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Fig. 1. Changes with time in dry weight of five
parts of a main shoot for two varieties.
Arrows indicate the developmental events;
FI: flag leaf initiation, FE: flag leaf emer-
gence, H: heading, A: anthesis, Mi: milk"
ripe stage, Ma : maturity.

--------- : leaf blade, ~~=-—--: culm structure,
: culm cellular content, <o eeee ;. ear,
: grain.
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Fig. 2. Change with time in dry matter partition-

ing (Aparts/Ashoot, %) and plant type of
a main shoot for two varieties.

FI: flag leaf initiation, FE: flag leaf emer-
gence, H: Heading, A : anthesis, Mi: milk
ripe stage.
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The symbols are the same as those in Fig.
2.
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Table 1. Coefficients and constants of the regres-

sions of dry matter partitioning against
days after emergence in three varieties

Variety Coefficient Constant n r
Phase 1 b, c
Haruhikari 0.56 56.18 3 0.570
Haruyutaka 0.89 53.39 3 0.738
Selpek 0.92 54.08 3 0.660
Phase II b, [
Haruhikari 3.46 129.15 6 0.977**
Haruyutaka 3.10 123.26 6 0.960**
Selpek 2.46 112.16 7 0.947**
Phase III as b, Cs

Haruhikari 0.28 43.02 28.89 8 0.925**
Haruyutaka 0.27 42.42 34.75 8 0.866**

Selpek 0.30 52.01 30.10 8 0.817*
Phase IV b, Ca

Haruhikari 3.37 159.31 6 0.823*

Haruyutaka 3.54 162.14 6 0.856*

Selpek 4.23 239.89 6 0.992**

* and ** show 5% and 1% level of significance,
respectively.
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Fig. 7. Relationships between thermal develop-

mental rate (Y) and mean photoperiod
(X) in four growth phases.
Thermal developmental rate (Y) is calcu-
lated by the following formula; Y=1/D
(T-TB), D is days from the start to the
end of each growth phase, T is mean tem-
perature, and TB is based temperature der-
ived from relation between developmental
rate and mean temperature, *, **, ***:
10%, 5%, 1% level of significance. A :
1988, @ : 1989.
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Table 2. Regression equations and analysis of variance between observation and regression
for developmental rate (DVR) vs temperature (T) and photoperiod with tempera-

ture (T&Ph)

Variety Regression equation RMS x10-° F-value Use
Phase I (Emergence to double ridge stage)
Haruyutaka
DVR vs T 1/D=4.40%x10"3(T+2.93) 5.568 X
DVR vs T&Ph 1/D=3.49x10"*(T+2.93)(Ph—3.29) 5.271 1.37 O
Selpek
DVRvs T 1/D=2.59%10"*(T+7.08) 2.661 (@)
DVR vs T&Ph 1/D=1.90Xx10*(T+7.08)(Ph—2.27) 2.921 1> X
Phase II (Double ridge stage to flag leaf emergence)
Haruyutaka
DVRvs T 1/D=2.37%10"3(T+8.30) 3.681 X
DVR vs T&Ph 1/D=5.60x10"*(T+8.300(Ph—11.94) 2.582 2.92 O
Selpek
DVRvs T 1/D=1.49x10-3(T+13.84) 1.391 X
DVR vs T&Ph 1/D=3.96 x10~*(T+13.84) (Ph—12.46) 0.516 8.63* O
Phase III (Flag leaf emergence to anthesis)
Haruyutaka
DVRvs T 1/D=3.71x1073(T—2.44) 0.630 O
DVR vs T&Ph 1/D=0.27x10"*(T—2.44)(Ph+120.5) 0.791 1> X
Selpek
DVRvs T 1/D=3.44%x103(T—1.26) 1.118 @]
DVR vs T&Ph 1/D=1.14X10"*(T—1.26)(Ph+13.94) 1.183 1> X
Phase IV+V (Anthesis to maturity)
Haruyutaka
DVR vs T 1/D=1.24X103(T+3.43) 0.170 O
DVR vs T&Ph 1/D=0.26%x10"*(T+3.43)(Ph—63.16) 0.184 1> X
Selpek .
DVRvs T 1/D=1.84%x10"3(T—4.50) 0.210 O
DVR vs T&Ph 1/D=0.15%X10"*(T—4.50)(Ph—137.8) 0.248 1> X

RMS : residual mean square of regression fitting.
*: 59% level of significance.
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Table 3. Date and developmental index (DVI) of main growth stage obtained from observation and

simulated data

Double ridge

Flag leaf

Emer- stage emergence Anthesis Maturity
gence Date DVI  Date DVI  Date DVI  Date  DVI
Haruyutaka

'91 sowing (April 25)

observation May 6 May 20 1.018 June 9 1.146 June 23 0.816 July 27 0.972
simulated value May 20 1.018 June 7 1.009 June 26 1.004 July 28 1.000
difference 0 0 -2 -0.137 +3 0.188 +1 0.028
'87 sowing (May 8)

observatdon May 17 May 30 0.872 June 21 1,223 July 2 0.849 Aug. 11 1.108
simulated value June 1 1.028 June 18 1.016 July 4 0.975 Aug. 7 0.987
difference +2  0.156 —3 —0.207 +2  0.126 —4 —0.121
’86 sowing (May 6)

observation May 16 June 1 0.940 June 19 1,025 July 6 0.80 Aug. 12 0.972
simulated value June 2 1.011 June 19 1.025 July 9 1.007 Aug 13 1.004
difference +1 0.071 0 0 +3  0.157 +1 0.032

