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FoBRET HAE 2 S 2 B by 7o B I R S BR B L AR A B 35U » DL
HRERENRHEE ST EREEBR ZEARELZE - AR RERES
B 71 8% (TNG 71) Bk - EE P HEEENTTEP R EE B a3 TS
BT ZARARAE A RS - WFSEARTE 2006 4 12 HEEZE 2009 4F 8 HILAE
a1 41 (EARAEHE - BN B fhiE A R AT = I H 391 (ADMAT) ~ Hi =
5. (ADMAXAT) » Hix{KIE (ADMINAT) ~ HIEFRF# (ADSH) 8 H % & (ADIR) %
FIERBK FHNE » DI AT AR SR S KSR E R 522 - SOKF 41 {ERRAE ]
SrRRERsy c H—F 1 AE 6 A LA » HF 22 f#kfEl K-k 7HE 12 H
BB - HE 19 EORERT - #ELGE—2 0T b TP ERRRFEREN A
FLEZE o RRHMRAEREATRER o b 5 TEG TR SAIIMERY SR SR R W N o [ B R
EAHR - P 5 ERGEK 2 MR B ARSI HR (R R - BRI
[ b PRI S S 8 R 2 [ B i Y] 284S o B R A R R S B i KRz AL
AR EL AN TR o LB 41 EFRAE AN SRS B IR 2 AHRR M AT RS - REKEORL
FEHEE RN 5 TER SR R EAER - HirEERS R HI Bl ADMAXAT
K ADSH 2EHZFEIEME A KAV EHE S 25 ADMAT » ADMAXAT K&
ADSH SE#EEEMAHR - HESEMEEK B ADMINAT Il 28132 &M - BHRINE
JEEL ADMAT * ADMAXAT ~ ADSH J ADIR 4@ S8 K B B & fHRd - HE
BHES RER I 5 TE SR SR 8B RIS 2 AR EMHR - HoRIVSERE R LLBIEL ADMAT -
ADMAXAT ~ ADMINAT J ADSH 55 588 K] .2 [ Fe S35 S hERE - HIESE %R
LeIHIEL ADMAT 52 ADMINAT Ry# 1EAHR » ZAIAVREE ADIR 2813 &l
B - KiJZHIEL ADIR 2 EAR - BRECRHEEDE S & - BhRE RERREF
RIE 2 LUAEZ A - BEDL A P AR S HRTEE - B2 onRp i s o4
FEIR » VKRR LA BB BRI B SR S K] 2 [l = e Ml AR =X 5%
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BY
R BB ANESER > /KIE (Oryza sativa
L.) 7Rk R 3 22 s e i i i B YRR B A
Yy ATEPEREEZ S 2010 £/ T ESEHGTE
# iy (COA 2010) #UR » B FERBIERRE L
244,000 ha » FEEAERER 1,450,000 t » FAE
FERIT 6 t o FEE L &R RAIA G AKAELET] -
B HH SR CHIZEEE ~ 12157 B2 15
FRELZ s L » IR A AR R BGRB8
SAEE I 7 B R KR A A 2 E AR e v
i E - AEHBRRAE AT ENEE
T E AR BRI A SR S E AR R AR A e Al - A
SRR RS IR LB T kR R L &
fILHE -
TR B ARRL VB R 1 ~ AE{E
B B S A MR S =K ) - S8 SE[RIZRE
1 5 BRI E ~ RER R R A -
HWORRINER R BRI ~ —2E -~ ot
EESTE B (transparency) 5 SE{HFRE
(HJE ; whiteness) % » IWAE(LEAHHEEE W E H
‘B~ NERGIE ~ Wk ~ HEA SRELEYI B FE K
o3 B EAETHLRE o TR P R IR AR A
KEVEH ~ TR B SOLESEIE (Kim et
al. 1994; Hong et al. 2000a; Hsu et al. 2000; Choi
2002) © —fERIIEZHERRIR/ N (FMR) KM
AR (WEKAYE) - BiTEH DRLR ~ K ~ K
Febi R BRI AEEBIERIR » B W 5 Ry bR
(dead grains) ~ 5E#&47 (head grains) fIESEEHL
(non-head grains) — A3H » 1IE5EEER A FF

3B KR (green mature grains) ~ #¢EF7 (dam-
aged grains) * FIEEE K] (chalky grains) » RK#
K7 (immature grains) ~ #R] (discolored grains)
S HRZERL (fissure and cracked grains) 45 ffH%H
A o RRLHIALERRH AT RER B KA AHTE] -
TR ERAR AR DL B SEME 8K (amylose)
¥ F'E (crude protein) ~ JFEEISHGEE (free fat-
ty acid) Fy LR Y 5 REOKHE LRk ER 2
FK -+ FDUE S ek B B VB e = F5E
ek EARERRMEE - HEHES
5~ [BEZLE (consistency viscosity) M EIFHEL
JE (setback viscosity) ¥ > MIAEHERGE (break-
down viscosity) SEEHBRIETN: (gel consistency)
515 (Kim 2009)

