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Abstract: In order to investigate the effects of FACE (Free Air CO, Enrichment: an increase of 200 pmol - mol™ in the atmospheric CO,
concentration) on the grain yield, and potassium (K) absorption and utilization, FACE treatment experiments were conducted on six rice
varieties, including conventional japonica rice, hybrid indica rice, and conventional indica rice. Compared with the control treatment,
FACE treatment significantly increased rice yield by 24.17% on average, with the largest increment observed in the conventional indica
rice. The K uptake at maturity and use efficiency for grain yield under FACE treatment were promoted by 17.88% and 11.80%,
respectively. The maximum increment of K uptake at maturity was observed in the hybrid indica rice, and that of K use efficiency for grain
yield was observed in conventional indica rice. The K uptake at maturity was the most important contributor to grain yield. FACE treatment
reduced the K content of the rice culm and sheath, leaves and total plant at maturity. The K content of total plants was decreased by an
average of 8.43% at maturity, with the largest reduction occurring in the conventional indica rice. The K uptake at maturity was affected by
the K content of the rice plant. The K uptake in the culm and sheath and panicle significantly increased, whereas that in the leaf slightly
decreased following FACE treatment. The K uptake of each rice organ was important to the K uptake of total plant, with that of the culm and
sheath showing greater contribution. FACE treatment promoted K uptake from transplantation to tilling, tilling to heading, and heading to
maturity. The total K uptake at maturity was mostly affected by K uptake during transplantation to tilling. FACE treatment promoted the
translocation of K to the panicle and culm and sheath, while reducing the translocation to the leaves. FACE treatment reduced the
translocation of K to the culm and sheath and leaves by 44.04% at the filling grain stage, and increased the translocation of K to the panicle
by 55.43%. The largest translocation to the panicle was found in the conventional indica rice. The K translocation amount and ratio were
both beneficial to K use efficiency for grain yield. FACE treatment significantly increased the K use efficiency for dry matter production
and K harvest index, while decreasing the K requirement per 1 t grain. In summary, FACE treatment significantly increased the grain yield,
K uptake at maturity, K use efficiency for grain yield, K use efficiency for dry matter production, K translocation amount and ratio, and the
harvest index, while decreasing the K content at maturity and K requirement per 1 t grain. Taken together, the indica rice varieties were
more responsive to the elevated CO, concentration in the atmosphere than the japonica varieties.

Keywords: elevated CO, concentration; rice; types of varieties; grain yield; potassium absorption; potassium utilization
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Figure 1 Effect of elevated atmospheric CO- on grain yield of

different rice varieties
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Figure 2 Effect of elevated atmospheric CO; on K accumulation

and use efficiency for grain yield of different rice varieties
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Table 1 Effect of elevated atmospheric CO, on K content in different organs at maturity stage of different rice varieties (%)

AbFR Treatment fn 2SR Type of variety Z54 Stem I F Leaf 7 Panicle i AR Up—ground plant

CK B IR CIR 0.96+0.08 0.55+0.08 0.30+0.06 0.58+0.06
Fe SRR HIR 1.54+0.14 0.51+0.06 0.21+0.04 0.69+0.06
B IURIAE CIR 1.58+0.17 0.79+0.14 0.23+0.03 0.82+0.09
FACE W HURERS CIR 0.85+0.09 0.46+0.09 0.32+0.07 0.54+0.06
A KIS HIR 1.47+0.16 0.47+0.08 0.19+0.03 0.66+0.07
B PURIAS CIR 1.32+0.13 0.65+0.13 0.25+0.04 0.710.08

Fom 1.82 1.22 0.03 1.09

F g 12,38 3.03 2.98 3.95%:
F st 0.28 0.13 0.12 0.16

R FFORTE0.01, 0.05 K Bk &M, R,

Note: ** and * indicate significant correlation at 0.01 and 0.05 levels. The same below.