Selpek

91 sowing (April 25)

observation May 6 May 23 0.952 June 14 1.014 June 28 0.821 Aug. 2 0.977
simulated value May 24 1.012 June 14 1014 July 1 1.005 Aug. 3 1.010
difference +1 0.060 0 0 +3 0.184 +1  0.033
'87 sowing (May 8)

observation May 17 June 4 0.944 June 27 1.076 July 9 0.786 Aug. 15 0.996
simulated value June 5 1.013 June 26 1,019 July 12 0.974 Aug. 15 0.996
difference +1 0.069 —1 —0.057 +3 0.188 0 0
’86 sowing (May 6)

observation May 16 June 5 0.920 June 29 1.111 July 15 0.924 Aug. 23 1.135
simulated value June 6 0.978 June 27 1.012 July 16 0.978 Aug. 18 0.990
difference +1  0.058 —2 ~0.099 +1 0.054 -5 0.145

DVI is developmental index which is integrated DVR (develpmental rate) .
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Fig. 8. Diurnal changes in the percentage of the
penetrated, reflected and total PAR for
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A ----A: cloudy day (12 July),
@—@: clear day (14 July).
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Fig. 9. Seasonal changes of the surface area of
each plant part (m?m-2) and the percent-
age of penetrated and reflected PAR for
Haruyutaka.

DR: double ridge stage, FE: flag leaf
emergence, H: heading, A : anthesis, Mi:
milk ripe stage, Ma : maturity.
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light interception

2, EBAEBEBESOT LR LD DT,
EifE R - CEXEE S ACER L CEERAR
RifEich, HoRBL &bt o oBE» N
bbb EERLTW5,
4. BEFEHERER & SHE & DBR
$1L2ReBMShic PARBY ) ORhiik
ﬁbg (EPAR) Oﬁﬁﬁﬂs%ﬂ?bto EPAR ki, ﬁlﬁlill:ll]
BLHIEEHEHCEKX U-5g M) iy,
TOEBA Lict, HEBO 2 — iR b b
eh Bk, AEHEREE (CGR) 3, H%
RSN PARE L B DBR Lo TEEA

6
DR FE H
Y Y Y
5 A
.
5 !
= . \
2 3} R
= g
S
2t i i i B
DR FE H
'] -
O L o 1 2 L 2 )
0 10 20 30 40 50
Days after emergence
Fig. 12. Change in efficiency of dry matter accu-
mulation per unit PAR interception
(EPAR)'
A A : Haruyutaka, [----- [: Selpek.

The letters with arrow are the same as
those in Fig. 9.



16 LB RETRIRE £19% E1F

5T &M, CGR M5 2 —2 L DR L&
Lickosd, BIEERETIYIE, CGR &®IR
PAR (A PARE»LERK L ORKH PAREY
ELFWIfE) & OMRERHBERAZED L, B
GEABRREIRNIh =3 A ¥ —BREfL T
WnTA2Z EAb6nETot, ¥, BEROEE
13, W PAR 73 0~8 MJm2day~' © & H Tz~
N B hPRE» o e, DL E T Selpek 24F
SEBACEM L 72D LT a2 5 Tl—E
Einh, HBFMEIRECL - TRED LD LHEE
Ihic,

507

Haruyutaka a]
—~ Y= 2.29+3.12X (r=0,913%%*
i Selpek
Q? A0F  ¥=-2.43+4.29X (r=0.964%%%)
£ . o
o A 4
o 30t 4
s A o
5
5 20t
5 s, °
o *o o
? 10 AD N
S Oa
ol
0 2 4 6 8 10 12
Interception (MJm_Zd_1)
Fig. 13. Relationship between intercepted PAR

and crop growth rate from double ridge
stage to heading.

A : Haruyutaka, (J: Selpek. ***: 1%
level of significance.

% &

BB 2 AXPE BT B PAR OR S L 0558
ROATLEBH LIS, BRATEHEEL D
KHBE—EHEBR LAY, BRECEKBREED
B b KELEMT B EBHL M o o,
L2L, BESETARDEE, BRALBRATIRE
AEENEL, BEBATF—-CkkEIT5PARDK
HPBTRFEYRET 584, REOEVQERT
XH{DEEZBLND,

ABRHEI B X UEBRROHBYHRD L, K
HRIFBHLECETEINT 5 00, £HLHHE
FHEUTRESR THB L, BERZIEFERE
BB L OXEBELE T A F —ORERSAELT

LT3, Tihbb, EHFOIHNBELTVS
EBEIHODTS LTI 80% DK (PAR) 2K
RERhDZ LI HERCEREIRTVBH, X0
BROME L EORH (REREOIK) s &
BRIEABCETL, LEHEMZ1210%, @2
RIS BETE 2 2% % A L, BEEEsERg
DEBCIZIBBUEDENBRIIN I LTt &
fo, Ko RINFH R 2 T T 5B L5 %X
B (Ko) 13, EFTMCE (#10.6), ILIEHE
HerdcEd L (30.3), FoRiE—gicH#
BlLi, AFPHPrBEH I WX =21 F -2 &
BRI 28805, TREBEIED GBS
YEO ECOEBIRETIRAE L, BEBESRE
TUHHERT E CEPERT 2SNV L
PEE LV, ZOBKRT, FEz 2 FIERROMA
TRHROEETBEERZTVBE V2L, T
L, ZHARBL, B ZEREOFMEED
HEYZT, LoV X, Mk, BE, SHBER
EOME L » TEBL, ARBTHRERERN
BDbht, Bl LicL e, 2 2aFTCREFDEZ
7y, BEEE, B, BOAEHREEATVA I L,
HBIR & B & DBEIR A b it T 2 IZE&R
LBRE &L ORISR T O RERZER PRET5
DHERDD, TOHEROWTIZE SIzSlicskatT
5ZkELt,