BT EEEE N - KA E R TR
B~ BEIE ~ R R e R S BRI K R A e
BRSBTS R B R R R]
RER Ry T S B EIR SRR (Lee ef al. 1993; Gra-
vois & Bernhardt 2000) ° Krishnan & Rao (2005)
WgetaH - ARfERb B AL ~ Fmig S
Be2F H o L B ORI Y PR S5 B S R R Y
SR BRI GRS SR - BRI
BRI E A S E Y - RImSEEE
HEEHIRG N ~ EHEE & B RBR EE T
RESFE SR » (ERERIE S b n] RO IR KA I
¥ R HERR Ry %2 AN (Yamakawa ef al. 2007)  #X
i AR EREE - RIPRARL ~ FKKL
e B W T R g EL R B EE R - B
granule-bound starch synthase (GBSS) 32 TH
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T - HEM IR L BB 2= & (Huang &
Lur 2000; Ahmed et al. 2008) * HEMFFEEER -
KRR EFHEERERE R R s Bk
MRS » BRI 1°C &diER R
10% (Kukla & Karl 1993; Easterling et al. 1997,
Peng et al. 2004) < JMESTRRERHE » $2mK
L B R ey IR K AR e R R A = ~ TR
B H AR O i RS SCRERR EL
HiJersiafn (Ziska & Manalo 1996; Counce et al.
2005; Cooper et al. 2006; Cooper et al. 2008) °
RATERY » AR K S8 B H IR 0 #E ] &
K+ 2090-2099 FHY BB R E K &S
1.8-4°C (IPCC 2007) » & AKF A B R EHE
JER TR ST TR ~ KR ESR -
HHESEREREREEEZERD
HEssEERER S EHEYHR - &E
HE & &R R R BRI RE M BB M - A3
KRIRIRERE - (Kl - @BEERESE &
KA R B A (Zhang ef al. 2001; Shen
et al. 2003) - —ffEFTHEHE S 8 S
5-12% » HHp 90% DL Ry iR 'S - AHER
WEHEH (albumins) ~ BREEH (globulins) »
FEH (glutelins) MEEFEEH (prolamines)
% o EARRHIIRRAE & BRI ER - OREN
SN~ R~ TIRK ~ RERE R R R -
HAG# ARG E gk (Ogawa er al. 1987,
Hong et al. 2000b) > Tamaki et al. (1989) iff52%
B AR AU BR IR & s B R R
HESR ek NMEHE S EEEEmER
TRIGRHE - H4h - Ttk B R EIEEER
BB ENES R HPEDE S R
FMEIREE (gelatinization temperature) SFEZAE
T =N 3SAN (Akram et al. 1985; Petroudi
et al. 2011) « FERRFHIAE 80% & E AR
FAHVE - HE R 2L A e R -
Fir LA AR B S s 2R R HE 2 & (Zhou
et al. 2009) » 1E56 &g R KRIE HE & &

AR -

PRI A8 2R AR B A I S FE R B R FE 1
JORERR S e R R AR B R B HHREAL
By 28 5 J R R BRI AT 3 N R UK
S HE - FEEBURERSE N REAEHIAERSR (spikelet
sterility) RFErdmm - HEAIER a5 5 o7 b
(pollen germination percentage) (Zakaria et al.
2002; Mohammed & Tarpley 2010) ° ERLEREE
KRR S - BRI B
IR A FHRFEE - BEFF3E 7 S WEAR ThRY iR
KMeavttEEAchAE - HERENR SR
FETE S R A FRERSE (Hirai et al. 2003; Morita
et al. 2004) - BREFKRIFFR TR 250 » SLROR
BB R ELE - BN - BFERR /KA
JRBRL FE T R o RS e B AR Aot i FEE T
Rk B E B E I N » E F R MBI
R+ BRI TE B RAAE AR I R AR T L5 S8
RIHFEE H 47 b (Yoshida & Hara 1977) © Naga-
rajan et al. (2010) FIBFSEASRILEEE - HI &
Hl/KFEEE & ~ IFEFERL (harvest index) ~ FHAE
FRER KA B EHIEAHR - Yang (1994)
CIGEIREEH - FESERRAGEEE ST - TRk
FE B Bl AR IR 20 H B 8 R 2 H EiR L
A TEAHRES -

e B SO R » AT BRS AR R
YRFIRGEIENIE - CHAEHE R
IR R 78 B IR Y B DR 7 e BROR T O B S
RFH] o AT AE T =AM AT 41 |
TR R AAE AR BE » DAPRET It —2h 7 B A
REERFM AR BRI RUE - LA 2
KRB TR E RSB E R R

