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Abstract: [ Objective] Rice is an important food crop in China, thus it is very important for food security to clarify the
influence of global warming on the yield and quality of double-cropping high quality rice cultivars. [Method] A free air
temperature increasing facility (FATI) was constructed in a double-cropping rice system with Jinzao 47 (indica inbred)
and Liangyou 287 (indica hybrid) as early rice and Xiangyaxiangzhen (indica inbred), Wanxiangyouhuazhan (indica
hybrid) and, Yongyou 5550 (japonica hybrid) as late rice. The responses of rice yield, yield components, and grain
quality to warming were determined. [Result]1The effect of warming (1.3°C —1.6°C) on the yield of early and late indica
rice was not significant, but the yield of late japonica cultivar decreased by 10.2% mainly due to the decrease in grain
number per panicle. Under FATI, the plant height of both early and late rice decreased. The growth duration of early rice
was shortened by 3—4 days under warming, while that of the late rice did not change significantly. Warming significantly
increased the chalky grain percentage and chalkiness for both early and late rice. The brown rice percentage of Liangyou
287 and the head rice percentage of both Liangyou 287 and Yongyou 5550 were significantly increased by warming. The
protein content of late rice was significantly increased by warming, whereas the amylose content of late japonica rice
showed the opposite trend. In contrast, both the protein and amylose contents of early rice were not significantly affected
by warming. The characteristic values of RVA of rice varied with cropping seasons and cultivars. [ Conclusion]Warming
exerted a greater influence on the yield of high quality late japonica rice than that of indica rice. Increasing temperature
could improve the milling quality, but decrease the appearance quality. Late rice was more sensitive to warming in
nutrition quality and eating quality as compared with early rice.
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Fig. 1. Trends of double-cropping rice canopy temperature variation under FATI.
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Table 1. Double-cropping rice canopy temperature increment during different growth stages under FATI. <
AR IIR  FE PRI T W18 T
) o Canopy temperature increment Daytime canopy temperature increment Nighttime canopy temperature increment
I HH
. 2EHW , EEHW i _ LEW
Season  Cultivar ARG MR i HART R A AR AR i
X . Whole growth X . Whole growth X . Whole growth
Pre-heading  Post-heading i Pre-heading  Post-heading i Pre-heading  Post-heading i
duration duration duration
L SR 47 1.740.1 0.840.1 1.340.1 1.740.1 0.440. 1.140.2 1.840.1 1.340.2 1.640.1
Early rice Jinzao 47
wifl 287 1.3#0.1 1.340.2 1.340.1 1.140.1 0.540.1 0.840.1 1.620.1 1.620.1 1.620.1
Liangyou 287
[k RFEYL 1.640.2 1.740.2 1.640.3 1.440.2 1.340.2 1.420.2 1.940.1 2.040.2 1.940.2
Late rice  Xiangyaxiangzhen
VAR S 1.540.1 1.740.1 1.610.1 1.440.1 1.340.2 1.440.1 1.740.2 2.040.2 1.940.2
Wanxiangyouhuazhan
FA I 5550 1.520.2 1.740.2 1.620.1 1.320.2 1.440.1 1.440.2 1.740.2 2.040.1 1.940.1
‘Yongyou 5550
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Table 2. Effects of FATI facility on double-cropping rice growth stage.