—7, PAR DR, FEHEMCREKRE
) XOBIMAT AHBERL, FoFHLAE
MERAED LR, BEFEERER, Gal
lagher & Biscoe!® % Saini & Nanda*® » 5 55 L
TVw5 L5 IR PAR AL oL, &4
ERT: L TRRIN =R F— TR ERT
WhEbDLEEZLRD, LL, ~A2F 5T,
R PAR 8 MIm~2day ™ DA T4 Rd B 238 0
Y, ABAOFEHRE S hic, ZhbOBEFY
X BT B cdicit, BESETRRT 4R
ETORSREROWTRET2LEND 5,

F 28 BEENICEITBAPAROBINS T EESi4EE

HERELURE

HERIT 1989 i\, ¥ EZEMRE L2z R
412 A BBl e, BEE RERK EB),
BEEERIUHESNESIE LB LERAKTD 5,
RER, YRSLE, LIEWEY, FBEY fal



B EMS T b AEE o A ¥ O LT L AR OFA 17

BELUBBIIOREOXEEFTRAT —O%aD, &
BRI 35 BT - #2, %7z, PAR oflE, B
BB 5 X ERLSE ORI Y b
Liced, BIHCH-HELEE2 yFiicing, B
EATEHWOET, IL¥EOHLE, ILEOET, T
REEDCE TR X UHIERD 5 7 FTCiT - o

] R

1. BEBEOFT(LL PAR OBRISTH

BURCEELBERNLEBIETS PARDFE
BEBIVEREOEEBEOMB Y R L, 7
HEEOWTHRD L, BRI
RLE®, Thicff-TtESP EBBERML, BETE
BHBHEMELT S 2D, FEMOE
i, ERECH L EEEcHEL, BB B
ETCHCIERKEF AT 5 BRIED D
H, THRETRIORBTEN - BIEELH, Ik
ETRErKEL, RBMICE TRECTETS
DIHETH 5,

—F, RBREORERBICOVTHRD L, EHITY
BOCHAL e RN L, IR 38 H 3 0 LRk
D Uteh, BILEBELLIBERELN E ot

A Mi Ma
\ A Y

under Ear
above FL

under FL
48

" under green
parts
at the bottom
of canopy
A My Ma
v Y \

S Y

CIN\S

AN
AN

Plant height (cm)
r\)»a\ooa
o O O O O

o

A A

at the bottom under Ear
of canopy
above FL

Penetration (%)

a0}
20+ under FL
. ~ under green
0 : :
parts
A M Ma
8 Y \ Y
[ Far
6 DR %

Area (m2-m-2)

0 e : =
0 10 20 30 40 50 60 70 80 90
Days after emergence

Fig. 14. Changes in plant type, surface area and
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Table 4. Percentages of reflected, penetrated and intercepted PAR by canopy, and absorbed
light distribution within canopy
Double ridge Flag leaf ; P ;
T s o L
within field condition (incident PAR base, %)
Reflection 3.5 4.9 4.1 4.5 12.7
Penetration 65.7 6.4 1.9 1.0 0.9
Interception 30.7 88.7 94.0 94.5 86.4
within canopy (interception base, %)
Living parts 100 97.6 97.0 98.1 89.7
Dead parts — 2.4 3.0 1.9 10.3
within living parts (living parts interception base, %)
Ear — — 32.0 33.7 35.5
Peduncle — — 16.2 13.7 24.9
Flag leaf — — 28.9 37.6 21.1
Lower leaves 100 100 23.0 15.0 18.5
457 before heading L oo
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Fig. 15. Relationship betweeen amount of interce-
pted PAR by canopy green parts and crop
growth rate.

O: before heading, @ : after heading,
X : senescing phase.
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Fig. 16. Changes in efficiency of dry matter accu-

mulation per unit intercepted PAR (Eppe).

The letters with arrow are the same as
those in Fig. 9.
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Fig. 17. Plant type, PAR penetration (%), surface
area index of each organ and number of
ear at the two weeks after anthesis.

SAI: surface area index, FL: flag leaf,
LL: lower leaves.

BRI o te, THEOCEEEERIL, 3ME
& H IR PBIBRIEASKE hofed, Thid
BREX TR TMNEORREND DB, XL 1%E
HLBEL T ERLBLDTHD, —H, B
7o PAR BfRizowT4h b L, MOBETTOE
BRABOREERBEAKE hrotor 28 A TR
<, BH6158 % & Selpek T & hrntco E o,
FEOE T TS X CLEORAEREL Y X
Dot B 6l BTEL, ~=2F h ¥k L Selpek
TEL, FEBRERORIKEh oo v =225

DEEKX (32.0%) LIFEXZEEORELKEhoR
Selpek DERFEX (31.0%) TELLEhrote, Bk
Dk 5k, FRIKTH PAR OF BRI, BEH
BEIOREORICL S EEBEOEHBEOAE X
FRBLTHBZ EAWRBEIhZ 00, LBY
OFEBRER 100% L LTEBLEBOERRER
EHEEH & DBGRYE 18 KR LI,
RizgoritX i, £BL b, PARZARR
REREEIEN L OB 5% KETHE LA DOHE
BItko L, BHICED 5EERERE OB
PAR OBEBRMBMETLTWB Z bbb, &8
TOERALHET B L, —RERE, LEBTR
E<, UTHORB, THECBOIEE Y, B
T 2 REEODRILEETE - LHREZH
feo —H, TEHIZ, EFRFOREEEEL 0 O
O PAR OFRELZTRTHLOTHY, H, ILERX
U TREOEREE B8 IBREOKEBEOLR L
B LD, BOXZTELL HEOEBREER
TLDEELLRS, FOBROVTIE, BAEE
Liswz &nb, BERERBIIFL0%E tofcd,
FEOECREREMN 3%, THEDETI49%
THoteZ &b, LEOBRIVTMNEDETD
BoEti+ 38R 2 h £ h 27%35 L 0'51%
THDHEHEEI NI,