pE-
RIS %
FIRTSE 1 R % A

ENTFAN=RANTE A LT ARy s
By R P 5 T il P D e 5ol - Bl



ERHARTE 2006 4 12 H#EZE 2009 4F 8 Hibdt:
SHEST 41 EAFEI (fF2) » 253 1 - difh
Tl 2 AU T A PR P B b 7 B H U IR 1y 37
HERER 99 H ¥ 503 H - EHREE
FEREEE 71 37 (TNG 71) Biltf - AR kE
e 2 G T o2 P 4 T S R AT e S e B Pl —
SR SEMIGE 2 HI9M (DMAT) ~ Hi &
i (DMAXAT) ~ H (K (DMINAT) ~ H iR
B (DSH) ;& H& & (DIR) HFHIEEZK T
HME - WEFS 41 BRI S E R AR B
AR ZIMENE - S 2 INH S (ADMAT)
FNH =18 (ADMAXAT) ~ 201 H KR
(ADMINAT) ~ 211 H R85 ADSH) &2 InH
Y5 (ADIR) S TR GIA] - RELL 41 (EHAE
s B 1 AE 6 iy EERE 22
A B 7 HE 12 AN BER A
A 19 {EAAERT - M 2007 429 A ~ 10 A
2008 4F 9 HIRMEI » A TE A= R IR E 52
IR - SRR RE R AR AR E
HITE -
BRIz FHRIRRIG B — B RS
TEEE 34 TEEE DRI LR 2 A EEHER
HESHE - FHEA R 0.1 ha (50 m x 20 m) °
FHE 15 2IREE M (pH 5.36) » BB & &R
2.21% » FARMEHHEIE T 4 RABEHEEL - B
TR RRRET - DLEHE 39 SREE AR kil -
12% N » GHEIREIRAF - mlET) M
200 kg ha' 5 B8 R HERHHE A RS 1-2 58
DIEIEmiSE Rl - 21% N) FI& 200 kg ha ;
B = R AR 3-5 08 - DIG RS
FH&: 200 kg ha' 5 SEPUZCRFEAN it AR R T
1-2 38 » DAEHE 39 SRS R A & 200 kg ha' -
TEHERE T T - FERUR BTG 30 kg ha' (1Y
8% T HIARFHRIE » AR 34 SERE
R P R E A TR o i e
T R AETE N E - iEEE575 2L 100 kg ha
AR E 1-2 K 5 BUNE B FZERER 753
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B 3% HEFIERAI R 10% Sapb il E
PER BT RSP RERIR IR B I S — AL I e i L
30 kg ha' Y 6% BEFHRIH 5 H A sS4 Sk
FH 40% IERERZKAEH] 1.2 Lha TAEFEREN -
KEDM

BRI T2 IR B 3 A
194 10 m* /NEFER - DOESEFOR o SH
BRIAR 40°C HERZEEWE 72 /NEE - RBERIK 5
MEFFAE 12-13% FFFPHUHLRZ b7 s & » DAL
MHRHETT KB 2 & IH 53T (Hong er al. 2000a;
Hsiao et al. 2009) - FhiPREZ I - (RERE
HY 40 BEERNI DL 5 5 HORHIE RS (model 66-
SII enlarger, LPL Co. Ltd., Japan) 2K & HIZRL
K (grain length) BRI % (grain width) » K
JZ (grain thickness) J7LMEE 0 HET (model
SM540 dial thickness gauge, TECLOCK Co.,
Japan) HIE o XERGERL 1000 FEKKL K
FrSMERMEAR - DURKIBEEHERIEE (model RGQ-
120A grain color sorter, Satake Co., Japan) &%)
FoEKHL (dead rice) ~ 5EEEK] (head rice) M IE
SEHERL (non-head rice ; EEE KK ~ BEERL
HEEERL ~ ARARL ~ BN R IR, 55 S8
A AR HECRE KA o KRGS
& DIZDIRERS KA AT (model MMIC mill-
ing meter, Satake Co., Japan) & KK 2 EHHE
FeERE o KR ALBARR - DUTARLS MK
&1 (model AN-820 near infrared grain tester, Kett
Co., Japan) 2347 » FEHHPAEEA (F HRAR A ZUAS
BaRZ MBS ~ ERME R SRR A
FRZHERE - BB ESE -

A EHEIMEIRE D E RN - AR
ERtz a5 - BRI SAS #EHIKER (ver-
sion 9.1) » AGABSFI AR A= 71 9%
ZRRE TP $yi e 2 L A ] o SR 5 A S R i AL
M HAR ARG B IO R L/ AR e BT o K
KB R L ELRH S YU BE R P B R 5 A 3
KRG RIAET TR 24 - DARR AR SR S (AT ¥



