2017,36(6):1021-1026 ol IFOE R ¥ ¥ IR 2017 46 A

Journal of Agro-Environment Science

PR, T, VAR, 5. R COL WL AR T X KRB IR P TR BRI Al FREE R #2241k, 2017, 36(6) : 1021-1026.
LI Chun-hua, ZENG Qing, SHA Lin—nan, et al. Influence of elevated atmospheric CO, and temperature on microelement accumulation in rice[J]. Journal of Agro—

Environment Science, 2017, 36(6):1021-1026.

XS CO. RERIR B F BIX KA
kB T E RAH B

EELI G KRS, RER2, RER ", 2] 4R

(LA E BB R o SRR 5 T 3 Sl Rl B A B G SEH %, BIAT 210008 ; 2.7 ERMABE K27, LA 1000805 3.7 HUAL
KA SIS0, Mt 210037)

=R R ORI B X RSk S g ARk i N, v T-FACE(Temperature and CO, Free Air Controlled Enrichment )i
&, LR ARG R 23 S, IR R CO, W T 15 (R HE+200 WL L) R IR (R B+ 1 CO XSGR K g iR i o 8 R
PR o 25 R R, e CO, ik TRARE P iR O R 1Y /AR, 2013 AEREH Fe F1 2014 AEFEH Zn 9 RPUR 4351 210N 16.7%
1 30.8%; HY IR FEAR T /K Fids B rh oo & 1) B ARG, 2013 AR R Fe LUK M Mn 1 Zn 1 B 3T [, BRI 40301 30.29%,40.2%
1 57.3% ; COIERARRER T E IR 485 h Fe Mn Hil Zn (1) RFREE, 2013 4R Zn RF R R ED/D 40.0%. 5350 m W CO, FEAIR
THERL Fe (1) R, 2013 4 Fe RFHE RE T 47.5%, [FEN4EE T Mn 55 Zn 1Y RFHE, 2014 4F Zn RS B E N 43.4% ;14
T B R BRI TAPRLER Fe Mn Fil Zn 59 B2FUE ; COrHL A FERFPR TP oT R RBUR RGBS, Horp 2013 AEFRIR T 2014 48 DL E455R
KWK CO, MR BT AT E—E PR AR S B KA R Y it e R BB T RO

FKEEIR : CO, YR PE Ty s Ul /KA s ol T 35 R

FE S ES X511 XHERFRERD: A XERS:1672-2043(2017)06-1021-06 doi:10.11654/jaes.2016-1636

Influence of elevated atmospheric CO, and temperature on microelement accumulation in rice

LI Chun-hua'?, ZENG Qing', SHA Lin—nan®, ZHANG Ji-shuang'?, ZHU Jian—guo", LIU Gang'

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.University of Chinese Academy of Sciences, Beijing 100080, China; 3.Institute of Biology and Environment, Nanjing Forestry University,
Nanjing 210037)

Abstract: To investigate the influence of elevated CO, concentration([CO,])(+200 pL+L™") and elevated temperature (+1 °C) on microele—
ment accumulation in rice( Oryza Sativa L.) in future climate conditions, a field experiment was carried out on the Temperature and Free Air
CO, Enrichment(T-FACE) platform. The results showed that elevated [CO,] enhanced the accumulation of microelements in the panicle,
with significant increases in Fe accumulation in 2013(16.7% ) and Zn accumulation in 2014(30.8% ). Rising temperature significantly reduced
the accumulation of Fe in the panicle and the accumulation of Mn and Zn in the leaf. The decreases were 30.2%, 40.2%, and 57.3%, re—
spectively. There was a declining trend of accumulation of these microelements in vegetative organs under the elevated [CO,] and temperature

combination. Specially, the Zn accumulation in the leaf decreased significantly, by 40.0%, in 2013. Additionally, elevated [CO,] reduced the
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Fe accumulation but increased the Mn and Zn accumulation in the grain. In particular, a significant reduction of 47.5% of Fe in 2013 and

increase of 43.4% of Zn in 2014 were observed. Meanwhile, elevated temperature decreased the accumulation of Fe, Mn, and Zn in rice

grain in both years. Declining trends for microelement accumulation in rice grain under the combination of elevated [CO,] and temperature

were detected both in 2013 and 2014, but the degrees of reduction in 2013 were greater than those in 2014. All these results demonstrated

that CO, enrichment could, to some extent, alleviate the effects of rising temperature on microelement accumulation in the future.

