4.8 23.1 7.9 440 157
1-1.2 22.6 8.2 447 163
1-2.4 23.0 7.9 446 156
Fe—38 23.1 7.6 465 167
Fe—16 23.3 \ 7.5 451 158
Mn—38 22.9 7.9 443 164
Mn—16 23.0 7.6 455 169
Mo—2.4 23.6 7.5 446 160
Mo—4.8 23.4 7.7 458 166
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Table. 31. Components of organic fertilizars.

Components (%)
. - ‘
Organic fertilizers oH {\:l;ies- C N C/N P0s | KO | Mg Ca Fe M S0
Rice straw — [15.7]140.010.71| 56.3 ‘ 0.26 [4.41]0.19| 0.22 [0.04| 0.085 | 9.1
Chicken manure 7.28 | 11.9|31.5]3.37| 9.3 5.63 [2.9910.68| 5.06 |0.25| 0.034 | —
Fish meal 7.30| 6.4147.68.00 6.0 8.6 | 4.46|0.36| 7.63 [0.16| 0.003 | —
Soybean meal 5.75116.0 | 47.6 | 6.20 7.7 2.96 (1.2810.59| 0.60 | 0.03| 0.010 | —
Stable manure 8.38 | 78.5)39.6|2.00 19.8 1.43 | 2.920.51 | 0.71 |0.11| 0.117 | 14.8
Tannery wasta material |5.89 | 18.020.2 |7.66| 2.64 1.32 | 2.25 | 1.62 | 5.80 |0.44| 0.006 | —
Fermentation residuum 6.50 | 10,0 [ 55.5(2.30 | 24.13 | 0.19 |1.19 | 0.16 | 0.14 [0.03 | 0.063 | —
Cuttlefish meal 5.18 [ 14.0 | 58.1 | 4,80 | 12.10 | 3.47 | 0.13|0.09 tr 1 0.13 tr | —
Bone meal 5.55| 8.0|13.7]4.60] 2.98 | 23.80 |0.18]0.52 ] 16.00 | 0.07 tr | —
Table. 32. Effect of organic fertilizers on eating quality.
Amylose | Protein Amylogram Texturogram

Orgenic fertilizers co?g/zr;t co?g/zr;t x::;.::,yn Exzk Ha(rﬂ;less ?:ehse:(“_’i{) —H
Rice straw 24.0 8.7 254 48 5.1 3.0 8.5
Chicken manure 23.8 7.6 268 73 4.8 3.6 6.7
Fish meal 23.7 8.1 262 65 4.9 3.4 7.2
Soybean meal 23.8 8.2 264 66 4.9 3.3 7.4
Stable manure 23.6 7.6 270 70 4.8 3.9 6.9
Tannery wasta material 23.5 7.8 266 66 4.9 3.4 7.2
Fermentation residuum 23.7 7.9 2790 68 4.8 3.5 6.9
Cuttlefish meal 23.8 7.9 270 65 4.9 3.4 7.5
Bone meal 23.5 7.9 272 72 4.9 3.5 7.0
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Table. 33. Effect of fish meal on eating quality of rice grown on potassium or

phosphate deficient soil.

Texturogram
Treatment Hardness Adhesiveness H/—H
(H) (—H)
Nonphosphoric acid 4.5 2.6 8.7
Nonphosphoric acid in fish meal 4.4 3.4 6.5
Nonpotassium 4.6 2.4 9.6
Nonpotassium in fish meal 4.5 3.2 7.0
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Fig. 44. Comparison of average daily tempera-
ture during ripening period between
higher and lower temperature year.
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Table. 34. Effect of ripening temperature on amylose content of rice.

Amylose content (%)

Ripening temperature("C)

Year — - -

Horyu Yunami Mean Summation Dairy mean
1971 23.1 23.6 23.4 724 18.1
1972 21.1 22.5 21.8 833 20.8
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Fig. 45. Relationship between amylose content
and accumulated temperature.

O, 1971 : A, 1972 . x, 1973

r=0.871%¥ y=—0.011x +31.42, t=2.51%

* Sum of the mean temperature for 40days
after heading.

A. Production area of low-amylose rice.

Rankoshi-cho
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Nihonkai

Niseko-
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Alluvial and
clayey paddy field

B. Production area of high-amylose rice.
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Taiheiys \\\\ (May — June)

E Ishikari-river ﬂ Nihonkai

Peaty paddy field

Fig.46. Lateral views of two typical exampl-
es of producing areas in Hokkaido.

