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A Machine unit H Adiabatic pipe
(Made by Tajiri (Inside diameter: 1.5 cm)
machine shop) 1 Thermorecoder

B Blower J  Transparent plastic

C Refrigerator cylinder

D Cooler (Diameter: 2.5 cm

E Heater Length: 23 cm)

F  Plenum box K Thermister

G Nozzle (10 pieces) L Thermostat

M Stopper (Cotton)
B
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-
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| |
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Fig.20 Apparatus for cooling a part of a leaf sheath including a

panicle.
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Fig.21 Temperature inside sylinder on a day.
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Shiokari Matsumae

Fig.22 Sterility induced by cooling the parts
of leaf sheathes including panicles at
the botting stage.

Notes [ ]: Cooled. mmm : Control.
Auricle distance at the start of cooling :
Shiokari, —3.0,~1.0; Matsumae, 0~4.0cm.
Codling treatment : 15°C for 6 days.

No. of sterile spikelets per panicle %100

e No. of spikelets per panicle

In this investigation, sterility was esti-
mated after staining spikelets with 19
iodine-potassium iodide solution”
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Water level regulator

A Suction pump from river H Partition
water (1 HP) I Balk
B Suction pump from J  Wooden frame
subteranean water (2 HP) K Vinil chloride pipe with small holes
C Water tank (Diameter : 65 mm)
(120 % 240 x 130 cm) L Drain pipe
D Over flow
E Valve
F  Thermostat
G
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Fig. 23 Apparatus for cool water irrigation.
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Fig .24 Temperature of irrigation water on a
day.
Notes — : Water temperature inside the flame.
—.—. : Subterranean water temperature.
~~~~~~ . River water temperature.

- ¢ Air temperature .
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Fig .25 The booting sterility induced by using
the cool water irrigation apparatus.
Notes [ _]: Cooled. mm : Control.
: Shiokari
Cooling : 15 ¢ for 5 days.

Variety

Depth of water : 27cm .
= :Refer to Fig.22.
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Fig. 27 Effect of nitrogen application on the Fig. 28 Correlation between fertility and
sterility induced by cooling at the yield.
booting stage. Notes Numerals indicate the amount of
Notes B : Basal dressing. nitrogen applied as basal fertilizer.
T : Top dressing at the spikelet Numerals in parentheses indicate the
differentiation stage. amount of nitrogen applied as top
Fertility in all the control plots is dressing at the spikelet differentiation
more than 85%. stage.
2
Shiokari : ©1976 (r=0.952 ),A1977
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BRSO EL L CRIEL, »oMEEoN x : Significant at 10% level.
* x : Significant at 1% level.
* xx : Significant at 0.1% level.
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Fig .29 Correlation between nitrogen content in leaf blade and that in other parts of the rice

plant at the booting stage.

Notes x x| Significant at 1% level.

* xx | Significant at 0.19 level.
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Fig. 30 Relation between nitrogen content in leaf blade at the

booting stage and sterility induced by cooling Nitro-

gen content (%)

Notes Nitrogen content and sterility were measured for all
culms of two hills.

