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W OEhAME AR RGO R SR E o, T 2019 FUB AT A E g —REF EHN 8
BAER A RM ARG E LB (IEE 1~7 d.8~14 d 15~21 d) HATIK B A ( B/ 17°C/13°C) , M 2 4k
WA E R EERRBNUR RVA EREE, 2RXVN . AREREAGREENREZR, B AU ER
B, RIS BEARAERK ARG ARG R &AM KR N A E R AR LA kR R
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Effects of low temperature on quality of japonica rice
at different periods of grain filling stage in cold regions

YANG Chuanming, HU Congcong, SUN Xianlong, SUN Shixin, LI Hongyu, FAN mingyu
(College of Agronomy, Heilongjiang Bayi Agricultural University/Key Laboratory of Modern Agricultural Cultivation
and Crop Germplasm Improvement of Heilongjiang Province, Daqing, Heilongjiang 163000, China)

Abstract; In order to explore the effects of low temperature on quality of rice in cold regions at different peri-
ods of grain filling stage, eight japonica varieties from the first and second accumulated temperature zone of Hei-
longjiang province were used as test materials in 2019. The low temperature treatments ( Day/Night, 17°C/13°C)
were set at different periods of grain filling stage (1~7 d, 8~14 d and 15~21 d after anthesis) and the appear-
ance, nutritional , taste quality and RVA characteristic values of rice were determined. The results showed that the
difference of quality among the varieties was extremely significant. The appearance quality of ‘ Kenjing 8’ was the
best, the protein content and taste value of ‘ Longdao 18 were the lowest and best, respectively. The response of
different varieties to low temperature was different. The interaction between variety and low temperature had signifi-
cant effects on rice quality. The low temperature treatments during 1~7 d after anthesis had little effects on appear-
ance quality. Compared with the control, the chalkiness rate and chalkiness degree were significantly increased by
73.22%, 81.71% and 105.57% , 115.85%, respectively, under the treatment during 8 ~14 d and 15~21 d after

anthesis. The grain length-width ratio was less affected by low temperature. The low temperature significantly in-
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creased the total protein content (1.46% ~2.76% ) and prolamin content (6.33% ~17.47%) of the rice, signifi-

cantly reduced the globulin content (4.55% ~5.69% ). The albumin content of rice was significantly reduced
(2.84% ) and increased (3.58% ~3.88% ) under the treatment during 1 ~7 d and 8~21 d after anthesis, respec-

tively. The peak viscosity, hot paste viscosity, breakdown, cool paste viscosity and pasting temperature of rice were

significantly reduced under low temperature treatment during 1~ 14 d after flowering. The setback, consistence and

peak time were significantly increased under the treatment during 1~7 d after anthesis. The treatment during 15~21

d after anthesis had less effect on RVA characteristic values. The gloss, taste, palatability, and comprehensive

score of rice were significant decreased under low temperature. Comprehensive analysis showed that the low temper-

ature treatment reduced the eating and cooking quality of rice by increasing the protein content and changing the

RVA characteristic values during the grain filling stage.

Keywords : japonica rice; low temperature; grain filling stage; quality
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Table 1  Characteristics of eight varieties of japonica rice
Ab3 A Ty bkt Rl
Treatment Variety Quality evaluation Grain shap Accumulated temperature zone
Al R 18 Longdao 18 —2 First grade KB Long grain — BRI R A
First accumulated temperature zone,
A2 BT 8 Kenjing 18 % Secondary grade #[5 Rounded grain early maturing variety
A3 FAKE 9 Songjing 9 %% Secondary grade K Long grain — T, W
First accumulated temperature zone,
A4 FAKE 22 Songjing 22 % Secondary grade KL Long grain late maturing variety
A5 JpRE 21 Longjing21 —Y Secondary grade KR Long grain :}Rﬁ.’-ﬂ,ﬁ%ﬂrﬁ;
Second accumulated temperature zone,
A6 24 18 Suijing 18 2 Secondary grade AL Long grain early maturing variety
A7 B 7 Kenjing 7 &% Secondary grade 15 Rounded grain TR
Second accumulated temperature zone,
A8 JEF 5 Longdao 5 &% Secondary grade 17 Rounded grain late maturing variety
VE A7 BRI T E SRR B e ,https ://www.ricedata.cn/

