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Abstract: Four cold-tolerant and five cold-sensitive japonica rice cultivars were grown at three locations with different altitudes
in Yunnan plateau to investigate rice starch RVA profile characteristics. The results showed that with increasing altitude, the
setback viscosity in cold-sensitive cultivars increased significantly, while the peak viscosity and breakdown viscosity decreased
significantly., However, the peak viscosity and breakdown viscosity in cold-tolerant cultivars initially decreased and then gradu-
ally increased with rising altitude, whereas the setback viscosity initially increased and then decreased. The starch RVA pa-
rameters of cold-tolerant cultivars was less sensitive to different environments than those of cold-sensitive cultivars. Cooking
and eating quality of cold-tolerant cultivars had relatively stable trends with rising altitude, whereas cooking and eating quality
of cold-sensitive cultivars had a trend toward inferior.
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Table 1. Evaluation of cold tolerance for japonica rice cultivars in Lijiang, Yunnan Province, China in 2007,

g P Tﬂl%,ﬂﬁ(ﬂfﬁ ) %7&?’: ﬂ‘*lﬁ iiif ¥ P 3T
Heading date Seed-setting 1000-grain Cold
Cultivar Origin
(Month-Day) rate/ % weight/g tolerance
ZA 16 % Yunjing 16 5 F 45 A B BEAE AR 75 0 JRBC 08-20 79.7 23.1 3 Tolerant
A 314 Lijing 314 R A LT A B2 F T T LASI 08-30 72.2 31.1 3% Tolerant
WiAE 11 %5 Lijing 11 25 B A8 T VLT AR Bl 24 3 58 Jir LASI 08-15 77.0 29.7 i Tolerant
XA 21 5 Fengdao 21 = B8 KRB AL Bl 24 BF 58 iF DASI 08-19 75.5 28.0 5 Tolerant
/NEA G Sobaekbyeo i [ A AR XS T VR W Rl 2 g NICS 08-14 26.9 22.4 55 Sensitive
B & Jinbubyeo i [ AR b IR 2% T AR Rk 2 B NICS 08-13 36.0 25.6 55 Sensitive
73k F8 Undubyeo i E AR R TR B 2E e NICS 07-30 42.5 24.1 55 Sensitive
i N AF Dunnaebyeo & E R AR T VE Y R 2# B NICS 07-28 42.5 24.6 55 Sensitive
Z M 15 % Yunjing 15 7 B3 & KL BH BE RS 7 Fi b0 JRBC 08-22 38.9 24.9 5 Sensitive

JRBC, Japonica Rice Breeding Center, Yunnan Academy of Agricultural Sciences, China; LASI, Lijiang Agricultural Sciences Institute,

Yunnan Province, China; DASI, Dali Agricultural Sciences Institute, Yunnan Province, China; NICS, National Institute of Crop Science, Ru-

ral Development Administration, Korea.
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Units) A HA .
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Table 2. ANOVA on RVA profile characteristic value and physicochemical traits of rice for cold-tolerant and cold-sensitive cultivars(F-value).

) . ) ‘ HEEER  EOR
A5 5K IR WEERFE PORFE BRARE BERE O HEE R B . o
EE o
Source of variance PKV HTV FLV BDV SBV PeT PaT
AC PC
it ¥ 5h Al Cold tolerant cultivars
# 4% Environment(E) 0. 37 1.06 2.77 3. 80 6.72% 1. 04 24.41**  14.56 8.66*
FEH T Genotype(G) 3.13 1. 36 1. 40 9.96**10.21** 3.77 14.55* 5.15% 6.86"
FER B X B GXE 69.53** 19.61** 21.34** 19.61**16.87** 6.90** 3.02" 20.40**  11.81~
Y U L A Cold sensitive cultivars
# 5 Environment(E) 7.09" 4.28 2.14 5.21* 8.34~ 0. 27 1.67 0.29 1.58
FLK T Genotype(G) 1. 06 1. 30 90 1. 31 0. 89 1.98 0. 47 0. 64 0.56
JLH B X M EE GXE 135.22** 39,78** 74.79** 5,89**16.54** 11.30** 3,06" 24.92* " 42,85 "
SR 43R RAE 0,05 RO 01 K L EF B
* and * * indicate significant difference at 0. 05 and 0. 01 probability levels, respectively.