226 tF Folt 3

op
T
Pl
M
o5

+® 1. 502 71 HRY 2006-2009 FEHIFIGET 41 ARG AR H I ~ hiviE H 31 ~ (o 301 e il S e K
Table 1. Dates of transplanting, heading and harvest and days required from heading to harvest of 41 crops of rice cultivar
TNG 71 grown in 2006-2009

Crop Date of transplanting Date of heading Date of harvest Days from heading to harvest
2" crop, 2006 12/26/2006 03/27/2007 05/27/2007 62
1% crop, 2007 01/30/2007 04/11/2007 06/03/2007 54
02/27/2007 05/04/2007 06/19/2007 47
03/28/2007 05/22/2007 07/09/2007 49
04/27/2007 06/30/2007 08/12/2007 44
05/25/2007 07/22/2007 09/09/2007 50
06/25/2007 08/19/2007 10/11/2007 54
2" crop, 2007 07/27/2007 09/18/2007 11/06/2007 50
08/21/2007 10/09/2007 11/29/2007 52
11/26/2007 03/15/2008 05/12/2008 59
12/21/2007 04/09/2008 05/20/2008 42
1* crop, 2008 01/16/2008 04/21/2008 06/03/2008 44
02/04/2008 04/24/2008 06/05/2008 43
02/19/2008 05/06/2008 06/11/2008 37
03/06/2008 05/08/2008 06/18/2008 42
06/19/2008 08/18/2008 10/07/2008 51
2" crop, 2008 07/08/2008 09/02/2008 10/21/2008 50
07/23/2008 09/17/2008 11/03/2008 48
07/23/2008 09/17/2008 11/04/2008 49
08/06/2008 09/26/2008 11/10/2008 46
08/21/2008 10/13/2008 12/03/2008 51
08/21/2007 10/09/2007 11/29/2007 52
10/21/2008 02/16/2009 05/25/2009 99
11/26/2008 03/24/2009 05/26/2009 64
12/24/2008 04/06/2009 05/20/2009 45
12/24/2008 04/10/2009 06/02/2009 54
1* crop, 2009 01/20/2009 04/17/2009 06/03/2009 48
01/20/2009 04/17/2009 06/07/2009 52
02/09/2009 04/23/2009 06/09/2009 48
02/19/2009 05/05/2009 06/14/2009 41
02/25/2009 05/09/2009 06/16/2009 39
03/05/2009 05/14/2009 06/23/2009 41
03/25/2009 05/28/2009 07/09/2009 43
04/24/2009 06/22/2009 08/10/2009 50
05/26/2009 07/21/2009 09/27/2009 69
06/23/2009 08/17/2009 10/12/2009 57
06/23/2009 08/19/2009 10/13/2009 56
2" crop, 2009 07/07/2009 08/28/2009 10/22/2009 56
07/23/2009 09/15/2009 10/29/2009 45
08/10/2009 09/27/2009 11/12/2009 47

08/20/2009 10/07/2009 11/18/2009 43




KEFERIFERME o AGEEI A 2 oh e
SEEFSATRTET R 5 HR GRS R ER LR
FHEC S VB R MR S B R LA - DA fibAs
Ll 2% - fatigE - QIR SPSS A H]
Z SigmaPlot #X# (version 10.0) °

S

HE 2006 4 12 HZE 2009 4 8 Hi#EfT2
41 EFREIHR R E R - G E R
2 &1 ADMAT ~ ADMAXAT ~ ADMI-
NAT * ADSH K ADIR % 5 IESGS[A » HE
ZHERATEATAHR AR B BTG SR (2 2) » Bk 5 3H
RGP RN < [y 2 BEEETHE

o A ok 5 AU K T/ e B I T o o2 R oK
Bl ORI B LR A B SR G RIHE A T
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FRR T 3AT - SRS RAHIE 8 & B 5
TSR G K1Y L (EAHIRE - L BENR e &
B8l ADSH - ADMAXAT 7JRE B3 FHHRY -
FIKAHLEE B & =8B ADSH » ADMAT
ADMAXAT EFHZE EAERE - HEMMEEG &
EEl ADMINAT HIZ EfHRE (3% 3) < #E—F47
i b~ FREBR - DR EERZI
FCELLL 5 THR SRR - B PR
g 1] e AN Y SR S KT B L B o TS
TEARRIYERE T (HRZHE ~ &
& ~ SMERTZAR BRI AR/ INGE) - #CHE 41 fEHRAE
AR b~ N 5 TER SR EGE TR
M7+ BT KZ HEEL ADMAT » ADMAXAT
¢ ADIR Z [BJERZEEMHR » B ADSH ol
Z AR - BB R 5 TR SRR 2