% =

CHhET, 3 AFPHECETIHOBBGAHE
BAORIREIG R TMEIRE A Eh oo,
FRBROMER, PAR 0FBS M ILRECEENIC
LAEBRBEORAROEXRL CRELERTS
ZEBHBME o, BIRLACX S, 2 AFT
NROLERENKE 30374, Ll B LT
LHEREANE TR T 50, TERE R
LE X b ERORE I X 5 AR L B BAR
DB HS0IN =k, HEREETENERTS
BEALTULEE L 2itv 27\, Trenbath
L Angus*® ZEOEHZ L PHELEE L OBRE N
FCELhcHRRS s L Tw B8, REI
I ABEBEOECNOEESRYBENTICRE
T\ 78\, %7z, Saini & Nanda*? 3B L E K
W HHFIBHROGEEERLHALLK LT3
2, FhABFEMLEEN OBV IC X B b O IRERD

CBVRIBIDONEDVTRERL TV, —

75, Siddipue 5132 0 10 MEOAE - HRENK



B | OSBRSS D L ERE 2 » ¥ OEFHE & EEN OFHE 21

[o0]
(%2
.l

60r \ @

Y = -23.4X + 101

40 v = _14.8X + 49,1

9

o = =

S a0t @ - -0.824* 550 35} r= -0,94g%x
-«

E1s 50t 30}

[ b 2 L

2l a5 5 ]

s 40} v = -0.901% 20}

< gsl k¥ = =312+ 73,0, |

..... ddeddd 2 2

0.8 1.0 1.2 1.4
Surface area index
of ear

0.4 0.6 0.8 1.0 1.2
Surface area index
of flag leaf of

0.8 1.2 1.6 2.0
Surface area index
Tower leaves

Fig. 18. Relationship between surface area index and PAR penetration at three layers

within the canopy.

O early sowing Norin 61, @: late sowing Norin 61, A : early sowing Har-
uyutaka, A : late sowing Haruyutaka, [J: early sowing Selpek, B: late

sowing Selpek.
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19.
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Table 5. Relationships of amount of radiation to increases of water soluble sugar weight in
the whole and flag leaf blades on the main stem from sunrise to sunset

(A) Increase of WSW Efficiency

Weeks after anthesis (mg-pl™") (B)r;;?i?g(t)i%?\t of (A)/(B)
Whole leaves Flag leaf MJ*m™) Whole leaves Flag leaf

Anthesis 1.56 0.70 4.6 0.340 0.153
1 week 9.40 3.44 18.9 0.498 0.182
2 weeks 20.04 7.18 19.3 1.038 0.372
3 weeks 9.46 5.03 25.6 0.369 0.197
4 weeks 3.29 1.63 14.5 0.227 0.112
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29. Changes with time in cell wai_l constituents, celluiar contents and water sol-

uble sugar contents (WSC) of the three parts of the main culm for Har-

uyutaka.

Arrows show the milk ripe stage.
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Table 6. The amount (mg/pl.) and percentage (parenthesis) of WSC in three parts of the
main culm at anthesis, milk ripening and maturity for three varieties

Variety and internode A?K\:sis Mitk g&%ﬁage Ma\t/g%ty An-Mi Mi-Ma
Haruhikari
Peduncle 3.9 (2.® 23.8 (7.2) 1.5 € 0.6 19.9 - 22.3
Second internode 7.9 (4.1 37.5 (12.2) 1.8 (0.8 29.6 - 35.7
Lower internodes 35.9 (4.9 84.6 (10.2) 3.1 (0.5 48.7 — 81.5
Total 47.7 ( 4.5) 145.9 (10.0) 6.4 (0.6 98.2 —139.5
Haruyutaka
Peduncle 5.2 (3.6) 27.6 (9.7 2.7 (1D 22.4 — 24.9
Second internode 13.3 ( 7.2 56.8 (19.1) 2.2 (1.0 43.5 — 54.6
Lower internodes 98.2 (13.5) 155.2 €20.2) 7.7 (1.0 57.0 —147.5
Total 116.7 (11.1) 239.6 (17.7) 12.6 (1.2) 122.9 —227.0
Selpek .
Peduncle 4.2 (2.9 15.8 ( 6.0) 1.2 (0.5 11.6 — 14.6
Second internode 6.8 (2.1 58.7 (16.2) 3.5 (1.3 51.9 — 55.2
Lower internodes 113.3 (11.8) 83.1 ( 8.5) 9.7 (1.2) —30.2 — 73.4
Total 124.3 ( 8.9) 157.6 ( 9.9 14.4 (1.D 33.3 —143.2
Varietal difference
Peduncle NS (NS x (%#) NS (NS)
Second internode NS (NS) NS (NS NS (NS)
Lower internodes *x (%) * (xx) NS (NS
Total xx (4) wx (xx) NS (NS

x= *: 1%, 5% level significance. NS: nonsignificance.
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Fig. 31. Changes of total dry weight measured at
morning (thick line) and evening (thin
line) for Haruyutaka.
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Fig. 32. Changes of the dry weights of grain, culm

sugar content and culm structure material
measured at morning (thick line) and
evening (thin line).
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Fig. 33. Relations between solar radiation and accumulation rate of water soluble

sugar (WSC) in culm during the three phases of grain filling period.
Early-phase, -2 to 5 days, mid-phase, 6 to 26 days, late-phase, 27 to 37 days

after anthesis. **

1 1% level of significance.
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Fig. 34. Changes in dry weights of grains mea-
sured at morning and evening during
grain filling period.

