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ABSTRACT Production of high quality pigmented rice
contained with high content of anthocyanin, and polyphenol
was significantly influenced by cultivation environments like
transplanting date and cultivation location. This study was
carried out to establish an optimum transplanting date and
cultivation region to produce maximum content of anthocyanin,
polyphenol and antioxidant activity of pigmented rice varieties
(black, red colored). Three transplanting times (May 20, June
5, June 20) and four different sites (Miryang, Uiseong, Sangju,
Bonghwa) were evaluated with five pigmented rice cultivars.
Anthocyanin and total polyphenol index to average temperature
during 30 days after heading (DAH) of black, red pigmented
rice varieties showed that anthocyanin and total polyphenol
contents were decreased by 10% and 9%, respectively, with
increasing average temperature of 1°C. The optimum ripening
temperature of the 30 DAH for the production of high
anthocyanin and total polyphenol was 22 to 23°C for early
maturity black rice, 21 to 22°C for mid-late maturity of
black and red rices, respectively. On the other hand, an estimated
heading date of pigmented rices in return according to the
optimum ripening temperature of the 30 DAH was ranged
Aug. 11 to 17 for early maturity black rice, Aug. 25 for
mid-late maturity black, red rice variety in Jecheon, Aug.
27 to Sep. 2 for early maturity type, Sep. 3 to 6 for mid-late
type in Daegu. It seemed that Jecheon, Boeun, Mungyeong,
and Yeongju were optimum regions for cultivation of pigmented
rices. The estimated sowing date of pigmented rices for
high anthocyanin and total polyphenol production based on the
optimum heading date was May 18 to 26 for early maturity

black rice variety, April 11 for mid-late black, red variety
in Jecheon, May 23 to 28 for early type, April 9 to 26 for
mid-late type in Boeun, respectively.

Keywords : pigmented rice, cultivation environment, fun-
ctional materials
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AeHE Uetll= PEAlOPd S F2 cyanidin 3-O-B-D-
glucoside Z(Choi et al., 1996; Cho et al., 1996), SHFH
£ gie = BEA%H A7} cyanidin 3-glucoside ] §Hi-3Fo]
FAF 100 g & 470 mgo]lom, SR8 7E FHekal A=
Z QtEAJobd Fo] EFiu] 95.3%¢] o]Ertal sheitt
(Ryu et al., 1998). F-An] Z419] QFEAJold A2 cyanidin
3-glucoside, cyanidin 3-rhamnoside, malvidin 3-galactoside,
peonidin 3-glucoside 5-°] U=Hl, °o & vt FAn|
ZA}o]| T QFEAJOII-E cyanidin 3-glucoside?} peonidin
3-glucoside7} F% AEo|gtal 3} thPark e al., 1998).
QFEAJOPI S TRt s 2ol wet Hol7t gl Aer |
AL H3 Y=t ol 2o ek FEAloRd ko] et
zpolz AR TEAOP ] 7H S A%t fEdorEs
UVy 7HIA & 32 & & Sl P olME SHEAlOL
o] AR ¢F7] j&o|ti(Camme et al., 1993; Kakegawa
et al., 1987; Dong et al., 1998). 33 o]<]o] FEA|oId A4
of 7H 2 F&F= = 89l2s AL 2EH 27} Sl=t,
W3 tEAlobd /it ARt WAZE lekar sheick
(Mckown et al., 1996). Kim et al. (1998)2 SAFHE 59
15904 6 3094742] 15 THA SR 4A]7]0] A et
23} 69 15-302 0]ofo] 59 15-302 ojofur} eheAjofd
Sregol Eqtrhar shglet. w3k o|YAl7] W AR ol wlhe}
UEAJOPd TS EF foFem Ao7h U=
Chae et al. (2002)2 S AFH ZuiA] C-3-G $H=F2 A7)
7P AL A, il D moletal SHAAL, Lee et al.
(2008)= 2AYSZO| C3G o AYHT f&=8f 1w=rt
EOF T2t W Al-OA wten aRY SEs A
23t o] A= HYE 6 109 o]F, AHS 54 304 ©]
Adofztal skqinh. AW 55 S92 1990 =0 o]=2A
w2AAoz A7E JFE o] A AL AL 7 FF
gl Bh= Aulje] 7]zl Atz SR Eof A gt
S8) g0 A4 5 AR|BA BAS Bt A 5
7ol mE o7k BaEa glo] o) WolJEe] BAS
ED G QA o] ulg AAlet Aol
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(N36°35"), AF32(N36°44"), B-3HN36°90") 5 4x]HofA] 2011
d 44 259, 5 109, 54 25U0f| AR 170 g4 whE3t
o] 25K E 54 209, 6 5%, 6€ 204 5 3A]7]°] AAHA
ol 7Ier Aujtel= FEAETA BEA M &3t
L, A B AGS 7 oldAI7IE A 5
= AAIFE she AlAlFEA] 3R o= A 2|5kl