R2 KECOKEATHAEBFHLERKEH AR ZHFERFSHZM(g-m™)

Table 2 Effect of elevated atmospheric CO, on K accumulation in different organs at maturity stage of different rice varieties (g-m™)

AL B Treatment FhFFZEH Type of variety 258 Stem K Leaf i Panicle
CK B HURERE CIR 4.39+0.40 0.97+0.15 1.38+0.22
22 HAE HIR 7.24+0.59 1.06+0.17 1.44+0.29
HHURIFS CIR 8.09+0.90 1.75+0.36 1.58+0.18
FACE BB CIR 4.84+0.54 0.82+0.18 1.99+041
2 HAE HIR 9.13+1.06 1.12+0.17 1.78+0.32
H RIS CIR 9.38+1.18 1.71+0.37 2.22+0.35
Fun 0.04 4.65%
Fym 14.87% 5.54%% 051
F s 0.08 0.15

1% WHART]
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B ULH BB R 3G R 35 K, 390 20.11% , 43 BE-Fh B A
il B — AL B B 38 L 2% S RS 38 R e K, 43 B
19.61%.32.31% ., MAXTEUEHRF , CK I FACE 203
T, B Ak - BE Y B LLE BRI RS 5 L 0 H RURE A
A 2% 22 Al R 43 ) 480 88.11% ., 26.49% (CK) Al
55.74%.8.10% (FACE) ; 73 B¢ — it Al il — nla4 By
B L 2% 22 MRS 5 5, 3R ROBIRS RN IR RS L 43
BE — il B B B 43 I B8N 22.28% . 4.62% (CK) Fl
41.19% . 8.57% (FACE) , fl F8 — i 24 By B 43 %1 38

54.61% .0.07% (CK) 11 86.41% .8.03% (FACE) . #H%
ST, AU PRI S R S RS AR -4 BE A BE-Hih
Al - BCEOR OC FR B3 0l R 0.589% | 0.345% |
0.299% , S f 25 5l i 2 2 M TE AR OG .
2.4 KR COREF S I ARG RFH B K FE A HA T
ENiW0EAl

FH 2% 4 W] A1, FACE fif i 20400 25 359 Fn B B0 38 4 fid
U513 911 0.429% | 14.87% , I 1 (A8 25 43 T L £51) R A1
20.08% , 25§58 28 49 I B8] LA 2% SRR 1 i d5e R, i
Jr LAE FURE AR R R 5 K, B DA IR A 3 I e k. A
Y XA K, CK I FACE AL B R , 2585 A B0 243 i
Ll )35 DA % SRR 5 A, 35 AR RS AR BRI AR 43 3]
5 11.94% . 3.70% (CK) 11 15.32% . 4.87% (FACE) ; I
J B 2R 43 I L A5 38 A RIURIRRS 5 K, A RAE et
F 22 Kl A 4 ) = 3.55% . 20.30% (CK) Fll 16.16%
13.43% (FACE ) ; B (1) 5 32 43 TiC. LU 1] 34 DA o6 A el A
TR, B8 2% A8 KA A FILRIAS 2 1] 155 42.25% .40.13%

R3 RECOKEABHAEMALRKBEETMNRBFSHZM(g-m™)

Table 3 Effect of elevated atmospheric CO; concentration on K accumulation amount during different growth period

of different rice varieties(g-m™)

b3 AR B~y 4Bl iyl
Treatment Type of Variety Transplanting—Tillering stage Tillering-Heading stage Heading—Maturity stage

CK W R CIR 1.85+0.11 6.85+0.33 1.55+0.41
3T R HIR 2.75+0.14 8.37+0.75 2.40+0.35
WAL CIR 3.48+0.18 8.00+0.73 2.40+0.70
FACE W HURERT CIR 2.22+0.11 7.09+0.38 1.70+0.41
Ze 58 hIAR HIR 3.20+0.18 10.01+0.99 3.18+0.82
W PRI CIR 3.46+0.22 9.22+0.97 2.94+0.92

Fun 4.16% 0.54 0.85

Foum 41.02%% 0.91 1.92

F issusis 1.23 0.78 0.12

R4 KR COREFABMARE mip B KFE IR S BRI (%)

Table 4 Effect of elevated atmospheric CO, concentration on K distribution percentage of organs at maturity stage

of different rice varieties(%)