Table. 35. Relationship between ripening temperature and eating quality.

Accumulated | Amylose content (%) Textu(rlf)ir_ag index
Treatment ripening )
tem[)ﬂtecl‘?ture Norin.20 Yunami Norin.20 Yonami
All 13C * 520 24.4 25.5 7.6 11.5
All 18C 720 23.8 24.4 6.7 8.2
All 23°C 920 20.8 21.9 6.0 7.0
First 13°C * *
Second 23C 720 22.9 24,1 6.5 8.1
First 23°C
Second 13°C | 720 21.8 23.2 6.2 7.9
Daytime 13°C * * *
Night 23°C 720 21.9 22.4 6.1 7.5
Daytime 23°C
Eight 13°C 720 23.3 22.6 6.9 | 8.6
& ooeee All ripening period. * %k ---o-- First half period.
* k k-oooo- Daytime (From 6 a.m. to 6 p.m.)
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Table. 36. Difference in amylose content caused by varieties or growing conditions.

Rice Harvest Soil Growing Harvest times
varieties years types district

n =10 n=4 n=2 n=4 n=>5
4.95 3.2 9 2.89 2.6 6 0.53
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Table. 37. Physicochemical properties of soils.

T—C | Humus | CEC Mechanical composition (%) .
Soil group T—N C i ‘ T Soil
(%) (%) | (me) oarse me 1 Silt Clay | lexture
sand sand
Peat soils 1.16 | 41.6 | 71.6 | 41.0 | — — — | - ] =
Gray lowland soils 0.17 1.4 2.3 20.1 0.8 18.6 36.0 49.6 HC
Brown lowland soils 0.08 0.2 0.4 26.2 7.3 16.6 30.8 45.3 HC
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Table. 38. Investigation of soil dressing effect on eating quality in regional trials.

Peat Soil dressing (m*/10a)
Item . Clay
soils: | 30 60 90 120

Grain thickness (above 2.0mm%) 26.0 32.5 36.4 39.9 32.8 30.9
Perfect kernel (%) 67.2 67.3 71.2 75.3 75.6 78.7
Green- kerneled rice (%) 16.5 17.3 15.0 13.7 13.2 11.5
Dead kernel rice( %) 5.3 6.2 4.4 3.4 3.9 3.2
Rusty kernel rice (%) 10.3 8.5 8.2 7.0 6.2 5.1
Grain weight (g/1000) 21.7 | 22.1 | 22.9 | 23.0 | 23.1 | 22.6
Protein content 8.3 8.6 7.9 7.9 7.7 7.3
Amylogram

Maximum Viscosity 317 314 335 338 358 364

Breakdown 111 116 121 125 137 143

Consistency 434 442 446 442 445 446
Texturogram

Hardness 5.6 5.5 5.4 5.3 5.1 5.1

Adhesiveness 0.84 0.92 0.91 0.89 1.17 1.22

Gumminess 3.66 3.31 3.27 3.26 2.96 2.78
Cooking qualities 7

Water uptake ratio(%) 2.89 2.84 2.81 2.76 2.88 2.75

Expanded volume (ml) 32.5 32.6 31.5 31.3 30.4 30.4

Iodine blue value 0.297 | 0.296 | 0.273 | 0.263 | 0.250 | 0.240

Total solid(mg) J 300 295 263 247 237 ‘ 228

<

-
Brown rice yield
100="58.7kg/10a

—o—

Amylogram M. V.
100=372 B.U.

| | | 1

L

Peat
soil

30 60 90 120

Soil dressing (m!/10a)

Fig. 47. Effect of soil dressing on yield and

eating quality of rice.
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Table.39. Effect of soil dressing on eating quality.