A7rgu &
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Sohe g 10052 )7 F ol HNAS 2Aete] 10a
2 G on], S8k Mk BB S8 1% A%A
A AR 2ol Al 2AIAT 7 Ao
ojFAI7IEE 2t Sn|ot Au|EFol sl Srle &
Alobd, Anj= FEYHE dES AN 74 FSEE
AR S Akt

QtEAlOH

StEAJO A4 & WU 3k Hosseinian et al. (2008)
o] W& o]&st A=, &7t dAnlE A &
3t A= 1 gofl 1% HCIZ T

it

3t 80% methanol 20 mlE
A7tste] 250 25718 o8 25T oA 1087 &3
T A-2oA 24417 FESIITE &9 o] 1}A|(Whatman
#6)o| LE T 5 3200 rpmofl 4] 3 FF AAEe e & 4
SH= AF5te] 0.20 wm®] syringe ZE|o] LEF - UPLC
autosampler vialo] Ho} BA5¢ch BA7]7]% Acquity
UPLC (Waters)E ©|-835}9 11, ZH-2 reverse phase Bonda
pak TM C18 AREaHT] o] %Ak &1 0.1% TFA-HO(A)
2} 0.1% TFA-methanol(B)S ©]-&3}o] BAMS] £S04
min®] 15%, 8.1 min¢f 20%, 0.5 mino] 30%= gradientE
Z=9)t}. Detector= PDAE 0]&35}o] 530 nmoj| A AZFstS
o} EAold EFEA AFTFA-LS cyanidin-3-O-glucoside
(C3G), petunidin-3-O-glucoside (Pt3G), peonidin-3-O-glucoside
(Pn3G)E 47 1| mgS A7slo] 1.0% HCIE $H7-3F 40%
HEhEo o] xFE4 1.0 mg/mlE A5G 121
Z¥7} 1, 2.5, 5, 10, 25, 50 ug/ml2 3|A5te] HaFAL 24

sheiet.

o

EEHiE

ZEZo 93 E41-8 Folin-Ciocalteau colorimetric method
(Choi et al., 2006 AHa-5te] BAstT) Bajsl A= 1 g
o 80% HErE 20 mlE 7F8te] 30T oA 24417t Hek 3
=T oS ogste] F=EE 10 wlof 2% NaxCOs 200 ulE
7Felar 3E7F ’hA] 3t & 50% folin-ciocalteu reagent 10 pl
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£ 75kt 308 ZF 750 nmojlA] spectrophotometer
(Versa max, Molecular Devices Co., Sunnyvale, CA)Z &
=g 235t

itetay
GHAISIEH-S- Trolox equivalent antioxidant capacity (TEAC)
EAHo| wa} A HTHRe er al, 1999). WA ABTS

(Mwt. 548.68) 10 mgS 2.6 ml 2570 =] 7 mMY]
ABTS £o02 18|31 potassium persulfate (Mwt. 270.32)
66.2 mgZ 100 ml S50 &6 2.45 mM2| potassium
persulfate 8902 717} A xslqlch & A9k 111 H[EE
43 4-8A7F AR EASe] WA BastoTh B4 Aol
control 3% ZFo] 0.7~0.8A}0]7} B EE ofetS 2 oF 5uj
A% 3 43h9ck. Blankl el G 50 uk-oEHE 200 pl
control 12 =91 o 50 ul +3]4< 200 pl, control 2+=
KB 50 pH+olEHE 200 wl, A2AE 50 wH+ 3144 200 ul
77k 715 1027 el 71014 30T oA 13
QS A1 F 98 well plateo] 58 Ao} 340l
=31 Microplate Reader (VERSAmax, Molecular devices,
USA)Z 734 nmo|l A FF=E5 S45H3th Al ALt
T
# O %(%)
= {Control 1 - (*2]-Control 2)}/Control 1 x 100

