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Fig. 1-1 Air temperature conditions of production for Sake brewery rice
in Hiroshima prefecture.

Main production

Range of air temperature

Symbol in the ripening period”(*C) Region - place

. 10.1~11.0 Chugoku mountainous area A : Hiwa

. 9.1~10.0 Central plateau B: Miwa, Takamiya
] 8.1~ 9.0 Southern flat C:(Agric. Expt. Stn.)
] 7.1~ 8.0 Coastal area of the inland sea

. 5.1~ 7.0 Islands in the inland sea

D Aug. 11~ Sept. 19.
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FE DB AL 5, AT et N edTHBE(EI-1-3K), ARo#Hl
PEIEBRNR, FARE RN TESLNAFETHY, ST OREBEZEAL (Y SHE
TR, —EIENRCECLARIER AT b Tk, AT ORNTD,
SIFODEBREMELRE (R T LI EPRH LN,

DEORBEREDP LADL L, LEARBED I B CLAMRIMES (BE1) 2%,
oz FiRREC, Tk LRI 5 0aEs0fEl (CaAEE) kL Twb
borALND,

DLl z kir b, EESHECOENRIEIEWEBERAHE N2 Lz, ERPEX
SO THERT 2T WAL EEL T I L ARBHATERE L H L 6115,

Table 3-1-1 Sowing density and yield components.

Seed No. of leaf No. of panicle No. of grain  Pecentage of 1000-kernel-
per pot  of main stem per plant per pot per head ripened grain (%) weight (g)
1 15.5 30.7 30.7 70 70.1 23.7
3 15.2 10.5 31.5 64 72.8 24.5
5 15.0 6.6 33.0 54 76.9 24.6
7 15.0 5.3 37.1 49 78.7 24.9
9 14.3 3.6 32.4 49 86.8 24.9

Table 3-1-2 Appearance of white core in tillering position of rice plant. (9%).

Plant I\Eir: Primary Secondary Tertiary  Quaternary per

per pot stem tiller tiller tiller tiller plant
1 80.0 75.3 74.7 66.4 24.7 67.1
3 79.0 73.7 63.9 - = 68.3
5 85.7 85.1 62.2 — 76.0
7 87.4 80.4 65.9 : 78.9
9 88.6 83.5 66.3 = 79.9

14

Table 3-1-3 Appearance of white core in connection with the occurence ecology

of synchronously emerging tiller of rice plant. (%)
' Plant o ; o
pe?npot Order of tiller Rate of appearance of white core
Primary 80.9 80.0 79.7 77.6 77.6 76.9 75.9 73.0 70.7 60.5
1 Secondary - 8.2 79.9 79.9 78.8 73.3 63.9 —
Tertiary — — 80.0 79.9 69.9 62.3 —
Quaternary — - 26.4 19.4
3 Primary 85.9 75.4 72.6 70.7 70.9 66.5
Secondary — — — — 73.4 66.4 58.5 543 — —
5 Primary 86.5 B85.0 84.5 84.7 85.0 —
Secondary — — — — 62.4 61.7 —
7 Primary 87.6 86.3 86.1 77.3 64.8 — - =
Secondary — — — — 66.9 —
9 Primary 88.9 86.5 86.4 87.9 67.6 — — —
Secondary — — — —  64.6 —
15
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Fig. 3-1-1 Relation between appearance of white core and tillering position of rice plant.
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Note : Figures in circle show the percentages of appearance of white cores and small

figures out of circle show the rank of emergencing tillers.
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Fig. 3-2-1 Effect of leaf cutting or root prunting treatment on the appearance of white
core and 1000-kernel-weight.
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Fig. 3-2-2 Effect of shading treatment on the rate of appearnce of white core.
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Fig. 3-3-1 Effect of difference in cultivation patterns on the composition ratio of white core.

Note : T : Transplanting. F : Direct sowing in flooded paddy field.
W : Direct sowing in well-drained field.
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19.7
19.8
23.5
20.3
20.2
24.7
21.2
21.5
22.3
23.5
27.5
26.3
24.2
27.5
26.5

milled rice® (%)

Degree of water
absorption of

Hardness

of brown

rice® (kg)
4.1
4.0
3.4
4.0
3.7
3.4
3.5
3.5
2.9
3.8
3.8
3.6
4.2
4.2
3.8

8.7

volume (%)
6.9
7.7
10.1
9.7
11.4
25.8
26.4
26.2
13.9
6.8
7.3
7.7
7.3
7.3

White core?

(%)

72.9
67.6
61.3

Percentage
56.7
66.0
70.3
59.2
07.8
69.3
91.4
91.5
95.5
76.9
70.1
62.2

of white

core

Yield
(kg/a)
31.6
44 _3**
36.0
36.8
44 1**
32.5
41.5%*
42 _(0**
27.3
30.8
37.7**
31.¢
33.4
37.3

30.2
¥ Direct sowing in well-drained field.

9 White core (length X width X thickness) /Brown rice {length X width X thickness) X 100.

9 By KIYA grain hardness measure.

1000-

kernel-

weight (g)
25.0
25.7
26.4
23.8
24.4
25.0
25.8
26.7
27.0
26.4
27.0
28.2
27.3
27.8
27.9

Percentage
51.6
63.8
82.1
71.6
75.5
83.4
65.6
84.9
82.0
57.1
61.4
64.2
57.2
69.2
73.6

of ripened
grain (%)

No. of
grain
(/m?)
409
309
260
364
345
3i4
318
204
208
359
272
254
362
323
310

1.8
1.8
3.7
2.2
1.6
4.0
2.1
1.7
4.5
2.4
2.9
3.9
2.0
2.2

3.9
2 Direct sowing in flooded paddy field.

Panicle
(/m?) (/plant)

338
340

245

on vield and qualities of rice grain.
No. of

325
375
3n
366
377
363
446
394
379
411
389
326

2)

ko

F®
: significant at the 1% level to transplanting(T) plots by t-test.

Note : ¥ Transplanting.

Table 3-3-1 Effect of cultivation patterns (transplanting, direct sowing in flooded and well-drained paddy field)
T
T
w2
F?
T
w2
F#
T
W2
F®
™
W

Cultivation

pattern
& Ratio of weight of milled rice (milling percentage:70%,) before steeping in water to its weight 20 minutes after steeping.

itk

Variety
Hattan
No.19
Hattan
No.35
Kairyo
omachi
Kairyo
Shiratuyu
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Fig. 3-4-1 Effect of planting density on rice yield and percentage of white core.
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.9

white core{%)

64.8
68.4
53

62.4
56.8
58.6
67.6
70.6
65.6
66.4
56.7
61.7

Percentage of

Grade of

mspection
First-inferiority
First-inferiotity
Second-superiority
Second-superiority
First-inferjority
First-inferiority
First-inferiority
Second-superiority
Second-superioriy
First-inferiority
Second-superiority
Second-superiority

SD

3.0
2.1
1.7
3.2
1.0
2.4
1.8
1.8
2.6
2.1
1.6
2.0

Yield
(ke/a}
38.2
38.5
35.8
39.5*
34.7
36.6
42 1**
40.9*
40, 2%
42 .9**
40.6*
41.1**

{g)

.8
26.8

1000-kernel-

26.6
27.2
26.8
27.7
27.1
27.0
26

26.9
27.0
27.1
26.9

weight

Percentage of
tipened grain{%)
80.5
81.0
80.3
81.0
80.2
80.7
80.5
80.7
80.4
81.0
80.1
81.0

* ** . Significant at the 5% and 1% level to standard plot (0.4-B-18) by t test.

