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Abstract: [ Objective ] Rice appearance and processing quality will be reduced by elevated atmosphere CO,
concentration ([CO,]). To ascertain the mechanism behind this decline and then alleviate it, [ Method]we used a Free-air
Carbon Dioxide Enrichment (FACE) facility, two kinds of cultivars and its three kinds of genetically modified materials
(Zhonghua 11 and its transpiration-promoting genetic materials, ZmK2.1-15, ZmK2.1-20, OsKAT3-26, OsKAT3-30;
Zhonghua 11 and its crown root-promoting genetic materials, ERF3-7 and ERF3-12; Nipponbare and its nitrate
absorption-promoting genetic material, NIL) to study the responses of appearance and processing quality of different rice
genetic materials to elevated [CO,]. [Results]The responses of rice appearance and processing quality to elevated [CO,]
varied among these genotypes. The chalky grain percentage and chalkiness degree of Zhonghuall increased by 9.2% and
4.4% under elevated [CO,] compared with ambient [CO,], and head rice percentage decreased by 5.3%, while the chalky
grain percentage and chalkiness degree of Nipponbare decreased by 11.1% and 7.9%, and head rice percentage increased
by 9.8%. Transpiration-promoting genetic materials significantly mitigated the negative effect of elevated [CO,] on the
appearance and processing quality of Zhonghuall. As compared with ambient [CO,], the changes in chalky grain
percentages for ZmK2.1-15, ZmK2.1-20, OsKAT3-26 and OsKAT3-30 under elevated [CO,] were —2.7%, —16.3%,
—14.8%, +7.4%, and that of chalkiness degree was —8.7%, —22.3%, —15.1%, —3.0%, and that of head rice percentage was
+2.1%, +6.4%, +3.6%, —7.0%. Crown root-promoting genetic materials exacerbated the negative impact of elevated
[CO,] on the appearance and processing quality of Zhonghua 11, with the chalky grain percentage increased by 17.7%
and 11.5% under elevated [CO,], and the chalkiness degree increased by 34.4% and 19.1%, head rice percentage
decreased by 10.1% and 0.8%, respectively. The chalky grain percentage and chalkiness degree of nitrate
absorption-promoting material (NIL) did not change significantly at elevated [CO,], and the head rice percentage
decreased by 4.2%. The appearance quality of NIL was significantly improved as compared with that of Nipponbare, with
the chalky grain percentage and chalkiness degree decreased by 16.5% and 17.9% under elevated [CO,], and 26.3% and
28.9% under ambient [CO,]. [Conclusion] The promotion of transpiration and nitrate absorption through genetic
regulation could be one of the effective ways to improve the appearance and processing quality of rice under elevated
[CO,] in the future.
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ZmK2.1-20., OsKAT3-26. OsKAT3-30 [ [ R 2R AR AL 8 -2.7%. —16.3%- —14.8%, +7.4%, T [HER-8.7%.
—22.3%. —15.1%. —3.0%, #FEKE N+2.1%. +6.4%. +3.6%. —7.0%. {EEIRELMEIIKRT CO, Wk EETFHExT
HRAE 11 S A0 50 T A 5 I AT 8508, ERF3-7 ERF3-12 [¥) 32 (R0 RAE CO, e T T 20 B3N 17.7%F1 11.5%,
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RS T 2015-2017 FAEVL A B VLA T /NCEH R
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(0.002~0.020 mm)285.1 g/kg, Zh#i(<<0.002 mm)
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F1 2015 L 11 REBEBEHHE (ZmK2.1-15, ZmK2.1-15, OsKAT3-26, OsKAT3-30) #ER[E CO, iRE LB THIHE
KE, FERE, BERE, EONENEQE

Table 1. Brown rice percentage, milled rice percentage, head rice percentage, chalky grain percentage and chalkiness degree
of Zhonghua 11 and its transpiration-promoting genetic materials (ZmK2.1-15, ZmK2.1-15, OsKAT3-26, OsKAT3-30)
under elevated and ambient CO, concentration in 2015.