Soil dressing (m'/10a)

Item Peat solis Clay

30 60 90 120

Grain thickness (above 2.0mm%)

86.0 89.3 88.1 89.4 91.4

Perfect kernel (%)
Green-kerneled rice (%)
Dead kernel rice (%)
Rusty kernel rice (%)

72.4 74.5 75.2 79.1 79.7
11.8 10.6 8.7 7.3 5.7
5.5 4.7 3.8 3.5 2.4
10.1 9.8 11.9 11.3 11.9

Grain weight (g/1000)

Protein content

22.5 22.6 22.7 23.0 22.9
8.6 8.5 8.3 8.1 7.7

Amylogram

Maximum Viscosity

368 372 384 397 403

Breakdown 142 150 157 157 167

Consistency 424 445 448 450 460
Texturogram

Hardness 5.6 5.5 5.3 5.2 5.2

Adhesiveness 1.9 1.8 2.1 2.4 2.3

Gumminess 3.7 3.7 3.6 3.6 3.6

Cooking qualities
Water uptake ratio (%)
Expanded volume (ml)

Iodine blue value

Total solid (mg)

3.0 3.0 3.0 2.9 2.8
31.9 31.5 32.5 30.6 29.8

0.296 0.290 | 0.285 | 0.275 | 0.248 | 0.244

278 260 239 217 215
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Table. 40. Effect of rice straw addition on eating quality.

Treatment Amylose | Protein ‘ .Amylogram ‘ Texturo.gra_m

content content e’}:z::::? Breakdown Haafi{r)less nAeihse(s_l;[e) H/—H

Control 22.0 7.6 387 191 4.5 3.0 7.5
Rice straw

Compost 22.1 8.0 377 186 4.5 2.7 8.3

Autumn plowing 22,2 7.9 370 180 4.6 2.7 8.5

Auturan broadcasting 22.1 8.3 359 173 4.7 2.5 9.4

Spring broadcasting 22.3 | 8 355 163 4,7 2.1 11.2
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Table. 41. Effect of NPK elements levels on eating quality.

i:;i::ﬁf:; Hher Amjlose | Protein Maxi?n‘:r)r;logram HardnessTeA):::: ‘grim
(ke/10a) content content Viscosity Breakdown () ness(fﬁ) H/-H
(N-P:0;-K:0)
0—8—-38 23.2 8.0 456 159 4.3 3.2 6.7
4—8-38 23.4 7.8 444 159 4.3 3.4 6.3
8§ —8-8 23.0 8.3 442 154 4.4 3.0 7.3
12-8-8 23.1 8.8 432 144 4.4 2.5 8.8
16—8—-8 23.1 9.4 424 143 4.5 2.0 11.3
© 8-0-8 | 23.4 | 7.8 | 430 | 162 | 4.4 | 2.8 | 1.9
8—4-28 22.4 7.9 433 156 4.4 2.9 7.6
§-8-38 23.5 7.8 430 150 4.4 2.8 7.9
8 —12—8 23.4 7.8 438 152 4.4 2.9 7.6
8 —16— 8 23.3 8.0 434 149 4.4 2.7 8.1
8§ —32—38 23.5 7.9 434 151 4.4 2.7 8.1
 8-8-0 | 23.3 | 7.7 | 432 | 154 | 4.4 | 2.8 | 1.9
8§—8—14 23.4 8.0 423 148 4.4 2.8 7.9
8§—-8-38 23.3 8.0 423 149 4.5 2.7 8.3
§—8—-12 23.8 8.0 427 156 4.4 2.8 7.9
8—8-16 23.1 7.5 443 159 4.5 2.7 8.3
8§ —-8-32 23.2 7.6 443 161 4.5. 2.7 8.3
Table.42. Yield components and eating qualities for two kinds of soils.
Soil [(:Jrro(:isusc- ?izzwn t}:eg?irfr ?r:]hmulljlgi o (Amylose Protem Amylogran Testurogran
Group | tion yield ripened | rice content | content | Maximum | Break- | Hard- | Adhesive-
(kg/a) (kg/a) grains | (x10Y/m)} Viscosity | down | ness{H) | ness (- H) H/-H
Sand 121.0 55.1 78.5 3.2 21.5 | 7.6 460 195 4.4 3.3 6.7
Peat | 131.2 | 53.5 | 70.0 | 3.5 | 21.0 | 8.8 | 385 9% | 4.6 | 2.1 | 11.0
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Fig. 48. Effect of application of nitrogen on
yield and eating quality.

nitrogen concentration in leaves on

two types of soils (sand and peat).

