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Effect of Free—air CO, Enrichment( FACE )on Phosphorus Uptake and Utilization of Three—line Indica Hybrid
Rice Cultivar Shanyou 63

LIU Hong—Jiang'%, YANG Lian—Xin'"?, HUANG Jian-Ye?, DONG Gui-Chun?, ZHU Jian-Guo', LIU Gang' , WANG Yu-Long’

(1.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;
2.Key Lab of Crop Cultivation &amp; Physiology, Jiangsu Province, Yangzhou University,Yangzhou 225009, China )

Abstract: Hybrid indica rice( Oryza sativa L. )cultivars play an important and irreplaceable role in rice production system due to its heterosis,
resistance to environmental stress, large panicle and high yield potential. In this study, the Chinese unique Free Air CO, Enrichment [FACE,
200 pwmol *mol™ higher than ambient (AMB) ] research platform was used to investigate the effects of FACE on rice phosphorus (P) concen—
tration, uptake, efficiency and allocation at different growth stages of three—line indica hybrid rice cultivar Shanyou 63 under two levels of N:
low (LN, 125 kg+hm™) and normal N (NN, 250 kg+-hm™) in 2005—2006. Main results showed that: (1)Compared with AMB, FACE signifi—
cantly increased P concentration in rice plant of Shanyou 63 over the season, FACE significantly increased phosphorus accumulation in rice
plant, and the increasing rate at the middle growth stage was less than that at the early and late growth stage. (2 )Before heading, FACE had
no obvious effect on phosphorus allocation pattern of Shanyou 63, but after heading, it made the proportion of phosphorus allocation in leaves
significant increased, the phosphorus allocation in spikes significant decreased. (3)Under FACE treatment, P use efficiency for biomass
(PUEp) over the season, P use efficiency for grain yield(PUEg )at grain maturity, and phosphorus harvest index (PHI) were significantly de—
creased. (4)Phosphorus concentration and accumulation at majority growth stages of Shanyou 63 increased with increasing N supply (P<

0.05 or 0.01), but PUEp and PUEg showed the opposite trends. (5 )Significant interactions between [CO,]xN and [CO,|xyear were observed
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for P concentration and accumulation. FACE increased P concentration and P uptake, decreased PUEp and PUEg at different growth stages of

Shanyou 63.

Keywords: three—line indica hybird rice; Free—air CO, enrichment (FACE); phosphorus uptake; phosphorus allocation; phosphorus effi-

ciency

HISCHIE T I as S A 5 (FACE,
FEXT IR 5 200 wmol »mol ™)X = R A5 HlFE AL 63 N
RS s, BIEE TILPE 63 AN[F) A & B 1A
FEE N R AEFENH N ZWce N = TY A =81
R N Z TR RN FACE Ab B o 157 B KT
B LA, B R SR KR R R K E TR Z —,
HXPKFE = IR . Wy oAk 7 5 ) 1) B S S OR T
REPY, KT KEE P ZWICH X FACE fia i 4%
Yang &5 | B MG S5 T AH M S5 4H0E T FACE Ab3!
fift FR DR AT i PP A RE 14 R [RZE B IS P & P
WG AL P E TR A AR TR
A ROR WORAE R 2 . HRIE R Ik, 7EK
FE K AR A 7 i 5 A EE A A 2 SRR Y PR
ORI FACE B i L7 1 A LA T8 o 7] AR A A
L, 225 RIAR Ze RO 3o Pradd P4y R ALK 7
5, ZR3CHIRE R P Z WSO X FACE 4 Jo Ji
S5 RS SR —E07 o A A /N S AR
RIS o T ARG 2L [a] {81, A58 T 2005—
2006 4F, 7E VLI TLAR T A A E - r Ak
FACE #5815, DAFRIE R A e K — R 258
AN 63 Stk , Bt N &2k 125,250
kg -hm? Zb B, F 58 KA CO, ¥ & H X R & 200
pmol - mol™ [ FACE Ab 3%t 7% 22 KA P 28 WS F1