Z5 i Qb 227 i AT R S Eelac=p i
Season Cultivar Treatment Transplanting Heading Pre-heading/d Maturity Post-heading/d Whole growth duration/d
EfE Earlyrice 45 47 CK 04-28 06-15 48 07-18 33 81
Jinzao 47 w 06-12 45 07-14 32 77
Wil 287 CK 04-28 06-10 43 07-15 35 78
Liangyou 287 w 06-08 41 07-12 34 75
MiF5 Late rice RIFEL CK 07-26 09-24 60 11-16 43 103
Xiangyaxiangzhen W 09-24 60 11-16 43 103
PAE kiR CK 07-26 09-14 50 11-13 50 100
Wanxiangyouhuazhan W 09-14 50 11-13 50 100
A1t 5550 CK 07-26 09-13 49 11-15 53 102
Yongyou 5550 w 09-13 49 11-15 53 102
CK— AN W—4/E 6 Wi
CK, Control; W, Warming.
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Fig. 2. Effects of FATI on plant height of double-cropping
rice.
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Table 3. Effects of FATI on double-cropping rice yield and its components.
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7= i b ﬁiﬂ%ﬁ ’Eﬁ%ﬁéﬁ( SR TR Fri
Season Cultivar Treatment Effective panicle Grain nurmber per Seed setting rate/% Grain weight/g Yield/(t hm?)
number/(=<10* hm?) panicle
R G 47 CK 266.0#24.4 a 143.9+12.4a 75.2#0.6 a 26.4#0.3 a 7.4230.58 a
Early rice Jinzao 47 w 25494234 a 150.3%7.0a 76.7229a 25340.1b 7.3740.41a
Witk 287 CK 336.1+22.1a 130.5+14.0a 7344826b 23.2#.3a 7.4030.23 a
Liangyou 287 W 328.5429.7 a 123.3#.4a 80.743.2a 229#0.2a 7.4740.34 a
e A RAEL CK 331.8+17.0a 156.6+13.4 a 64.242.9a 18.940.5a 8.8240.56 a
Late rice Xiangyaxiangzhen W 345.7429.4 a 149.9429a 66.746.0 a 18.640.6 a 9.0540.58 a
VAR Snid CK 356.9421.7 a 169.8+14.1a 76.9425a 21.240.1a 10.0340.70 a
Wanxiangyouhuazhan w 358.5432.3a 167.6+19.7 a 77.647.6 a 21.2408a 9.8540.50 a
F . 5550 CK 239.0#25.1a 254.0+17.4a 75.536.4a 25.1#0.5a 12.2940.97 a
‘Yongyou 5550 W 230.3%24.9a 224.1+152b 78.33.8a 25.7#.7a 11.0440.92 b
CK—RIfi: W— A H IR AFNG TR R 7] — P AS 7 A 2 ) 22 0 31 (2 25 7K 1 (P<0.05, n=3, /MR 3 72 41) .
CK, Control; W, Warming; Values followed by different lowercase letters are significantly different among treatments for each cultivar (P<0.05, n=3, LSD).
®4 FHREGERMFERIINBR. IR, EERMEETHSENFIT
Table 4. Effects of FATI on rice appearance quality, milling quality, protein content and amylose content.
5 . s Kt EERE EAE R OFkE WROkR BOARSR HMEERaR
Season Cultivar Treatment Length-width Chalky grain Chalkiness Brownrice  Milled rice Head rice Protein content Amylose
ratio rate/% 1% rate/% rate/% rate/% 1% content/%
i 4 47 CK 2.1040.00 a 99.3#).6 a 43.72.2Db 77.1#.3a 65.740.8 a 47.0H.2a 9.7740.58 a 20.39#0.23 a
Early rice Jinzao 47 w 2.13#0.06a  100.0#0.0a 474406 a 7754#.5a 66.1#0.7a 494#18a 9.95#.73a 19.61+1.20 a
Witk 287 CK 3.5040.00 a 40.32.1b 151#.1b 75.840.4b  65.8405a 39.4#0.6b 10.2440.56 a 16.5840.11 a
Liangyou 287 W 3.53#0.06 a 453#3.8a 20.2#1.9a 78.8+x1.5a 66.4+1.8 a 44940.6a 10.04#0.82a 16.8240.28 a
WA RFEL CcK 42040.00a  13.7#1.2b 3344 b 775#.9a 69.1#09a 59.9#0.8a  7.8940.37h 12.6940.38 a
Late rice  Xiangyaxiangzhen W 4.20#0.00 a 18.043.7a 4.640.7 a 78.2#1.3a 69.620.5a 61.2#0.2a 8.93#0.12a 12.4740.33 a
TIRMAR CcK 4.0740.06a  18.0+2.0b 5.540.6 b 81.5#).4a 728#05a 60.8435a 7.5240.32b 13.49#0.35a
Wanxiangyouhuazhan W 3.9340.06 a 23.3#H.5a 6.940.9a 81.840.2a 729#9a 594#.7a 8.00#.12a 13.4620.02 a
il 5550 CK 2.3340.06 a 20.3H.5a 5.140.8a 82.840.6a 749+l.1a 65.6433b 6.984.16b 14.3940.23 a
Yongyou 5550 W 2.3740.06 a 23.3%2.9a 574#.9a 83.240.3a 76.0#.6a 71.9H.2a 7.75#0.20a 13.0940.12 b

CK—AGlh s W— A BN AR/ 5 BEE R R — RS [F) Ak 8 ] 22 7t 2% 1 1k 35 7K~ (P<0.05,

n=3, R/NEEERIE).

CK, Control; W, Warming; Values followed by different lowercase letters are significantly different among treatments for each cultivar (P<0.05, n=3, LSD).
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Table 5. Effects of FATI on rice RVA characteristics.

= e e VEIRETE P EFE wRE DOWRE L BRE
Season Cultivar Treatment Peak viscosity Hot viscosity /cP Breakdown Final viscosity Sethack Peak _tlme Pasting
IcP /cP /min temperature/'C

755 Early rice & . 47 CK 3128.3452.6a  2397.74647a 730.7421b  4027.0463.8a 898.7428.7a 6.440.0 a 83.4205a
Jinzao 47 w 3154.7#47.9a 2336.7450.4a  818.046.1a  4024.3456.7 a 869.7456.5 a 6.240.2a 83.4205a
itk 287 CK 3244745442  2348.7#44.5a 896.0456.5a  3855.3163.3a 610.7484.2a 6.320.0a 83.3#0.9a
Liangyou 287 w 3201.7420.0a  2410.0#14.0a 791.7#186b  3838.3367.3a 636.72447.6 a 6.440.1a 84.140.4a

i Late rice S &S CK 3266.3479.5a  1660.7#412a 1605.7#43.3a  2645.0472.8a —621.3356.9a 6.040.1a 82.040.9a
Xiangyaxiangzhen w 3220.7461.2a  1553.7436.0b 1667.0#48.7a  2459.0293.3b  —761.7439.7b 5.840.0a 82.840.5a
JigARAE CK 3376.5457.3a  1581.0+19.8a 17955477.1a  2541.5#9.2a  —835.0466.5a 5.8%0.0a 83.540.6a
Wanxiangyouhuazhan w 3374.3#119.0a 1557.0265.6a 1817.3384.0a  2533.3#46.2a —841.0284.9a 5.740.0a 83.640.4a
it 5550 CK 3450.7+14.2b  2157.3451.6a 1293.34526b  3248.04257a —202.7H46a 6.340.1a 80.742.0a
Yongyou 5550 W 3679.0489.7a  2195.0438.6a 1484.0468.1a  3245.7+49.1a —433.3466.0b 6.240.1a 77.04.0 b

CK—ANG . W—2E WG ARG TR ROR R — G A 7GR 2 5 22 5704 1) 8 2 /K 1-(P<0.05, n=3, He/)i 3 2 HUE)

CK, Control; W, Warming; Values followed by different lowercase letters are significantly different among treatments in each cultivar (P<0.05, n=3, LSD).
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