Keywords: elevated CO, concentration; elevated temperature; rice; microelement; accumulation

RS A 25 R G R E O 2
ARFIRR2A ST AR R, B Tk S A Lok, R CO,
WL B, PO EIA 22 i CO, WK & Tt
1 200 pL- LM —J5 1T, CO, WEEH e g 1K AS Y
JeaE R et oK S A P S IR0 R 1
ML, Guo SE MR B B CO, 22 Bt Mn Hl Zn 7
IKAEZEFIRE A Y R 53— 7 i, CO, WIE TR 2
TPECERRTIRM_ETT, O RIAS 22 i R B
22 0.3~0.7 Ty myilit (534 °C) AT 0] K R 19 2
R 3 R0, [ I 2 52 e K R A B o 37 43T
RIS Rz . AR, SRR CO, RUVAH
B, vl AE AR RS 37 0 M T A 5200 T 2 B — Y
TUE o 3 FE 2R Tl PR 1 /KRS A2 50 B BEAY
JPEZEM, MR CO, W BE ML T Je A A A R 1Y
AT EARPUREARAR R B S, BT
TRGRRIHGEE D, B2 R0EAEE T s B
A REJEIF I R TR U R It T 5
erP A N J7 T 0 oAt e 3 HOR R JT R BT
FEILARWARIE

KA R S 20 Y R R 2 —,
RN IR 0 & 1R A DG G R I 3 2 e
PREGPEER 11 H 2 R R Rk PR A b O . 25 B Fr
W, BA TR Jeit (R B -FACE B0 & 158 KR
CO, e B2 A T v X /KRS R A it T R R AR 5
i, & 7E WA SR A E B KRN Tl F7 23 1) W i
52 BHELAE

I KRHMRETE

1.1 X IeHhX % F S5

PRI HA VL IR VLR T /N B S i R
(119°4270"E,32°35"5"N), %M X 4 [ T 5 24 1000
mm, AESBR L 15 °C, 244 H BB [ T 2000 h, 4F
TCFEIIZ) 220 d, HHERANRb R A | -5 D
18(2~0.02 mm #ki 5 57.8%,0.02~0.002 mm Bk i
28.5%,<0.002 mm Kiki i 13.7%), #HZE IR HEA
PEBANT A HLEK 18.4 g kg™, % 1.45 g-kg™, 2k

0.63 g-kg™, 28 14.02 g- kg™, MR 1.01x102 g+ kg™,
AR 7.05x102 g+ ke, BHES F238 e 12.8 emol +kg™,
KHE 1.16 g:cm™,pH 7.2,

RIGF BB 34 CO MBI (F)PEF 3 4%
HECA) L, & BB A BE T 90 m, LAV 2> CO, B v L
i R, FREE—HE 14 m, i 8 iRk CO,
SARE A B IE AL, BAREW K Sm, PRz
ATEFE L F P ) A5 1) oS 4l CO, A, TR
BEAE F AT A A PG b A Ak i B $AOK 18 T A X, O
AL 7 A/NX L AN 2.7 m, B8 0.75 mo R
V-5 38 1 FROK Y B R AR B et 22 s RO, AL
THEHLIMGE X5 CO, W B KRR e )2 1 B A 7 1
I AR AR CO, YR XU X AEY)
T2 CO, W B FITRLEE A shiE AT CO, AR
T FE N 1] A R 1 T A R AR R, (KR 2 B
AF B F B CO, e B IR H R A AEE R 200 pl-
L, A P P S 3t DX Bt B L R AR IR B 57 1 °C A2
Ao XTREHORA 242 CO, 4B FHUK IR AT 18 , L
WS HARRE—3.

1.2 iRIEH RIS s

T 2013 F1 2014 KA RGEAT , s Ak
W HURE R Gz B 23(WYJ23), 7E 2013 #1 2014 443
BIF5H21 HMS A 20 HHfr RHER,6 H 22
HF 6 7 21 HATEH, 171 25 cm, #REE 16.7 em,
24 5¢-m2,2 Bk BRI N 22.5 gom P RAHE
AR (B R4 NP,0sK0=15%:15%:15% , T [A] ) Fil
PRZE (A% 46.7% , T 7)) Be A e A, e R AE
40% , 5y BERE FIREAR A 5 30%., WAPAE St F 1
9 g m? SRR AN, SR . AT — Kt
KRR, ARBIF 2013 4F 6 /1 28 HA17 J1 25 H,2014
6 728 HAI8 JT 1 HiBJsrBEALFIARAL . oAt H
[ AN K 43 g HRUR 3 A ) R H —3
1.3 RI&igit

AGRI AR BT, BEEWA CO, WRE K IE
B RS CO, WeBE (A)FfR CO, ¥R BE (F, L Bl /&7 200
pL- L) FEREA CO, /K B E AN IR K- A



AR A KR CO, VRN 71 9 KRR A i G 3 B 1023

SRIGE (AT) AR (ET, X IR & 1 °C) , A IKF
3AEE, 2034 FEAHBA T 19 HE 10
J10 H, B E]2H 6:00—18:00, 3435 H#ik 7 1 20
HZ10 H 10 H , &4 9:00—18:00, 2014 4£-43 S,
IR H %6 H 27 HE 10 J1 25 HF1 6 H
29 HZE 10 A 25 H, 4 HABEAT RS 2013 F - +F
—3
14 HRRESHHT

H4 2013 F1 2014 AU AR SR A 1 00 2 7K g
AR AR RS S BT SRR TR SR e R
HHIE A PL(GLS. JLG- 1T 84, &) %K Rk
ST, AR REK I TR G R SR E . Fe Mn
F Zn O HR SR - = ERR I A&, SR RN & 55
B R & 99t i (ICP-AES ) (Optima 8000,
PerkinElmer, USA )l %€ .
1.5 HiERES S

