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Effects of Asymmetric Warming on Grain Quality and Related Key Enzymes
Activities for Japonica Rice (Nanjing 44) under FATI Facility

DONG Wen-Jun', TIAN Yun-Lu', ZHANG Bin!, CHEN Jin', and ZHANG Wei-Jian"*"

"Institute of Applied Ecology, Nanjing Agricultural University, Nanjing 210095, China; ? Institute of Crop Sciences, Chinese Academy of Agricultural
Sciences / Key Laboratory of Crop Physiology, Ecology & Production, Ministry of Agriculture, Beijing 100081, China

Abstract: Climate warming presents significantly asymmetric trends with greatly diurnal differences, greater temperature eleva-
tions existing for the daily mean minimum temperature than for the daily mean maximum temperature. To date, the evidence is
lacking for the effects of asymmetric warming on grain quality of single cropping rice based on field experiments. We performed
field warming experiment under Free Air Temperature Increased (FATI) facility to investigate the impacts of asymmetric warming
on grain quality and activities of key enzymes of single cropping rice in 2008 in Nanjing, Jiangsu Province, China. The results
showed that the all-day warming (AW), daytime warming (DW) and nighttime warming (NW) treatments obviously advanced the
grain filling and seed setting stage and changed the beginning date and the duration of high temperature above 35°C in the stage of
grain filling, consequently resulting in obvious changes of head rice rate, chalky grain rate, chalkiness, RVA characteristics, starch
content and its components, protein content, and the activities of key enzymes for starch and protein syntheses. All the treatments
decreased significantly head rice rate, increased significantly chalky grain rate and chalkiness of rice grain, and had no significant
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impact on the starch content of rice grain but tended to reduce the amylose content and increase the ratio of amylopectin to amy-
lose. And the highest values of the amylose content and the ratio of amylopectin to amylose existed in the NW and AW plots
which were 4.5% lower and 4.6% higher than those in the control plots in 2008, respectively. The activity of ADPG-PPase in grain
decreased under the warmed plots during the early phase of rice grain filling, while had certain differences during the middle and
late phases of rice grain filling. Warming treatments had no significant effect on the activity of SBE in grain. There were increas-
ing trends of peak viscosity, hot viscosity, break down and pasting temperature, and decreasing trends of final viscosity, setback
and consistency in rice grain under the warmed plots. The highest increase of peak viscosity and break down existed in the AW
plots, and the highest decrease of final viscosity and consistency existed in the DW plots compared with those in control plots.
The content of grain protein was decreased by warming treatments. Grain protein contents were significantly decreased by 5.6%
and 4.0%, respectively in the AW and NW treatments. The activities of GS and GOGAT in grain were decreased under the
warmed plots during the early phase of rice grain filling, while there were differences for them during the middle and late phase of
rice grain filling. All these results suggest that milling and appearance qualities of rice would get worse under warming plots. The
impact of ADPG-PPase activity was greater on amylose content and that of SBE on amylopectin content in rice during the early
phase of grain filling. The protein synthesis was closely related to the activities of GS and GOGAT during the early phase of rice
filling. Therefore, the effects of asymmetric climate warming on grain quality and activities of key enzymes for single cropping
rice are complicated.

Keywords: Climate warming; Free air temperature increased (FATI); Rice quality; Starch; Protein; Key enzyme

, (GS/GOGAT) ,
IPCC(2007) 4 , 100 NH," [12-13]
0.56~0.92°CM , - (GOT) -
1980—1999 ,21 (GPT)
1.1~6.4°C! (4 (3] ,
[3-4]
2050 1.2~2.0C,
2100 2.2~42CH , 1~10 d, , GS
[16]
40% , , ,
, [5] [17]’
>26 <21 ,
[6] [7] , ,
[8] [9] ,
[18-19]
ADPG (ADPG-PPase)
(SSS) (SBE) , ,
, ADPG-PPase SSS )
, SBE (i
a-1,6 (101 ,
[11]
(SS) ADPG-PPase SSS SBE ,
. [20]
SS SSS
ADPG-PPase ; ,
95%



834

37

1 #R57AZE

1.1
2008  6—10
(32°02'N, 118°52'E, 11 m) ,
1 900 h, 237 d,
1 000~1 100 mm  2000—2008
167 , 20 80 90
1.5 0.7 ,
2.52gkg™" 0.60gkg" 14.00 gkg™,
8.24 g kg™
1.2
44, ,
5 16 ,6 16 ,

16.7 cm % 20.0 cm 1 245.00 kg
hm™ ( 45%,N : P,Os : K,0=1:1":
1), ( 46%)

93.75 kg hm™

(AW, all-day warming)

(DW, daytime warming) (NW, nighttime

warming) (control) 4 ,
7:00—19:00 ,

19:00— 7:00 ,

3, 20 m’, 4 m’?

[20]

2.0 0.6 0.9

1.1,
1.8
1.3
1.3.1 RAEF*E ,
, 10d , 10d
, 9:00—10:00,
5, ,
, -70
, 3 ,

1.3.2 K du it E
GB/T17891-1999 21]

, 5.95

[22]

NY147-88 (23]

Newport Scientific Co.