(/)
185
197
181
194
178
195
209
229
192
206
194
218

No. of Panicle
(/plant)
3.4

2.7
3.3
2.7
3.6
2.9
3.6
3.0

Y Big seedling (plant age in leaf number: 7.0 L).

3 Midium seedling (4.5L).
3 Small seedling (2.0L).

2.7
3.9
3.2

Table 3-5-1 Effect of seedling quality on yield and quality of grain.
3.4

(hill/ )

13
24
18
24
18
24
18
2
18
24
18
24

BV
M2
o
BY
M?
g9

quality

0.4
0.6

Nitrogen Seedling Planting density

(ke/ a)
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Fig. 3-6-1 Effect of nitnogen, phoshate and potassium fertilizers on appearance of white
core grain in tillering positiomn.
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9.3
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11.6
11.8

6.0

Percentage of
white core (%)
37.0
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0.7
0.3
0.8
0.4

Tentiary
0.7

Yield (ke/a)
25.0
20.1
23.8
12.6
12.2

(@)

No. of panicle per plant
Secondary tiller
5.8
2.5
5.2
5.1
1.1

1000-kernel-
25.2
25.9
24.6
23.0
25.1

weight

Primary tiller
4.9
3.9
4.6
4.6
3.5

ripened grain(%)
91.1
94.7
88.0
71.4
95.0

Percentage of

71

67

77

58

67

Main stem
1.0
1.0
1.0
1.0
1.0

No. of grains

Table 3-6-1 Effect of nitrogen, phoshatic and potassium fertilizers on vield and qualities of grain.
per panicle

Table 3-6-2 Effect of nitrogen, phoshatic and potassium fertilizers on the panicle number of tillering position.
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Non—N,P.K

Non—N,P,.K
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N+P+K
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N+P+K
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Non—P
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£z el L TR A RSO 2 i, 56 IR 3 ERARORR
— L7,
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HOBEERL 72,
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PHAGDE LA EL EFELZ HiLd,
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Table 3-7-1 Design of experimental treatment.

Experimental location Kisa Miwa Hiwa
Elevation 220m 300m 400m
Soil series group Medium and Medtum and Thick humic

coase-textured coase-textured wet land soils
gray upland soils gray upland soils

Applied amount Light N 0.6 0.6 0.4
basal dressing Heavy N 0.8 0.8 0.6
(kg/a) P205 0.4 0.5 0.5
K,O 0.4 0.6 0.6
Applied time of N (Days After transplanting) 11 11 11
Days before heading 20 20 14
Transplanting date June 10 June 11 May 23
Planting density (hill/m®) 18.2 24.2 30.2

Note: Non—N fertilizer application plot and silicate magnesium calsium (15kg/ a)
fertilizer application plot were set up in Kisa.
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Fig. 3-7-1 Effect of application method of nitrogen fertilizer on yield and white core
appearance of grain.

Note : Split application [ : top dressing at tillering stage.
Spiit application I : top dressing at tillering and ear formation stages.

Table 3-7-2 Air temperature during ripening period.

Experimental location Mean Temperature Range
Kisa 23.5C 9.0C
Miwa 23.1 9.2
Hiwa 22.3 10.2
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HEICHST IRIEORIEED X —F 7 /0o —Th b FHES N, #20C, BEIE
Hiz 2 REILZ 3, AR Y KR E OBRIZ O W TR L 22,

R OB F &
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Table 3-9-1 Design of experimental treatment

Percentage of split application of nitrogen fertilizer (%)

HIH ERHECSYIRERS CAORRICRIEFTHE

Plots Basal Days after sowing Days before heading
BROHB CHBHE TR, LAMBAEREIT LTS b BRBDIZHY, FOEER dressing 300 40% 359 950 159
RN EAICHE L 72 5 & vge, ZIE, 415 DEAENEI I B E LR L B Control (Transplanting)
ELRLERRENE & TRREOBIRIC S W TR L 7. Mature seedling (Leaf age:4.0L) 40 30 0 15 0 15
Young seedling {Leaf age:2.5L) 40 30 0 15 0 15
B B F & Direct sowing
Basal dressing priority aplication 70 0 0 15 0 15
%ﬁ%g & % U 0 L 75kg§- % 3 - 9 = l ﬁ@ﬁﬁﬂﬂi‘f?ﬁﬁ. L f\:a PgOs, Kzo ﬁiiﬂ\:ﬂ: 1 . OSkg % TOD dressing priority application 0 40 30 15 0 15
ENICHER U 22, fhad St 3 s e P OWEHEITTH B, Split application 40 30 0 15 0 15
EMABIZS5A318 XL, £M30cm, a9 600g 2 BKEEL 72, WHROBIEXIIHS Early application 40 30 0 30 0 0
, licati 0
ERHO2REL, 6 B2l BICHAEEEm S D27, 75 (30enX 12em), 14k 3 AKE L L 1o, Medium application 10 - 0 R
Late application 40 30 0 0 0 30

1R12m, 3 RKH, &LUEHE: T19634F 1 MiEE & B EE TEM L 7z, ,
Note : V Early tillering stage in transplanting and 30 days after sowing (leaf age : 5~6L).

# Active-tillering stage. ¥ Neck node differentiation stage.

HBRERRUER * Spikelet differentiation stage. % Meiosis stage.
DHORBRRIC DTS L, WERIBKLE, RERCHEBRK KL<, 50 2
TRIAIUL REFTH o2 (B3-9- 1), g7 < Mg
ERAUEIC B BIGIER T3, 208 & RIS UK & ) WS B M1 S g | | L] | 12
T DEORIRRUL BIFTh > 72, =% X ) HEER 22 7 B0 5RO C £ o g £
55 L BIBEO M T 3 ERYAREIEK > E RSN 2 51X > R AP 2 561K (52 = :ﬁia“JfﬂfﬂzJ 1 8¢
%) DBIRTH - 72, R é F
MR, MW (B2 MM, %) 23 - & 0 2I0T, Sv CHBELRILR = E §
Tholzo ERENEE LEROBFKE 2 5 & BINEA > EEE OGS, $ 2 = g 51 [ =
HATIR WM > s> SIOBIR &5 L7, MR SRY) T LI, K0 BB 1 S0 £ 2gi,f¢ 54 %
applicationplot 3 £ FETE £ = £ 8
2 f8E8E 5 & 2 3

Transplanting. Direct sowing

Fig. 3-9-1 Effect of application time of nitrogen fertilizer on yield and white
core appearance of grain in direct sowing culture.