Shiokari —0— : 1976, —A— : 1977, — X — © 1980.
— X — : 1980.
Ishikari ---e@---: 1976, ---&--- 1 1979.
—— : Critical range of nitrogen content

(Cs : Shiokari, Ci: Ishikari).
x : Ratio of fertility in each plot to that in

minimum nitrogen content plot .
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Fig. 31 Relation between nitrogen content in leaf blade at the booting stage and sterility induced
by cooling at the booting stage.

Notes

Nitrogen content

and sterility were measured for primary tillers of six hills.

Numerals in the figure indicate auricle distance at the start of cooling (cm) .

Refer to Fig. 30 for other symbols.
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Fig. 32

Notes

[ o
4
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Cs Ci

L L 1 ' 1 i
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Nitrogen content (%)
Relation between nitrogen content in leaf blade at the

booting stage and sterility caused by cool weather dur-
ing the booting stage in Shibetsu and Sapporo.

Nitrogen content and sterility were
measured for all culms of two or four
hills.

— O — : Shiokari (Shibetsu, 1980).
---@--- : Ishikari (Sapporo, 1980)

Refer to Fig.30 for other symbols.
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Fertilizer application methods, the locations of experiments and
varieties used.

Amount of nitrogen
fertilizer applied

Year  No. of plot (kg10a) Location, variety and other remarks
Basal Top
dressing dressing*
1 0 0 Location: Kamikawa Agricultural Experiment
2 4 0 Station (Asahikawa).
3 8 0 Variety : Ishikari, Shiokari.
4 8 1 Basal dressing : Ammonium sulfate, Superphosphate
5 3 9 of lime, Potassium chloride.
1979 6 8 3 Top dressing : Ammonium sulfate.
7 8 4 P,O; and K.O applications were 8 kg, 6 kg per 10a,
respectively.
8 8 6
9 8 10
10 8 16
1 0 0 Location : Same as 1979.
2 0 4 Variety : Ishikari, Kitahikari.
3 4 0 Basal dressing
4 4 4 Top dressing
5 3 o P,0, and K,O Same as 1979.
6 8 4 applications
7 12 0
8 12 4
9 12 0
10 16 4
11 0 0 Location : Hokkaido Central Agricultural Experiment
12 0 3 Station (Iwamizawa).
13 3 0 Variety : Ishikari, Kitahikari.
14 3 3 Basal dressing : Compound fertilizer.
15 6 0 Top dressing : Ammonium sulfate.
1980 16 6 3 P,Os and KO applications depended on the amount
17 9 0 of basal N.
18 9 3
19 12 0
20 12 3
21 0 0 Location : Hokkaido National Agricultural
29 0 3 Experiment Station (Sapporo).
23 3 0 Variety : Ishikari, Kitahikari.
24 3 3 Basal dressing
25 6 0 Top dressing Same as Iwamizawa.
26 6 3 PzOs and KZO
27 9 0 applications
28 9 3
29 12 0
30 12 3

* : A week before the spikelet differentiation stage.
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Table 7-2. Fertilizer application methods, the locations of experiments

and varieties used.

Amount of nitrogen
fertilizer applied

Year No. of plot (kg/10a) Location, variety and other remarks
Basal Top
dressing dressing*
1 0 0 Location: Kamikawa Agricultural Experiment
2 0 4 Station (Asahikawa).
3 4 0 Variety
4 4 4 Basal dressing
5 8 0 Top dressing | Same as [wamizawa in 1980.
6 8 4 P,0s and KO
7 12 0 applications
8 12 4
9 16 0
10 16 4
1981 11 6 0 } Ammonium chloride, Superphosphate of lime,
12 12 0 Potassium chloride.
13 6 0 } Ammonium sulfate, Superphosphate of lime,
14 12 0 Potassium sulfate.
15 4 0 .
16 8 0 } Compost application (1.2t/10a).
17 4 0 ] ] )
18 8 0 } 50 9% shading from june 15 to july 25.
19 5 0 Location : Farmer’s paddy field (Furano).
Variet