—O—: morning, - - --: evening.
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Fig. 35. Four growth phases during grain filling
period defined with photosynthetic activ-
ity, the patterns of grain growth and res-
ervation in culm.
An: anthesis, CCE: ceasing of culm elon-
gation, Mi: milk ripe stage, LP: loss of
photosynthetic activity, Ma: maturity.
P22 activity, i y
E=: slight increase, [ : decrease.
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Table 7. Effect of sowing dates on yield and its components

Sowing date Gr(aglrl}ﬂ yzi)eld Tgi%{%ry Harv:(eg/;)mdex Ear(;l{l;r;ber Graégarlzt_lgiber 10&%5‘;3‘“
Haruhikari
Early 633 1813 34.9 726 22.9 38.2
Middle 606 1611 37.6 712 22.2 38.3
Late 418 1253 33.3 682 16.4 37.3
Haruyutaka
Early 808 1796 45.0 790 28.1 36.4
Middle 704 1501 46.9 720 26.5 37.0
Late 523 1285 40.7 640 22.1 37.0
Selpek
Early 638 1756 36.3 464 34.5 39.9
Middle 610 1671 36.5 528 26.9 43.0
Late 551 1589 34.7 522 26.5 39.9
Significance
Variety ik * % % % %
Sowing time NS * NS NS ** NS
Interaction NS NS NS NS NS *

Early: April 11, Middle: April 25, Late: May 10.
* +x: 5%, 1% level of significance. NS: not significant.
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Table 8. Grain yield, total dry weight and harvest
index in Abashiri (1990) and Sapporo

(1991)
Grain Total dry  Harvest
. yield weight index
Lines (gm™ (gm™2) (%)
Aba. Sap. Aba. Sap. Aba. Sap.
Haruyutaka 471 526 1215 1207 39 44
Max 448 488 1288 1252 35 39
Selpek 343 396 1224 1189 28 33
M-5 489 521 1351 1246 36 42
M-27 487 529 1332 1289 37 .41
M-64 361 411 1040 1047 35 39
5-23 425 527 1212 1288 35 41
8-55 414 445 1211 1131 34 39
5-106 432 416 1437 1195 30 35
Significance
Year ** NS *
Variety . . "
Interaction NS NS NS

Aba.: Abashiri, Sap.: Sapporo. ** show 1% level
of significance. NS shows non significance.
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Fig. 36. Relation of grain yield, total dry weight and harvest idex between Abashiri (1990) and

Sapporo (1991).

* ***Show 5%, 0.1% level of significance, respectively. O : selected lines from Har-
uyutaka x Selpek, @ : selected lines from Haruyutaka x Max, A : Selpek, A : Max,

»: Haruyutaka.
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QOutput

Phase 1

Daily Weather

Phase [1

Daily Weather

Phase III

Phase IV

Phase V

Daily Weather

Daily Weather

Daily Weather

fovr(Temp, Phot)
DVI =DVI+DVR

fovr(Temp, Phot)
DVI =DVI+DVR

DVI =DVI+DVR

DVI =DVI+DVR

DayA=DayA+ 1

Temp Temp Temp Temp Temp
Phot Phot Rad Rad Rad
Rad Rad
DVR= DVR= DVR=fpvr(Temp) DVR =fpvr(Temp) DVR=fpvr(Temp)

DVI =DVI+DVR

DayA=DayA+ 1

Yes
DVI=0

No

No

Yes
DVI=0

No

DayA=14 > Y&

No

No

Pen % =fren(Area)
Int % =(100—Pen %)
X (100 —Ref %)/100
IntA = Rad XInt %/100
Assim = fass1(IntA)
+SeedA

Pen % =fren(Area)
Int % =(100—"Pen %)

X (100—Ref %)/100
IntA =Rad XInt %/100
Assim =fassi(IntA)

Pen % =fren(Area)
Int %= (100—pen%)

X (100—Ref%)/100
IntA =Rad XInt%/100
If DVI<{0.5
Yes Assim=fass1(IntA)
No Assim=fass2(IntA)

Pen % =fren(Area)
Int% =(100—Pen %)

X (100—Ref%)/100
IntA =Rad X Int%/100
Assim=fass2(IntA)

Pen % =fren(Area)
Int% = (100—Pen%)
X (100—Ref%) /100

IntA =Rad xInt %/100
If DVI<0.8
Yes Assim=fassz(IntA)

X fsen(DVD)
No Assim=0

END
(Maturity)

fp-L = ffp-1(Temp)
LP% = fp-(DVD
CP% =100—LP%

LPmax=LP%(DVI=0)

LP% = —LPmax xDVI
+LPmax

CP%=100—LP%

fp-g=ffr-e(Temp)
EP% =1fr-e(DVD)
CP%=100—EP%

LDW=LDW
+Assim X LP %
CDW=CDW
+ Assim X CP %

LAI=LDW X SLA
CAI=CDW xXSCA
Area = LAI + CAI

LDW=LDW
+Assim X LP%
CDW=CDW
+ Assim X CP%
LAI=LDWXSLA
CAI=CDWXSCA
Area=LAI+CAI

EDW=EDW
+ Assim X EP%
CDW=CDW
+ Assim XCP%
If DVI<0.5
Yes EAI=0
No EAI=EDW X SEA|
CAI=CDWXSCA
Area=LAI+CAI+EAI

EDWmax =EDW
CGG=EDWmax/8
CRW=CDW X Res%
CSW=CDW—-CRW
(DVI=0)
If Day=<{6
Yes
GDW=0
CSW=CSW+CGG
CRW=CRW+ Assim—CGG
No
GDW=GDW+CGG
CRW=CRW+Assim—CGG
CDW=CRW+CSW
Area=LAI+CAI+EAI