GEZM , DA R R ok KR CO, MR T i & T 3k 1
IKAE A P RS I A R

1 #R57FE

1.1 KHE

A5 T 2005 ,2006 4 7E 1 [E K AF FACE #fF5%
5 BT OGS TITE TTAR T /N B Rl
St FH b (32035 N, 119°42°E) | 5256 H 4 12 71
Joi e At AR SRR K B 980 mm A A AR MK L
1 100 mm 7247, A2 P Y R EE 14.9 °C, 4F H R [H]
2100 h 2247 AP TCRE I 29 220 d, BEE 5 Rk
FE =4 /N2 S PP AE o R IERRAL M 0 R « A HLA 18.4
g-keg!, =N 1.45¢g-kg, 4 P 0.63 g kg™, 4 K 14.0
g kg™ AL P 10.1 mg- kg™, 3L K 70.5 mg- kg™, #F
$i (2~0.02 mm)578.4 g-kg™', bk (0.02~0.002

mm) 285.1 g-keg™, A $i (<0.002 mm) 136.5 g kg™,
257 1.16 grem™, pH 7.2, F 4645 3 /4~ FACE 5246
B 3 AT HETE . FACE J8 Z 18] Ll & FACE P& 5 %t
e P8l 2 18] B TRI RG> 90 m, LAY/ CO, TETHONT H A P&l
520 . FACE BT MIE/NMAIE , HAR R 12.5 m,
i i FACE Pl J& [l (%) 4 38 ] FACE P& 0 3 55 46
CO, M, M i il FACE P[Py CO, Wk B, i H 4 A=
B W] FACE BN CO, # JELF-F57E 570 wmol *mol ™ /7
A % B I B A 4 FACE 4518, HARFREE 5514
HAKRE 3L
1.2 ksl

2005 .2006 4, {3 Rl o = R 225 MR AR
63, KHFEHEM,5 120 H#EF,6 A 15 H A TR,
ATHER 25 em, BREER 16.7 em, 1 1 -7, AR
i, KA CO, e BEBEXT IR (370 wmol - mol ™) AT HE X} iFE
15 200 wmol *mol™ f¥) FACE Z:¥H (570 pmol »mol™)2
AR it AR B 125 kg+hm™ (LN) 250 kg +hm™!
(NN)2 K, 3 4 ASAbBRZH A [R]— FACE BEY) 172
S LN X, 55 1/2 2 NN X, N Bt HEH 55108 6 H
14 Hia A, 6 A 21 HisrEEE,7 H 28 HIitifEAe
FEACAATEEAE & B N R0 60%, BN & it N
() 40% ., Jtws P14 70 kg hm™, 43044 3 AR it
o KAEBN 6 H 13 H~7 H 10 HAARREAK)Z (L
S5em),7 H 11 H~8 H 4 H¥tf7 Z LM ,8 H S
H ZWGEIET 7 H B4 7 1R BAE R o 18 I R4 19vs B R By
B RIEKREERARKRKE
1.3 MERBEERHE

R H ARG 27 d(E ) FEAk)E 47 d(dk
) AR RN, B NX R A 35 AR ZEBE
BRI O 2885 i I R b B PR AR A
5 7R AR E 50 Bk ), 43 0 5 St | B 2E8
FEAESSE AT (105 CAF 30 min, 80 CHET 72
h)o WEARFEZE ARV RS, FHELAR 3 Lh vk 4
P&,
1.4 ZREX 5

FERE S PR FRAEME S P R ER ek TY
HEALHLA, W P it B A il EARAR TR Y P
R, PEAZEN o BRG] R AR 2R



1884 XL YT 4 . FACE X = & 2438

AL 63 WA 2 USRI 20

2008 49 H

M B P RLRE etk P REFEM IS, PR
THIBAE R TYRERRES P RREARENL
{8, A WAL P AR I T B, PR kiR
PRRCR TR S A P R IR B I HUE, 2
WA P AE =Tk . P RIBGRAE S AR Y
P ZBEE ek PR ZBEM S,
L5 St ihaiE

AR BT A B Y L) Excel #E47 505 A0 2R A A
KL, SPSS HEAT COL N AR B 3R N H B AR
() 0 2 A BT o 25 A BRI B AR B/ B 3 25 5L
(LSD) %, JL# i LSDoes( 8% LSDyor ) 7K V- B AL Ay i 25
(B BE ),

2 HBRESW

2.1 FACE AbFERFUE 63 #EHkE P ERIZI
FACE ZbBEXHIE 63 AR & I RE & P 2R
SEMANA 1 7R, FACE 2B nlf 63 G55 3k

0401
-O- A
- F
0.33
Q‘Q
E
£ 026
S
=]
3
o
0.19
LN
0.12 1 1 1 ]
0 30 60 90 120
Days after transplant/d
0.40 -
-O- A
033 @ F
Q‘Q
E
£ 026
S
=]
3
o
0.19 +
NN
0.12 1 1 1 ]
0 30 60 90 120

Days after transplant/d

A 23R CO, YR FE (Ambient CO,) 3 F: HFA 2 CO, WREE
3415 (Free air CO, enrichment ), F[ii] (The same below)

