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TLHAIILEIREOMBEIAEL, /8T A —F OPLE
HARZEE %2 B (Grimm 5 1994, 1] - Y71 1995). AHF
FEIC BV TAIRE HRIFROMBIREE, Vavky, =
YLA, 7725 HTVE~R2E-0.40, -0.41, —0.40,
R2~R5130.06, 0.08, 0.51 TH > 7. RR~R5D 7 ¥
27 FIFLATED L 720D & 1 E R 555 (A
AL CL %A%, Grimm 5 (1994) OfEiH L T2 HHB
FREOHSE0.6~0.7 LD iZ/hS v LAiL, [ikEH
FEFHOMAEDLETHRL L, 7= k& L TIEL
A ERT A, MBUBHED B A G DEDFEL TV D
1), BIC) 2R TR T DR AIREL, £
TIDBTIEFENHBENIFHVELTH, BHF/NTA-=FD
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6 SURFAM (1981~2010) % HV 72Kl FEIZ B
AIHHE (DVR) OFMEMEL L ORIROHER.  WiIE &
BT B3ENT A—F T, OiRExR". LXK H3EY
(VE) ~BHAEM (R2), 4 BHAEHE (R2) ~ 92K (R5).
VPAEECTOSREY, {1 PEE +3CTOREM, v ai
13 CPEM+3CTOFGEH, FEMTOEEH) 2R T
722U 7 728 B TR & P4EE +3TCICBW T R2 B X
O'R5 FEH DR H TH -7z

ZAMEIIZE S R MEDPUETH D, 72720, 65 -
R LR EMORS 2 EE T, s &l o i
Al L-#BHICIRONTEB Y, F3ELMFERD
INT A= PRI LT — 5 ofHNTH L. L
1o T, e HEBMOBBRICKERZRIIRL, b

L, BE/NT XA =FI2BWT, Sie HERE O »5E
BIZGHESIN TR LT, ZORBIINSVEDLEZ
575, Sinclair 5 (1991) X Grimm & (1993) DIEE I,
000~ IX DRI\ B O K B il 2 Fl V7245 R 2 7R LT
BY, HARMEIZBIT 2 T L HE/NT 2 — 5 OfE
IZBWThH, JLiEE O RFESE D & 72 IR b s C O RG]
WUETH 5.

R2~R5 1% VE~R2 IZLRTHEFEMH AN S b
59, TYLA, 7728 HTIIEERENKREL kol
(8 2X). =L AI2B\\TR2~R5 DEF HEOHEER
FEN—TFRE 7o 72 051F 2012 FEORER] TGC 12 BT 55
MXTHY, FEMHE34 IS L CHEEIS23HERD
HeE HEA 11 HEL o7z, SHILIEE EFMHEIZ XY
T A ZDAEF B L OFMERENRT L2720 EZSL
1% (Thomas 5 2010, Kumagai 5 2012, Tacarindua % 2013).

L7255 C, RoMIOHEERE O FICiE OB E R
TR, BiRA ML AL BEEFHREOKT (Grimm
5 1994, Setiyono 5 2007) &\ ) EREER L EE L /€
TNVOVERSVLETH S,

BHENT A=Y OPEIMEH L7727 — 5 0T B &
CHEFEBHIZRONTEY, ZOREETVEHVTEHL
12, FRRELARZEELCY A AOREEMEHET S
ok, NI A= ERYGE LT — Y Hi B 2 2 AN E
ey dbor s, RRMIOHEEIZOWTIE, SIRABAT5C
Hithd 5B O TGC 12 BT A REDVF—DREETIVE
LU G A= THEETRE TH o122 b (5 2WE),
HHARIZBIT 2R EAFEOT IS 2 DU MEDNH
HEEZONE, —F, WMNEE I SRR ISEICBITS
il LA OE T NEEIZME T — & O B 2 72T
HY, BRANLV AL LIBEEREOKTIIEETETH
5, MROZLUEIIIEFEEILETH L. FEHEOMEMN R
HEEIZDOWT, AWFZEClaEE, ©<IE, KL T 572
TR W TO T — 7 UG %2 B L7225, %65 Mol
FRRE LIEEICIINEIC L 280 H S . 20X
85 MOFEHE~ v TIIEEICB T P IEED
VBT H DM, Rims HERHIIH T 5 DVR OIEMHIME
*EBTLHEOICRETVENCLEEIASTHY, 5
BT — 7 2BINT 5 2 LTS5 AREEOM S
TX5%.