NI

L

SAe] QrEAloly Faktt SEeldlE YU Hrjw
AFE7] $13E 247) 9 5kE7] 4L 1981-20104 744

R
30d1E A 71 4ARS ol gatgon, BAL I
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AFREAL SAS 9.2 (SAS Institute Inc., Cary, NC, USA)
PC packageE ©|83}%tt. 57 packageZ Hat2 73+ &
4 HE(ANOVA) 9 Duncan®] th57%)(Duncan’s multiple
range test) &2 a=0.05 F£FA FAAS HASHAL

Zn W D
THEH X[t O|2AlZ]0f UIE FMO| E52| 7|sd =F

ol
-

BN o
N ooz (M
Jof
‘

y :é.
T
==

o rlo rlo mE md
—
&
o
B
.
lo
H
2
=
)
12
e

3 A2 Q] Zpo] 7} u§-
Aoz et 5v] 3%F A2 Yebd dnlehy ¢
EAobd qRFE AAF(1423) > F9K(124.1) > 2]4(76.8) >
674 mg/100 g) =oI Qe o5 Tl FFE o] YA7]
of wtet 47) A9 =] FtA= Uehd Atz= Table
29} gt SPEAjobd kAL, 102t QFEAJoMT AT, 7
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mg, =254 62.6 mg®] =o|qlth 10a FEAJOP YA

Table 1. Anthocyanin contents and antioxidant activity of black pigmented rice varieties as affected by regions and transplanting

time in 2011.

Region  Transplanting Variety Anthocyanin Anthocyanin ABTS Brown rice
(A) date (B) ©) content (mg/100 g seeds) production amout (g/10a) ICsy (ug/ml) yield (kg/10a)
Nunkeunheugchal 25.6 75.7 51.6 295
May 20 Shintoheugmi 82.3 326.7 24.4 397
Josaengheugchal 81.0 343.2 30.1 424
Nunkeunheugchal 38.5 113.9 42.0 296
. June 5 Shintoheugmi 85.6 345.6 26.5 404
Miryang
Josaengheugchal 98.9 462.3 20.7 467
Nunkeunheugchal 15.0 46.9 45.5 312
June 20 Shintoheugmi 90.8 309.2 25.5 340
Josaengheugchal 88.8 345.9 31.9 389
Mean 67.4 263.3¢ 33.1° 369°
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Table 1. Anthocyanin contents and antioxidant activity of black pigmented rice varieties as affected by regions and transplanting

time in 2011 (Continue).

Region  Transplanting Variety Anthocyanin Anthocyanin ABTS Brown rice
(A) date (B) ©) content (mg/100 g seeds) production amout (g/10a) ICsy (ug/ml) yield (kg/10a)
Nunkeunheugchal 75.1 285.8 22.9 380
May 20 Shintoheugmi 146.5 603.6 15.1 412
Josaengheugchal 141.1 692.2 12.6 491
Nunkeunheugchal 47.7 115.7 34.8 243
June 5 Shintoheugmi 169.0 667.5 14.6 395
Bonghwa
Josaengheugchal 134.3 532.5 17.3 397
Nunkeunheugchal 101.0 346.2 23.6 343
June 20 Shintoheugmi 161.5 484.8 17.0 300
Josaengheugchal 140.3 489.2 13.7 349
Mean 124.1° 468.6" 19.1¢ 368°
Nunkeunheugchal 80.5 269.6 32.8 335
May 20 Shintoheugmi 140.3 578.0 13.5 412
Josaengheugchal 201.6 978.0 12.6 485
Nunkeunheugchal 117.5 424.2 26.8 361
. June 5 Shintoheugmi 136.7 524.1 13.6 383
Sangju
Josaengheugchal 214.2 591.1 14.1 276
Nunkeunheugchal 120.6 439.0 24.1 364
June 20 Shintoheugmi 60.8 152.7 35.2 251
Josaengheugchal 208.5 796.5 14.9 382
Mean 142.3" 528.1° 21.0° 361°
Nunkeunheugchal 48.1 182.0 35.6 378
May 20 Shintoheugmi 84.8 394.1 28.5 464
Josaengheugchal 95.4 444.5 23.6 466
Nunkeunheugchal 38.2 133.8 52.5 350
) June 5 Shintoheugmi 87.7 404.2 27.6 461
Uiseong
Josaengheugchal 101.6 481.0 27.1 473
Nunkeunheugchal 43.6 117.8 35.9 270
June 20 Shintoheugmi 86.6 325.2 20.6 376
Josaengheugchal 105.2 399.7 23.0 380
Mean 76.8° 320.3¢ 30.5° 402°
o ZAISAo| 5463 gO 1 WAL AES] 4263 g o]tk slo] B SHEAlOPY ffe] F/kSHE A of
EEBH 2126 go] 0|3} FATBAY L 3 e oo wet 4l7] B A9 AU ALe dnjel 5
R L EEE LR SRS AE ST Fulo] AREE EACR Y] AR W) AE
S0] Zhlle froldol stk dvlede & A7 & Aem AEh By FFE AR ol et 374 o]
B fgoido] AR tA= ofYAIZ]7h = GAVIY HdAlE HERH AHRE Table 33 At STEA]
Fol gaste Aoz e FEAJoRd FAkst obd RS FF H AEAGR e fode BYle