AL B Treatment Fh 2SR Type of Variety 258 Stem K Leaf i Panicle
CK B HURERG CIR 66.06+3.79 13.91+1.79 20.0422.41
2 HAE HIR 73.94+3.28 11.97+2.62 14.09+2.07
H LRI CIR 71.30+2.57 14.40+2.23 14.30+1.53
FACE B HURERE CIR 65.23+3.96 10.10£1.97 24.66+3.64
2 HIAE HIR 75.23+2.65 10.35+1.52 14.43+2.09
H RIS CIR 71.73+2.39 11.74+1.87 16.53+1.58

Fun 2.15 2.42 1.58

Fm 5.65%%* 0.41 7.05%*
F s 2.48 0.13 0.42
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Figure 4 Effect of elevated atmospheric CO- on K use efficiency

LESVCIR LS

K harvest index/%
[

for dry weight and harvest index of different rice varieties

1A [] i el 28 AR K R 8 3 R AR BROG In 21.21%,
FIRERR | 222 R 5 BORIFE 55 CK 43738 i 30.08%
9.47% .17.99%. M 4aX%tE{E K F , CK Fil FACE 4b 3!
UL R B e, 2% s MR A R RN AR 43 0 3 hn
62.62% . 44.24% (CK) F1 110.01% ., 59.03% (FACE) .
AbFRE] (F=1.89) JC ik 2% 22 57, i AP ISR [] (F=8.14%*)

£S5 KRCOREF SN AR @I LBKFELE L HREITHRI

Table 5 Effect of elevated atmospheric CO; on K translocation at ripening period stage of different types of rice varieties

Qb T A AP ZEH 1 Stem and leaf TR
Treatment  Type of Variety i1zt K translocation/(g-m™)  # ZH#1E % K translocation efficiency/% Increase in K of panicle/(g+m™)

CK W HUBEFE CIR 2.10+0.39 28.49+5.57 0.79+0.23
2T HIFE HIR 0.74+0.52 6.93+6.22 0.59+0.23
B URIAE CIR -0.35+0.75 -8.94+9.10 0.83+0.19
FACE W RUBEFE CIR 2.07+0.46 28.43+6.37 1.36+0.43
FAZ Rl HIR 1.18+1.36 4.60+12.13 0.730.28
B URIAE CIR 0.34+1.16 -0.31+12.03 1.34+0.36

je 0.27 0.08 2.88

Faa 2.94 7.03%% 1.33

F i 0.10 0.21 0.32

1% WHART]
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FH &1 5 AT, FACE &b B fsfi R ) iy ol 28 0 K A 4
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Figure 5 Effect of elevated atmospheric CO, on K requirement

per 1 t grain of different rice varieties

3 itig

3.1 ARCOKEHABSHARERFMEBKBHERI
oA

PV G R i A= BN L D S N N
BIRILEZ — , HAE AL I KRG A6 A1 R R Ak
SR B2 R KRR R AR B PR, (H G F KR CO MR
Fh i X AN [ A 2R K ARE A 2R WSO R R D
Wang 5 IR, R ABE A — 2 25 57 5
COL MR B TH R B 10 S 5 A A R 1 B 3 22 R R
R, 2013 4E AR T 4.31%, 2014 4EFRAK T 12.14%.,
{H Zeng S I T 45 S A 5 Z A0 Iz, BIVEE RS COL ik
FERE NN 200 pmol - mol ' 25144, # MBI 9915 B2 Y]
FE AR S BRSO FRAR, SO 5 1 19.42% , iX D3
GHEIEH KA T WA LRI, 0 —Lepf 5T
H R B R v AR KR B
B A R TR I R B AR . AR R

B, FACE 4b F 5 jsg 2030 Fir A A6 3Kt ol ke 75 1 0 2
BT B, REAIK 8.43% , 31X 55 Wang S5/ 57 4%
FEARL, (H 55 Zeng S5 58 25 A0 S, 31X 7T 5 HAHF 5T
MEARFEA —ER KR, AN, ABFFEE LN, CO,
WEETF ), B BUORERS (243 MR o BRI AR AP AR 7
R TR EE, 0 BIFEAR T 6.70% .5.37% . 13.22%, H
FURIRE T REf R, A R ST A AR S iR 22 Sk 8 T
e 5 25 7K, U B A ) i A A 15 B X COL MR B T
R RN —E 25