GDW=GDW+ Assim
CRW=CRW-CGG

+ Assim
CDW=CRW+CSW
Area=LAI+CAI+EAI

Fig. 37. Flow-chart of the simulation model for development and growth of spring wheat.
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Table 9. Abbreviations of the ﬁov;r-chart for the
simulation model

‘Table 10. Function table of the flow-chart for the
model

Climatic variable

Temperature Temp
Photoperiod Phot
Radiation Rad
Phenology
Development rate DVR
Development index DVI
Days after anthesis DayA
Assimilation
Amount of daily assimilation Assim
Amount of intercepted radiation IntA
Percentage of interception to solar  Int%
radiation
Percentage of penetration to solar Pen%
radiation
Percentage of reflection to solar Ref%
radiation
Partitioning
Partitioning to leaf blade LP%
Partitioning to culm CP%
Partitioning to culm reserve material CRP%
Partitioning to culm structure CSP%
Partitioning to ear EP%
Partitioning to grain GP%
Partitioning to leaf blade at double LPmax
ridge stage
Percentage of culm reserve material Res%
at anthesis
Constant rate of grain growth CGG
Organic character
Assimilation from seed SeedA
Total dry weight TDW
Leaf dry weight LDW
Culm dry weight CDW
Culm reserve material weight CRW
Culm structure weight CSwW
Ear weight EDW
Grain weight GDW
Ear weight at anthesis EDWmax
Total surface area index Area
Leaf area index LAI
Culm area index CAI
Ear area index EAI

EFHIVTE, BoERMELETAZ LN, F
RLEOEHMELX L (GDW, CDW), 25
KR OWTIR, EEYE EEBRES w0 THA

Phase |
fovg=a(Temp+b) X (Phot+c¢)
frgy=2.718b-axArea)
fassi=aXIntA+b
ff,_. : Effect of temperature on coefficient and
constant of the function fp.,
fr_.=aXxXDVI+b
Phase II
fovr=a(Temp+b) X (Phot+c)
fren : same to phase I
fassy : same to phase I
Phase III
fovr=a(Temp-+b)
feen : same to phase I (before heading)
fass) : same phase I (after heading)
fassz=aXIntA+b
ffo_¢: Effect of temperature on coefficients
and constant of the function fp_g
r_g=a (DVI—-b)?+c
Phase IV
fovr=a (Temp-+b)
fren : Same to phase |
fis52 : same to phase III
Phase V
fovg : same to phase IV
fren : same to phase [
fiss2 2 same to phase III
fsen : effect of senescence to assimilate

L7 (CSW, CRW), #EDOEAEREIZ, EHow
TEBHIO, BicowTAETHIIOBERA
(BAfE) ©0F— & TRL, BieowThBTERS
HEURT3ERMHEELHOBELZ BV, 35,
EBEMEV TR, FEELBRONFRESEYHEILL
(GDW, CRW),
2. BBEETN

HEL, FEEMOMBAR0, KTHRX1LL
THREBHTRLI-(DVD, BEFHEDETHER
DIRELEESTROEEHRA~NLBTL, BREHR
BrBBU0 & LTETEMEL, EREBTHIVT
BHBM BB UBEECED R E 2D
(DayA), ZOREFBIETHVALBT LI,
ok, ABHAVIEECTRBERENN1 Lo BR
TEFAORFTEHET Lz (R,

—7, REERGETEE OVR) 2EET5C
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FarmXOEHHED, c uFBHEOEYRTZ L
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BLOEBED X FhFROBEEOETH 5 55,
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B ¥R EBE L LBV,
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Buc X b FEli L7 (fsen (DVD),

4. HEETN

SELE, EFHE I »2HAEFHIIC W TRE D5
BN D ERE~OGEERERL, £FMHIVE X
CEFHVIESWTRTEERN TR COERIH
LTEETHZ b, £B0EERLTELEER
LOHEIZ X DR LT,

BRI T, EF~OSERYFMT 5 —K)E
BA o) 2GR I VBT EbDLLT, b
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E OB R TR X CEREIREEE OE
Thh, ~nr=Fh& Selpek DEHIE (15 %
FButc,
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(LPpax), ZHICE W EF~ADOHERETET—K
EHRRBRE L,

XL IAFHIITE, RERKO.5 (HHEE ¥ &
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Fig. 38. Comparison of simulation and observation for the changes of dry weights of

each organ for Haruyutaka in 1986.
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Fig. 39. Comparison of simulation and observation for the changes of dry weights of
each organ for Haruyutaka in 1987.
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Fig. 40. Comparison of simulation and observation for the changes of dry weights of

each organ for Selpek in 1986.
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Fig>. 41. Comparison of simulation and observation for the changes of dry weights of

each organ for Selpek in 1987.
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Fig. 42. Simulation data on dry weight of grain
(GDW), total dry weight (TDW) and
harvest index (HI), obtained by changing
the emergence for Haruyutaka in the
average year at Sapporo during 1982-
1991.
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Table 11. Yield and yield components obtained from simulation model for Haruyutaka in
the average year at Sapporo during 1982-1991
Emergence Gr%ifn TDYY Hd L Max.“I;eaf MaSWEar %sse(rl\\/rfi:) Duration (days)
date @n> @ OO g @m®  (gm I+ Ul V4V
March 1 1318 3948 33.4 692 325 482 81 24 39
April 1 1290 3432 37.6 433 316 495 53 23 38
May 1 1053 2896 36.4 304 283 494 37 21 36
June 1 764 2293 33.3 242 214 488 29 18 33
July 1 553 1731 31.9 173 153 456 27 15 35
July 25 702 1594 44.0 241 123 296 31 16 50
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Fig. 43. Changes in the growth phases (Haruyulta-
ka) with the delay of sowing dates and
their relations to temperature and radia-
tion in the average year at Sapporo dur-

ing 1982-1991.
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Fig. 44. Simulation data on dry weight of grain
(GDW), total dry weight (TDW) and
harvest index (HI), obtained by changing
the emergence for Haruyutaka at Sap-
poro in 1988.
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Table 12. Yield and yield components obtained from simulation model for Haruyutaka at