(Eki} O, kb3 BEk % HikR SR IR 9 ()i
Material CO, treatment Brown rice Milled rice Head rice Chalky grain Chalkiness
2 percentage/% percentage/% percentage/% percentage/% degree/%
7% 11 Zhonghua 11 FACE 82.940.7 72342 68.04.2 13.240.9 5.840.7
Ambient 82.640.7 72.540.4 70.240.5 12147 5.640.7
Change 0.4 -04 =31 8.9 4.2
ZmK2.1-15 FACE 82.54+.2 71.940.4 68.042.6 42545 16.340.3
Ambient 81.840.2 71.440.8 66.643.4 43.7+4.3 17.842.1
Change 0.8 0.8 21 =27 -8.7
ZmK2.1-20 FACE 83.040.2 72.740.2 68.540.8 39.040.6 15.740.6
Ambient 81.3#.2 71347 64.442.0 46.626.9 20.2435
Change 2.1 19 6.4 -16.3 -22.3
OsKAT3-26 FACE 82.540.5 72.340.2 70.940.1 24.043.7 9.9#.2
Ambient 82.040.8 72340 68.540.7 28.2435 11645
Change 0.7 0.0 3.6 -14.8 -15.1
OsKAT3-30 FACE 80.1#.5 68.3#4.5 62.143.2 339455 13.74#.2
Ambient 80.940.8 70.54.4 66.842.4 31.64#4.7 14.14.0
Change -0.9 =31 =70 74 -3.0
J7 74501 Analysis of variance
A5 53 K6 Source of variation
kL Material(M) * 0.118 el el el
CO, ¥ £ ([CO]) 0.383 0.805 0.746 0.167 0.127
M>{CO,] 0.150 0.498 0.101 0.080 0.106

AR AR e S, WHRER T ESVTHEEEN: **, P<0.001;*, P<0.05.
Data in the table are mean=SD. Statistically sianificant effects by two-factor analysis of variance are indicated: ***, P < 0.001; *, P < 0.05.

-8-6-4 -2024638
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C

Hi1E11 Zhonghua 11
ZmK2.1-15
ZmK2.1-20
OsKAT3-26
OsKAT3-30

ERF3-7

ERF3-12

H A Nipponbare
NIL

*ok

#1{£11 Zhonghua 11
ZmK2.1-15
ZmK2.1-20
OsKAT3-26
OsKAT3-30

ERF3-7

ERF3-12

HAHE Nipponbare
NIL

28 2114 -70 7 14 2128 -48-36-24-12 0 12 24 36 48
AR AR Ak

Percent change relative to ambient CO,/%

A—HERE, B—HKE, C—HRKE, D—RANE, E- R A, RELRRIREZE, MR t RIS ZEE: ~*, P<0.001; **, P<0.01;*,

P<0.05,

A, Brown rice percentage; B, Milled rice percentage; C, Head rice percentage D, Chalky grain percentage; E, Chalkiness degree. Bars represent standard

deviation, and statistically significant effects by independent sample t-test are indicated: *** P<0.001; ** P<0.01; * P<0.05.

Bl 1 FACE &8T5 11(FF4R) R HEZBEIATHRI(ZMK2.1-15, ZmK2.1-20, OsKAT3-26, OsK AT 3-30)F{E B iR 4E K #14)
(ERF3-7, ERF3-12), AARMS(FF4E) K EIRAEREER IR R (NIL) BORE K2R . 5K, BRKR, TRRNEMNEART
.