FERS COMRBEGINIEBL T, H AL 5 5 /K R
AR R RN T 16,49 B HURE AR 991519147
PR B I L B TR 56.41% , 7E1E R,
T g 7 AR v T R KRR S T AR T
B A T 7 1) AR B R B A R e, 40
BN 31.93%.26.17%. 5T, FACE 4b BR A
37K A T B S A 1S I 17.88% , {HLAS ] it Tl
AR AT — 2 1225 AIRE L U 243 Rl s B 2
R UORIRG o K RERE AR T B0 o T DA R A5 AR
W AR R S, 7 R AR COL 9K B 185 1 200 wmol » mol™
M, Zeng SEUEFT 2 W, i 20D 2K A - W AR
XTREBEAC T 18.6% , BRI B HE 3G TN T 45% . AR R
B, FACE &b P {5 136 8 i o i 280 300 = W O B o Rl
B I 0 L R R R AT R 16 B i =K
B R WA R TR R 4R X S Zeng
SN BF 5% 45 AT MR ) A AN TR 5 e b A 9T 8
], FACE 4b P fiff 73 {3t 3 K 7% 5 FP RS AR - 40 BE L&
BE iR ol e — B A BT R R A A TR L 4
BTN T 9.93% . 12.38% .23.11%, 3% 3 B Be 4351 A
BHURERS 24 s RIS 24 A RIRE 3 I 5 K, o AT
AN IRKFE AN AEAS 6] 25 75 B B W 1) 384 s A7 AE —
TEMZES

KA COMETH R TKFRA K $2 T KFE
TR R 2R B2 BN T R KA A R R i R
Sk 7K FE AR RR 9 5 A 7 A 3G e, A AT
FACE &b ¥ A5 5 BURE A | 2% 58 HUAG L B0 A Al 2 00
T 9y 5 A 7 A3 I 19.04% . 26.41% . 28.98% , fifi
B A AR B R 3 S A 6.70% . 5.37% . 13.22% ,
657 B AU W AR 43 S 3 0 13.65% .23.47% . 16.51%
SR 8 S I A R R S A E B S Y e 2 AR
2257 FRA L BT A =i AR & B R X P A
FEBR 0 1 B 1 I AN BE ST 4 ELW b 18 FH 1) AT, 38 2 LK
EATLT R RN . 5T R BRI T TR A
XHEAE FACE F1 CK W5 4b B R #5 DL 4258 Rl A de K,

WWW.QEs.0r9.CN




m@g 744

URETR Rt Y F 405 E 45

YA RN L MBI , RGP 55 B0 R 246 X
TEPIAE BT 24 LLHRURIAR e, FLUR R 2 S HI A, fi
AN R RS o T B = AR S R R
F IR TR, = 2K i Aol A0 R 6 4 246 ) {ELAE
Ak HT 2 AR BRI f5c A, R 2 SRR , /A
HRURERS , DL, MO RO iU B A 2 5 e
H FAERR S BRIy i L R A A A5 2R . i —
Ao T R, BRI RR 5 B R (r=0.8707%) A
T A 7 (r=0.488%+ ) 15 AU IR A1 1 S A
F AR IEAN G HLRT & -5 B W B A AR DG A

HR.
32 RECOKEABMN AR MALBKEBHRES
B iz% FI R B0

K F XK RGN R AL 38 5 9T, 78 KK CO,
i = N I C Ve &1 B ¢ 1 - B N W ol A T e 21y
%, ZWAFEIHREY, = R MFERAL 63
AT ZE B WA AR L ) R A 70% , AR I R
H 34%~40% M Z 5512 I TR ZE Y . F R ey
XoF i BB R A2 BE 75 AR 14 5 2 5 KA 86
e 85 AL 422 BB 2 BR, it A 4 8 T /K e R0
M ZEHE A A B R OO (S e ) R A
R L) B FRAC T I BB R A EC ] AT
T FACE AL HLR | AER/K A dh b s 2 I 25 4 R
LW A R, v R b R, XS R
KA F LGSR, AN, A5 E R, FACE
ARFETR A K R i o 4t S H X A 0 28 R ARG
T 44.04% ,FEERE RGN 4L & T 55.43% , it — 54
FERIL, GG B S 2L B B R 08 B S R A A
IFi] ity Ao A AR ) 77— 2 Y 22 5%, (HLX A PR 0 42
SRR AR P RCR IR I — 2 R R R