Note : Early application : 35 DBH (days before heading).
Medium application : 25 DBH. Late application : 15 DBH.
Split application : 35 DBH + 15 DBH.
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BEEEBRLUTEEI M TERICH DWWz, 204 ) ZEEEEEr L, BEIGERUIE
KIOOKWEIZ KT L, LHBRGSLETHEEEZRLZ (F3-10-1K, #3-10-1
#)o

HIEhDEREHERIZ0.6%ThH- 72D T, TokeRE225kgRNEHRITH 4, 0.45kgk
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Amount of barnyard
manure

Experimental location
(Elevation)

| Oke/a

Tokg/a

Kisa
{220m)

225kg/a

Okg/a

T5kg/a
225/a

Hiwa
(400m)

: Standard deviation

Clear white Obscure white

core

core

Fig. 3-10-1 Effect of barnyard manure application on yield and white
core appearance of grain.

Table 3-10-1 Effect of barnyard manure application on tiller number and yield

Experimental
location

Kisa

Hiwa

No. of grain  Percentage of

component.
Amount of Maximum of tillers No. of panicle

application (ke/a)  (/hill) (/mt) {/m)  per head

0 19.5 354 251 67

75 21.5 389 270 69

225 21.8 394 276 72

0 14.7 397 254 79

75 15.0 405 258 7

225 15.1 407 291 79
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ripened garin(%) .

82.5
79.2
77.3

81.6
81.7
79.3
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%RU6.21%, b2 =4, 97~ Q 0 ¢ 0/ .
’ o BER &t . 9710.29%, 8- BHRUS (76 TH 2 7. Table 4-1-1 Protein content of brown rice on white core, glutinous and

k72, DKV HERD, RIGMHEICNT 5 BESEOSA O KGERIT%, Bl non-glutinous rarieties. (%. amdnyibasis)
7 B HAMER124%, L LRMFERISRTH -2, B Variety 1973 1974 Mean Variety 1973 1974 Mean
Iz aiEliconTAL L, REMOREYE L EeAoMBEEGRERL, RAaifEn White core variety Non-glutinous variety
I LSRR T L0V h -1, LEAKXRETIREE, AEIOGPESTRTHY, Sachidama 10.41  9.78 10.10  Shurei 9.74 9.46  9.60
LSS R Th o2, Bl 5 HRRETI, w7RAY T8, BEEE | Foxy Gohyakumangoku 10.89 10.08 10.49  Fujiminori 9.54 9.03 9.29
b, FLATIHEEETHN, Thoi% WETFA, MK - Hirosake No.4  10.46  9.47  9.97 Todorokiwase 10.58  9.65 10.12
’ TR 2T , T IR=r, , = t =
" 7 TArEEE Hattan No3b 10.34 9.42 9.88 Hounenwase 10.77 9.33 10.05
Thote, &2, LHRMMTE Y XA RERCHEMEIEERTH - 7, Hattan Nel0  9.59 9.99  9.79 Koshijiwase  10.32 10.34 10.33
LRGP 7 HEREDFERBBIZONTA D L, BRI RETH - 12 1973FE XD Hattan No40 8.73 8.88  8.81 Tarehonami 10.66  9.44 10.05
1974 EERIC B L TS B 2R L, MI3ERETA S & TR0 E R RER108%, 158 Hirosake No5-2 10.07 9.13 9.60 Toyvonishiki 9.85 9.08 9.46
35 B 5 REEREL05%, b bk RERI14% T h - 7, Tamasakae §.35 8.16 8.76  Koshihikari 8.95 9.08 9.01
Hyosake Nol8 10.46 8.56 9.51 QOzora 9.31 9.23 9.27
Kairyoomachi 9.92 9.23 9.58 Ginmasari 9.28 9.19 6.24
2, XRI I REBEOREHEE QMR Hyosake No28 8,84  8.46  8.65 Nihonmasari 8.59 8.99  8.79
Bk v HERE KREERYE - 0)[35{,%%& BE, £F, HEEORBEYE Y NS Yamadanishiki ~ 8.17 7.17  7.67 Chubu No13 9.90 9.63  9.77
- . Minehikari 9.69 9.87 9.78
OMBMRE B (B4-1-2%, HF4-1- 1), Mean 9.77  9.03 940 o
o LSD.(5%) Ine-62-re-9 9.37 9.01 9.19
J‘\ y = — Lk T A LIy =] — e . _ RN BN
LEKabFEH r =—0.771**, Il 5 % HRMIEREL r =—0.655*%, b LAEIER r Variety 0.94 Shuhou 9.59  8.97  9.28
0.5030BFE R L, HEHOR W REHFLRS V7 &R R, By RifE RV E 2 Year 0.38 Nihonbare 9.76 8.64 9.20
e A - Akitsuho 9.63 9.28 9.46
. - o . . Glutinous variety :
YK BER SRR L ORI b B AOHBIBIR RS b N4 12 5), Hatkine 1029 000 oy Ao 891 890w
. . L ’ ’ Chugoku No56 9.21 9.52 9.37
LEKFHERr =—0.633*, L) 255X 0HEHr =—0.508*, b bLENEETr =— Takasagomochi 9.52  8.16  8.34 . o
0 753**0)55 {j) /{EE . w . . [ IO _ Tanchomochi 9.64 8.39 9.02 Satominori 9.24 8.53 8.89
. Bdh 0 ABRNETH IR V7 EEEBRRL, BB CIHMEEEE R L2, BirEreek 8 .86 797 2 42  Minenishiki 9.06 9.04 9.05
TARNEZHEER L BEAERICHT T, ERF 2V HGRELOBREEAB L (B4 M— o8 838 508 Kanto Nol06 9.15 8.74  8.97
ean . . . )
1-3%), DEXRERTIE, 000RHES ) EKE L r =—0.620* DADHBMRE T L.S.D.(5 %) aiyoscaborg EREHEEE S
N g . B ) — . i in No. . . .
Lize &7z, ¥iB9 2 LARUL BRMEH Clam 2 ) B E ZNETN, 1 =-0.607*%, Variety 0.47 Norin No22 8.85  8.35  8.60
B 147 B Year 0.33 Nakateshinsenbon 8.53  8.58  8.76
r=-09 PRPHERKNEZRLT, Koganenishiki 9.81 8.67 9.24
YHKF N HEEREEKIOMNEDMIC ANOMHBEBERERO LT EETI L - 12 Chiyohikari 899 851 8.75
(Fd-1-25%), Mihonishiki 8.64 7.73 8.19
Mean 9.46 9.04 9.24
LSD.(5%)
Variety 0.69
Year 0.18
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Tahle 4-1-2 Correlation table of protein content of brown rice with heading