24 Fol oAl sl o4l Yot e R



THERBOll [HE S4012 JITEEE X TLEY Ho| 157

Table 2. Anthocyanin contents and antioxidative activity classified by black pigmented rice varieties and transplanting time.

Varieties Transplanting Anthocyanin Anthocyanin production ABTS Brown rice
(A) time (B) contents (mg/100 g seeds) amount (g/10a) ICso” (ug/ml) yield (kg/10a)
May 20 129.8 614.5 19.7 466.5
June 5 137.3 516.7 19.8 403.3
Josaengheugchal

June 20 135.7 507.8 20.9 375.0
Avg. 134.2° 546.3" 20.1° 414.9°
May 20 57.3 203.3 35.7 347.0

June 5 60.5 196.9 39.0 312.5

Nunkeunheugchal
June 20 70.1 237.5 323 322.3
Avg. 62.6° 212.6° 35.7° 327.3°
May 20 113.5 475.6 20.4 4213
. . June 5 119.8 485.4 20.6 410.8
Shintoheugmi

June 20 99.9 318.0 24.6 316.8
Avg. 111.1° 426.3" 21.8° 382.9°

A sfeskosk sfeskosk sfeskok ek

F-value B ns ns ns *x

A*B ns ns ns ns

”The half maximal inhibitory concentration
*The same letters are not significant at 0.05 level of DMRT.

Table 3. Anthocyanin contents and antioxidative activity classified by black pigmented rice varieties and cultivated regions.

Varieties Regions Anthocyanin contents Anthocyanin production ABTS Brown rice
(A) (B) (mg/100 g seeds) amount (g/10a) ICso” (ug/ml) yield (kg/10a)
Bonghwa 138.6 571.3 14.5 412.3
Miryang 89.6 383.8 27.6 426.7
Josaengheugchal Sangju 208.1 788.5 13.9 381.0
Uiseong 100.7 441.7 24.6 439.7
Avg. 134.2° 546.3" 20.1° 414.9°
Bonghwa 74.6 249.2 27.1 322.0
Miryang 26.4 78.8 46.4 301.0
Nunkeunheugchal Sangju 106.2 377.6 279 3533
Uiseong 433 144.5 41.3 332.7
Avg. 62.6° 212.6° 35.7° 3273
Bonghwa 159.0 585.3 15.6 369.0
Miryang 86.2 327.2 25.5 380.3
Shintoheugmi Sangju 112.6 418.3 20.8 348.7
Uiseong 86.4 374.5 25.6 433.7
Avg. 111.1° 426.3" 21.8° 382.9*
A sfeskosk sfeskosk skeskok sk
F-Value B skeskosk skeskok skskok ns
A*B wx ns ns ns

”The half maximal inhibitory concentration
* The same letters are not significant at 0.05 level of DMRT.
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Table 4. Total polyphenol contents and antioxidative activity of red pigmented rice varieties as affected by transplanting time

and regions in 2011.