% F KA CO, U JE T XoF 7K R 40 28 KR 1) FH 2
Y, /BN, COL U B T i {1 B0 226
Wi P RCR S RS, WAL 55 R T 8.67%",
BOMLHIRE 9915 F [ T 13.9%", A58 %W, FACE
Ab A B AR A 2R RE AR PR SR B N 11.80% , 35X
S AR S5 AR, AT BE - COL VR IR sk iU 4
BERTEA G, BLAh , AW IE IR &I, AN [ b Fh 2 A K
LB 25K RE A 77 R0 COL i B T s Wi oy A B I
B 22 5%, i FURN AR B 338 I e K
3.3 SERAF AT KB 20

KRG 7 i T A3 A by GRS U R o S R 2R
WA FERCR TR AR KA R 3 O
BRI R AL R 2 o AE KA CO MR EE 1S i 22 500

1% WHART]

wmol - mol™ 41 , W A1t 5 5 1Y /K A i 20 0 it o 1
T 16.4% , P2 BN T 6.4% , F I H WA 5 e
By a0 RB R AR AE T RCE A R T
8.67%", TEIEH KL M SEX i Fe 68 I
BT 88 MM IT R B, 5 B P AR R R e AR
Brrm i o B 0 42.89% . 38.77% , J M W B 5 43 )
BTN 26.11% .26.24% , B K7 R0 AE 77 2008 43 3 15
13.43% ,10.18% , F B 11 77 i 55 W 4 o 4 3 R 2E
FERCR A M A . ARWF5R BT, FACE Ab PR
B K R B 0 24.17% , WA EE G 17.88% , B %%
FEREAE P2 SRS AN 11.80% , X 5 1E W KRAE&MH T B
5L, (AR Z PR AR PR ROR AR A 5 CO
FEFH B 2T Wang S5 KB 58 2518 A, FTRE R R
HF 58 KA COL MR B 18 in 48 /0 (AU 3G 100 pumol +
mol ™) , KA 7™ 5 14 MR /INF W e A, S B0 Rk
A P RCRIBEAG . 25 F, KA COL MR B in i 5 i
K R M X 0 28 (A WL, 03 B o T B kR A
FERR X AR X K R = 1 (R 4 i 38 I T i
VEFH (LR -2 1) 388 T TG B8 2 COL YR JE T im0 J5 7K A
S R e EE L R R R T
34 KR COKREABHNARMMMERKER B
R R R R RS

FACE 2M4FF , K CO M BE T i3 X R[] i A 28
RUKFERE Bl 28 WSR2 g iy SC > AR T
T ZRA AT ST R AR 5T 45 SR K ], FACE 4b
PHRAE AR 0 Wl B WA 45 S s A (R A
], 2Ll L B i A il T 21.61%.31.97%
18.25% . JYEIAFE 43 B e ] LUK 5 A5 kA 7
BT (MR TR A S A xR T i s ()4
BB 1R + A B 2 R+ + A T B B n
Wi 5 (3) 25 7 0 WG + I 7 37 43 W o+ R R
Wi 5 (4) BB (25) W e xR BE (DB (S AR
BRI iR CBAASE ) ] PN 22 40 IR B ) o XX 5
AT T FE bR T 35 43 S R A o 1A 7 A 26 FE
AT, A SRR AR T i R — B B
A WA LRI A R B U
W R 4 v 1 2 SRR R AR S R TR — A
WY B I Tl R Tl LR R Tl e R R I
ST B S R A o D O A AR S R B AR -
G BE N B B R B R R B R
S AT A RN E BN R, XS A
T PR X B 33 A MR Ao RV RN, T D & 3
FATEFR AW TR 43U AT XA A A



JEIS 65+ K COLRTE B R 1] i KRR 2 R 3 745

FR57 M AT A T, (EAE AR T4 o o AR R R
I3 A R B BRI A SR WO
X IR R R 3 RO R 24 AlAl .