3+ 2. B 71 58 2006-2009 FEHARTEF 22 ] (1 PAEARAEEA) ~ 19 {8 CFPEERRmEE) 5 41 (B (B HE)
FRAEHA FE AR 2 ORE AR 5 18 SR S8 AL 2 AH B AR R A B i SR

Table 2. Correlation matrix for five climatic variables calculated from heading to harvest in 41 crops of rice cultivar
TNG 71 grown in 2006-2009, including 22 crops in the first half year and 19 crops in the second half year

Climatic variable ADMAT * ADMAXAT ADMINAT ADSH ADIR
Pooled data (n =41)
ADMAT - 0.992%** 0.991 % 0.765%** 0.890%**
ADMAXAT - 0.968%** 0.798%** 0.900%**
ADMINAT - 0.728%*** 0.845%%*
ADSH - 0.681%***
ADIR -
Data from crops in the first half year (n = 22)
ADMAT - 0.998%** 0.997%%* 0.909%** 0.862%%*
ADMAXAT - 0.992%** 0.919%** 0.881%**
ADMINAT - 0.892%** 0.824%**
ADSH - 0.887%**
ADIR -
Data from crops in the second half year (n = 19)
ADMAT - 0.994%** 0.992%*%* 0.751%** 0.9327%**
ADMAXAT - 0.974%%%* 0.760%** 0.935%**
ADMINAT - 0.738%** 0.900%**
ADSH - 0.696%**
ADIR -

* ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-
mulated daily minimum air temperature; ADSH: accumulated daily sunshine hours; ADIR: accumulated daily irradiance.

*** significant at 0.001 probability level.
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Table 3. Correlation coefficients between different chemical compositions, in brown rice and milled rice, and 5 climatic
variables calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 2006-2009, including 22 crops in

the first half year and 19 crops in the second half year

Chemical component ADMAT * ADMAXAT ADMINAT ADSH ADIR
Pooled data (n =41)
Crude protein,, ” 0.497%** 0.486** 0.512%** 0.456%* 0.352*
Free fatty acid,, 0.293 0.325%* 0.270 0.423%** 0.144
Crude protein,,, 0.336* 0.387* 0.305 0.576%** 0.171
Amylose,, -0.279 -0.202 -0.354* -0.059 -0.169
Data from crops in the first half year (n = 22)
Crude protein,, 0.600** 0.589%* 0.628** 0.593%* 0.335
Free fatty acid,, 0.476* 0.488%* 0.468%* 0.350 0.374
Crude protein,,, 0.415 0.410 0.439% 0.371 0.146
Amylose,, -0.447* -0.426* -0.476* -0.463* -0.262
Data from crops in the second half year (n = 19)
Crude protein,, 0.397 0.384 0.405 0.314 0.373
Free fatty acid,, 0.079 0.078 0.088 0.138 -0.041
Crude protein,,, 0.488* 0.475% 0.519* 0.467* 0.318
Amylose,, -0.245 -0.189 -0.303 -0.227 -0.216

“ ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-
mulated daily minimum air temperature; ADSH: accumulated daily sunshine hours; ADIR: accumulated daily irradiance.

¥ br: brown rice; mr: milled rice.

* significant at 0.05 probability level; ** significant at 0.01 probability level; *** significant at 0.001 probability level.

Bt BB (3% 4) © SEEERKL 20 ELiRE
ADMAT » ADMAXAT 5z ADSH 283 &fH
B 0 Bl ADMINAT Fyhiii= &rHRE 5 JEeEOK
KBl ADMINAT EMGEEZE FAHRE » B2 ADMAT
HIJEAZE (FARRE © FIoRZRIREL ADIR 28 E &
FHER - RIJEEL ADIR HE3EEAHRR - ZRA L~ F
P ER TR - 12 L P AR
KEMRARZ R RGBRE - NYEFEER
H i k2 B EL ADMAT ~ ADMAXAT k2
ADMINAT 2B EHHR - Ki/ZEL ADIR Fy
HETHRR (R 4) -

R U R AT - 18 5 THR S
[KIf3% A ADMINAT ~ ADSH J2 ADIR % 3 1§
RERCEPRE IR B S B R M I R T =
TCRRE R AR (3R 5) - i S I > 1E 41
TEFRAE HAZ e I = SR S R B RE K ~ oK
HRLEE VB & B g /K HE (P < 0.001) » B

Rt R U TR I D e B 1 K L o I o 7
FEETE/KAE (P < 0.050) » _FEEZR - 13
RGBSR R HEAE SR R =
0.606, P < 0.001) * FIRAHEEEE R’ =
0.388, P =0.028) Kz ELS#IE MK (R’ = 0.355, P=
0.044) » FHEFERHES RIHERES
EEIEMEKEE (R =0.412, P=0.042) °