Note ; Information from the National Rice Data Center,

https://www.ricedata.cn/.
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Table 2 Average temperature setting of B i G RS A E 3 /\H K 35 /N T g
different periods after anthesis LS H}E*i P PR K WL FES AL TR A I TR
b R 1~7d 1E)5 8~14 d 1EJE 15~21 d KK, SR/ INELBY R LR K B Ky, 31 80 H
Treatment 1~7 d after 8~14 d after 15~21 d after
anthesis anthesis anthesis 'fﬁ'ﬁﬁ o
B1(CK) ‘% 4h Outdoor ‘24 Outdoor Z4b Outdoor 1.2.1 ﬁl\i%ﬁ%}ﬁ %ﬁﬁjﬁ*&l\ ﬁ#ﬁlj/b(( EM-
2170 /13C 1000, SATAKE , H 7<) il m%uuu BEAFE S BOE
&/ - =
B ) ) ) DU, W 45 bR 0 R T K
17°C /13°C. Outdoor Outdoor jr*t,_j [:BO
( Day/Night ) e s P ek
. 17°C/13%C 1.2.2 Zhmi EHEBSE MR 2 g KXk
s &2 ). ) R 4 1 S LI A UL, i o e
Qutdoor 17C /13 Qutdoor FH(5.95) HIERREE F R o B, 4 RE AL R 3
(DN eye RSO, A4 AR R 0.1 g
(B/B0) BF 1.5 ml B0, 01 ml 808K, TR LR
B4 E20 X0 Greenhouse, e .
Outdoor Outdoor 17°C /13 ]}J%B{X 4 h’ ) ‘F‘T_‘l 0000 r * min~ *1421:,%4_‘\ 20
( Day/Night) min K VSR 21 BE AU T EE AR R 3 1K
700 30
~% 28
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Fig.1
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—O— |- HEiR J¥ Soil temperature
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Soil temperature and photosynthetically active radiation from July to August in 2019
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4, Newport Scientific , ¥ K FI V. ) Il 7 € #3 i Pk
H Thermocli #1753 4T, 4% AACC EEA WL
AU HRE LR (199561 -02) br i 5 sk b AT #R 1
RVA SR EE G e B0 8 AR W IR
FA B T80 | 10152 (E A b TR (I i
1.3 HELESSH
K Excel 2003 XF 4478 21, H] DPS v7.05
AR R LT B B R A T O 25 AT
2 SR 550
2.1 HEZHAREB BRI FER NG RA#
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Table 3  Effects of low temperature on appearance

quality of rice during grain filling stage

53 WAL 45 . 45 S [a] B B AR X 2 MR e ot S5 1) 5 i) 99
A IO, FH 2k B 78 Y Bradford 32551 &5 0 4 15 AR T LB A S0 BE A R 1.27% ~7.09% ,0.67% ~

4.18%H 1.51% ~2.09% (3¢ 3) , A2 Ay AL &
AR, AT SRR R AL T 22 AP A B X AT A
KT8 FE A SR A 5825 5 B2 Ab T S R o 1 o
SEMAEL/IN s B3 Il B4 ALBRJS | S FURLRAIZE [ B0
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Table 4  Effects of low temperature on rice