Table. 43. Relationship between nitrogen fertilizing method and yield components.

r Nitrogen content (%) ‘ Nitrogen absorption (g/m)
Gross Brown | Percentage - ;
Treatment Production | rice | of ripened fPamcIe Maturing F”“c't? Maturi
ke/ eld . ormation ormation aturing stage
(kg/a) yie grains stoge Stage Stage
Side dressing 108 38.2 63.6 4.0 5.2 0.85 10.5
Surface application 107 36.1 65.3 3.8 4.6 0.914 11.2
Total layer
application 100 | 36.0 61.6 3.7 3.7 0.97 10.3
Table. 44. Relationship between nitrogen fertilizing method and eating quaiities.
{ Amylogram Texturogram
Treatment Amylose | Protein M Ad
reatmen content | content aximum Hardness esive- _
Viscosity Breakdown | ™ (H) | ness{(—H) H/-H
Side dressing. 23.1 8.1 411 120 4.4 2.8 7.9
Surface application 23.0 7.8 4009 115 4.4 2.9 7.6
Total layer
applcation 23.1 8.9 375 95 4.5 2.2 10.2
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Table. 45. Eating quality of rice from rice paddies once used for field crops.

Treatment Analysis of variance
Item Conti
ontinuous . P
cropping Rotation | L.$.D.5% F P

Amylogram -

maximum viscosity 410 437 16 Fé=20.23 0.05
Texturogram H/-H 16 12 1.5 Foi=43.02 0.01
Blue value 0.346 0.350 — Fo= 1.61 n. s.
Protein content 7.1 6.8 — Fo= 6.20 n. s.
Perfect kernel(%) 76 80 3.0 Foa=10.29 0.05
Inspection grade 5.6 3.4 — Fos= 3.36 n. s.

Table. 46. Eating quality of rice from paddies previously used for various
different upland crops.

Rotation crop¥ Soil group*
Item omion | Small Forage g:;eytlz’:vtrarneéi Peat soils girr:;-t:;l:xnr(fd
red bean | crop soils soils
Amylogram 45 10 32 10 32 18
aximum viscosity
Texturogram H/-H 4.4 4.1 6.6 4.1 2.5 1.5
Blue value 0.002 0.005|0.014 0.005 0.004 0.004
Protein content(%) 0 0.26 | 0.51 0.26 0.80 0.11
Perfect kernel(%) 0.3 6.0 5.6 6.0 4.9 3.6
Inspection grade* 4 0 6 0 0 1
L Difference between continuous cropping and rotation.

Table.47. Relationship between eating qualities of rice and the number of growing
seasons after which the rice paddy land had deen used for grass

cultivation.
Treatment ;\dmy'logram' . Texturogram H/—H
aximum viscosity
0-0-0—-0—-0-0 388(B.U) 5.8
O—-8—-0—-0—-0—-0 386 5.9
O—-0—-0—-0—-0-0 368 6.3
Oo-0—-0-0-0—-0 345 6.8
Oo-0—-0—-0—0—-0 309 7.9

O---Paddy Field @---Rotational upland field (No irrigation)



Table. 48. Effect of soil treatments on eating quality of rice.

Source. O.f df ‘I?dl:){il;%llr.:nliscosity Texlt{l;r_Ogﬁam Protein content
variation MS]| F MS| F MS| F
Total 31
Block 1 861 n.s 0.6 n.s 4.3 n.s
Soeil (S) 1 36046 |35.3% * | 160.2 16.0% * | 1068.4 | 99.9% *
Plowing (P) 1 2592 | 2.5 27.0 | 2.7 5.0 | n.s
Nitrogen fertilizer (N) 1 9180 9.0% * 16.8 1.7 138.2 | 12.9% *
Calciumsilicate (C) 1 2080 | 2.0 0.7 n.s 61.9 | 5.8% %
SXP 1 13 n.s 0.1 n.s 107.0 | 10.0% *
S XN 1 232 ns 0.1 n.s 1.8 n.s
SxC 1 211 n.s 3.4 n.s 36.3 3.4
P XN 1 32 n.s 1.9 n.s 24.4 2.5
PxC 1 313 n.s 2.1 n.s 0.2 n.s
NxC 1 495 n.s 39.6 4.0 148.3 | 13.9% *
Error 16 1022 10.0 10.7
* oo Significant at 5% level * k- Significant at 1% level
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Table. 49. Relationship between eating quality and character of rice seedling.

Charade;e:flling Al?dr:zil;%::mwscosity Heading date
Mature seedling 513 726
3.2 leaved age seedling 506 7/27
Young seedling 466 731

Table.50. Analysis of variance of amylogram maximum viscosity.