55 41 AR A R A 22 fEFRE
It 3 BERSER - IRl ok R
B TR R (R 6) 0 TR
19 EFME IR LR R R (3% 6) - fERRIA)
BIIR b - SOPRIEIA K E R &R
It 3 SRS R T A RS BORR 43 FE R
FETERERN H 3 bz = e i (&
7) » NREEERHRISER (& 7) « TERRLK
INESSY - AEEEDE 41 ERRAE IR F R R B
It 3 TER S A ] = iR R et
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+ 4. B 71 55 2006-2009 FHARTEET 22 (- PEIRAEHT) - 19 8 CFPEIRAEH) K 41 (AEFRAEI)
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Table 4. Correlation coefficients between different physical characteristics of milled rice and 5 climatic variables calculated
from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 2006-2009, including 22 crops in the first half

year and 19 crops in the second half year

Physical characteristic ADMAT * ADMAXAT ADMINAT ADSH ADIR
Pooled data (n =41)
Whiteness -0.342% -0.390* -0.289 -0.454%* -0.327*
Transparency -0.626%*** -0.587%** -0.665%** -0.478%* -0.437%*
Ratio of head rice -0.376* -0.312* -0.444%* -0.310* -0.188
Ratio of non-head rice 0.363* 0.300 0.429%* 0.306 0.184
Ratio of dead rice 0.244 0.206 0.290 0.176 0.112
Grain length -0.198 -0.195 -0.176 -0.011 -0.323*
Grain width -0.200 -0.190 -0.196 -0.209 -0.272
Grain thickness 0.295 0.283 0.285 0.244 0.394*
Grain length/Grain width -0.006 -0.013 0.014 0.212 -0.081
Data from crops in the first half year (n = 22)
Whiteness,,,, -0.445* -0.444* -0.423* -0.354 -0.555%%*
Transparency,, -0.730%** -0.710%** -0.750%** -0.669%** -0.562%*
Ratio of head rice,), -0.688%** -0.664%** -0.715%** -0.642%* -0.458%*
Ratio of non-head rice,, 0.715%%*% 0.694%%*%* 0.737%*%%* 0.691%*%* 0.502%*
Ratio of dead rice,,. 0.261 0.240 0.291 0.156 0.085
Grain length -0.087 -0.091 -0.068 -0.002 -0.173
Grain width -0.236 -0.254 -0.210 -0.347 -0.339
Grain thickness 0.336 0.346 0.308 0.371 0.462*
Grain length/Grain width 0.123 0.133 0.120 0.283 0.118
Data from crops in the second half year (7 = 19)
Whiteness -0.317 -0.343 -0.292 -0.153 -0.279
Transparency -0.545%* -0.523* -0.572%* -0.356 -0.428
Ratio of head rice -0.027 0.013 -0.078 -0.185 0.014
Ratio of non-head rice -0.037 -0.072 0.008 0.119 -0.064
Ratio of dead rice 0.237 0.194 0.291 0.356 0.147
Grain length -0.310 -0.302 -0.290 -0.072 -0.434
Grain width -0.178 -0.162 -0.179 -0.215 -0.242
Grain thickness 0.300 0.299 0.276 0.322 0.461%*
Grain length/Grain width -0.204 -0.215 -0.170 0.208 -0.309

“ ADMAT: accumulated daily mean air temperature; AMDAXAT: accumulated daily maximum air temperature; ADMINAT: accu-
mulated daily minimum air temperature; ADSH: accumulated daily sunshine hours; ADIR: accumulated daily irradiance.
* significant at 0.05 probability level; ** significant at 0.01 probability level; *** significant at 0.001 probability level.
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Table 5. The three-variable linear regression models for different chemical compositions of brown rice and milled rice
with three climatic variables calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 2006—

2009, including 22 crops in the first half year and 19 crops in the second half year

at 22 fifl (BRI - 19 M8 CREARAEET) b 41 18 (SRRt

Y=a+bX,+cX,+dX;”

Chemical component a b c d R’ P
Pooled data (n =41)
Crude protein,, * 4737 0.003 0.003 -0.003 0.308 0.003
Free fatty acid,, 19.090 0.001 0.007 -0.004 0.230 0.020
Crude protein,, 4.878 6.23 x10™* 0.010 -0.004 0.426 <0.001
Amylose,, 19.599 -0.002 0.002 0.002 0.248 0.014
Data from crops in the first half year (n = 22)
Crude protein,, 6.821 0.003 0.011 -0.010 0.606 <0.001
Free fatty acid,, 16.319 0.004 -0.006 0.002 0.247 0.155
Crude protein,, 5.645 0.002 0.006 -0.007 0.388 0.028
Amylose,, 18.472 -0.001 -0.006 0.005 0.355 0.044
Data from crops in the second half year (n = 19)
Crude protein,, 5.314 0.002 4.68 x10™ 2.71 x10™ 0.165 0.425
Free fatty acid,, 20.057 0.002 0.002 -0.003 0.103 0.643
Crude protein,, 4.659 0.004 0.002 -0.004 0.412 0.042
Amylose,, 19.437 -7.98 x 10* -1.15 x10™* 5.84 x10™ 0.110 0.615

“X,: accumulated daily minimum air temperature; X,: accumulated daily sunshine hours; X;: accumulated daily irradiance.