nutritional quality during grain filling stage

AT 17 T
s #c[flfﬁf// éhéllkj;i/q L;ﬁhti/ﬁh A RRFV% TREY% BREFY % BEEERY % REE%
Treatment rate degree Tatio Treatment  Protein Albumin Globulin Prolamin Glutelin
Al 7.09a 4.18a 1.91b Al 5.72e 6.10e 12.95a 5.13b 78.78a
A2 1.27¢ 0.67e 1.53e A2 6.01d 9.00a 12.85a 4.89b 74.01d
A3 5.22be 2.87b 1.79¢ A3 5.82e 8.02b 12.18b 5.09b 75.9%4¢
A4 4.03d 2.27¢ 2.09a A4 5.72e 6.36d 12.15b 6.07a 75.49¢
A5 4.78¢ 2.72b 1.69d A5 7.05a 5.36f 11.51c 4.95b 79.42a
A6 3.80de 2.23¢ 1.79¢ A6 6.50c 5.92e 11.37¢ 3.47d 78.93a
A7 5.32b 2.79b 1.71d A7 6.80b 6.42d 11.24¢ 6.09% 76.13bc
A8 3.42¢ 1.93d 1.51e A8 6.45¢ 7.07¢ 10.39d 4.28¢ 77.24b
Bl 3.05¢ 1.64¢ 1.75a Bl 6.17b 6.70b 12.31a 4.58¢ 77.19ab
B2 2.86¢ 1.68¢ 1.75a B2 6.34a 6.51c 11.75b 4.87b 77.68a
B3 5.28b 2.98b 1.75a B3 6.26a 6.94a 11.67b 5.38a 76.81ab
B4 6.27a 3.53a 1.76a B4 6.27a 6.96a 11.61b 5.16a 76.29b
Fy 879.66 " * 104.27 " " 47429 " Fy 167.69° *  185.89" ~ 28.54* % 4133 19.54* "
Fy 175.23"* 190.94* * 0.74ns Fy 598" " 1176 * 798" 13247 3.63"
Faxn 77.22% ¢ 98.27" " 1.25ns Fow  1010°° 0 2077°°  1297°F 544 393*F

I RS NE FHREFRORAE 5% FERBE = Fl = =
GPINARINTE 5% 197K B W35 ns Fon ol 225, T,

Note : Different small letters mean significant difference among treat-
ments at 5% level. * , % % and ns indicate the significances at 5%,

1% and non-significant, respectively. The same as below.

E AT ENSERNS S BEASTRNE L,
Note : Protein component content is the percentage of each protein

component to total protein content.



100 TR A X AR

541 45

TREETS AL SRR ToRE 187 TEAHIF ST rh Ak 5
RINEA . ZHZE 3 Hr R, 45 52 AR K R 1Yy
TR BN, B2 BT REOR A6
USTEINRPRAY &7 3o h 7 SR & 1 i S PN e (2
X ZE YR i 0T A 5 e Gk B TR R KO, BV
FHH S5 SRR AR TRDR 28 8 B R T
2.4 EZHAEEREBITTFEAK RVA EHEER

Al

ANE] AP RIARE K RVA G R AR A 19 22 52 3555 )
e i KT (R 6) . B2 Fil B3 AbBE I 2 FEAR T Rk

x5 ELHPREMBAREZRIRBRZM
Table 5 Effects of low temperature on eating and

cooking quality of rice during grain filling stage

I A BT
Treatment Aroma  Gloss Integrity Taste Palatability score
Al 74lg 863ab 678 84lb 855 87.96a
A2 755c 843cd 7.04bc 847a  834b 86.13b
A3 752 84%c 691d 834c 8S5la 86.00b
A4 757bc 864a  691d 847a  7.79de 86.85h
A5 749 79  7.08b 824d  7.89d 82.44d
A6 744f 803 714a 826d 7.70e 84.02¢
A7 759 802  7.09ab 827d 824b 81.59d
A8  763a 834d 70lc 83%c 802 84.15¢
Bl 753%b 8432 697a 840a 826a 85.78a
B2 75lb  825h 70la 834b 8.12b 84.79b
B3  753b 829b 698 834b 8.06b 84.47h
B4 753 825b 70la 835h 8.06b 84.27h
Fy  53.15%* 3321"*2822%* 224" * 3584" * 52.37%*
Fg  213ns  599%* 1.89ns 602°* 558°* 9.08**
Fyog  600%" 5.02%% 210" 626%* 417" 591"

xr6

B o e 0 BE PRI RE R A A v IR B LA SR I
RIALIR B s B2 Ab 38 bl 2 B2 5 T REOK A T DA 1T &2
(B LA S W (ELIS) ) 5 B4 A BEXTJEH RVA FFAE(E A5
M /N SRR R EAEXT RVA SRR (A
HISEIR A B W E 7K, ZRB TR AEfS 1~14
o I TR A FHLXGT K A i TR S A R
25 WAEBERKMREEF @AM RVA EHE
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Table 6 Effects of low temperature on rice RVA characteristic values during grain filling stage