Factor d.f. M. S F
Total 23
Character of seeding (C) 3 5867.48 41.82%*
Amount of nitrogen * %
Fertilizen appied (N) 5 2578.64 18.38
CXxXN 15 140.28

* K ---oo- Significant at 1% level
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Table. 51. Relationship between number of days after heading and diameter of

starch grains.

Maturing stage

Diameter ()

Coefficient of variation (%)

Milk-ripe stage 4.5 8
Dough-ripe stage 4.57
Yellow-ripe stage 4.6 9
Full-ripe stage 4.6 8
Dead-ripe stage 4.7 6

36.0
36.3
34.8
38.9
34.9

Table.52. Relationship between amylose content and number of days after heading.

Maturing stage

Amylose content (%)

Milk-ripe stage
Dough-ripe stage
Yellow-ripe stage
Full-ripe stage
Dead-ripe stage

20.0
20.4
20.6
19.9
19.9

(ﬂm) I{OJEQS



Iodine blue value Water uptake ratio

Table.53. Eating quality of rice as related to degree of maturity.

D . A Cooking qualities Amylogram Texturogram
egree of mylose | Protein - : :
turit Expanded | lodine Total Maximum | break- | Hardne- | Adhesive-
maturty content | content volume (ml)| blue value | solid(mg) | Viscosity |down |ss(H) |ness(—H) H/-R
Imperfect kernel .
of rice 23.1 7.9 28.0 0.210 216 415 200 4.4 3.2 6.9
Greenkernel 156 | g1 | %5 | o | % | 165 | 44 | 30 | 73
Opsuecterneled | y5 | 89 | w1 | o5 | o o[ M0 43 | 31 | 69
; 93C
*Heaatmg?<_)<___ Cooling (1.5C /min) ——
(1.5°C /min)
1000
B. U
>
= 60days after
S 500 heading
172}
> 40days after

Expanded volume

Total solid

heading

20days after
heading

Fig.52. Relationship between amylogram values number of days after heading.
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Fig.53. Relationship between cooking qualities

and number of days after heading.
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Table. 54. Relationship between eating qualities

Texturogram (H/—H)
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Number days after milling.

Fig.54. Changes in eating quality of rice as
the days passed after milling.

-0~ Low temperature storage (— 5°C)
-~ Room temperature storage (17~23C)

and storage conditions of rice.

| Reduced suger Texturogram (T. U. )
Treatment 1968 1969 1968 1969
December | March | June | September | December | March | June | September
Low temperature
storage (5C)
Unhulled rice — 200 (230 225 — 5.0 5.5 5.5
[:Broumrice 192 210(232 250 5.3 5.3 5.5 5.8
Room temperature
storage (20C)
Unhulled rice —_— 218|285 340 —_— 5.9 6.8 7.2
[Brown rice I 205 (272 361 — 5.8 J 6.8 80
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Fig.55. Frequency distribution of blue value
in rice of parents and hybrid populati
~ons.

Table.55. Estimated heritability of each characteristic.

ha o
Blue value 0.6 60
Quality of rice kernel 0.757
Grain shape 0.538
Thousand kernel weight 0.736
White belly rice 0.896

hE = 02 /0% ,08={g&+ 02)
: phenotypic variance

2

P

Z . genetic variance

Z : environmental variance
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Table.56. Eating qualities of main rice varieties in the 1970’s.

Amylose | Protein . Amy‘logram Texturogram
content | content IV.Iax1m.um Break Hardness | Adhesive- H/-H
viscosity down (H) ness(-H)
0ld valieties
Ishikari 22.3 7.7 466 2014 4.0 1.2 16.7
Shiokari 21.4 8.6 490 211 3.5 1.7 10.3
Yunami 22.7 8.1 445 179 3.8 1.2 15.8
Horyu 21.2 8.1 532 239 3.7 2.2 8.4
Himehonami 21.6 9.0 474 189 3.8 1.6 11.9
Yakara 22.9 7.6 457 187 3.8 1.5 12.7
Sorachi 20.9 7.3 500 203 3.8 2.1 9.0
New varieties
Kitahikari 20.2 8.0 541 261 | 3.6 2.5 7.2




Table. 57.

Cooking qualities of rice varieties in the 1970’s.