Glutinous variety

date and yield. 1y o Y=—0.00K+0.68 ¢ o
. — = —_— = - T ) r=—0.503
Variety Year n Heading date Yield }?gggﬁmﬂ 8 o) =
®
—— — = — - 10F 3 White core variety
White core rice 1973 12 —0.797** —0.448 —0.173 & Y=-0.073X+12.660
1974 12 —0.859** —0.692** —0.529 r=—0.633**
Both years 24 —0.771** —0.633%* —0.363 = 9F | 85 *°
Non-glutinous 1973 28 —0.653** —0.315* 0.136 & A
rice _ _ . _ . @
1974 28 0.710%* 0.495 0.260 Eoal white corvatty | Glutinous rice &6
Both years 56 —{.655%* —0.508** —0.179 g Y=—0 095X+10.697 Y=—0.008X+13.801 _>
Glutinous rice 1973 4 —0.899 —-0.979* —0.474 ) r=—0 TT1** e y= —(}..753* e N
1974 4 —0.874 —0.992** —0.118 - 4 ! :
Both 8 —0.503 —0.753** —0.244 g i,
' OE YEans _ g Hr 4 B Non-glutinous variety [‘ (o'} Non-glutinous variety
*, ** ! Significant at the 5% and 1% level, respectively. 8 o Y=—0.057X+10.117 g Y=—0.036X+11.078
I i o ORGSSE i ® r=—0.508"
= ol ®
A [
o
Table 4-1-3 Correlation table of protein content of brown rice with factors o i
of grain number and ripening process in 1974. ‘Da *®
o : °
Variety n No. of spikelets per m?* 1000-kernel-weight 8 ° i .
White core rice 12 0.318 —0.620* : . : L 1 1 4 L 1 L 1
‘Non-glutinous rice 28 —0.607%* 0.025 Aug 10 ] 20 30 4OY' 60
Glutinous rice 4 —0.914* 0.125 Heading date ield (kg/a)

*

, ** ! Significant at the 5% and 1% level, respectively . ) .
Fig. 4-4-1 Relationship of protein content of brown rice with heading

date and rice vield,

= 3
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Fig. 4-2-1 Relationship of protein content of brown rice with elevation above sea
level of production places.
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Table 4-2-1 Protein content and main characters of brown rice in production places.
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Hirosake No4
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 on dry basis.

® =

b

Table 4-2-2 Correlation tahle of protein content of brown rice with elevation
of production place and ripening temperature.

Variety n Elevation of production place Alr temperature during ripening period

Hatten Ne35 8 —0.402 0.422

Hattan Nol0 8 —0.533 0.6407
Hirosake No4 6 —0.505 0.477
Kairyoomachi 6 —0.732* 0.728*

Shurei 8 —0.572*% 0.594*
Minehikari 12 —0.597* 0.625%*
Nihonmasari 12 —0.466 0.588*
Nakateshinsenbon 12 —0.508* 0.520*

¥, ** ! Significant at the 5% and 1% level, respectively.
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(%)

(%)

2.7
4.6
4.9
5.4
5.0
2.9
4.5
4.3

1.1
9.8

5.1
2.0
1.6
1.5
4.2

Opaque-kernel
10.6
6.1
3.0
Opague-kernel
3.2

grain
grain

0.8
4.7
7.2
7.9
9.9
1.8
4.0
8.2
9.1
12.5
0.4
1.1
3.8
6.5
8.4
9.6
0.1

grain{%)
0.1

grain{%)

Rusty
Rusty

6.4
4.5
0.9
0.4
5.0
1.1
1.8
1.1

27.9
89.3
51.2
21.3
18.0
78.6
34.5
12.6

5.6
92.4

grain (%)
84.5

grain(%)

Green—
kerneled
Green-
kerneled

)
0.8
19.0
1.6
)

3.2
4.0

3.1
1.3
2.2

White bell
16.4
18.9
18.8
18.8

Milky-white

0.1
2.2

grain
grain

1.0
]

4.6
4.7

3.9
4.6
0.6

0.7
1.7

Non-white
core rice(%)
4.7
0.1
0.8
0.7
White bell
5.0
6.3
6.3
8.4

grain

White core

(%)
3.2
47 .4
63.8
60.7
62.4
61.6
4.7
44.1
68.1
76.4
77.1
79.7
Perfect

grain (%)
11.3
57.7
75.4
78.5
79.8
77.5
3.4

rice

1000-kernel
weight (g)*
14.5
18.8
19.9
20.3
20.1
20.0
14.2
19.2
21.6
21.7
21.9
22.7
1000-kernel
weight (g) *
13.3
16.8
18.7
19.0
19.2
19.1
12.0

Days after
20
30
40
50
60
70
20
30
40
50
60
70

Days after

heding
20
30
40
50
60
70
20

Table 4-4-1 Changes in 1000-kernel-weight and grain texture from dough ripening to over ripening.
heading

White core
variety

Hattan No. 35
Kairyoomachi
Non-glutinous
variety
Minehikari
Nakateshinsenbon

r-

o0 [~
— &3

w0
[=2Rar]

59.6
24.6

0.7
0.6
0.6

3.0
14.6

34.9
54.0

16.2
18.5

30
40

2.5
4.1
4.3

5.4
7.4
8.7

9.5
9.5
3.1

0.9

20.0
22.9
22.9

62.1
60.8
60.4

18.9
18.8
18.6

50
60
70

*:On dry basis.
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Table 4-4-4 Amylographic and Farinographic characteristics of grain texture of Sake brewing rice.

Farinographic characteristics

Amylographic characteristics

Peak

Peak
Consistency time Stability

Break down
Viscosity

Final
Viscosity

Viscosity

Minimum

Peak
Viscosity

(zelatinization

temperature

Grain texture

Viscosity
(BU)

(BU.) {min.} (min.)

(B.U)
110
115

(BU)

(B.U) (B.U)

(T)

55.0

550
540

1.3
1.6
1.5
1.6

1.3
1.5
1.7
0.8

147
157
124
112

357
357
312

210
200
138
150

320
315
258
247

Perfect grain

55.5

White belly grain

70 500

97

56.5

Green-kerneled grain

540

262

58.0

Opaque-kernel grain

Note : B.U. : Brabender Amylograph and Brabender Farinograph unit.
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Table 4-5-1 Changes in grain texture of Sake brewing rice from dough ripening to over ripening.
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Perfect grain
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rice (%)
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Table 4-5-4 Correlation coefficients between chemical component pairs and between chemical component and

1000-kernel-weight. Sake brewing rice.

Protein
Hattan No. 35
Kairyoomachi
Minehikari
Nalateshinsenbon
Fat
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
Ash
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
P
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
K
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
Mg
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinserbon
P
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
K
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon
Mg
Hattan No. 35
Kairyoomachi
Minehikari
Nakateshinsenbon

Per 100g dry basis -

Per 100g ash

4% . Significant at the 5% and 1% level.