20 7 0 . .y . } Same as Iwamizawa in 1980.
21 9 0 Fertilization

% : A week before the spikelet differentiation atage.
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Observed value of leaf color

Fig. 33 Difference in observed values of leaf color depending on

individual observers.
Notes

A~C : Color of individual leaf (Uppermost expanded leaf.blade)

D~F : Color of leaf group in plant community .

P,, P., P; : Observers.

x x* :Significantat0.1% level .
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Fig. 34 Relation between leaf color and nitrogen content of leaf blade
in different varieties.
Notes C : Ishikari, ® : Kitahikari, A : Shiokari.
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Fig.35 Relation between leaf color and nitrogen content of leaf blade
in different growth stages.
Notes © : Spikelet differentiation stage. @ : Booting stage .
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Fig. 36 Relation between leaf color and nitro-
gen content of leaf blade in different
locations.

Notes = : Kamikawa Agricultural Experi-

ment Station (Asahikawa).

® : Hokkaido central Agricultural
Experiment Station (Ilwamizawa).

x : Hokkaido National Agricultural
Experiment Station (Sapporo)

A : Farmer’s paddy field (Furano).
SDS : Spikelet differentiation stage .
BS : Booting stage .
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Notes

Ishikari Ishikari
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Observed value of leaf color

Relation between leaf color and nitro-
gen content of leaf blade in different
cultivation conditions.

O : Basal dressing of compound ferti-
lizer.

® : Top dressing of ammonium sulfate.

A 1 Shading .

o : Compost application .

® : Basal dressing of ammonium
chloride, superphosphate of lime and
potassium chloride .

X : Basal dressing of ammonium sul-
fate, superphosphate of
potassium sulfate .

SDS, BS: Refer to Fig. 36.
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Fig. 38 Relation between leaf color and nitrogen

content of leaf blade in different years.
O 11979, @ : 1980, x : 1981.
SDS, BS : Refer to Fig.36

35
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Fig. 39 Relation between leaf color and nitrogen content of leaf blade

in the case including all the locations, cultivation conditions

and years estimated.
Notes
Y =0.784X —0.150,

A : Shiokari, Ishikari, spikelet differentiation stage.

LR

r=0.801 .

90% confidence interval for estimation : +0.48~+0.53% .

B : Shiokari, Ishikari, booting stage.

Y =0.538X +0.444,

r=0.757
90% confidence interval for estimation :

XK XK

+0.47~+0.49% .

C : Kitahikari, spikelet differentiation stage .

Y =0.689X +0.411,

r=0.78y

90% confidence interval for estimation : +0.44~ +0.52% .
D : Kitahikari, booting stage.

Y =0.449X +-1.059,

r=0.703 ***,

90% confidence interval for estimation : +0.46~ +0.50% .
X : Leaf color Y : Nitrogen content in leaf blade .
* x x : Significant at 0.1%.
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Table 8. Amount of nitrogen applied and time of it’s application.

Basal dressing

(kg/10a) Top dressing

(kg/10a) Compost
Plot Year Before tillage Just prior to the application
(Whole layer final puddling Booting stage (t/10a)
application) (Surface application)
1980 8 0 4 0
Split
Pt 1981 4 4 1 0
application
1982 6 2 4 1.2
1980 12 0 0 0
Basal
asal 1981 12 0 0 0
application
1982 12 0 0 0
Notes Ishikari and Shiokari were used.