¥ br: brown rice; mr: milled rice.
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Table 6. The three-variable linear regression models for whiteness and transparency of milled rice with three climatic
variables calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 20062009, including 22 crops in
the first half year and 19 crops in the second half year

a1 22 flél (PRI - 19 M8 CREAERAE) B 41 B (Z=5RdE i)
THE RN

Y=a+bX,+cX,+dX;”

2

Appearance of milled rice a b c d R P
Pooled data (n =41)
Whiteness 48.002 0.005 -0.027 -0.006 0.218 0.026
Transparency 5.087 -0.003 -3.96 x 10°* 0.002 0.498 <0.001
Data from crops in the first half year (n = 22)
Whiteness 64.750 -0.007 0.047 -0.045 0.421 0.018
Transparency 5.456 -0.003 -0.002 0.002 0.579 0.002
Data from crops in the second half year (n = 19)
Whiteness 42.719 -0.005 0.007 -0.002 0.096 0.669
Transparency 4217 -0.002 7.27 x 10 0.001 0.373 0.066

“X,: accumulated daily minimum air temperature; X,:

FREFHREE » Bl ADMAT ~ ADIR
1B 2 [ R e = Sl B B 4R (11 2) »

MAXAT Z4b » SRR 43 LBl ADMAT ¢

HE¥Y
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iR L (18 3) -

accumulated daily sunshine hours; X;: accumulated daily irradiance.
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Table 7. The three-variable linear regression models for head , non-head and dead rice of milled rice with three climatic
variables calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 2006-2009, including 22
crops in the first half year and 19 crops in the second half year

Y=a+bX,+cX,+dX;”

Integrity of milled rice a b c d R’ P
Pooled data (n =41)
Ratio of head rice 0.942 -84 x10* -1.39x 10™ 9.53 x 10™ 0.323 0.002
Ratio of non-head rice 0.075 7.07 x 10* 1.42 x 10" -8.03 x 10™ 0.299 0.004
Ratio of dead rice -0.016 1.39 x10™ -5.01 x10° 1.51 % 10* 0.146 0.117
Data from crops in the first half year (n = 22)
Ratio of head rice 0.904 -7.49 x 10* -0.001 0.001 0.600 <0.001
Ratio of non-head rice 0.099 5.71 x 10 0.001 -0.001 0.632 <0.001
Ratio of dead rice -0.008 1.77 x 10* -1.32x 10" -1.77x 10" 0.167 0.338
Data from crops in the second half year (n = 19)
Ratio of head rice 0.752 2.18x10* -6.73 x 10™ 4.89 % 10™ 0.087 0.703
Ratio of non-head rice 0.294 1.16 x 10 5.19 x 10 -3.60 x 10 0.062 0.805
Ratio of dead rice -0.050 1.11 x 10™* 1.82 x 10™ -1.56 x 10 0.211 0.299

*X,: accumulated daily minimum air temperature; X,: accumulated daily sunshine hours; X;: accumulated daily irradiance.
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Table 8. The three-variable linear regression models for grain size (length, width and thickness) and grain length/grain with
ratio of milled rice with three climatic variables calculated from heading to harvest in 41 crops of rice cultivar TNG 71
grown in 2006-2009, including 22 crops in the first half year and 19 crops in the second half year

Y=a+bX, +cX, +dX,

Shape of milled rice a b c d R’ P
Pooled data (n =41)
Grain length 7.541 1.26 x 10 7.08 x 10™ -9.19x 10* 0.191 0.047
Grain width 3.452 5.55 %107 -7.61 x 10° -1.88x 10™ 0.082 0.362
Grain thickness 2.128 -6.38 x 107 3.90 x 10 3.27x10* 0.163 0.083
Grain length/Grain width 2.181 5.92 x 10 2.70 x 10™ -1.57 x 10 0.139 0.133
Data from crops in the first half year (n = 22)
Grain length 7.799 1.58 x 10 0.002 -0.001 0.146 0.406
Grain width 3.420 1.64 x 10 -5.09 x 10 -1.53x 10 0.178 0.305
Grain thickness 1.998 -1.00 x 10 -2.63 %107 6.48 x 10 0.230 0.184
Grain length/Grain width 2.278 -1.44 x 10 8.65 x 10™ -2.96x10* 0.225 0.195
Data from crops in the second half year (n = 19)
Grain length 7.401 2.66 x 10 9.38 x 10™ -0.001 0.306 0.130
Grain width 3.438 1.01 x 10™* -1.55x10™ -1.82x10* 0.077 0.744
Grain thickness 2211 -2.06 x 10’ 1.32x10* 3.54 x 10 0.330 0.102
Grain length/Grain width 2.147 1.78 x 107 3.98 x 10 -2.19 x 10 0.445 0.028

