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Influence of elevated atmospheric CO,concentration and temperature on grain plumpness in rice
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Abstract: To investigate the influence of elevated carbon dioxide concentration ([CO.], +200 wmol + mol™) and temperature (+1 °C) on
grain plumpness of different positions in rice (Oryza sativa L.) under future projected climatic conditions, a field experiment was carried
out using the Temperature and Free Air CO; Enrichment(T-FACE) platform. Compared to ambient temperature and [CO,]( Ambient ), ele-

vated [CO.] enhanced the yield and panicle number of the rice. However, elevated temperature had a negative effect on the yield and pani-
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cle number. A combination of elevated [CO:| and temperature decreased rice yield by 4.0% and 14.0% and reduced the panicle number by

3.5% and 5.4% in 2015 and 2016, respectively. Superior grain plumpness was best in all grains, with a higher 1000 grain weight than that
of fulfilled, medium strength, and inferior grains that increased by 8.0%~11.7%, 10.5%~15.0%, and 38.8%~63.9% on average in both
years, respectively. Although elevated [CO-| and warmed temperature had no remarkable effect on the 1000 grain weight of fulfilled grain,
superior grain, and inferior grain, elevated [CO:] significantly increased 1000 grain weight of medium strength grain (P<0.05). In contrast,
warmed temperature significantly decreased this value (P<0.01). Elevated [CO.] increased superior grain weight and inferior grain weight
per panicle at harvest, and decreased grain weight and medium strength grain weight per panicle. Elevated temperature decreased superior
grain weight and medium strength grain weight per panicle. Combination of elevated [CO.] and temperature decreased grain weight and me-
dium strength grain weight per panicle. Furthermore, the ratio of superior grain weight to inferior grain weight contributed to the decrease in
panicle weight under single elevated [CO:| or temperature. However, the ratio that medium strength grain weight contributed to panicle
weight was opposite to this finding. The increase in the ratio of inferior grain weight contributed to panicle weight (33.1%) was larger than
that of ratio of superior grain weight contributed to panicle weight (12.4%) on average in 2015 and 2016 under combined elevated [CO,]
and temperature. The ratio of the medium strength grain weight contributed to panicle weight decreased by 4.5% on average in both years
under combined elevated [CO,| and temperature, respectively. The ratio of superior grain weight, medium strength grain weight, and inferior
grain weight contributed to panicle weight was 9.9%~15.9%, 73.2%~84.8%, and 5.2%~10.6% at harvest, respectively. Therefore, the
change in medium strength grain influenced rice yield more than superior grain and inferior grain did. Moreover, rice yield in 2016 obvious-
ly decreased by 17.3%~28.6% compared with that in 2015 under all treatments, which was further aggravated by rising temperature condi-
tions. This likely occurred because the weight of superior grain, medium strength grain, and inferior grain fell considerably because of high
temperature in the blooming stage, rainy and scant lighting in the grain filling stage in 2016. Above all, the combination of elevated [CO,| and
temperature decreased medium strength grain weight and its ratio contributed to panicle weight, and the increased ratio of inferior weight con-
tributed to panicle weight, so [CO,] enrichment could not compensate for the negative impact of increasing temperature on rice yield.

Keywords: elevated CO, concentration; elevated temperature; rice; yield; grain position; grain plumpness
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Figure 1 Daily temperature in rice growing season
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Figure 3 Temperature was monitored by an infrared sensor for the treatments in 2015 and 2016 in rice growing season
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Table 1 Yield and yield components of rice under elevated [CO,| and warmed temperature