N, P,Os (8 kg/10 a, basal dressing) and K,O (6 kg/10a, basal dressing) were applied, as ammonium
sulfate, superphosphate of lime and potassuim chloride, respectively.
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Fig. 40 Seasonal changes in daily mean air temperature in 1980, 1981

and 1982 at Kamikawa Agricultural Experiment Station.

Notes —— :1980,---- : 1981,

. 1982.
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Fig. 41 Effect of fertilizer application method on seasonal change in leaf color.
Notes—— : Split application plot. ---- : Basal application plot.
mum . Seasonal changes in leaf color as an indicator for rice cultivation
in the cool region.
A : Spikelet diferentiation stage. @ : Booting stage.
Table 9. Yield, yield components, the emergence time of the last bearing tiller and
heading date in split application plots and basal application plots.
Weight Emeregence )
. Yield Mo of - No. of Percentage O pertility time of Heading
Variety  Year Plot panicles spikelets of ripened ’, Y the last
/m?  /m?*(x10%) grains grains bearing  date
(kg/10a) (g) (%) tiller
1980 Sp 557( 99) 510 3.0 82.2 21.3 91.8 June29  July 26
B 565(100) 530 3.3 80.3 21.1 92.7 29 30
. . S 508(104) 515 3.3 75.3 21.3 91.8 uly 3 Aug. 6
Shiokari 1981 P July £
B 490 (100) 512 3.2 70.1 20.8 88.8 4 10
1982 Sp 567(101) 522 3.2 77.0 21.9 87.3 1 2
B 560(100) 513 3.2 72.1 21.7 81.2 2 6
1980 Sp 575(97) 621 3.2 82.2 22.4 94.1 June 29 July 24
B 590(100) 600 3.5 75.0 21.7 92.7 29 28
o S 550(107) 529 3.2 79.0 22.3 91.2 uly 1 Aug. 3
Ishikari 1981 P ( July g
B 514 (100) 534 3.2 70.8 22.2 91.8 3 7
1982 Sp  663(107) 615 3.5 81.3 22.5 88.7 June 29 July 29
B 619 (100) 603 3.4 79.4 22.0 83.7 30 Aug. 2
Notes  ( ): Relative yield compaired with basal application plot.

Sp:
B :

Split application of nitrogen fertilizer.
Basal application only.

o
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EE, 1980 # B Tuwin L ERK L 08D
LTwa, 18IFILEBMHOmIEIZ L 5 HEE

2 & - TEHSGHVITL, WELETL 22

SHIXIZ B A BIEIL 2 ) L2 ERIZB TR
W, ZAUE, BRI B TERh R L, A
IR R 15 2 X P EELEESS L E LS
d, 72, 1B1FDL 20, 1982404 7
DDk 52, GHIKIZ B W Tme Y72 ) s i
LTV ETL, 7K 0BRSS E07E 1982
ELZBTARRESGHIOREG I TLNIE, b
25 <, BARmRIZLEZ L0 EEDNL, 2O
FORESGIIMAHME - Lo BKIZBEWT %405
(o Twb, BlEn®ELZ, 29 L -EAHS
Hii BT, BAEMGERNZEH THZDE
LEGDL T, wHEANEXIZIENTEEL
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HOFHED L IR T 2 A TE S, FHEOE Y
2, 3 FOHBEREL TRPEA(LL TRL

2L THEY, ENBERBRBESGICEWTE
BICHEBrEAHEBMMR L BELRTIEL Ty
bEEZLNL, ZOMBN cy— i, HIEK
DZNEBIEFCILRRC B THL2IIRS T
Wb, L7edt> T, AN EEBHER %
ADHZEIZL o THZRICBIT 2 EFHAFRES
KEDPICEMT LI EDWHETH D, 414, H
WIr, BGZTLCZ ) LR EEAER, &
SIZE DD BMTEE A FR T 2 LEYH B,

wam A 1

BT IC T 2 @R FENBHHETE L H S
Mzl L XL, Y, BEEEGIRERERS
AFELZERINCEHEL, kT, ZOELERIC
& o GRsE A DRBICBET 2 Hikiz > Tkt
L7z,

1, MAHMESRAEZREHFEIL LN T
123.0~3.3%, 4 >4 Tlx3.3~3.5%TH - 72,

2, BB EGBEREAEIOMIZG, S
L, AR Lo, B, BEEN. EkEA
A2 LT, 0. 1% KEDF E 2 IEDMHBE D & 11
72. AL L ORI BT 5 UG,
INFIRDBN THL, Tubb, L2 -
£ AN L EESERR Y =0.784X —0.150 ; F 7
B, Y=0.538X +0.444 ; X ¥ &£ # ) . sETE b
#, Y=0.689X +0.411 ; MiZH, Y=0.449X +
1.059, 7272, Y EHBEFaAx X #E50
RS, TABEOEEEIZ &+ L
0.4~0.5%TH - 72,

3. L BIUMA A A NIcEIT s
FIRAER S HFRIIICT 2 E0OMHT, 205N
4.8~5.3, 5.3~5.8Tdh -7, 72750, BLiEH
IZBT 2B CT, 2AFN0 FIREIZ &
LITOWEZENFAI) L B4 5.5 424
D I6.0) x AESIRASREAENERE &
ALT L0,

4, LB2iBIUN A oh) 28R CRINE