Sapporo in 1988

Emg;%gnce GI;%\ifn (TDYY) }(Iyg Ma)Ic). Leaf MaSWEar D%e/se(rl'\\&?) Duration (days)
(gm™) gm ° (gm®»  (gm?  (gm> I+II I IV+V

March 1 1164 3645 31.9 665 249 606 81 25 39
April 1 949 3165 30.0 464 209 857 55 23 39
May 1 1204 2905 41.4 298 272 419 38 21 38
June 1 743 2278 32.6 121 187 705 29 18 34
June 15 1014 2485 40.8 215 280 354 27 18 32
July 1 609 1929 31.6 181 170 591 28 15 35
Juy 25 703 1657 42 .4 271 121 296 30 17 50
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Fig. 45. Changes in the growth phases (Haruyuta-
ka) with the delay of sowing dates and
their relations to temperature and radia-
tion at Sapporo in 1988.
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Summary

In any crop a better understanding of the
dynamics in growth is the first step for more
effective improvement of agricultural operations
and varieties. In this experiment, the growth of
spring wheat was divided into five main phases
based on the seasonal pattern of dry matter par-
titioning. The interrelationships among organic
development, dry matter production, partitioning,
canopy structure, light interception and the move-
ment of reserve materials were then analyzed sys-
tematically in each growth phase. Finally, the pro-
ductivity of spring wheat was evaluated by a
growth simulation model made from the data
obtained in each section. The main results
obtained were summarized as follows:

1. Based on the seasonal pattern of dry matter

partitioning, the growth was divided into following -

five main phases. Growth phase I (emergence-dou-
ble ridge stage) ; dry matter is mainly partitioned
to the leaf blades (60-80%). Growth phase II
(double ridge stage-flag leaf emergence); after elon-
gation of the leaf sheath and the culm begins, the
partitioning to the leaf blade decreases and eventu-
ally ceases during this phase. Growth phase III

(flag leaf emergence-anthesis) ; dry matter is par-
titioned to the culm and the ear (without grain).
The partitioning to the ear almost ceases in this
phase. The partitioning to the cellular contents in
the culm decreases temporarily at about the time of
heading. Growth phase IV (anthesis-milk ripe
stage) ; the partitioning to the grain starts to
increase about a week after anthesis. The par-
titioning to the culm decreases rapidly but that to
the cellular contents still continues. Growth phase
V (milk ripe stage-maturity) ; all of the dry matter
including reserve material is partitioned to the
grain. In growth phase I and growth phase II, the
partitioning to leaf blade was represented by a lin-
ear regression, Y,,=b,X+C, and Y,,=-—b,X+C,.
In growth Phase III, the partitioning to ear (chaff
plus rachis) was represented by a quadratic equa-
tion, Yo=—a,(X—b;)?+c;. In growth phase IV,
the partitioning to grain was represented by a lin-
ear regression, Yy=b,X—c,.

2. The varietal differences in partitionings for
three varieties, tall Haruhikari, semi-dwarf Har-
uyutaka and tall late Selpek were analyzed by
using these regressions. In growth phase II, tall
Selpek had a smaller coefficient b, than the other
two varieties, because Selpek had a longer term in
this phase. In growth phase III, semi-dwarf Har-
uyutaka had the highest value of constant ¢, than
others, but that of coefficient a;did not differ
among the varieties, indicating that the rate of par-
titioning to ear was higher in Haruyutake than in
the other varieties.

3. The influences of temperature and photoperiod
on phenological development of two varieties, early
Haruyutaka and late Selpek, were investigated
under the field conditions. There were linear rela-
tions between the rate of development and tempera-
ture through all growth phases of both varieties.
In growth phase I and 1I, the phases before flag leaf
emergence, the rate of development increased as
temperature increased more in Haruyutaka than in
Selpek. In growth phase IV+YV, the grain filling
period, the rate of development decreased at a low
temperature, especially in Selpek. The thermal
developmental rate, 1/D(T-Ty), is the value of
developmental rate, 1/D, divided by temperature,
(T-Tg). T and Tgare mean and base temperature,
respectively. There were liner realtionships
between this thermal developmental rate and the
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mean photoperiod in growth phase I and II, indicat-
ing that the photoperiod affected the developmental
rate more sensitively in Haruyutaka than in Selpek.

4. Diurnal and seasonal changes of photosynth-
etically active radiation (PAR), both intercepted
and reflected by the canopy, were measured
throughout a growing season for Haruyutaka and
Selpek. Each daily mean diurnal change in pene-
tration and reflection was the same between a
cloudy day and a clear day. The penetration de-
creased with the growth of surface area. After flag
leaf emergence, total surface area became 10 m’m~?
or more; After the penetration rate decreased to
109% and below, it did not change. There was a
linear relationship between total surface area and
the exponential value of the penetration, although
the coefficient of light intercepted, Ks, changed
with the growth stage. The Ks value was also
higher in Selpek than in Haruyutake throughout the
growing season. A linear relationship was obser-
ved between the intercepted PAR and the crop
growth rate (CGR). However, above 8 MJm™*d™!
of intercepted PAR, Haruyutake seemed to be
saturated with light.