Dim+ 3CEEE LA, HHAD) 2 vkyRLy
LAEENPRETY) RR FTOHEDEHMEL TW52, L
MO 77255 TRIFIZTEAF 2 BESR). i
DVR & &SR IERIEERTH 1), T, T OXIRTIZ DVR
DEALIIRE VDS, H KM EIZHR S LIFIFEL %L
A EVIFEILHATES (E3K).
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). VE~R2 CTIIEKHT & FiE T 0 6 H ORI K ihfE o
T, (W72, &l + 3CI2 X % DVR oA K& < 7%
LN, EETHOTHORIRE T 22y DT, Lo
Wz, S+ 3CIZE 2 DVRANOFEIZIZ L A LW
6 X/). —F R2~R5 ClF, HHTB L OHET D6 H
BLHHEFEO) 2R T7BLOT LA DOR2AT7 AT,
FEWO7TH 15 BRSO 7728 O R2H8 A VAL 7%
D, HEHEOKIRIET, L) HoEnzd, SiR+3CICE
L DVRANDEEIZIZE AR D BBE6XA). 22T
IRL723 D T, 12 15~20CHETH ), EFHHOK
MmAS Ty 129 < 72 AR A AR LI I &R LA 12 L 5%
HREOHMAKREL %D, 2F) 26O TIE,
DVR O FUS DK & ViR SN Tnb 2 LI
Iz, WERISENRKE S R ZIRESELFER->TEBY, ik
BRI & % 54 0B O Re S5,
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IEBHEICPE D B OZ b e iR BRI X 2 SETm AR B
EAOREE, R EADERRL FERRICRTT Y
BLZ20E% 5%, &RKHFEORRFINE RN T
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&b &Y (Sinclair 1986, Setiyono 5 2008), i bH-12 &
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AL T, TEMRE RSN L CREESOLH S
ZALA UL, R A OFBIIZNIEEE L 5T
BWwZbilns, —7, FEHREEREEOMML Y bEEF
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Wo WIBAEZ bNS,. T2, [iRLAIFEPRIZE
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TS SN TE Y (Thomas 5 2010, Kumagai 5 2012,
Tacarindua & 2013), T FEARMNIZER O E 8 % N85 %
L9 A EORIRGLEE 220 L H 5. 5
BITAM LA X 2 HE~OREIINZ, SRR RE
B2 HY R, TEERNOREL SO A 7 5l &
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51 A X &K

Allen, R.G., Pereira, L.S., Raes, D. and Smith, M. 1998. Crop
Evapotranspiration-Guidelines for computing crop water requirements.
Irrigation and drainage paper 56. FAO. 1-300.

Fehr, W.R. and Caviness, C.E. 1977. Stage of soybean Development.
Special Report80. Cooperative Extension Service, lIowa State
University, Ames. 1-12.

TRAEAL - S IEHE 1951, HARIZHNT 2 KTl ERESEI e, 1.
FHAL H £ & #5592 H B X 2 imdE o534 & 2 O B 534 | 23w CL
BREFHERS 10 27-39.

Grimm, S.S., Jones, J.W,, Boote, K.J. and Hesketh, J.D. 1993. Parameter
estimation for predicting flowering date of soybean cultivars. Crop Sci.
33: 137-144.

Grimm, S.S., Jones, J.W,, Boote, K.J. and Herzog, D.C. 1994. Modeling
the occurrence of reproductive stages after flowering for four soybean
cultivars. Agron. J. 86: 31-38.

JEVLEC - I 1990. 1 A DFEFBIZOE T ML E FRNZES 2
WiZe. 5515 E TN ORI E L /8T A — 5 OHEEEB L OHHT
HI~OE . HIEA 59: 687-695.

SR 2013, HIERIRBEIL TG 458745, IPCC IR ZE R A7 A HET &
F1) FAIB % F W72 ) R I AR T VIS & B HARDR L
AL 1-88.

Kumagai, E., Tacarindua, C.P, Homma, K., Shiraiwa, T. and Sameshima,
R. 2012. Effect of elevated CO, concentration and temperature on
seed production and nitrogen concentration in soybean (Glycine max
(L.) Merr.). J. Agric. Meteorol. 68: 1-13.

Kumagai, E. and Sameshima, R. 2014. Genotypic differences in soybean
yield responses to increasing temperature in a cool climate are related
to maturity group. Agric. For. Meteorol. 198-199: 265-272.

Lago, ., Streck, N.A., Alberto, C.M., Oliveira, EB. and Paula G.M.de.

2008. Impact of increasing mean air temperature on the development
of rice and red rice. Pesqui. Agropecu. Bras. 43: 1441-14438.

Maruyama, A., Kurose, Y. and Ohba, K. 2010. Modeling of phenological
development in winter wheat to estimate the timing of heading and
maturity based on daily mean air temperature and photoperiod. J.
Agric. Meteorol. 66: 41-50.

HOIEAR - VIR 1995, 1 4 DFEEBIEDE T ML E TN S 2
WFgE. &5 2 # R0 5L - FEEBRE ORI Tl E 7OV, HER
64: 33-42.

HROR R - SEARET = - EAETE ) - AN - Rkl - gilEg g
NIRRT - RS - WARE R - RTSIE M - R - RIRKYS -
A LI — - BEARE - R ER - BRI 1996, & A ZHiniE
() 2Ry ] OFK. FILERIIR 91: 1-11.