“X,: accumulated daily minimum air temperature; X,: accumulated daily sunshine hours; X;: accumulated daily irradiance.
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Fig. 1. Changes of crude protein of brown rice and amylose of milled rice to the accumulated values of daily mean
air temperature (ADMAT), daily maximum air temperature (ADMAXAT), and daily minimum air temperature (AD-

MINAT) and their average values calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in
2006-2009.
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Fig. 2. Changes of whiteness of milled rice to the accumulated values of daily mean air temperature (ADMAT), daily

sunshine hours (ADSH), and daily irradiance (ADIR) calculated from heading to harvest in 41 crops of rice cultivar
TNG 71 grown in 2006-2009.
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Fig. 3. Changes of head rice of milled rice to the accumulated values of daily mean air temperature (ADMAT), daily
maximum air temperature (ADMAXAT), and daily minimum air temperature (ADMINAT) and their average values
calculated from heading to harvest in 41 crops of rice cultivar TNG 71 grown in 2006-2009.
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Effect of Climatic Conditions during Heading to Harvest Stage on
Quality of Rice Cultivar TNG 71'

Chia-Hsun Ho’, Chwen-Ming Yang’, Chiao-Ling Hsiao’, and Ming-Hsing Lai’

Abstract

Ho, C. H., C. M. Yang, C. L. Hsiao, and M. H. Lai. 2012. Effect of climatic conditions during heading to harvest stage
on quality of rice cultivar TNG 71. J. Taiwan Agric. Res. 61:222-240.

Climatic conditions during heading to harvest stage are important factors affecting quality of rice
(Oryza sativa). The objective of this study was to determine effects of major climatic variables dur-
ing the key growth stage from heading to harvest on quality of rice by conducting multiple-year field
experiments at the experimental farm of Taiwan Agricultural Research Institute at Wufeng, Taichung,
Taiwan, using a widely cultivated variety TNG 71. The variety TNG 71 was grown for a total of 41
crops from December 2006 to August 2009 with 22 crops produced in the first half year and 19 crops
produced in the second half year. For each crop season, accumulated values of daily mean air temper-
ature (ADMAT), daily maximum air temperature (ADMAXAT), daily minimum air temperature (AD-
MINAT), daily sunshine hours (ADSH), and daily irradiance (ADIR) were collected during heading to
harvest stage. These five climatic variables were used for analysis of quality traits of rice. Results of
correlation matrix analyses showed that correlation coefficients among climatic variables were gener-
ally higher in the crop of first half year than those in the crop of second half year, suggesting a more
stable climatic environment and hence a closer link between variables in the first half year during the
experimental period of 2006-2009. From pooled data, crude protein of brown rice was correlated
with all the five climatic variables and free fatty acid content was positively correlated with ADMAX-
AT and ADSH. In milled rice, crude protein was positively correlated with ADMAT, ADMAXAT and
ADSH, while amylose was negatively correlated with ADMINAT. The whiteness of milled rice was
negatively correlated with ADMAT, ADMAXAT, ADSH and ADIR, and the transparency of grain
kernel was negatively correlated with all the climatic variables. The ratio of head rice was negatively
correlated with ADMAT, ADMAXAT, ADMINAT and ADSH, while the ratio of non-head rice was
positively correlated with ADMAT and ADMINAT. The grain length was negatively correlated with
ADIR, whereas grain thickness was positively correlated with ADIR. Except crude protein, the cor-
relations of length and length width ratio of grains with climatic variables were generally higher in the
crop of first half year than in the crop of second half year. Results of multiple linear regression analy-
ses showed that, ADMINAT, ADSH and ADIR were the three major climatic variables accounted for
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variations of chemical and physical components of rice. This study indicates that changes in climatic
conditions during the period of heading to harvest are important factors affecting chemical compo-
nents and physical characteristics of rice grains. Thus, selection of suitable location for cultivation
of rice and planting season are some strategies for minimizing negative impacts of climatic factors on
rice quality.

Key words: Rice quality, Climatic variable, Key growth stage, Chemical composition, Physical char-
acteristics.
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