Fig. 1. Average change in milling quality and appearance quality at elevated CO, concentration for Zhonghua 11 (wild type)
and its transpiration-promoting overexpression genetic materials (ZmKz2.1-15, ZmK2.1-15, OsKAT3-26, OsKAT3-30)
and crown root-promoting overexpression genetic materials (ERF3-7 and ERF3-12), Nipponbare (wild type) and its
nitrate-absorption promoting overexpression genetic material(NIL).
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Fh [ K A5 R (Chin J Rice Sci) %5 33 %45 4 11(2019 42 7 H)

=2 2016 12017 £ 11 RERERE KR (ERF3-7. ERF3-12) ARG CO,REAE TR KR, KR, B

Kk, EEREREARE

Table 2. Brown rice percentage, milled rice percentage, head rice percentage, chalky grain percentage and chalkiness degree
of Zhonghua 11 and its crown root-promoting genetic materials (ERF3-7 and ERF3-12) under elevated and ambient CO,

concentration in 2016—2017.

) bHE CO, 458 e ik o i .
Year Material CO, treatment Brown rice Milled rice Head rice Chalky grain Chalkiness
percentage/% percentage/% percentage/% percentage/% degree/%
2016 e 11 FACE 80.820.6 69.240.4 59.543.4 32.640.8 11.740.9
Zhonghua 11 Ambient 80.540.1 68.240.2 65.540.3 29.440.1 9.740.1
Change 0.4 15 -9.1 111 215
ERF3-7 FACE 78.24.1 66.441.0 54.94.9 78.240.9 40.240.6
Ambient 78.240.4 63.040.7 60.340.3 65.341.4 29.240.7
Change -0.1 5.3 -9.0 19.8 37.7
ERF3-12 FACE 80.6+1.8 67.34£2.6 59.1#.5 83.240.5 46.342.0
Ambient 79.94.7 64.945.4 57.640.4 77.04.1 38.9#.2
Change 0.9 3.7 2.7 8.1 19.1
2017 FfE 11 FACE 80.940.3 69.4+2.0 60.140.7 10.340.6 2.9140.5
Zhonghua 11 Ambient 81.240.6 71.0H4.2 62.4+1.4 9.940.8 4.340.8
Change -0.3 -2.3 -3.7 4.0 -33.2
ERF3-7 FACE 77.140.3 63.8+.0 51.3#.2 30.3+2.6 11.1#4.3
Ambient 78.1#.0 64.541.1 57.84#.8 26.941.0 9.040.2
Change -12 -11 -11.2 124 236
ERF3-12 FACE 78.240.6 65.441.7 53.542.2 60.241.8 24.940.9
Ambient 78.942.7 63.843.3 56.041.6 51.6+1.8 20.9#.3
Change -0.9 24 —4.4 16.7 19.1
77 Z 4T Analysis of variance
25 5 K8 Source of variation
PR Year(Y) * 0.780 * i i
AL Material(M) * 0.062 wxx el el
CO, #EZ([CO]) 0.505 0.353 * * b
Y>M * 0.056 0.451 ol ol
Y>{CO,] 0.204 0.101 0.641 0.128 *
M>{CO,] 0.688 0.078 *x ** *x
Y>M>{CO] 0.845 0.306 0.110 ** *

RPEAE IR bR WHRTT Z T R ENE: ~**, P<0.001; **, P<0.01;*, P<0.05.
Data in the table are mean4SD. Statistically significant effects by two-factor analysis of variance are indicated: ***, P < 0.001; **, P < 0.01; *, P < 0.05.

BTFE 17.7%. 11.5%(P=0.002, P<0.001), [/
FE g B B R, 43 3N 34.4%7F1 19.1%(P<0.001,
P<0.001) (Kl 1-D~E).

XPF e 11 A e AR A2 K # RH(ERF3-T7
ERF3-12), CO, XK ZFR KK I Eiem,
HERE OK R0 A W R Mk B B 3 K P
(P<0.05); i o FHAFE B R 2555 I AN A0 & 5 Ok K
RERAN I 535 (P<0.05) (3R 2).