K EE A 2014, KE % © < % H 1. 1-19. httpy/www.maff.go.jp/i/
seisan/ryutu/daizu/pdf/daizu_meguji_h2606.pdf (2014/6/10 F%).
KEFTZ 2014, A v ¥ 2 BERR T — ¥ FIH~ = 2 7 v, e ik

FEHEHE 9: 1-77.

FRIERE - MGG 1980. 45 2 i NEHIE O TinfE D548 - 47
i & IR 1. RO SR & S A RO ERE & BBl AR IE
Ve - RAPRBERAT . 37-62.

I LR 2000, AR BRBEE N3 2 574 ZOEF RIS DfFNT 5 &
CETY > 7IZB$ 2058, B > & —F#k 32: 1-119.

Setiyono, T.D., Weiss, A., Specht, J., Bastidas, A.M., Cassman, K.G. and
Dobermann, A. 2007. Understanding and modeling the effect of
temperature and daylength on soybean phenology under high-yielding
conditions. Field Crops Res. 100: 257-271.

Setiyono, T.D., Weiss, A., Specht, J.E., Cassman, K.G. and Dobermann,
A. 2008. Leaf area index simulation in soybean grown under near-
optimal conditions. Field Crops Res. 108: 82-92.

Sinclair, T.R. 1986. Water and nitrogen limitations in soybean grain
production I .Model development. Field Crops Res. 15: 125-141.

Sinclair, T.R., Kitani, S., Hinson, K., Bruniard, J. and Horie, T. 1991.
Soybean flowering date: Linear and logistic models based on
temperature and photoperiod. Crop Sci. 31: 786-790.

Tacarindua, C.R.P, Shiraiwa, T., Homma, K., Kumagai, E. and
Sameshima, R. 2013. The effects of increased temperature on crop
growth and yield of soybean grown in a temperature gradient chamber.
Field Crops Res. 154: 74-81.

HRHENE 2005, ALEBILIHNZ BT 2B A X0 B RER R34, Coastal
Bioenvironment 4: 29-36.

Thomas, J.M.G., Boote, K.J., Pan, D. and Allen, L.H.Jr. 2010. Elevated
temperature delays onset of reproductive growth and reduces seed
growth rate of soybean. J. AgroCrop Sci. 1: 19-32.

Ude, G.N., Kenworthy, WJ., Costa, J.M., Cregan, PB. and Alvernaz, ]J.
2003. Genetic diversity of soybean cultivars from China, Japan, North
America, and North American ancestral lines determined by amplified
fragment length polymorphism. Crop Sci. 43: 1858-1867.

INETBAE - HRMEE - FhZs - MH3EE - B - b2 -
FHED - R EE - NSHZE - = RHEE - FURE - SR
LZHRIE 2012, K7 I 00— AEHROHEEIL L 5 EHED D% WK
T I U — ZKREFED 72O OFRFEEH - EIE e HIER 81:
281-291.



i & ——5 4 XFEHFE T MER & RIR LSS & B 3EE OB E 417

Modeling of Phenological Development Stages and Impact of Elevated Air Temperature on the Phenological Development of
Soybean Cultivars in Japan : Satoshi Nakano", Etsushi Kumacar”, Shinji Suivapa”, Ryoji Samestiva®, Hiroyuki Onno”, Koki
Hommva® and Tatsuhiko Suramwa® (Y Nadl. Agr: Res. Cent., 3-1-1 Kannondai, Tsukuba, Ibaraki, Japan, ? Natl, Agr. Res. Cent. for Tohoku
Region; ® Grad. Sch. Agr: Sci., Hokkaido Univ.; " Grad. Sch. Agr. Sci., Kyolo Univ.)

Abstract : This study aimed to estimate the large-scale effects of elevated air temperature on the phenological development of
soybean by using the agro-meteorological grid data. A logistic model has been developed for describing the developmental rate
(DVR) of three soybean cultivars, Ryuhou, Enrei and Fukuyutaka. Root mean square errors of the model estimation ranged from
1.4 to 2.2 days for emergence (VE) to flowering (R2) and 1.2 to 2.8 days for R2 to beginning of seed growth (R5). The model
could estimate the effect of elevated air temperature on phenological development in a temperature gradient chamber. The
response of DVR to air temperature change from VE to R2 was larger in the medium cultivar, Ryuhou, Enrei, than in the late
cultivar, Fukuyutaka. The elevated air temperature simulation (+3°C) resulted in shortened duration of VE to R2 in the cool,
early sowing region of eastern Japan by 5 to 7 days, whereas little effect was observed in the warm, late sowing region of Kyushu,
in southern Japan. This large influence of elevated air temperature on the phenological development of soybean in eastern
Japan was not only because of the use of cultivars sensitive to air temperature change but also because of the range of regional
air temperatures, which largely alters the DVR during the cultivation period.

Key words : Agro-meteorological grid square data, Developmental rate, Global warming, Soybean.