1000-kernel
Fat Ash P K Mg P K Mg weight
per 100g dry basis — per 100g ash
0.912* 0.657 0.277 0.964*" 0.363 -—0.682 0.852* —0.634 —0.945"
0.827% 0.405 0.538 0.693 0.494 —0.240 0.769 —0.243 -0.913
0.687 0.653 (.636 0.607 0.867* —0.394 0.220 —0.18 —0.673
0.706 .65 (.871* 0.681 0.704 —0.091 —0.348 —0.1056 —0.741
0.660 0.538  0.979* 0.58 —0.471 0.875" —0.359 —0.982*
0.219 0.523 0.633 0.409 (.033 0.955**  0.086 —0.935*
0.378 —0.066 0.604 0.321 —0.539 0.481 —0.344 —0.914*
0.859*  0.882* 0.829* 0.845* —0.468 —0.654 —0.177 —0.960*
0.703 0.735 0.823* —0.815* 0,238 —0.607 —0.724
0.876% 0.885* 0.946** —0.9441** 0.199 —0.877" —0.488
0.713 0.6%2 0.821* —0.845% —0.018 —0.800 —0.596
(.938** 0.979* 0.976** —0.741 —0.767 —0.193 —0.921**
0.471  0.930* —0.160 0.120 0.040 —0.482
0.899* 0.975** —0.660 0.424 —0.573 —0.649
0.308 0.924** —0.227 —0.249 —0.176 —0.080
0.888* (.974** —0.463 —0.803 0,065 —0.882*
0.547  —0.630 0.844* —0.530 —0.988**
0.921* —0.738 ¢.633 —0.645 --0.826*
0.550 —0.70% 0,708 —0.630 —0.860*
0.932** —0.779 —0.621 —0.300 —0.936*
—0.556 0.135 0,054 —0.590
—{.784 0.361 —0.686 —0.5%
—0.423 -0.015 —0.305 —0.438
~0.611 —0.830* 0.025 —0.869"
—0.252 0.870*  0.607
=0.000 0.972**  0.295
—0.140 0.979*  0.738
0.426 0.633 0.631
—-0.28¢ —0.838*
0.094 —0.919*
—0.078 —0.614
~0.23% 0.568
0.448
0.246
0.554
0.350
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Oujyo
Chujyo No. 24

Yamabiko— Akituho
’—- GA—3 J_

Chukyo asahi

Nourin No, 22 Satikaze- (Nihonbare)
Sinyamabuki—
Tousan No. 38 Ai: Hattannisiki No. 1
Kinki No. 9—— Hattannisiki No. 2
Syuho
Hutaba
Hattan No. 35 ]
Hattanso Hattan Hattan No. 10

Fig. 5-1-1 Pedigree of variety “Hattan” line.

Hibaomati F——
Bizenomati——
Kairyoomati
Hunakiomati
Kinki No. 15—
Kinki No. 33—
Nourin No. 22
Kinki No. 9—‘ Hirosake No. 7
Yamabiko—, Kotikaze
Kantou No. 98
Nihonbare — (Nihonmasari)
Satikaze

Fig. 5-1-2 Pedigree of variety “"Omachi” line.
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Year 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962
Generation F, F, F, F, F, Fs F. F, F, Fy
Methed Crossing Individual Line —-- — =
selection  selection Kichikou Hattan
Naming 5-24 No. 35
No. of performance 2 3 6 6 6 6
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% :Evé I R [ R g S IS B | Table 5-1-4 Characteristics of Hattan No. 35 grain,
=1 =] S — =
[ o —=
2 A= - Experimental Variety {;Iardnesfs o(f ) Sﬁ)ciﬁc gravity lee;centage oof Wlllite C{Ege;)
S8 rown Ti TOWN 11 i
7 E I R DR % _plit B own rice(kg)  of brown rice  white cores(%)  volume (%
“E 5 | Mature seedling Hattan No. 35 3.97 1.397 59.2 8.7
s . =4 i
go 2 g transplanting Hattan No. 102 4.05 140 b6.7 6.9
§ — 2D ]| Do § R T = | - - -
28 T & i ) .
2 8|E5 228 = |3 g Direct sowing ~ Hattan No. 35 3.67 1.397 67.3 9.7
— -~ [E 5] =1 = L
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PE HN| AN |~ o Ll PP uw | PF|loy _ﬁeld B
B S|lE2|5E 22 E¢5
[=R=} RN o g =35 28 i H
. g £ S8 EE 23 D1rectllscilw1{1gd Hattan No. 35 3.38 1.397 69.3 11.4
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Y - R N D o paddy field Hattan No. 10 3.39 1.401 70.3 10.1
A 2 A0 9% | oS = S| B ST : - . : :
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A. FEABERUTRER

AEMEEO BRI, AKISTOREEIHEE L BFRER U b HREREY & s
B, TXVhROOERE, S0, SEEBEE BUERSRSESFEEEL S oREE &
DANDZ EiTh-oTe, HERICIE, Wi BRADEEZER AL DBERIITITERS
72

HFRESRZPES - 2- 1 RICHEL 2, MW, VOBELBRYERRABEICEWT A
F35E#E, TExVhsdl: LTATTERIT-7%, AFEF, 2 HEETERL 20D,
19744F F, THOBRIE L, BEF, # £F TS 24, 197655 & B TRILEHIC A - 721978
T, 2 b HENRER 4B THEL, 19814 H ABRME L ABREE L RmL 72,

FOREMGRE Y bICEREEEIIT LA YR—TARNGS L VB TE Y, BRI
SWTIE, & B Rk ) B B TR RETE S Z L AHML, £
219844 A RSE 1 B RUANSS 2 5 L URB R AR RSN, FE9 A,
R £ RS (B5895 R UME5905) BiT- 7 1984F FpithH 7z b,

mEOEK:, RELEBARORNE LA, B2 v~ FT vy 7L 2RKENERE [ £
—3F 3, FLTHROMEZEBBOETH ) 72\ & ) B #iAs, AR —XD1
SRU2EEmALI,

GBS, TR L LATEER, B4AAF, LFHE, BLRERTH S,

Table 5-2-1 Breeding process of Hattannishiki No. I and Hattannishiki No. 2.