Region  Transplanting Variety Total polyphenol content Total polyphenol ABTS Brown rice
(A) date (B) © (mg/100 g seeds) production amout (g/10a) ICso (ug/ml) yield (kg/10a)
Geonganghongmi 146.7 674.0 36.7 459
May 20 .
Hongjinju 162.1 812.2 46.5 501
I s Geonganghongmi 229.6 1012.9 21.7 441
une
Miryang Hongjinju 225.5 1026.4 30.7 455
Geonganghongmi 93.8 359.3 52.4 383
June 20 o
Hongjinju 272.9 1224.2 29.5 449
Mean 188° 851.5¢ 36.3° 448"
Geonganghongmi 329.6 12342 16.6 374
May 20 .
Hongjinju 483.7 2159.7 14.5 446
] s Geonganghongmi 281.9 1100.9 22.4 391
une
Bonghwa Hongjinju 400.4 2009.9 16.8 502
Geonganghongmi 277.1 1017.9 16.3 367
June 20 .
Hongjinju 415.5 1821.2 19.2 438
Mean 365° 1,557.3° 17.6° 420°
Geonganghongmi 434.2 1802.7 14.9 415
May 20 .
Hongjinju 370.7 1636.5 20.4 441
] 5 Geonganghongmi 435.1 1745.2 16.8 401
une
Sangju Hongjinju 520.9 2607.8 14.6 501
Geonganghongmi 356.6 1056.6 17.0 296
June 20 .
Hongjinju 477.6 2029.5 12.6 425
Mean 433" 1,813.1° 16.1° 413°
Geonganghongmi 293.5 1473.6 30.3 502
May 20 .
Hongjinju 351.7 1713.1 25.7 487
I 5 Geonganghongmi 139.4 640.1 44.8 459
une
Uiseong Hongjinju 291.0 1157.7 333 398
Geonganghongmi 148.4 649.6 46.7 438
June 20 .
Hongjinju 246.1 1093.2 35.7 444
Mean 245° 1121.2° 36.1° 455"
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Table 5. Total polyphenol contents and antioxidative activity classified by red pigmented rice varieties and transplanting time

in 2011.
Varieties Transplanting  Total polyphenol contents Total polyphenol ABTS Brown rice
(A) date (B) (mg/100 g seeds) production amount (g/10a) ICso” (ug/ml)  yield (kg/10a)
May 20 301.0 1296.1 24.6 437.5
. June 5 271.5 1124.8 26.4 423.0
Geonganghongmi
June 20 219.0 770.9 33.1 371.0
Avg. 263.8" 1063.9° 28.1° 410.5°
May 20 342.1 1580.4 26.8 468.8
. June 5 359.5 1700.5 23.9 464.0
Hongjinju
June 20 353.0 1542.0 24.3 439.0
Avg. 351.5° 1607.6 25.0° 457.3°
A skok ksk ns *
F-value B ns ns ns ns
A*B ns ns ns ns

The half maximal inhibitory concentration
* The same letters are not significant at 0.05 level of DMRT.

Table 6. Total polyphenol contents and antioxidative activity classified by red pigmented rice varieties and cultivated regions

in 2011.
Varieties Regions Total polyphenol Total polyphenol production ABTS Brown rice
(A) B) contents (mg/100 g) amount (g/10a) ICso” (ug/ml) yield (kg/10a)
Bonghwa 296.2 1117.7 18.4 377.3
Miryang 156.7 682.1 36.9 427.7
Geonganghongmi Sangju 408.6 1534.8 16.2 370.7
Uiseong 193.8 921.1 40.6 466.3
Avg. 263.8" 1063.9° 28.1° 410.5°
Bonghwa 433.2 1996.9 16.8 462.0
Miryang 220.2 1020.9 35.6 468.3
Hongjinju Sangju 456.4 2091.3 15.9 455.7
Uiseong 296.3 1321.3 31.6 443.0
Avg. 351.5° 1607.6° 25.0° 457.3°
A sk kk ns sksk
F-value B roxk ok oAk ns
A*B ns ns ns *

”The half maximal inhibitory concentration
* The same letters are not significant at 0.05 level of DMRT.

© 22 AFoIgh Table 62 3749 oFAZIE FEA o7k o A ko] Hulae A 19| Ho|E B
Holo FEesls FU PARAS BER Ador o)X Rt FERUAE Iy PAFBYS B F
FEI ARolth Avl] FEeluls U, 1007 Beluln  olw YA AW Holsk Be AT 4T, Bt
WAV, Aol S BE7) Foge] QYEUT A% Aol W, Aol njs) FEelalm YT} YA

Fulurh A5} saolt Bejuls W T Bt Ao] &4 vepidh
Hule Fuo} oA R o|oA| 7|} Aux elzke] 3}
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Fig. 1. Variation of average temperature from August to