ERBGESG B TERTHERIE 21T, F1
2H ET TN OEOHS IR £ 5w L 7,
ZOREEHEMBIMR 2 TSI LT, SRS L ILIE
DEEHEEZ R 10k - THEICE TS5
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FABFIREE &K 501 BWIT 5 2 L HTTHETH B

EITE BREHOSRCLBIRRICHT
HERADHR

BTG L&D b0 FFe LTk
(CHLBEMENTE LI HEKH»H
2184540 HERUKE F (3 > TOKIED > 7 — )L EAT
AEZ-ALNEBORMERTH Y, KES
Puott L TERELEE R L Twb L3 Tw
5 AuITI8297099)  FEIFHFATEIC AT A RIRIC DN T
IFERAIBIUZIZ L AL L, AV EDE-EY
LgwnwekZh0h 5,

AR 12X 3 5 HERE R A D 3h R 4 BRI 3
L7zoicid, BiZ, mEFRKOBHLHFAET L
T T2 <, HERERKE & HEAEEER R K E T
ENTAKFEE BRI E IR IR L TR %
R, EBRWNIZMET LI EPUBETH L,
LaL, 2ok aHRir, ATREZLHWE
Ry PREICHFT L3 TEL L, BEHA
BTLZ 9 L HBOMEIZE -2 {ThiILTw
A

T ATETIE, #RBAOREE B AR
12k o TERML. KIROFEE & #he & DRIE NI
DWTRRETL 72,

F18 BEHFBCHTIHDR
BELSEICHTLIHMEBANNELHE L IZL
kel

MEBEUFE

HAEEAAKE (HERX) (2RO & 9L TEE
L 72. 19754 4 A BINRFERBRS D KEHA0m H
HELIBemEFHDERE, ZOh Lz, KETLE
ROMMERKE (£ L TENRICHWFHb
L EMEREL TS 272 L D% 19505 H» b EE
a7zl t &AL TW2)» 580580
LB L AN, ZOED L RIEERBIET
EFEINTHER b b CEERME FHIE L TF
KB/ L0) 2 EF10a L2012t AL 72, 72
7L, 1980F 13 KGHEND D vED L ED K
PHERETH - 72,

— i, HERCEERERIKE GBI (319694 %
TIRBEBEICETORELSBH I T2,
LO70FLUIHERL L b S L v EWHIAL & -
72 TEENE, HEEXE L OVEHEREX & 4, HEKE
4 (—H %70 HKEH15~20mm) 7 k186
T tTHh 5, MIXIZEIT2H#REOTEOHELL
FEIZEI0RISTRTEY TH S,

1975413, Ml & LA LR &2 v TEH, 4
e, MEBAZn£hl10a 7218, 8, 6kghiH
Lok, v—3 ) —s B TR X 1oemiz Bte L,
PINBERBRG OB ENHE L ICERL 25D
LETHEERRE THICEZEL 72,

BI9T6F 75 6 » M, AIEE 1ETHA~NLEH
FICH L THEFE L MELFEREEL, 4 8HRX
&L 72,1976, 19775 L OF1980F (2 L 570D, 1978
BXUI99FIEA A Y, 19819 X2 h ) %
e L 72, HEMEX DS FIERH T B IR X R AT 22
R, 10adk7204BL8kgk emAEMLE L

Table 10. Some chemical and physical properties of soil before tillage (1981).
_ Distribution of NH,-N after 30°C,
Soil PH soil three phases 28 day incubation Effect of
plot depth (%) (mg/100g) soil
1.0 . .. dried Wet drying
(cm) 2 KCl Solid Liquid Gaseous " o soil
0 ~10 5.8 4.6 37.5 57.2 5.3 13.3 3.1 10.2
Control plot
10 ~ 20 5.9 4.7 34.2 56.0 9.8 11.8 2.9 8.9
0 ~ 10 5.8 4.5 38.4 53.1 8.5 17.1 4.2 12.9
Compost plot
10 ~ 20 5.9 4.6 36.6 52.8 10.6 15.2 3.9 11.3

Note : Soil was sampled at 6th day after rainfall.
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IURETIEMEDRESEITREIZ L H - 1257,
EFNLN L EWEAICIIHAR L EZ»ED LN, #
X DRESESISEHREX DL O LN L& - 72,
1978~ 1981 E DFERIZ DV TIZ BA3KIZ T L 72,
ZORTHL DA L 512, 13IZ%E L WEH N% T
B L 72854, HIRRKOBRESSIL, 1980F % %

100 [ 1976 (
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Nitrogen content in leaf blade at the booting stage

Fig. 42 Effect of compost application on sterility at the same level of leaf

nitrogen content.

Notes

O : Control plot. @ : Compost plot.

Numerals in the figure indicate auricle distances at the start of

cooling treatment (cm).
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Fig. 43 Effect of compost application on ste-
rility at the same level of leaf nitrogen
content.
Notes [_]: Control plot. M Compost
plot.
Numerals in figure indicate nitrogen
content in leaf blade at the booting
stage.
1976, 1977 © Shiokari, Cooled at 15C
for 5 days.
1978 : Ishikari, Cooled at 13°C for 3
days .
1979 © Ishikari, Cooled at 15C for 5
days .
1980  Shiokari, Cooled at 13°C for 3
days.
1981 © Kitahikari, Cooled at 15C for 5
days.
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