Cooking qualities

Water uptake ratio Expanded volume Total solid
Old varieties
Ishikari 3.4 33.9 3775
Shiokari 3.2 32.0 3465
Ytnami 3.6 34.7 3800
Horyu 3.2 31.9 3310
Himehonami 3.3 33.1 3510
Yukara 3.2 32.7 3560
Sorachi 3.2 32.3 3305
New varieties
kitahikari 3.1 31.2 3230
WBLDEEZLND, EHRERME TXxsEH wl Koshihikari (Niigata) *
D1 E0VFROGHE LES, TS OB OE Sasanishiki (Miyagi) ™ !
BREEA LAY, TS kA TR LAY L &
D17~ 18%1E D 572 T 3 B — X bIEHER Nihonbare (Siga)
e BRI L 7o B - 7, S
NN ENL, 1970FRUCBT 5 BHENR
BREFIEIL TR Er ), It L TH-TEHY, Akihikari
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Fig.58. Eating qualities of varieties selected
by physicochemical properties.

"> Honshu varieties

Q\ﬁ ggv} Hokkaido varieties

el & T 5 AR (RIR) CTHEERO®BRE
2R, KRKBB LT NG/ TH L, 2
LB REICLVER LA SERIEE, LHE
KT TE A EokBtE Iy TE,TLE D
200 DAMIBEEROREICEL, TXSEPR
CPBELHCKEZHY, 2ok s ewEid



Table.58. Comparison of eating quality among Hokkaido and Honshu rice varieties.

Treatment Amylose| Protein Maxi::,: Iogr;m — Texturo.gliam

content | content viscosity dorv::k a(I‘HI)IESS :e\nd:]sess(lYH) R/~H
Hokkaido Kitahikari 19.6 | 8.0 590 288 4.0 2.1 9.5
Michikogane 19.1 ) 8.3 572 276 4.0 1.9 10.5
Tomohikari 18.8 | 8.5 612 305 3.8 2.1 9.0
Yukihikari 18.3 | 8.1 590 300 3.7 2.2 8.4
Ishikari 21.0 | 8.0 492 230 4.2 2.0 10.5
Aomori  Mutsuhonami 20.6 | 6.6 528 282 4.0 1.7 11.8
Iwate Sasanishiki 19.1 | 6.5 679 379 3.8 2.0 9.5
Koganehikari 20.1 ) 6.3 659 344 3.9 2.1 9.3
Toyonishiki 19.3] 6.9 618 308 3.6 2.2 8.2
Akita Sasanishiki 19.5 ] 6.9 676 351 3.9 2.3 8.5
Kiyonishiki 20.4 1 7.0 587 290 4.4 1.7 12.9
Akitakomachi 18.2 | 6.8 662 377 3.6 1.9 9.5
Toyonishiki 20.6 | 7.7 524 239 4.4 1.5 14.4
Yamagata Sasanishiki 20.1 | 6.6 642 340 3.7 2.0 9.3
Hanahikari 19.0 | 7.9 544 278 3.5 2.1 8.3
Kiyonishiki 20.5 | 6.5 603 287 3.9 2.0 8.0
Sawanohana 18.9 | 7.2 571 262 3.5 2.2 8.0
Toyama Koshiziwase 17.9 ] 7.6 753 418 3.5 2.3 7.6
Koshihikari 17.8 | 7.1 | 752 | 424 | 3.8 2.3 8.3
Toyamanishiki | 16.5 | 7.3 770 4214 3.3 2.5 6.6
Nihonbare 20.3 ] 7.3 502 263 4.3 1.9 11.3

Hukui Koshihikari 17.0 | 6.6 8§25 483 3.4 2.3 7.4 )
Hukuhikari 18.1 7.3 8§22 467 3.6 2.5 7.2
Nihonbare | 21.0) 6.7 617 351 4.0 1.9 10.5
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Studies on Improving the Eating Quality of Hokkaido Rice.

by
Osamu INATSU

Summary

The present study was undertaken to investigate tequniques to improve the eating
quality of rice produced in Hokkaido. This study utilized the following processes :
(A) Establishment of a method to analyze the components concerned with eating
quality.
(B) Analysis of the components of Hokkaido rice with regard to eating quality and its
characteristics.
(C) Analysis of the variation in the eating quality of rice grown under various
environmental conditions.
(D) Establishment of a new culture technique and breeding method to improve the taste

quality of rice.