5. The relationship between the amount of inter-
cepted PAR and the CGR was different before and
after heading. The slope of the regression line was
higher after heading, suggesting that the assimila-
tion rate may increase after the emergence of the
ear, which covers the top of the canopy.

6. There were negative relations between surface
areas and PAR penetration within layers of ears,
flag leaves and lower leaves. The surface area of
ears was larger in Haruyutaka, that of flag leaves
in Selpek ; and that of lower leaves in Norin 61,
respectively. The surface area of flag leaves was
also larger in late sowing than in early sowing
regardless variety.

7. Most water soluble sugar content (WSC) in
vegetative parts existed in culm as the reserve
material during the grain filling period. The
amount of WSC in leaf blade was always higher in
evening than in morning throughout the grain filling
period, and closely related to photosynthetic rate.

8. Carbon exchange rate (CER) was measured
with the flag, the second and the third leaf under
two field conditions, intensive and natural light con-
ditions whithin a canopy. The CER measured
under intensive light conditions was closely related

with leaf nitrogen content. On the other hand, the
CER measured under natural light conditions was
related with the daily increase of WSC in leaf.

9. Changes in culm contents, cell wall constitu-
ents, net cellular matter and WSC were determined
from anthesis to maturity in three parts of the main
culm, the peduncle, second and lower internodes.
After anthesis these three contents increased until
milk ripe stage, then WSC decreased to almost zero
at maturity. The percent WSC was higher in the
second internode and the amount of WSC was
higher in the lower internodes, suggesting that the
second and lower internodes were main storage
organs. In addition, the percent and amount of
WSC were higher for semi-dwarf Haruyutaka than
for tall Haruhikari and Selpek.

10. The dry weight of the grains, the WSC and
structural weight of culm were measured every day
during the grain filling period. As a result, the
grain filling period. was divided into four phases;
(1) Initial grain filling phase (from anthesis to
ceasation of culm elongation), in which the assimi-
late was used mainly for culm elongation and the
dry weight of grains increased slightly; (2) Early
grain filling phase (from cessation of culm elonga-
tion to milk ripe stage), in wich the assimilate was
used for both grain growth and reserve in culm.
(3) Late grain filling phase (from milk ripe stage
to termination of photosynthesis), in which the
assimilate was used entirely for grain growth and
the culm reserve was also translocated to the grain;
and (4) Final grain filling phase (from the end of
photosynthesis to maturity), in which grain growth
was supported only by translocation of reserve
materials in culm, because the assimilate was no
longer being actively produced.

11. Varietal difference in yield ability with the
delay of sowing dates was investigated for three
spring wheat varieties, old tall Haruhikari and
modern semi-dwarf Haruyutaka bred in Hokkaido,
and tall late Selpek bred in Germany. Grain yield
decreased with delay in sowing dates in all vari-
eties, mainly due to the decrease in biomass and
grain number. The decrease in grain yield was
smal_ler in Selpek than in the other two varieties;
the late sowing yielded 349 less than the early sow-
ing in Haruhikari, 36% in Haruyutaka and 14% in
Selpek, because ear and spikelet number and the
CGR for grain filling period did not decrease with
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the delay in sowing dates in Selpek. Ear weight
type variety (e.g., Selpek) may be useful for late
sowing cultivation in Hokkaido.

12. In order to clarify the significance of biomass
on grain production, six high yielding lines were
selected from the progeny derived from crosses
between Selpek (high biomass) and Haruytaka
(high harvest index), and between Max ¢high
biomass) and Haruyutaka, and their yielding abil-
ity was compared between the two different dis-
tricts of Abashiri and Sappore. Four of them
showed higher yield and totoal dry weight than
Haruyutaka in 1990 at Abashiri and in 1991 at
Sapporo, although their harvest indices were slight-
ly lower than that of Haruyutaka. Harvest indices
in six lines and three parental varieties showed a
highly linear relation between these two locations,
but total dry weight did not. To improve biomass
production in wheat, a new ideotype must be devel-
oped in each district with different environment con-
ditions.

13. A wheat growth simulation model under opti-
mal field conditions was established to evaluate pro-
ductivity by using the data obtained in this experi-
ment. The simulation model consists of five sub-
models: (1) an input sub-model, for which environ-
mental date (temperature, photoperiod and radia-
tion) and fundamental values are inputted; (2)a
phenology submodel, for which developmental index
(DVD and rate (DVR) are calculated by tempera-
ture and photoperiod; (3) an assimilation sub
-model, in which the crop growth rate (CGR) is
calculated by radiation and PAR interception in
canopy; (4) a partitioning sub-model, for which
dry matter partitioning to leaf, culm, ear and grain
are estimated for each phase; and (5) an output
sub-model, for which dry weights and surface areas
of leaf, culm, ear and grain are outputted. The
model started to run at emergence and ended when
the phenology model showed maturity. Seasonal
patterns of dry weight in each organ were calcu-
lated from daily data of temperature, photoperiod
and radiation for each of the five sub-models.

14. The simulation results and observed data
were compared for Haruyutaka and Selpek in 1986
and 1987. The simulation data were very similer to
observed data in 1986 Haruyutaka in terms of
phenological stage, changing patterns and propor-
tion of organs, but did not fit dry weight of organs.

The model could express the difference between
years, 1986 and 1987. The calculated data in
Selpek, however, did not simulate well due to the
lack of fundamental data, compared with Haruyta-
ka.

15. The responses of grain yield, total dry
weight and harvest index to sowing days were
simulated by the model in the average year during
1982-1991 and in a single year, 1988. In the aver-
age year, grain yield decreased with the delay of
sowing dates, due to a decrease in total dry weight.
However the harvest index was high in April, May
and July, and low in June. In 1988, nevertheless,
these characters fluctuated more with changes in
climatic environments than in the average year.