AN A B BRI L A 25 5 R TE R RS
PR KA X Ll B I L B 2R 1:0.45: 1.2
WS KB, FACE Ab PR /K REAT AR A PN L - B A Eb
BIPF-35 20 1:0.58, Hxt R 15.57%, - BRI LL 5
o0 1:0.85, H X FRAI 3.129% , 26 W 00 W Ui HL451) e X
HEAT P ey, SRV IR L BB P R RIS 10 KR
S N RBEA R HPIAE —E 255 . KRR
RAEARAK R COMRETHR RIS T, 2 B ™ A
Rt FH KT s, ol A ) D B R, A %)
B B (EAR T

2

B

it

FACE fb38 0 548 = 1 AR S R 2 R K RS 1 7
PR R B i B PR RO BRI T
BAIPTRE IR B A R DRERL T B R 4R R A PR
W BB A R T KR P A o R R R R AR
%ﬁﬂ%éiﬁ%ﬁ%ﬁ@ﬁﬁé—ﬁa&%m%ﬁ@%iﬂnﬁ%ﬂ
T B B Rk 2R I B R kR
a7 R TR S A AR AR R . R COR
T v R it R b oA B R Y B 2 R
W

S 3k

[1] Stocker T F, Qin D, Plattner G K. IPCC: Climate change : The physical
science basis. Contribution of working group I to the fifth assessment
report of the intergovernmental panel on climate change[M]. Cam-
bridge : Cambridge University Press, 2013.

[2] Houghton J T, Ding Y, Griggs D J, et al. IPCC: Climate change 2001 :
The scientific basis[M]. Cambridge : Cambridge University Press, 2001 :
225-237.

[3] Nagai T, Makino A. Differences between rice and wheat in temperature
responses of photosynthesis and plant growth[J]. Plant and Cell Physiol-
ogy, 2009, 50(4) : 744-755.

[4] Frolking S, Qiu J J, Boles S, et al. Combining remote sensing and
ground census data to develop new maps of the distribution of rice agri-
culture in China[J]. Global Biogeochemical Cycles, 2002, 16(4).

[5] Wang J, Liu X, Zhang X, et al. Size and variability of crop productivity
both impacted by CO, enrichment and warming: A case study of 4 year
field experiment in a Chinese paddy[J]. Agriculture Ecosystems& Envi-
ronmental, 2016, 221 :40-49.

[6] Cheng W, Sakai H, Yagi K, et al. Combined effects of elevated CO, and
high night temperature on carbon assimilation, nitrogen absorption, and

the allocations of C and N by rice (Oryza sativa L.)[J]. Agricultural and

Forest Meteorology, 2010, 150(9):1174-1181.
TIBEE R, KRS, WA, SF it 0T i AR - S AL 80N, K 1
BRFCRDL R L)), AR 2E T R, 2008, 24(2) :255-260.  LIAO
Yu-lin, ZHENG Sheng—xian, HUANG Jian—yu, et al. Effect of applica-
tion of K fertilizer on potassium efficiency and soil K status in deficit K
of paddy soil[J]. Chinese Agricultural Science Bulletin, 2008, 24 (2) :
255-260.
8| i, EA e, B, S JPsaas A COL MBI i XK AR A K
B H S AR S )], B A A5 Al 2006, 17(7) £ 1331-1337.

YANG Lian—xin, WANG Yu-long, HUANG Jian-ye, et al. Responses
of rice growth and development to free—air CO. enrichment (FACE) : A
research review[]]. Chinese Journal of Applied Ecology, 2006, 17(7) :
1331-1337.

| Wi, Tl R, 45 . H4EKAE FACE WFFE 7 5k mi B[], A=
A 2FH, 2009, 29(3) : 1486—-1497.  YANG Lian—xin, WANG Yun-
xia, ZHU Jian—guo, et al. What have we learned from 10 years of free
air CO; enrichment(FACE) experiments on rice CO; and grain yield[J].
Acta Ecologica Sinica, 2009, 29(3) : 1486-1497.