Year 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982
Generation F, F, F, F, T Fe F; Fy Fy Fy,
Method Crossing Indivi(_iual Population Ling . — —

Nagig elon sl st Sike s Tisake No 2 Haltamisis No.
Sake 245 Hirosake No. 2 Hattannishiki Ne. 2

No. of performance 4 4 4 1 4

test place

No. of trial 1 6

production place
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. FERE (H5-2-2%K~$B5-2-1%, FRI)

1) JERBRYAFIE

F&ii8oemfEEN T RAEBE TAKIST & 0 #10endE v, FEXAKISE > FAREE, B
34004/ e THABISHE L D #0904 S vy, BMGR 3TN TH 2, MERDPHEYL
B, BEOBZRBED ZLRL, RIPETH D, SRBIIEE, BBEEET 0
BERIPEIZETH B, K1, 0000 E 26 g DIKIETH B, THRONE L L Oh TRESR
BARIT LRBETH S, LHIERBHETAE, RENSSR0%EB2 2BL T, A
B35% S RHEHT O MR TH 5, MECIEINOZEIBILTH B,

2) HERERyRRHE

BRI /AR 35% & MIREET TR 2 ~ 3 OV BEROMIC BT 2. FHERE: LD
TAKESE &N, v BRI BT RE T IR AT, B -
B i b & LR TARSS LD, OFNE, MR CRERICIRE-, T3
R, BEERREIC AR S L 0y, BRI e/AURISE L L
233, WEMIZAKIE L D12% 5,

3) BEiEEM

B THERM LY 5 —0FEIC L5 26E, kS, 7)) Bk, 23 ARSE
DYz, BISEEEITERNC B 2 19814F KT ISEE (60%R k) K 19824 pEK
KIGEE (406K MK) MBERERIC X 3 &, KRR, KA R U EmI /R
BELNENTEY, MAODESMHIZAKIS & RRET, REABEIZ 5T 20K R
BThodz, HOBEICHOWTE, EEFH L, SHLERIRETT 3 BERE (8
Nz BRERIZET 5 R— A RUCEEOMD, 7L a2—noEkidEe CIEAT, BE,
TIVBEOHMLGELASAL LTUEST, BEBERY L TERETH- -, BRIBEOK
STRHBUIMCKISERIE & L THEIETH ), SBESERIC L 2 EBES <, BRI ERE 2
ZIBRBETH- 2,

2. EISMERUEELOER S

ARER 1 5B HEIL, 200~ 400m D AR 35 5 DRI IR T 2 £ # 2 5,
LERBENERX S 625 L, PEEOLSE, HESHo—E, ILERI RIS —
Y S (B5-2-1B). WRWEELEEILT00hall L TH 245, HEiEEIC L 2 EEY
BEMBLENHD,

BIEHIR O M G, RFEINICIE HRBREZEIKRE (, HRORF @B THZ &
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Table 5-2-6 Grain characteristics of brown rice of Hattannishiki No. 1 and Hattannishiki No. 2.

Size (mm)

Volume (L.W.T.)

Thickness

Width
(W)

Lengh
(L)
5.26
5.29
4.97

Variety

Protein content
(%. dry basis)

(W.T/L}

W/T)

(T

7.1

34.5

0.24
0.24
0.24

1.47
1.48
1.49

2.11
2.13
2.05

3.1
3.16
3.05

Hattannishiki No. 1

7.8

35.6

Hattannishiki No. 2
Hattan No. 35%

8.0

3.1

U Standard variety.

Note ; Data measured by Kamotsurushuzo Reseach.

Table 5-2-7 Chemical components of Sake using in Hattannishiki No. 1 and Hattannishiki No. 2.

— 92

Amiino acid (ml) Direct reducing sugar(%)

Variety Nihon Shyudo Aleohol (%) Extract {%) Acetic acid (ml)

Year Brewery type

+4.5 18.2 5.10 1.68 1.13 1.33

Hattannishikj No. 1

Daiginjo

1982

3.44
2.85

1.74 1.93
1.78

1.72

7.69
6.62

19.5

—8.0

Hattannishiki No. 1
Hattannishiki No. 2

Chu_ginj 0

1981

19.6

—2.0

Note ; Data measured by Kamotsurushuzo Reseach.

Cc. ARi%

1. BHHBE (B5-2-2%~8Bi-2-1K, FH4)

1) ERERIFFHE

BRI 7oemf2E DGR BT, AK3SE & D 4#915em, AR 15 & DH10eERTH 5.
FEEIZIZIIM AFE A T B 4%, FEHIE3604/ m TARISE L D #504K% <, AR5
& D FAEL v, BERISGHITPHBESETH L, ToMIZ/AREE 1 5L L (UL, B
PFEEVR, EYORIZHRG, EIEEL D, HERIIEE, BhEE WEHEIETH S,
IR, 00081 EIZ26 g DARPFETH D, LEHIZEHTKE (, LERGEIZN0%%BI 2K
£Thd, BAPRENDORZEIEBSTH S,

2) ERERRRE

WIEE T R & BRI, ARSSEHEIN4~5HEL, ARS1IELY L 180
BEFWEERETH L, MEREIIETARDS L D2 D, ARSI FLN L5,
FERIEME, Wb BIRERTE, BIEMIRERE, H 5 WIEhTEFRIARER 1 5L EEET
Hoh, WEHERE, AR 15L0 L0, ARBELD 7~ 8%F.

3) EEiEWME

BIREEENRATIC 817 B19B1EFEKPISEE (60%0KK) HABERRIC LB, BFREE
LARES 1 Fiz & CERUL, R OERIGRHE KR AR R O RERIL AR & D #i,
JFURERALER | 3517 2 KL MR, H 2V RERFRICEBITAR—-2, 7T /BE H
WOk CIRIEL T, WTFRL AR L KEN LD T, BREORIMED <7 >
ZLREL, HENE(BEELBREFL, WO T > 2 NEBREABTETH - 12,

2, BEoHERUEE EOERR

JANBLEE 2 B VR3S F s S T v 2 HURD 5 B, #5400 m BTE O Mgz #IG 9 5
EEZ LMD, IREROHER S 645 & IR E L, AR 15 Tid B
ALY X DMz E T S (52 1 M), WA AEEAEIZA300ha  HEE S NS,

FOMOFE LOFEFRSIIARE 1 5 LI3ZE—TH 5,
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Hattannishiki No. 1. s : £

[
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B
2 Coastal area of ® Agric. Expt. Stn. e
Uest region 52 Fukuyama
; Hiroshima ‘ %25:} 7T e

=
e R
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Hattannishiki No. 2. fq{ﬁh‘__ d .
5 Montainous area of
¥ north-east region
A Central highland
L
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o ~~
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south-west region T Coastal area of

_I
) N
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ﬁﬂJH@wm %53 2

Fig. 5-2-1 Regions to be recommended to cultivate Hattannishiki No. 1 and
Hattannishiki No. 2.

£I1% BURLEORE LETSD

1. HEARLTRER

HEMT 13, WRRERRISRE L L CIHRETH B, BEORMSMER KA, MR E
35 A BRI le, KL AR 2 0,

FITHETE LCOREIENEEEL, 3 ~5 AREORML X NenEENERMLEF
WA ERE RS 72,

BRAEZH5-3- 1 RICR LA, BT 5E, 19774EBRLEERBEIC BT,
WRHER] % B, BIWOST (DbD=h vt )) 2L TALZBRRT-7., B4F, %
ER L, 19799 F, THBHE4T\, F,~F, 2 EETRB I, F, 25 ZEEHIC A /0.
HRENRERBIT1982F D HATV, KERERVABREEEIZ1989FE, LB L 72, B
TORR T, BEMCRERL, B0 HELERL, SITLENRED kv, B
BEEIC DN TR AR TEHEN £ > ¥ — RUEESH 3 TR CIHTL2 BT w5,
B FRECBAERETH ), FNLOMREH- THRBFHSEIRE L WEHT
b5,