2.3 #BFIE NRT1.1B FI{RFHERERIRUL# L 3T CO,
R E = RO 2

2016-2017 4E[H], HAKE A NIL (FREKZE . K
KEXT CO W T i (P AU, H A 5k
KRG ERT T 9.8%(P=0.021), 1fi NIL T T 4.2%

(P<0.001)(Kl 1-A~C). HAIEFI NIL RN KA
TE 22 1) SR ><CO, W FE BLAE RN (P=0.044, 3 3).

HAIELE FACE 2644 T AN B AT T e
L R AN T 9 B LG RSP R BRI T 10.1%A0
7.9%(P=0.047, P=0.018)T{efidfR &5 WA B NIL
(S (R R A (R FACE 451F N B B AR (K
(B 1-D~E). NIL [R5RUL a5 ARXS T B A 8 H A
BESE, 2016-2017 8], T TE CO T =
MR F2 41T COL MR, NIL 2 (0L A R0 2 15 5 4
KT HAR, £ FACE 4&fF N H AR 1 %
16.5%7F1 17.9%(P=0.137, P=0.120), £ CO, ¥
FESRAF TR E K, 2008 26.3% 11 28.9%
(P=0.002, P<0.001).
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&R 3 2016 #1 2017 F AARE R EAZHERR IR K NIL EANE CO MREALIE TRRERE . #EKE, AR, ERNE

MEBE

Table 3. Brown rice percentage, milled rice percentage, head rice percentage, chalky grain percentage and chalkiness
degree of Nipponbare and its nitrate-absorption promoting genetic material (NIL) under elevated and ambient CO,

concentration in 2016—2017.

e phE CO, 43 P ik o iR .
Year Material CO, treatment Brown rice Milled rice Head rice Chalky grain Chalkiness
percentage/% percentage/% percentage/% percentage/% degree/%
2016 BN FACE 71.440.3 57.9#.0 53.84.8 12.540.9 3.840.2
Nipponbare Ambient 75.044.7 60.943.6 48.844.9 13440 4.140.1
Change -4.9 -4.8 10.3 -6.9 6.6
NIL FACE 78.041.4 63.840.8 56.842.0 8.640.2 2.740.2
Ambient 79.540.4 64.740.3 62.140.6 8.140.3 2.240.2
Change -1.8 -13 -8.6 6.8 218
2017 BN FACE 81.840.4 68.740.2 67.340.6 24346 8.240.7
Nipponbare Ambient 81.540.3 68.540.3 61.641.0 28.040.3 8.940.2
Change 0.4 0.3 9.3 -13.1 -85
NIL FACE 81.540.4 68.040.9 64.7H.7 221453 7.142.0
Ambient 81.3#0.1 67.940.4 64.8+1.0 224425 7.040.7
Change 0.3 0.2 -0.1 -15 15
77 Z 4T Analysis of variance
25 538 Source of variation
EBR Year(Y) wx o * el *
1} Material(M) 0.100 0.088 i i *
CO, #E([CO;]) 0.393 0.430 0.318 0.535 0.711
Y>M 0.053 * i 0.549 0.988
Y>{CO,] 0.250 0.253 0.089 0.499 0.582
M>{CO,] 0.392 0.460 * 0.164 0.063
Y>M>{CO,] 0.340 0.324 0.533 0.705 0.894

AR IR AR, WRE T ESIHEEE: **, P<0.001; **, P<0.01;*, P<0.05.

Data in the table are mean4SD. Statistically significant effects by two-factor analysis of variance are indicated: ***, P < 0.001; **, P < 0.01; *, P < 0.05.
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Fig. 2. A linear regression relationship between the change
of head rice percentage and chalky grain percentage
at elevated [CO,] to ambient [CO,] for all rice
varieties of contrasting genetic backgrounds
(Zhonghua 11, ZmK2.1-15, ZmK2.1-15, OsKAT3-26,
OsKAT3-30, ERF3-7, ERF3-12, Nipponbare, NIL).
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