September after heading of pigmented rice varieties
grown at 4 distinct regions in 2011.
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Table 7. Weather conditions at 30day after heading of black pigmented rice varieties as affected by regions and transplanting

time.
Varicty Region TP date (ma)  tcmperaue (©)  dunstion () o)
5.20 8.1 25.8 90.3 258.2
. 6.5 8.7 25.6 98.8 191.7
Miryang 6.20 8.22 24.4 132.5 322
6.30 8.30 23.0 175.9 25.0
5.20 8.4 23.1 105.3 208.1
Bonghwa 6.5 8.8 22.5 94.9 210.1
6.20 8.26 20.0 126.8 115.5
fosaengheugchal 5.20 8.6 23.7 92.5 316.5
Sangju 6.5 8.10 22.9 104.5 195.5
6.20 8.27 20.7 141.2 84.0
5.20 8.5 24.9 108.8 165.1
Uiseong 6.5 8.11 23.9 107.7 132.9
6.20 8.21 23.1 110.7 47.8
Mean 8.13 234 114.6 152.5
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Table 7. Weather conditions at 30day after heading of black pigmented rice varieties as affected by regions and transplanting
time (Continue).

Variety Region Transplanting Heading Average . Sur.lshine Precipitation
date (m.d) date (m.d)  temperature (C)  duration (hr) (mm)
5.20 7.30 25.8 80.8 326.7
. 6.5 8.4 25.9 108.4 186.7
Miryang
6.20 8.14 24.7 104.6 74.2
6.30 8.25 24.0 159.2 25.6
5.20 8.3 232 104.1 208.6
Bonghwa 6.5 8.8 22.5 94.9 210.1
6.20 8.22 20.7 103.7 115.5
Nunkeunheugchal
5.20 8.6 23.7 92.5 316.5
Sangju 6.5 8.8 233 102.4 295.5
6.20 8.22 21.6 99.8 85.5
5.20 8.6 24.8 101.4 165.1
Uiseong 6.5 8.10 24.1 107.9 135.4
6.20 8.18 23.2 111.8 84.9
Mean 8.11 23.7 105.5 171.6
5.20 8.19 24.5 132.2 74.2
) 6.5 8.26 24.0 168.6 25.1
Miryang
6.20 9.1 224 164.0 31.0
6.30 9.4 21.2 174.1 31.0
5.20 8.25 20.2 121.1 115.5
Bonghwa 6.5 8.29 19.2 143.1 115.0
. . 6.20 9.4 16.8 137.1 102.5
Shintoheugmi
5.20 8.28 20.4 150.5 84.0
Sangju 6.5 8.30 19.9 149.1 84.0
6.20 9.7 16.9 146.8 94.0
5.20 8.21 23.1 110.7 47.8
Uiseong 6.5 8.25 223 136.8 44 .4
6.20 8.27 22.0 154.5 44.1
Mean 8.28 21.0 145.3 68.7
A9 7180l 1C Z718 wukek Suje] ohmalobd g ok WS A% 71h: S BTk Chae e al
e o 0.9%, Hnlo) FEAdE I F 0.0%% e (0032 FYAFATY ATIIHAS ol8stel WY B
she Ao uehgk Aot LERACA ZAEHet el C3G FHE 5
0|9 &4 F 3097 Bt7|23} QFEAJobd FHEFHS] £k 24, 21, 27, 18C mof2hal dhglon] Y e AL
WAE FFEE e 23 Fig 33} 7*@ QEAOPH 2 F50] EFHAM Mool AT Hilsiile
FFE 2T 2ASZY 225EY] BF FFY Aol d 2 AN E SH2ETF U WE A Aol
Aoy 7 EFF B FdEe 22~23 CrAlE A% aste] fARE AFs 2l
27T} 1 ol Fols Z74B0] A QL B wolx]  Au] 2839] B v T B4 3097 W)
L opAbe MYtk FUAIES AESUE Fgvleo] 22C 2wl BAL Fig 49 2oh §A

SN QHEAloR B Aol fllort Baleel 202107 Bl eol HAUSE FENE 1
22°C ofdtol At 19C7HA] HF7] o] o4 ohma]  F7bshe Aol 20T olstel At FEelsll 3
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Thale 8. Weather conditions at 30day after heading of red pigmented rice varieties as affected by regions and transplanting time.