20154 20164F
Treatment Yie{; /f . Panicle Spikelet Filled grain Yieg /j - Panicle Spikelet Filled grain
° number/m™  number/panicle”’  percentage/% number/m™>  number/panicle”’ percentage/%
Ambient 1145+6b 304.0+4.1b 160.8+12.7a 85.1+1.8a 947+43h 286.2+2.5b 152.742.0a 82.4+2.0a
eT 1047+24¢ 275.2+4.4¢ 154.1+4.1a 88.1+1.9a 747+30¢ 241.8+5.9¢ 147.7+£2.9ab 83.5+0.9a
eC 1314+8a 341.3+3.9a 152.1+4.4a 86.1+0.4a 1070+14a 335.2¢15.1a 140.1£0.5bc 82.7+3.8a
eT+eC 1100+10be  293.3+5.5bc 144.0+5.8a 88.9+1.2a 814+11b 270.7+5.6b 132.2+2.4¢ 79.9+2.2a
Year ok ok * ok
[CO] ok % *k ns
Temperature(T) ok ok * ns
YearX[CO,] ns ns ns ns
YearxT * ns ns ns
[COsXT * + * ns
YearX[CO,|XT ns ns ns ns
b [l — AT NG SR R 1 0.05 K F E 5% . FIl.
Note: The different letter in the same column indicates significant at 0.05 level.The same below.
R2 KRCOKEMBEAB T ABTHRRE(g)
Table 2 1000 grain weight of rice under elevated [CO,] and warmed temperature(g)
e 2015 4F 2016 4F
™ IR AR SR [ EET g SR
Fulfilled grain  Superior grain Medium strength grain Inferior grain  Fulfilled grain Superior grain Medium strength grain Inferior grain
Ambient 25.26+0.27a  27.68+0.38a 25.20+0.06a 15.62£0.07b  23.48+0.08a  25.04+0.23a 22.51+0.10ab 16.62+0.43a
eT 25.30+0.26a  28.48+0.39a 24.53+0.25b 18.41£0.95ab  23.62+0.19a  24.42+0.45a 21.43+0.38¢ 15.45+0.31a
eC 25.61+0.45a  29.58+0.95a 25.30+0.17a 21.02+0.97a  23.00+0.30a  24.83+0.38a 23.00+0.23a 16.84+0.72a
eT+eC 25.49+0.06a  27.62+0.73a 24.97+0.07ab 21.08+0.91a 23.01+0.34a  25.06+0.31a 21.69+0.17be 17.09+0.66a
Year *k w5k 5k ok
[CO,] ns ns * sk
T ns ns Hk ns
YearX[CO,| + ns ns ok
YearxT ns ns * +
[COAXT ns ns 1s ns
Yearx[COo|XT ns * ns +
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Figure 4 Grain weight per panicle of rice under elevated [CO.| and warmed temperature
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Figure 5 Superior grain weight per panicle of rice under elevated [CO,] and warmed temperature
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Figure 6 Inferior grain weight per panicle of rice under elevated [CO] and warmed temperature
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Figure 7 Medium strength grain weight per panicle of rice under elevated [CO.| and warmed temperature
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Figure 8 Ratio of superior grain weight, medium strength grain weight, inferior grain weight of rice contributed to

the panicle weight under elevated [CO.] and warmed temperature
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Table 3 Grain weight, superior grain weight, inferior grain weight, medium strength grain weight per panicle , and its ratio contributed to

panicle weight, respectively

SREVRIRERL  SSFGRIEERL PRI SREVRLSRERTLE S5 AR
Ji JihE Jh Bt Bt el

Superior grain  Inferior grain  Medium strength Ratio of superior grain Ratio of inferior grain

A i Weight per

Year Multivariate  panicle

rh AR el A L £
Ratio of medium strength
grain weight contributed

analysis weigh.l per weigh.t per  grain weight per weight ?Ohtribl.,lted to weight ?ontribl.lted to o panicle weight
panicle panicle panicle panicle weight panicle weight
2015 Stage(S) o ok ok o wE ns ok
[CO, * ok ok ns ok ns ok
T ok ns ns ok ns ns ns
SX[CO,] ok ns + ok + ns ns
SXT * ok ns ns ns ns ns
[COLXT * ns ns * * ns +
SX[CO.|XT ns ns ns ns + ns ns
2016 S ok ok ok ok ok ok ok
[CO,] ok * ok ok ns * ns
T * ok ns * + ns ns
SX[CO,] wk ns ns ok Hk ns Hk
SXT wE ns ns ok ns ns ns
[COLXT ns * ns ns ns ns ns
SX[COL]XT ns ns ns ns ns ns ns

T Z R R IR T 4 N EF IR 4 b 3 R .

Note : Multivariate analysis data source is obtained from four rice stages under four treatments with three replications.
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Table 4 Grain weight, superior grain weight, inferior grain weight, medium strength grain weight per panicle,

and its ratio contributed to panicle weight in harvest, respectively

SRBGKLIERL 55 HRIER

ZEAR PR
AE0 vl Weight per

Year Multivariate  panicle

AR
iy Jh i

Superior grain  Inferior grain Medium strength Ratio of superior grain Ratio of inferior grain

SRR AR
St el

SR AR

Wbt H il HhARE o R LA

Ratio of medium strength

grain weight contributed

. weight per weight per  grain weight per  weight contributed to  weight contributed to . .
analysis . . . . . . . to panicle weight
’ panicle panicle panicle panicle weight panicle weight
2015 [CO,] * * w5k 5k * % %
T ok ns ns * ns ns ns
[COXT ns ns + ns ns + ns
2016 [CO,] * * ok L ok * #
T ok * ns * ns ns ns
COLXT ns ns ns ns ns ns ns
[

1 ZE AR AR IR T Y 4 S Ab BE L 3 R EL A

Note : Multivariate analysis data source is obtained from rice in harvest under four treatments with three replications.
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