Super3 ,
(AACC)  (1995-61-02)
(RVA
(GT, 1 C) (PKV) (HPV)
(CPV) (BDV = PKV-HPV)

(CSV = CPV-HPV) (SBV = CPV-PKV)

1.3.3 BgEiE Mg ADPG-
PPase (251 SBE
%7"GS  GOGAT
[14] [26]
1~2
s ADPG-PPase SBE GS
GOGAT Nakamura 7
ADPG-PPase  SBE , (28]
GS GOGAT
1.4
2 9 9
Microsoft Excel 2003 R
SPSS 11.5
2 HFERESR
2.1
[29]
35
1 , ,
4.0 1.4 1.9 , 0.5 -0.7
( 07 ) 1.7 ,
35
17 10 5d
2.2



5 : 44 835

42.1% 31.5% 36.4%,3

3 2 24, 21 )3
1d, 5 3 3d ,
, 232 HWBREERHALSELESVLZ RVA 45K
,3 4 ,3
2.3 ,
2.3.1 A5 KA AL B IR 3 , 0.8% 0.1%
1.4%, ;
03% 02% 1.0%, 43% 2.9% 4.5%, ; /
, 4.6% 3.6% 4.0%, ,
; 83% 5.7% 5.5%, ,

F1 EXMNREBERETKEERAERREST 35 CHXRE
Table 1 Days of high temperature (>35°C) during grain filling phase of rice under asymmetric warming treatments

35 Days of high temperature (>35 ) during grain filling
Treatment Early phase Middle phase Late phase gﬂg;ﬁ:ﬁ Dioufr?:riliiefrfaetrl;:rr;ce
CK 5 6 1 229 13.7
AW 12 9 8 26.9 13.2
DW 11 8 3 243 14.4
NW 6 8 3 24.8 12.0

CK: control; AW: all-day warming; DW: daytime warming; NW: nighttime warming.

R2 ENHMUEEEXNKEEEHABRRERERMZMEBREH:6 A16 B)
Table 2 Effects of asymmetric warming on rice growth stage and effective panicles under FATI facility
(Date of transplanting: June 16)

( ) Date (month/day) (days after transplanting)
Treatment ) ) Plant height Effective panicles
Heading Harvesting (cm) (x10* plants hm™)
CK 8/30(74) 10/14(120) 81.38+0.47 a 219.74£5.28 a
AW 8/27(71) 10/9(115) 83.07£1.95 a 224.7+8.99 a
DW 8/28(72) 10/11(117) 82.07+£0.21 a 231.74£3.99 a
NW 8/28(72) 10/11(117) 84.24+1.04 a 224.7+14.98 a
R 0.05

Values within a column followed by a different letter are significantly different at the 0.05 probability level. Abbreviations are the same
as given in Table 1.

F 3 AEFTARIEIEIR X HE K A0 T BN S UL dm R B9 2
Table 3 Effects of asymmetric warming on rice milling quality and appearance quality under FATI facility

Milling quality Appearance quality
Treatment
Brown rice rate (%) Milled rice rate (%) Head rice rate (%) Chalky grain rate (%) Chalkiness (%) Length-width ratio
CK 84.28+0.19 a 80.79+0.14 a 76.26+0.46 a 20.67+£3.06 b 5.29+1.23 b 1.680+0.007 a
AW 84.04+0.15 a 80.51+0.11 ab 69.90+1.00 b 35.67+1.59a 11.60+0.78 a 1.680+0.007 a
DW 84.11£0.15 a 80.66+0.12 a 71.92+1.28 b 30.17+2.46 a 9.75+0.31 a 1.694+0.003 a
NW 83.80+0.11 a 80.01+0.23 b 72.09+1.55b 32.50+1.61 a 10.28+0.15 a 1.696+0.013 a

s 0.05
Values within a column followed by a different letter are significantly different at the 0.05 probability level. Abbreviations are the same
as given in Table 1.
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Table 4 Effects of asymmetric warming on total starch content and its components in rice under FATI facility

/
Treatment 1000-grain weight (g) Starch content (%) Amylose content (%) Amylopectin content (%) Amylopectin/amylose ratio
CK 27.21+£0.39 a 90.85+0.32 a 17.06+0.10 a 73.79+0.37 a 4.33+0.04 b
AW 27.04£0.04 a 90.17+0.57 a 16.33+£0.10 b 73.84+0.58 a 4.52+0.05 a
DW 27.19£0.19 a 90.75+0.40 a 16.56+0.08 b 74.19+£0.47 a 4.48+0.05 a
NW 27.154£0.34 a 89.61+0.46 a 16.30+0.05 b 73.31+£0.50 a 4.50+0.04 a
s 0.05

Values within a column followed by a different letter are significantly different at the 0.05 probability level. Abbreviations are the same
as given in Table 1.
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Table 5 Effects of asymmetric warming on rice RVA characteristics under FATI facility
Peak viscosity Hot viscosity Final viscosity . Pasting temp.
Treatment (RVU) (RVU) Break down (RVU) Setback Consistency ()
CK  1940.00+1.00 ¢  1302.67+7.49 a 634.50+11.00 a 2233.83+17.24a 314.67+12.65a 931.17£11.28 a 74.13+0.01 b
AW 2068.33+39.29 a 1321.33423.96 a 747.00+38.21 a 2220.00+34.61 a 151.67+13.82 ¢ 898.67+26.25a 75.39+0.46 a
DW 1957.83+12.72 bc 1305.25+34.25a 682.83+45.99a 2168.17+28.42a 210.33+41.10 bc 893.17+6.06a  75.78+0.20 a
NW 1992.50443.69 abc 1326.50+36.85a 666.00+7.37 a  2229.75+78.25a 275.17+£15.37 ab 924.00+25.50 a  75.59+0.11 a

R 0.05

Values within a column followed by a different letter are significantly different at the 0.05 probability level. Abbreviations are the same
as given in Table 2.
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Fig. 2 Effects of asymmetric warming on the activities of ADPG-PPase (A) and SBE (B) of rice under FATI facility
1 Abbreviations are the same as given in Fig. 1.
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