PKV, Peak viscosity; HTV, Hot viscosity; FLV, Final viscosity; BDV, Breakdown viscosity; SBV, Setback visosity; PeT, Peak time;

PaT, Pasting temperature; AC, Amylose content; PC, Protein content. The same as in Table 3 and Table 4.
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Table 3. Coefficients of variation of RVA profile characteristic values and physicochemical traits for different cultivars. %
st VAL PORBHE R R TUE SRR WAk E%ﬁj*ﬁ ﬁj‘fi
Cultivar PKV HTV FLV BDV SBV PeT PaT o o
AC PC
it ¥ i Fh Cold tolerant cultivar

Z 8 16 5 Yunjing 16 7.56 7.22 5.86 10.22 —105.85 1.11 4.15 1.91 2.01
M A% 314 Lijing 314 4.92 9.13 7.94 17. 20 608.01  2.27 3.42 3.23 2.25
WiAE 11 5 Lijing 11 4. 20 16.78 10. 42 16. 56 446.24  2.77 3.97 1.49 2.08
JXFG 21 5 Fengdao 21 5.11 4. 96 4.62 12. 26 43.79 1.51 6.72 4.43 2.05
1 Mean 5.45 9.52 7.21 14. 06 248.05  1.92 4.57 2.77 2.10

UL A Cold sensitive cultivar
/NEFE Sobaekbyeo 16. 14 21.67 4.94 12.77 57.34  2.12 10.13 1.17 0.79
2 5 Jinbubyeo 12. 21 19. 49 5.75 14. 43 26.56  2.76 8.21 1.56 1. 15
7z 3k # Undubyeo 12.68 9.96 4. 26 27.77 29.63  1.95 2.32 1. 19 2.04
i N Dunnacbyeo 18. 66 15.29 12.67 31.07 20.52  0.9%4 3.51 1.76 2.88
Z 8 15 5 Yunjing 15 14. 07 17.95 10. 50 16. 06 9.46  3.23 4. 74 2.36 2.66
SE-14 Mean 14.75 16. 87 7.62 20.42 28.70  2.20 5.78 1.61 1. 90

x4 TEAWMAERMBAEN RVAEHTEREXLSRIERSERR

Table 4. Multiple comparison of RVA profile characteristic values and physicochemical traits of rice starch for different cultivars at three locations.