Variet Region Transplanting Heading Average Sunshine Precipitation
Y g date (m.d) date (m.d) temperature (C) duration (hr) (mm)
5.20 8.19 24.5 132.2 74.2
. 6.5 8.22 24.4 132.5 322
Miryang
6.20 8.29 232 184.8 25.0
6.30 8.31 22.7 169.0 30.0
5.20 8.25 20.2 121.1 115.5
Bonghwa 6.5 8.29 19.2 143.1 115.0
. 6.20 9.4 16.8 137.1 102.5
Geonganghongmi
5.20 8.29 20.2 156.3 84.0
Sangju 6.5 9.1 19.2 145.1 95.5
6.20 9.4 17.7 146.5 95.5
5.20 8.17 233 103.0 85.0
Uiseong 6.1 8.20 23.2 110.4 54.9
6.20 8.27 22.0 154.5 44.1
Mean 8.26 213 141.2 73.3
5.20 8.8 25.4 104.6 192.2
. 6.5 8.15 24.7 109.8 74.2
Miryang
6.20 8.25 24.0 159.2 25.6
6.30 8.30 23.0 175.9 25.0
5.20 8.12 21.6 90.2 180.6
Bonghwa 6.5 8.18 21.2 101.2 159.0
. 6.20 8.29 19.2 143.1 115.0
Hongjinju
5.20 8.16 22.1 93.4 131.0
Sangju 6.5 8.20 21.9 103.7 97.0
6.20 8.31 19.5 145.9 95.5
5.20 8.12 23.6 102.0 152.8
Uiseong 6.5 8.16 23.4 98.5 105.0
6.20 8.25 223 136.8 44.4
Mean 8.19 22.5 120.3 107.5
140 120
120 y = -9.92x + 286.7 - 100 J . . R
& 100 r=0.722% g . .
_\g o | é 80 | © e,
E g o | . oo
£
% 60 - § . ) o.
£ 40 - 2 40 .
g 3 " y = -9.03x + 263.3 *
20 + . = r = 0.720%
18 19 20 21 22 23 24 25 26 27 18 19 20 21 22 23 24 25 26
Average temperature(°C) Average temperature(°C)

Fig. 2. Corelationships between anthocyanin index, total polyphenol index and average temperature during 30 days after heading
of black, red pigmented rice varieties as affected by cultivation regions and transplanting time in 2011 (Anthocyanin
index : anthocyanin ratio per max. anthocyanin in each variety, Total polyphenol index : total polyphenol ratio per max.
total polyphenol in each variety).
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Fig. 3. Corelationships between average temperature for 30 days after heading and anthocyanin contents in black pigmented
rices of maturity types as affected by cultivation regions and transplanting times.
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Fig. 4. Corelationships between average temperature for 30
days after heading and total polyphenol contents in
red pigmented rice variety of mid-late maturity types
as affected by cultivation regions and transplanting

times.
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Table 9. Estimated optimum heading date for maximum contents of anthocyanin and total polyphenol of black and red pigmented

rice varieties at several regions.

. Maturity type ) Maturity type
Regions 3 - 7 Regions 5 ; Z
Early Mid-late Early Mid-late
Chuncheon Aug.17~22 Aug.21~28 Hongcheon Aug.16~21 Aug.23~26
Gangneung Aug.23~29 Aug.23~30 Jecheon Aug.11~17 Aug.25
Seoul Aug.23~29 Aug.28~Sep.3 Boeun Aug.15~19 Aug.20~27
Incheon Aug.22~28 Aug.27~Sep.2 Cheonan Aug.19~24 Aug.25~31
Wonju Aug.19~23 Aug.25~27 Boryeong Aug.21~27 Aug.27~Sep.1
Suwon Aug.23~27 Aug.28~Sep.1 Buyeo Aug.22~27 Aug.29~31
Yeongwol Aug.16~20 Aug.19~26 Geumsan Aug.17~23 Aug.23~29
Chungju Aug.17~23 Aug.22~29 Buan Aug.22~28 Aug.28~Sep.2
Seosan Aug.19~25 Aug.27~30 Imsil Aug.16~22 Aug.24~29
Uljin Aug.13~18 Aug.25 Jeongeup Aug.25~30 Aug.30~Sep.4
Cheongju Aug.22~28 Aug.28~Sep.2 Namwon Aug.22~28 Aug.27~Sep.2
Daejeon Aug.18~24 Aug.31~Sep.4 Jangheung Aug.25~30 Sep.1~5
Andong Aug.18~24 Aug.23~29 Haenam Aug.25~30 Aug.30~Sep.4
Pohang Aug.25~31 Aug.30~Sep.7 Goheung Aug.27~31 Sep.1~5
Gunsan Aug.24~30 Sep.1~3 Yeongju Aug.15~21 Aug.24
Daegu Aug.27~Sep.2 Sep.3~6 Mungyeong Aug.14~20 Aug.20~25
Jeonju Aug.27~Sep.1 Sep.2~6 Yeongdeok Aug.15~22 Aug.24~30
Ulsan Aug.26~31 Aug.31~Sep.6 Uiseong Aug.18~23 Aug.23~25
Masan Sep.2~12 Sep.8~14 Gumi Aug.21~26 Aug.26~31
Gwangju Aug.28~Sep.3 Sep.2~7 Yeongcheon Aug.19~24 Aug.26~29
Busan Sep.1~6 Sep.8~14 Geochang Aug.16~22 Aug.19~30
Mokpo Aug.31~Sep.5 Sep.6~11 Hapcheon Aug.24~29 Aug.29~Sep.4
Yeosu Aug.30~Sep.5 Sep.5~12 Miryang Aug.25~30 Aug.29~Sep.4
Jinju Aug.24~29 Aug.28~Sep.2 Sancheong Aug.22~27 Aug.26~Sep.1
Yangpyeong Aug.19~25 Aug.25~Sep.1 Geoje Aug.27~Sep.2 Sep.3~8
Icheon Aug.17~23 Aug.24~28 Nambhae Aug.28~Sep.3 Sep.3~8