[10] B, £ =, RAEE, . IFi 2l COMEH 7 (FACE)
XEAKAR A A A B 1AL, A= 2524, 2010, 30(6) - 1573-1585.
YANG Lian—xin, WANG Yun-xia, ZHU Jian—guo, et al. What have
we learned from 10 years of free—air CO, enrichment (FACE) experi-
ments on rice growth and development[]J]. Acta Ecologica Sinica,
2010, 30(6) : 1573-1585.

[11] Noguchi K, Tsunoda T, Miyagi A, et al. Effects of elevated atmospher-
ic CO; on respiratory rates in mature leaves of two rice cultivars grown
at a free—air CO, enrichment site and analyses of the underlying mech-
anisms[J]. Plant and Cell Physiology, 2018, 59(3) : 637-649.

[12] Cai C, Yin X, He S, et al. Responses of wheat and rice to factorial
combinations of ambient and elevated CO, and temperature in FACE
experiments[J]. Global Change Biology, 2016, 22(2) :856-874.

[13] Cai C, Li G, Yang H, et al. Do all leaf photosynthesis parameters of
rice acclimate to elevated CO,, elevated temperature, and their combi-
nation, in FACE environments[J]. Global Change Biology, 2018, 24
(4):1685-1707.

[14] Wang W, Cai C, He J, et al. Yield, dry matter distribution and photo-
synthetic characteristics of rice under elevated CO, and increased
temperature conditions|J]. Field Crops Research, 2020, 248 :107605.

[15] Wang J, Li L, Lam S K, et al. Changes in nutrient uptake and utiliza-
tion by rice under simulated climate change conditions: A 2-year ex-
periment in a paddy field[J]. Agricultural and Forest Meteorology,
2018, 250/251:202-208.

[16] Zeng Q, Liu B, Gilna B, et al. Elevated CO; effects on nutrient compe-
tition between a C3 crop (()ryza sativa L.) and a C4 weed (Echino-
chloacrusgalli 1..) [J]. Nutrient Cycling in Agroecosystems, 2011, 89
(1):93-104.

[17] 5% SCHL. BREAT, SR BB, 45 R AEACE MU ool R i b T4
Jot SRBUVRI R 5 Wi R A TR L. bAoA, 2016, 31(6) :227-232.
ZHANG Yi-kai, CHEN Hui-zhe, ZHANG Yu-ping, et al. Accumula-
tion and distribution of dry matter and potassium in mid-season indi-

ca rice cultivars applied at different decades|J]. Acta Agriculiural Bo-

WWW.Qes.019.CN




m@g 746

URETR Rt Y F 405 E 45

reali~Sinica, 2016, 31(6) :227-232.

(18] Z:f, AR, S 55 . Wb X AU RE A fe i A2 77 T K R R 3R
W) FAFAE D, #E#2# 412, 2017, 43(4) :558-570.  LIANG Jian,
REN Hong—ru, XIA Min, et al. Potassium absorption and utilization
characteristics of rice varieties with the highest population productivi-
ty under corresponding nitrogen fertilization in Huaibei area[]J]. Acta
Agronomica Sinica, 2017, 43(4):558-570.

[19] JAL4, &7 /M, d I, 55 AN IR ZERYKCRE i Pl e 0% R M)
FHXS I CO ¥ B2 T g Wi 107 149 22 53¢ (D], +0 IR R AL 27, 2020, 34
(6):561-573.  ZHOU Juan, SHU Xiao—wei, LAI Shang—kun, et al.
Differences in response of grain yield, nitrogen absorption and utiliza-
tion to elevated CO, concentration in different rice varieties[J]. Chi-
nese Journal of Rice Science, 2020, 34(6) :561-573

[20] JA4R, &F /M, 71, A5 . R COL MR BE T X AN [l 8 R A
P 8 2R SR 85 D). Al BRI R 4 47 4, 2020, 39(12)
2726-2734. ZHOU Juan, SHU Xiao—-wei, XU Gao—ping, et al. Ef-
fect of elevated CO, on phosphorus absorption and utilization in differ-
ent rice varieties|J|. Journal of Agro— Environment Science, 2020, 39
(12):2726-2734.