B 1 FACE AMEEXTIE 63 REIE B REIEMR S P 2 (%K
220 (2005—2006 )
Figure 1 Effect of FACE treatment on shoot P concentration (%)
at different growth stages of shanyou 63 in 2005—2006
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Figure 2 Effect of FACE treatment on shoot P accumulation (g+m™)
at different growth stages of shanyou 63 in 2005—2006
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F 1 FACE &3l 63 FEIAFH P Z2WKH B 54 BRI BE R
Table 1 Probability of treatment differences in P concentration, P uptake, P allocation in stem, P allocation in leaf,

P allocation in spike, P use efficiency for biomass of rice plant

HiH b3 I P EillEESa i
PR Y ok ok #k ns
Co, wok ok K wk
N wk ns ok wk
COxN ns o ns ns
COxY ns ok ns ns
NxY ns * ns *
COxNxY ns * * ns
P B Y ns ns ns ok
Co, *k *x *k w5
N *k ns * *
COxN ns ns ns *
COxY ns Hk ns ns
NxY ns ns ns ns
COXNxY ns ns ns ns
258 PR L) Y o * o *
Co, ns ns *k wk
N ns Hx ns ns
COxN ns ns *ok ns
COxY ns * ns ns
NxY ns ns ns ok
COXNxY ns ns ok Hok
- Freh PR LA Y ok * ok *
CO, ns ns ns ns
N ns *% ns *k
COxN ns ns Hek ns
COxY ns * ns ns
NxY ns ns ns *
COxNxY ns ns * ns
T P Z LA Y — — o ns
Co, — — ok E
N — — ns E
COxN — — ns *
COxY — — ns ns
NxY — — *k *
COXNxY — — ok ns
PEYITVERE Y ok . o s
Co, *k wx *k *k
N Hok * ok wok
COxN ns ns ns ns
COxY ns ok ns ns
NxY ns * ns ns
COxNxY ns ns * ns

7 :ns, no significance;*, P<0.05;**, P<0.01,

PATHION AL BRIE] Y22 S i E B B E K. SEit UK, COXN Y AR X I P
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Figure 3 Effect of FACE treatment on P distribution rate in
stems (%) at different growth stages of shanyou 63 in 2005—2006
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leaves (%) at different growth stages of shanyou 63 in 2005—2006
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Figure 5 Effect of FACE treatment on P distribution rate in
spikes (%) at different growth stages of shanyou 63 in 2005—2006
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Figure 6 Effect of FACE treatment on P use efficiency for biomass
(PUEp) (g-g") at different growth stages of shanyou 63 in 2005—2006
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(32 2). AWFFE LRI FACE b FRfl — R 43S RIFE I
63 W I T BT T AR R R AR B PRy
ST RERE T 11.6% . 14.5% 14.4% 16.4%(1&] 1), 7]
W, = RASHNFEIE AL G A R A TR S P 3R
X FACE At 3 iy i 37 55 17 A BI04 e o o 1) s 32
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A R F8 ] 7 {257 BH S KRB A A

IKAERI P i e — R FEHIA & P R LIZ
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Table 2 Summary of the resposes of P uptake and utilization of

different rice cultivars to elevated [CO,] in FACE experiments

T 2001—2003 2004—2006
ML R 142 CERUBERD IR 63( =R Z23cAlF)
CO, Hpruk 570 570
HERUKF 150,250,350 125,250

ANTE A IR PR

B +7.3%"" +11.6%"

AT +8.4%" +14.5%"

A +10.0%™ +14.49%"

A +13.7%" +16.4%"
A AT A P A

fig 100 529%™ +54.9%"

AT +419%™ +43.4%"

Filig= St +349%" +47.0%"

] +33%™ +54.2%"
PEAEZER oM ]

% i 48] — +3.49%"

WATH — +3.89%"

R — +6.2%"

A — +21.2%"
PEAEM R 43 e 6

I — -4.8%"

AT — -6.9%"

R — -3.5%"

BRI — -4.0%"
PEAEFE A L A1

il -19%™ -18.2%"

A -8%" -7.1%"
ENEIE- MR G ) A ey V

g 18] ~1%" -10.7%"

HATH 8% -12.2%"

Filig= St 9% -12.7%"

BN -12%" -13.7%"
P ZE PR PR -13%" -16.4%"
PRISRAEEL -1%" ~7.1%"

7 : (1)ns, no significance; *, P<0.05;**,P<0.01, (2) ¥4k A
Yang 25,

b PRAS P T I R BT IR P sy L
X HEYETIN 52% 41% 34% 33%" (% 2)., W& ALF
FEAVHERS , FACE Kb BEXTRERS S FP I P i A 42 EE
B /D . AR, FACE g3l = 2 2438 A
WG 63 % F I H5 T 1 AR BT i Py
ST BB 3R R 54.9% 43.4% 47.0% 54.2% (18] 2), A]
W, = RS AE B RN (B S KD PR
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