TR R PR i fRAE TH WA IR ] 52 {8 VEERE IR R
Ab B o . .
Treatment Peak viscosity Hot paste Breakdown Setback Cool paste Consistence Peak Pasting
/cP viscosity/cP /cP /cP viscosity/cP /cP time/min temperature/ “C
Al 3060.1d 2466.7¢ 593.4e 323.7b 3383.8¢ 920.4e 6.70bc 68.64f
A2 3306.3¢ 1914.4f 1366.8a -268.8f 3012.5¢ 1098.1¢ 6.18e 69.74d
A3 2783.4f 2261.1e 527.3f 417.1a 3200.5e 939.4e 6.78a 69.18e
A4 2758.9f 2242.5e 516.4f 404.0a 3171.3e 920.4e 6.74b 69.10e
A5 3440.2b 2775.4a 677.3d 274.4¢ 3714.6b 939.2¢ 6.72bc 71.05b
A6 3551.8a 2570.4b 998.1¢ 217.1d 3785.6a 1215.2a 6.53d 71.40a
A7 2889.2¢ 2321.8d 575.8e 423.6a 3312.7d 999.3d 6.69¢ 69.40e
A8 2928.7e 1712.8g 1201.8b -66.8e 2861.9¢ 1149.2b 6.08f 70.07¢
Bl 3155.2a 2329.8a 825.3a 270.3b 3345.9a 1016.0b 6.55b 70.17a
B2 3027.8b 2257.8b 768.0c 458.3a 3294.6b 1036.9a 6.60a 69.72b
B3 3012.5b 2218.3¢ 796.7b 303.3b 3233.0¢ 1016.3b 6.53b 69.35¢
B4 3163.8a 2326.6a 838.5a 262.7b 3347.9a 1021.3ab 6.53b 70.04a
Fy 319.7% " 390.8* 751.7" 526.5% " 362.4" " 148.2* " 308.58" * 79.52* "
Fy 4.7 19.7" " 13.2** 316" 20.8 " 2.1ns 10.05* " 22.70" "
Fixs 16.1"°* 11.3°* 154" " 17.6° " 153" 4.6 3.85" " 16.67 " "
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Table 7 Correlations of eating and cooking quality to nutritional quality and RVA characteristics
Pk w5 HiE St okt T
Trait Aroma Gloss Integrity Taste Palatability
score
B Protein 0.04 -0.83** 0.71** -0.66** -0.81"* -0.84"*
#HEHA Albumin 0.28 0.32 -0.12 0.36* 0.24 0.28
BRI Globulin 0.24 0.14 0.16 0.18 0.09 0.09
3% [ Prolamin 0.12 0.02 -0.17 -0.06 0.02 -0.13
A A Glutelin -0.43" -0.26 0.03 -0.30 -0.16 -0.11
T HE Peak viscosity -0.34 -0.37" 0.40* -0.18 -0.32 -0.14
P EEFE Hot paste viscosity -0.57"" -0.31 0.05 -0.39" -0.14 -0.12
Jiff{4 Breakdown 0.26 -0.05 0.34 0.22 -0.17 -0.02
THIE (A Setback -0.28 -0.08 -0.18 -0.33 0.04 -0.08
B IEFELEE Cool paste viscosity -0.56** -0.43" 0.26 -0.45" " -0.29 -0.22
[a] % {& Consistence 0.13 -0.30 0.56** -0.10 -0.39* -0.24
WEE AT ] Peak time -0.41" -0.03 -0.24 -0.28 0.13 0.02
IR ILIRE Pasting temperature 0.02 -0.34 0.46** -0.18 -0.39" -0.25
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