I. Analysis Method of Eating Quality

Analysis method of eating quality determinig the chemical composition and physical charac-
teristics of rice. The development of rear-infrared reflectance and auto analyzer instru-
ments has made it possible to easily measure protein,oil,ashmoisture and amylose in rice.
These development have increased the number of genotypes that can be screened in all
generations of breeding period.
a) Use of an Auto Analyzer enables researchers to determine the amylose concentration
in 3 minutes using 100 mg of rice flour.
b) Starch,protein,oil and ash concentration can be determined in a short time by the
NIR (Near-infrared Reflectance) method.
c¢) Hardness and adhesiveness of cooked rice can be determined by a Texturometer
using 3 cooked rice grains.
d) Analysis of heat gelatinization property can be simplified to 60 minutes by using a

Brabender Amylograph.

2. Analysis of the Eating Quality Characteristics Hokkido Rice.
a) Cultivars currently being grown in Hokkaido have approximately 22.9% rice amylose
which is higher than Honshu rice by 3% .However,there was a wide range,and about 40%

have an amylose percentage higher than 23%.

b) The protein concentration of Hokkaibo rice was slightly higher than Honshu rice.



The coefficient of variation in the protein concentration in Hokkaido rice was grater than
in Kinki,Kanto and Hokuriku rice.

¢) Hokkido rice contains less phosphorous acid, magnesium, iron and zinc than Honshu
rice, but more potassium, sodium and calcium than Honshu rice.

d) The gelatinization temperature of Hokkaido rice starch was lower than that of
Honshu rice starch. Hokkaido rice had lower amylogram maximum viscosity and higher
final viscosity when compare with Honshu rice.

e) Cooked Hokkaido rice was firmer and less adhesive than Honshu rice.

Improvement of texture was considered to be an important component in growing good

eating quality rice in Hokkaido.

3. Relationship among Physicochemical Properties of Rice.

a) The amylose concentration had considerable influence upon heat gelatinization
properties and the texture of cooked rice.

b) There was a positive correlation between the firmness of a cooked rice grain and
the protein concentration. The adhesiveness of a cooked rice grain was negatively
correlated with protein concentration. This correlation was more evident among rice
which contained over 8.5% protein.

¢) There was a significant correlation between the amylose concentration and the degree

of retrogression of cooked rice.

4. Effect of Cultural and Environmental Conditions on the Eating Quality of Rice.
a) The best eating quality rice was produced in volcanic ash soil ;diluvial soil, alluvial
soil and peat soil respectively.

b) Nitrogen deficient paddy fields produced good taste quality rice, but rice produced in
phosphoric acid or potassium deficient fields was not good. The eating quality of rice
grown in nitrogen, phosphoric acid and potassium rich soil was also not good. The 14

essential micro- elements to rice plants had no significant effect on the eating quality.

¢) The eating quality of rice grown with organic fertilizer was inferior to that of rice
without.

d) The ripening temperature had significant effect on the eating quality. High temperature
of night time especially more effective in producing good eating quality rice. Amylose
concentration decreases by about 1% as the average daily mean temperature rises by

2.3C during the ripening period.

5. The Technique to produce Good Eating Quality Rice.

a) Soil dressing with more than 100m’ of soil/10a was effectve in improving the eating

quality of rice growing on peat soil. a8



b) To produce good eating quality rice, a low nitrogen level was more desirable than a
high level. Nitrogen restriction on the latter period of growth was effective in producing
eating quality rice, and a side dressing or top dressing was desirable for this purpose.

c¢) Character of seedlings also had an effect on the eating quality of rice. Mature
seedlings were best, while middle-aged and young seedlings followed. In ordere to improve
the eating quality of Hokkaido rice, transplanting mature seedings in culture without root
damage would be desirable.

d) The best time for harvesting was when the number of immature grains was low.
This stage was considered to be 45-50 days after heading.

e) Low temperature storage of Hokkaibo grown rice was effective in preserving the

quality when stored from june to September. Unhulled rice storage was more effective

than brown rice storage.

6. Breeding Method of Good Eating Quality Rice.
a) Amylose level is based on a character of each varieties, so a pedigree method is

considered to be the best method for breeding of rice varieties with a low amylose

concentration.
b) The breeding program for a selection of good eating quality rice was :
(1) Selection by low amylose and low protein concentration in the stage from the F3 ,
F1 and Fs generations.

(2) Selection by the heat gelatinization property and the texture of cooked rice in the
stage from the Fs5 Fs and F7 generations.
This program was effective for the breeding of good eating quality rice.

c) The rice varieties raised using this program were superior in eating quality compared
to older varieties.