2. BHEE (EHS)
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JRIE 7 i, GRBUHERT I HBE LT 15enFEEEEAME L 2 R, RIS D o BRI R
AR R 2, SRR ETL, L0, BEEIZEE, K1, 000451326 g L
LT, AR AR 0 k<, 0 ORI R TR EI2100% 12V,
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HREE, BB, SULENTICHRL T3 ~5 DR BHEELS B Th b, ERL
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3) BRI
B LEHN 2 s —lcBiT 28840 3 X, BRI 227 &BIMME, SR
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7.8
8.0
7.5

in brown rice{%}
7.1
7.7
7.1

Protein content

Percentage of
white core (%)

57.6

100

67.5

117

96.2

167

97.1

169

96.8

100

97.4

101

(g)

96
25.4

1000-kernel-
24.9
100
24.0
102
26.0
104
25.4
100
26.4
104

weight

(kg/a)

Rice yield
100
45.8
104
52.2
118
51.9
118
50.7
100
54.9
108

44.1

105
92
83
84
80
76

103

100
88

length (cm}
100

Stem

Maturing date
9.22
9.20
9.24
9.21
10. 4
9.30

Table 5-4-1 Effect of breeding of Sake brewing rice on its growth characteristics, yield and quality of grain.
(month/day)

Note ; (P) : Original variety. Shaded figures show ratio of each charcteristic to (P).

Variety

Hattan Nelo (P)
Hattan No35
Hattannishiki Nol
Hattannishiki No2
Kairyoomachi (P)
Hirosake No. 7
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Studies on Improvement of Production Technology
for Sake Brewery Rice

Summary

The Sake is usually brewed with both Sake brewing and ordinary rices. The
Sake brewing rice is generally called Sakamai. According to the Sake brewing
process, the brewing rice is divided into three raw rices, i.e., Kojimai (Motomai),
Shubomai and Kakemai. Sakamai is used for Kojimai, whereas ordinary rice is
usually used for Shubomai and Kakemai. The ratio of Kojimai, Shubomai and
Kakemai for the brewing are 20-30%, 7%, and 70-73%, respectively. Sakamai is used
in small quantity in the brewing but influences highly the quality of Sake.

The price of Sakamai has been higher than that of the ordinary rice, because of
the limitation of adaptable cultivation area, hard labor for management, and low
yield. At present time, Sakamai, as compared with ordinary rice, is 20-309% higher in
the price.

The large grain variety as Sakamai produces frequently the white and cloudy
core as a result of imperfect accumulation of starch along the vascular bundles in the
center of rice kernel. The part of white core promotes the gelatinization of steamed
rice hecause of the crack of soaked rice in water and induces the invasion of Koji
fungus.

The traditional technique has been respected in Sake brewery. In spite of the
development of the quality of ordinary rice, old Sakamai varieties and its cultivation
method has been used in Hiroshima Prefecture. For the quality of Sakamai, large
kernel, much white core in the center of kernel and low protein content are necessary.
Those qualities must be fitted by breeding and the production technology.

The investigations in this study are carried out the stable production technology
and the imporovement of the variety for Sakamai in Hiroshima Prefecture.

The constitution of this thesis is as follows:

In Chapter 1, the review of Sakamai production in Japan, the history of Sake
brewery and Sakamai production, the object of breeding for Sakamai and the environ-
mental condition for Sakamai production in Hiroshima Prefecture were stadied.

In Chapter 2, the history of research for Sakamai cultivation was stadied.

In Chapter 3, the effect of cultural condition on the quality of Sakamai, especially
white core, was studied. From the results, the method of quality improvement by
production technology was shown.
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In Chapter 4, the effect of ripening condition on the quality of Sakamai as
chemical component, mainnly protein content, and physical property was studied.

In Chapter 5, the improvement of traditional Sakamai varieties in Hiroshima
Prefecture, i.e. Hattan and Omachi, by breeding was studied.

Those studies were carried out in paddy fields of the Hiroshima Prefectural
Agricultural Experiment Station, its Kisa Branch and also in farmers’ paddy fields in
Hiroshima Prefecture.

{ . Effect of cultural condition on quality of Sakamai

1) The appearance of white core was investigated in connection with the occuren-
ce ecology of tillers of rice plant. The earler occured the lower order of tiller, the
more appeared the white core. By the increase in plant density and the rate of lower
order of tiller, the rate of white core increased gradually even though the growth and
yield decreased.

9) In order to reveal the relation between the apearance of white core and the
growing stage of rice plant, effect of leaf cutting, root cutting and light shading such
as inhibiting treatment of dry matter production was studied. As the results, the
apearance of white core was influenced by evironmental conditions from 15 days
before heading or reduction division stage to 15 days after heading or the first half of
the increase of white core rate, it is important to complete the

ripening period. As to
increasing 1000-kernel-weight and promoting rate of ripened

fullness of rice grain by

grain.
3) As to gain the good tiller and fullness of grain for white core appearance, the

direct sowing culture of early- and medium-maturing varieties was important. The
direct sowing culture, especially in well-drained paddy field, brought high rate of

ripened grain and heavy 1000-kernel-weight in comparison with the transplanting

culture.
The technical problem for the direct sowing culture was the lodging, unstable

establishment of seeding and late maturation. The problems of lodging and unstable
establishment of seeding were improved by cultural methods. On the other hand, the
problem of late maturation was solved by using the early- and medium-maturing
varieties like Hattan No. 10, Hattan No. 35, Kairyo—omachi etc.

4) The nitrogen fertilizer application for high yield influenced on low rate of white
core and occurrence of lodging. The close planting was effective for the suppression
of higher order of tillers and the increase of white core. The rate of white core by
close planting was about 20% higher than that by customary one.

5) The low protein content is important for the quality of Sakamai.
major elements of fertilizer, the rate of white core increased and the protein content
decreased by the non-nitrogen application, whereas the rate of white core decreased
and the protein content increased by non-phosphate and non-potassium applications.

As to three
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- The effect on yield was small in non phosphate application but large in non
nitrogen and non potassium applications because of the decrease of number of grains
(On the basis of the results, the suppression of nitrogen and the increrase of phosphate.
and potassium are desirable for the basic recommended rate of fertilizer application
for Sakamai.

6) The fertilizer application system for Sakamai should be applied the manuring
at panicle formation stage without the manuring for tiller promotion. Namely, it is
neces.sary that the amount of fertilizer for Sakamai divides intc half each as £)asal
dressing and ear manuring. By adapting this system, the panicle consists of the lower
order of tiller and high rate of white core and maintenance of high vield could be
gained. The amount of nitrogen (0.6 - 0.8kg/10a) should be decided in consideration
of the elevation above sea level and soil types.

7) The ear manuring at meiosis stage (15 days before heading) was more effective
for t.he appearence of white core and stability of vield in both transplanting and direct
sowing cultures.

8) The adequate amount of silicate magnesium calcium and barnyard manure was
effective for the appearence of white core and the stablity of yield.