K JH SPSS 16.0 #5445 4% B - 47 83 40 4, T
One—way ANOVA Jyiki AT AR Ry 22500, 257
BT A 36 J 2 PRI B 0.05. )W Origin 8.0
AR

357

RARSEIC

2 ER5HMH

2.1 2013 #0 2014 KBS HESREE

2013 1 2014 4F 7.8 H Oy ~EXREEAH 22 3 C
DL b o PRAE KRR 2R 8 W R E 53 3R 31.52 d, A /KA
ZE TN M A Bk 325 164 mm (&l 1), /K AE 28
ARSI 0.7 CCH 0.9 °C.
22 KR CO, REMBREASHEKXRIRRZERME
TERREMNH T

EjXTRAH HE, 2013 4E R R BE CO, fliAE AR Fe 119
ZFHERN 16.7%(P<0.05), {HiZ5rh Zn () B
i 70.3%( P<0.01) , iiifdint- v Zn i 2FEE /D 39.3%
(P<0.05). M4 AH X FEE D Fe 1) 2R 43 51wk 0
34.4%( P<0.1) %1 30.2%(P<0.05 ), ffint-H Mn 1 Zn
AL 40.2%(P<0.05)F1 57.3%(P<0.01),
CO,+l BE I B T H Zn 9 B, PRI X
39.8%(P<0.05 ), [al i A5 {2 g Fnfdih Fe 5 Mn 21
MEE(ER 1),

2014 4F R BE CO, fiFERE Fe M1 Zn 1) B
I3 IR 63.4%(P<0.01) 71 30.8% (P<0.01), 4 F&A%

FEARIIR]/d

7071
r
60 :- I T
50 { g’ . I
t i
E 0 " 1l % i -'
H 30f i i i Tl
= 3 i1 il |
¥ 20} ! T B PR
10} o j?i..é;ﬁ L7l
0 20 40 60 80 100 120
FEARIIR]/d
22013 4E 2014 4

| KEERFHEFYR[EESETE

Figure 1 The daily average temperature and the rainfall in rice growing season
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& 1 2013 & CO, REFBFILBFH THAMKEERE R Fe Mn F Zn RME (mg-m?)

Table 1 Accumulation(mg+m™) of Fe,Mn and Zn in different organs of rice under elevated CO, and temperature condition in 2013

2 - %%
IR SbH
AT ET AT ET AT ET
Fe A 360.2+108.2a 236.4+54.0a 266.5+94.3abb 233.3+74.7b 341.0+24.0b 238.0+£63.5¢
F 388.2+23.1a 333.2+69.1a 342.3+£28.7a 324.0+64.0ab 397.9+23.3a 360.5+59.6ab
Mn A 389.0+132.9ab 288.0+2.3b 604.6+£109.6a 361.3+1.9b 74.1£19.0ab 49.9+9.4b
F 448.9+107.3a 319.1+82.7ab 735.3£128.0a 613.0£102.5a 89.6+16.0a 80.1+19.6a
Zn A 34.0+8.01b 28.5+6.14b 17.8+2.69a 7.59+2.43b 26.8+6.13ab 20.9+0.30b
F 57.9+11.6a 42.3+10.0ab 10.8+1.80b 10.7+2.15b 29.1+5.59a 25.8+2.82a

{E: A F AT FIET 23513083 B FACE | AR TREAITHRRRIE . /NG FEARFIHRR L A 3] B AR R AR R ) — & B[Rl —JT 3 TE 0.05 K-

EXRRABE. TR,

Note:A,F,AT and ET are the abbreviations of "ambient","FACE", "ambient temperature" and "elevated temperature" ,respectively. The same letter in

the figure indicates no significant at 0.05 level for the same element in the same organ under different treatments when compared with the ambient. The same

below.
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Table 2 Accumulation(mg+m2) of Fe,Mn and Zn in different organs of rice under elevated CO, and temperature condition in 2014

E nt T
TR b7
AT ET AT ET AT ET
Fe A 391.2+109.3a 353.4+82.1a 128.1+44.5a 104.6+25.3a 228.8+61.1b 187.0+33.6b
F 532.0x174.1a 416.6+156.2a 112.2+6.1a 115.3+40.3a 373.9+43.5a 267.0+82.7ab
Mn A 571.8+100.9a 520.4+121.9a 801.8+117.3a 677.3+111.9a 107.9+15.5ab 96.8+5.0b
F 483.2+82.8a 455.1+40.6a 705.2+90.5a 745.4+83.8a 118.0+11.7a 126.3+21.9a
Zn A 53.0+£16.3a 64.5+11.7a 14.0+2.90a 12.7+1.72a 25.0+2.05b 27.9+2.23ab
F 49.5+12.7a 80.0+18.3a 13.9+2.56a 13.7+2.21a 32.7£2.06a 31.5+3.33a
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A,F,AT and ET are the abbreviations of “ambient”, “FACE”, “ambient temperature” and “elevated temperature” , respectively.

The same letter in the figure indicates no significant at 0.05 level
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Figure 2 Accumulation of Fe,Mn and Zn in rice grain per unit area at harvest period under elevated CO, and temperature in 2013 and 2014
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