% Average temperature :
% Data analysis :

" black rice,
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Table 10. Estimated optimum sowing date for maximum contents of anthocyanin and total polyphenol of black and red

pigmented rice varieties at several regions.

Maturity type

Maturity type

Regions Early > Mid-late” Reglons Early d Mid-late”
Chuncheon May29~Jun.4 Apr.27~May7 Hongcheon May27~Jun.2 Apr.17~May4
Gangneung May26~Jun.6 Apr.22~May7 Jecheon May18~26 Apr.11

Seoul Jun.8~16 May18~27 Boeun May23~28 Apr.19~26

Incheon Jun.7~14 May10~24 Cheonan Jun.3~8 May7~16

Wonju Jun.1~7 May2~11 Boryeong Jun.6~13 May12~25

Suwon Jun.7~14 May14~25 Buyeo Jun.7~13 May16~24
Yeongwol May24~31 Apr.13~29 Geumsan May30~Jun.7 May5~14

Chungju May31~Jun.7 May4~14 Buan Jun.8~15 May20~27
Seosan Jun.2~9 May8~18 Imsil May27~Jun.3 Apr.25~May9
Uljin May9~25 Apr.7 Jeongeup Jun.10~16 May26~Jun.2

Cheongju Jun.8~14 May20~27 Namwon Jun.7~13 May18~28

Daejeon Jun.11~17 May22~Jun.1 Jangheung Jun.12~18 May24~31

Andong Jun.1~8 May4~13 Haenam Jun.12~18 May26~Jun.3

Pohang Jun.11~19 May25~Jun.5 Goheung Jun.14~19 May28~Jun.3

Gunsan Jun.11~18 May24~Jun.1 Yeongju May22~30 Apr.13~27

Daegu Jun.14~20 May30~Jun.7 Mungyeong May24~Jun.1 Apr.21~May4

Jeonju Jun.13~19 May30~Jun.5 Yeongdeok May26~Jun.3 Apr.18~May2

Ulsan Jun.13~19 May27~Jun.4 Uiseong May29~Jun.4 Apr.29~May$8

Masan Jun.23~Jul.2 Jun.11~19 Gumi Jun.5~10 May13~21
Gwangju Jun.17~22 Jun.1~9 Yeongcheon Jun.2~8 May8~18

Busan Jun.20~26 Jun.6~17 Geochang May27~Jun.4 Apr.25~Mayl1

Mokpo Jun.21~25 Jun.6~13 Hapcheon Jun.7~13 May13~23

Yeosu Jun.18~24 Jun.6~13 Miryang Jun.10~16 May24~Jun.2

Jinju Jun.10~16 May23~31 Sancheong Jun.6~12 May17~26
Yangpyeong Jun.2~8 May06~16 Geoje Jun.13~21 May28~Jun.7
Icheon May30~Jun.7 Apr.30~May12 Namhae Jun.16~22 Jun.3~9

% Average temperature : 1981~2010 years
%% Data analysis : Oryza 2000 program(NICS, RDA)
”black rice, "black rice, red rice.
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