S 8 5 VEMERRE R BARE RRE THE R A — HEEWEH  EAE
PKV HTV FLV BDV SBV PeT R o
Location and cultivar PaT/C
/RVU /RVU /RVU /RVU /RVU /min AC/% PC/%
E W Kunming
it ¥ & Fh Cold tolerant cultivar
A% 16 5 Yunjing 16 224.73 be 108.44 d 214.03 e 116.29a —10.70e 5.64d 72.55 a 19.33 cd 8.07 g
Wi BE 314 Lijing 314 222.44 ¢ 110.07 ¢d 215.64 ¢ 112.37 a —6.80 ¢ 5.67 d 72.85 a 19.23 d 8.23 f
WEE 11 5 Lijing 11 214.95d 104.30d 207.46 ¢ 110.65 a —7.49 ¢ 5.62d 73.03 a 18.90 e 8.60 d
JXUAE 21 5 Fengdao 21 188.08 e  118.47 be 235.67 d 69.62 bc  47.59 ab 5.87 ¢ 64.63 ¢ 20. 30 a 8.47 e
Y USRS A Cold sensitive cultivar
/NEFG Sobaekbyeo 232.05 a 158.88 a 245.51 ¢ 73.17 b 13.46 d  5.93 be 66.60 bc 19.63 b 9.00 b
2 & f Jinbubyeo 229.26 ab 166.63 a 269.41 ab  62.64 c 40.15 be  6.05 ab 67.10 be  19.33 cd 8.90 ¢
7z 3k F Undubyeo 229.51 ab 161.36 a 261.95 b 68. 15 be 32.45 ¢ 6.16 a 67.82 b 19.50 be 9.03 b
i § fF Dunnaebyeo 227.69 abc 161.00 a 270.94 a 66.68 bc  43.25b 6.13 a 66.00 bc 19.57 b 9.30 a
Z=AF 15 5 Yunjing 15 190.19 e 125.52 b 243.33 cd  64.67 be 53.14a  5.93 be 66.00 be  20.23 a 8.50 e
1 & Baiyi
i ¥ di Fft Cold tolerant cultivar
2z ffi 16 5 Yunjing 16 204.45 ¢ 96.75d 200.99 e 107.69 a —3.46 e 5.58 f 70.98 ab  19.20 d 8. 20 de
Wi BE 314 Lijing 314 207.43 ¢ 129.86 ¢ 229.04 ¢ 77.57 b 21.61d 5.82de 71.50 a 19.20 d 8.13 e
WA 11 %5 Lijing 11 229.73 a 152.08 b 252.58 b 77.65 b 22.85d 5.96 cd 70.48 ab  18.80 e 8.27 d
JXAE 21 5 Fengdao 21 180.18 e 118.75 ¢ 220.09d 61.43 ¢ 39.91 ¢ 5.86 de 64.33d  20.07 a 8.53 ¢
YRS Fl Cold sensitive cultivar
/NEFE Sobaekbyeo 206.47 ¢ 147.19 b 255.24 b 59.28 ¢ 48.78 b 6.07 bd  66.27 ¢d 19.73 be 9.00 ab
B & & Jinbubyeo 217.60 b 166.56 a 282.46 a 51.04 d 64.86a 6.18b 65.68d 19.60 ¢ 8.93 ab
23k K Undubyeo 190. 96 d 150.42 b 252.73 b 40.54 e 61.76 a 6.36 a 68.55 be  19.57 ¢ 8.90 b
i §fH Dunnaebyeo 214.95 b 157.61 ab 280.91 a 57.34cd 65.97a 6.11 be 68.60 be 19.27 d 8.90 b
K 15 5 Yunjing 15 139.83 f 89.12d 192.70 e 50.71 d 52.87b 5.75e 64.97 d 19.83 b 9.03 a
Wi 7L Lijiang
fif ¥ i Fl Cold tolerant cultivar
=A% 16 5 Yunjing 16 243.33a 109.30c 190.55f 134.03a —52.79e 5.60e 77.53a 18.57d 8.43 f
AR A 314 Lijing 314 199.39 ¢ 111.95 ¢  191.82 f 87.44 b —7.57d 5.60e 76.98 a 18.03 e 8.53 e
WikE 11 5 Lijing 11 210.67 b 123.75 ab 205.63 e 86.91 b —5.03d 5.69e 75.38 a 18.33 d 8. 60 de
JXAE 21 5 Fengdao 21 201.24 ¢ 124.03 ab 217.13 d 77.21 be 15.89 ¢ 5.98 ¢ 73.37 ab 18.47 d 8.83 ab
VARG Fl Cold sensitive cultivar
/NEFS Sobaekbyeo 159,15 f 96.80d 229.19 ¢ 62.34 d 70.04 a 5.82d 77.77 a 19.30 b 8.90 a
¥ & f Jinbubyeo 174.55 ¢  109.57 ¢ 248.00 a 64.97 cd 73.45a 5.87d 71.22 ab 18.93 ¢ 8.73 ¢
3k #8 Undubyeo 173.00 e 130.13a 238.17 b 42. 86 ef 65.16 a 6.20a 65.43 b 19.93 a 8.63d
i Y fH Dunnaebyeo 148.82 ¢ 116.43 be 215.50 d 32.39 f 66.69a 6.07b 65.45b  20.00 a 8.73 ¢
=B 15 5 Yunjing 15 185.65 d 131.88 a 233.08 bc 53.78 de 47.42b  6.18 a 71.27 ab 19.20 b 8. 80 bc

TE 7] — 5 v B8 i A AN R B 2 R 28 57 R 3K 0. 05 B AP

Within a column, data followed by the same letters indicate no significant difference at 0. 05 level.
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Table 5. Comparison of RVA profile characteristic value and physicochemical traits of rice starch for different cultivars among different alti-

tudes.
e WY AR PREE RARE ORWRE WEE AR BRI BRERER EAR
o Altitude PKV HTV FLV BDV SBV PeT PaT o a8

Cultivar /m /RVU /RVU /RVU /RVU /RVU /min /C AC/ % PC/%

it ¥ & #h Cold tolerant cultivar 1900 212.55a 110.32c¢ 218.20b 102.23 a 5.65b 5.70 b 70.77 b 19.44 a 8.34 b
2100 205.45b 124.36 a 225.68a 81.09c¢ 20.23a 5.81 a 69.33 ¢ 19.32 b 8.28 ¢

2400 213.66 a 117.26 b 201.28 ¢ 96.40 b —12.37 ¢ 5.72 b 75.82 a 18.35 ¢ 8.60 a

U i A Cold sensitive cultivar 1900 221.74a 154.68 a 258.23a 67.06a 36.49 ¢ 6.04ab  66.70 b 19.65 a 8.95 a
2100 193.96 b 142.18 b 252.81 b 51.78b 58.85 b 6.09 a 66.81 b 19.60 a 8.95 a

2400 168.23 ¢ 116.96 ¢ 232.79c 51.27b 64.55a 6.03 b 70.23 a 19.47 b 8.76 b
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