[21] BRBRAL . B2 TR X K AR AR 3 A RRIFR 0 W 5 I 0], 27
fi%, 1997, 34(2):182-188. CHEN Ji—xing. Effects of K nutrition on
rice root growth and nutrient uptake[J]. Acta Pedologica Sinica, 1997,
34(2):182-188.

[22] ALK, XURE, #0457 R 8 A OB A 37 2 RSO i A
FE AE 9 241, 2007, 33(2) : 208-215. DU Yong, LIU Hui,
YANG Cheng, et al. Characteristics of nutrient absorption in super—
high-yielding mid-season and late—maturity japonica rice[J]. Acta Ag-
ronomica Sinica, 2007, 33(2) :208-215.

(23] HIE A, T RBE, A8, & YR O 12 8 ) 4K E R R i 21
FE SR FE 24, 2016, 42(7) :1047-1057.  WEI Huan—
he, MENG Tian—yao, LI Chao, et al. Potassium nutrition characteris-
tics in different yield populations of super rice Yong you 12[J]. Acta
Agronomica Sinica, 2016, 42(7) : 1047-1057.

1% WHART]

[24] JH 77, SN AL, AR, A5 L AR ARG A RSB R XT R COL Mk
FERY SIS [)). %A 2E4R, 2019, 33(4) :772-780.  ZHOU Ning,
JING Li-quan, ZHU Jian—guo, et al. Dynamic responses of leaf photo-
synthesis and chlorophyll fluorescence to elevated atmospheric CO,
concentration for two hybrid rice cultivars[J]. Journal of Nuclear Agri-
cultural Sciences, 2019, 33(4) :772-780.

[25] B2k, BRAR ==, Sk, 45 . KA I o G AR R iR 2 < Cos
VR BB (FACE) WA S S 107 (D] B2 A2 2524402, 2002, 13(10) ¢
1205-1209. LIAO Yi, CHEN Gen—yun, ZHANG Hai-bo, et al. Re-
sponse and acclimation of photosynthesis in rice leaves to free —air
CO: enrichment (FACE) [J]. Chinese Journal of Applied Ecology,
2002, 13(10):1205-1209.

[26] 52, A E, 5, 5. KA CO U SE T+ X KR Z AT i 1
WFFEHERED). 13, 2010, 42(3):344-351.  WANG Liang, ZHU Jian—
guo, ZENG Qing, et al. Responses of nitrogen metabolism in rice
plant to elevated atmospheric CO,: A research review[]J]. Soils, 2010,
42(3):344-351.

[27] 22 B A%, 2/, BORERT, 45 . 2R SOKAE A BN R OO B A
FRETL W) AR A ¥ 4 . 2011, 26(5) : 852-859.  JIANG
Zhao—-wei, LI Xiao—ping, ZHAO Ya-jing, et al. N/P absorption and
accumulation and N nutrition of hybrid rice[J]. Fuyian Journal of Agri-
cultural Sciences, 2011, 26(5) : 852-859.

[28] TEampl, THuEE, AHE, 45 . AN TR JE D R K R 4 2 RSO P X e
A A BRI R K AR FRAAR L 2009, 23(4) :190-194. WANG
Qiang — sheng, DING Yan —feng, ZHU Yan, et al. Physiological re-
sponse of potassium absorption and utilization of different genotypes
rice to potassium application rates|J]. Journal of Soil and Water Con-
servation, 2009, 23(4) :190-194.

[29] M SCER, J8 )99 ARG A48 BT AR M. R dbat g
b R AL, 2011:48-51. YANG Wen—yu, TU Nai—-mei. The south-
ern edition of the theory of crop cultivation[M]. Second edition. Bei-

jing: China Agriculture Press, 2011:48-51.