2- . Variation and improvement on chemical composition of Sakamai kernel by
ripening conditions.

. 1) Varietal difference in protein content of Sakamai brown rice (n—24) was
investigated. Mean value and coefficient of variation on dry basis were 9.249% and
8.95%. The protein content was not always lower than that in literatures and showed
tI-le same mean value as non-glutinous brown rice (n=>56, 9.24%,) and glutinous brown
rice (n=8, 8.98%) . High protein content showed in extremly early-maturing varieties
like Kogyvoku, Gohyakumangoku and hyokei-sake No. 18. Low protein content
s%lowed in late-maturing varity like Yamadanishiki. Protein content of white core
I‘lC(‘-Z‘ was negatively correlated with heading date, yield and perfect 1000-kernel-
weight. On the other hand, protein content of non-glutinous and glutinous rices
showed negative correlation with number of spikelets per m?. From the results, it was
presumed that the ripening condition of white core rice were concerned W,ith the
quality and yield. From the standpoint of breeding, the selection of early-maturing
variety should be not desired in the place of rice production because of high protein
content.
| 2) Difference among the production places on protein content of Sakamai was
investigated. Protein content showed high negative correlation with elevation above
‘sea level and high positive correlation with ripening temperature because the ripening
in high elevation region finished in low temperature as compared with that in low
elevation region. As varietal factor of protein content in region from 10m to 600m
above sea level, however, it is supposed that yield level, ripening period and soil
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conditions could be menntioned in addition to ripening temperature.

Protein content showed high tendency in region along the Seto Inland Sea below
200m above sea level because of high ripening temperature and also in mountain
region above 500m above sea level because of extremely erarly-maturing variety and
poor ripening due to low temperature. On the other hand, protein content showed low
tenndency in region of 200 to 400m above sea level between above-stated regions
because of high yield level, aboundant sunshine hour during ripening, large difference
in temperature between day and night and good drainage due to weathered granite
soil and further of suitable variety for the region.

3) The relationship between protein content and ripening temperature was inves-
tigated. High ripening temperature caused fullness of grain for early ripening period
and shortened ripening period. As the results, the accumulation ability of nutrient,
espsecially carbohydrate, to grain decreased in early ripening stage and protein
content became relatively high. The high temperature had influence especially on
protein content of Sakamai which required the accumulatation of the carbohydrate
till the late ripening stage. As the ripening mean temperature, 22°C during 40 days
was suitable for yield and also for low protein content.

4) Physical property of Sakamai during ripening was investigated on amylogra-
phic and farinographic characters and cooking quality of milled rice. Amyrogram
values changed widely till 30-40 days after heading and equilibrated in 10 days before
maturing stage. From 20 days after maturing, the characeristic of gelatinization
changed.

Farinogram values maintained the stable level till maturing but showed abnormal
value under over-maturity especially on early-maturing Sakamai variety.

From the results, it was made clear that rice in warm district like Hiroshima
Prefecture rapidly decreased the characeristic of gelatinization with short ripening
under high temparature as compared with rice in cold district in old report. Accord-
ingly, it is important to decide the proper harvest time for quality of Sakamali.

5) Investigation was carried out to determine changes during ripening in chemical
composition of rice kernel, i.e. protein, lipid and ash as general components and
phosphorus, piotassium and magnesium as minerals. From dough ripening to full
ripening, the chemical composition varied widely and each of the components de-
creased on dry matter and increased 1,000 kernels. After full ripening, the chemical
composition intended to vary slightly. The protein and lipid contents decreased and
the ash and potassium contents increased on dry matter. The protein, ash, phospho-
rus, piotassium and magnesium contents increased and the lipid content decreased in
1,000 kernels. It was supposed that changes in each content of chemical components
about full ripening were related with the accumulating pattern of carbohydrate into

rice kernel.
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The increase in each component content in 1,000 kernels was investigated from 20
days -to 70 days after heading. The rate of increase in white core rice was higher th
that in non-glutonous rice. As the reason, it is presumed that each com ong t N
accumulated slowly till the second half of ripening period. .

From the results, it is important for Sakamai production to take care of breedi
for proper ripening variety, establishment of desirble cropping season, suit ;g
manegement practice till full ripening and optimum time of harvesting by gre,ls in athe
characteristics for accumulation of chemical components on white core ri il
3 . Improvement of Sakamai variety by breeding .

. The breeing for '‘Sakamai has greatly contributed to the improvement of d
tion. .In order to adapt to modern production and cultivation system for Sak pr(') tLLc-
bre?dmg was carried out using the pedigree of both Hattan and Omachi traltli’l'a'l, !
varieties in Hiroshima Prefecture, as parents. I

1) I.{a.ttan No. 10 had several disadvantages, i.e., long-culm, less resistant to blast
more viviparous, easy shattering, less white core and low yield. Kairyoomachi h ,
been kept farmers at a distance because of long-clum and late maturing. Accordi las
the c1.11tivation of Sakamai in Hiroshima Prefecture had been only -300 ha bmfg .
breeding of new varieties, i.e,, Hattan No. 35, Hattannishiki No. 1 and Hattan _eh?;
No. 2 as the pedigree of Hattan. As the pedigree of Omachi, furthermore H'nlS "
No. 7 will be breeded in a few days. | Hirossie

2) As-, c-ompared with Hattan No. 10, Hattan No. 35, Hattannishiki No. 1 and
}i-atFa;mShlki No. 2 showd 88, 80 and 72 in rate of culm length, 104, 118 and 118. in rarze
0 i ,
thir;: C(;fj, 102 and 104 in rate of 1000-kernel-weight and 117, 167 and 169 in rate of

Those varieties contributed to stable cultivation without lodging because of short
culm length and also to high yvield because of earler heading date (5da .
ripening period. i

As to the protein content in brown rice, Hattan No. 35, Hattannishiki No. 1 and

Hattannishiki No. 2 showd slightly low as compared with Hattan No. 10 o

3) Th(.)usand—kernel—weight and rate of white core in Hirosake No '7 Vi;ere simila
to. those in Kairyoomachi. As compared with Kairyoomachi, on t.he other h dr
I-.I1rosfake No. 7 showed 8% high veild, 15% shortened culm,and 3-b days anl’
rlPenmg period. As to the protein cohtent in brown rice, Hirosake N 3; }Tar g
slightly low as compared with Kairvoomachi. , o T
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A ! Shuho

B : Hattan No

C : Hattan N

Photo 2 Hattan No.35
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Clear white core

TPhoto 1 Clear white core rice &
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A : Hattan No.35(%)
B | Hattannishiki No.2
C . Akituho{&}

A : Hattan No.35(%)
B : Hattannishiki No.1
C : Akituho{d")

s T "_f:_
Futamigun M

iwacho 1984 Hibagun Hiwa-cho 1984

Photo 3 Hattannishiki No.1 Photo 4 THattannisiki No.2
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A : Kairyouomati{¥), B Hirosake No7, C:

Photo 5 Hirosake No.7
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