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Effects of Free Air Carbon Dioxide Enrichment on Uptake of P, K and Mass Ratios of C:N, C:P in
Winter Wheat
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(1. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2. Graduate School of Chinese Academy
of Sciences, Beijing 100039, China)

Abstract: The present study is conducted to show effects of elevated atmospheric CO, concentration on absorption of P and K
and C:N and C:P ratios of winter wheat at different growth stages with FACE (Free air carbon dioxide enrichment)systems un—
der two levels of atmospheric CO, concentrationAmbient and elevated(ambient+200 pmol - mol™)] with application of nitrogen
fertilizer (NN,250 kgN-hm™ and LN,150 kgN-hm™). The results showed that elevated CO, compared with ambient CO, de-
creased the P concentration in leave at tillering growth stage and it was higher at LN than at NN. P concentration in leaf,
shoot and ear increased at ripening stage and was larger at NN than at LN. And decline of K concentration in each part of
wheat occurred at LN rather than at NN due to elevated CO,. But the uptake of P and K by winter wheat due to elevated CO,
increased and it was significant at jointing and ripening stages. Elevated CO, increased P uptake more at LN and increased K
uptake more at NN than other stages.
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H AT RS €O, #FE (2001) K40 370 pumol -
mol ™, FFAKLE DAAEAF 1.8 umol - mol ™" A% 3 i 13 14121 3]
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[ N G T4 /N2 CO, T BE T g i 1 T 58 A
2N SEBA T EE S CO, W IED FACE(Free
Air Carbon—-dioxide Enrichment)%&ﬁ:_FXﬂLg\/J\fﬁfg/l\
A KA R RIS T i il o A SCR T AR R T
B FACE “F- 5 W5 7RI N KFE T, @& CO, ¥R
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1.1 B3R

FiZ2 %8 4F FACE REF- 5L TILIRAE o8 i
TAEAHAE A7 (31°37'N, 120°28'E) . Tk
AN - (R B K ARG 1), AR /K& 1 100~1 200
mm , AE R 2 16°C, 4F H BERT ] KT 2 000 h, 4F
TFREREKT 230d, #HE A AKRE-/NERAE,
AN TN BPRE(0.05~1 mm) 92 g-kg™!, Kbk
(0.001~0.05 mm) 657 g-kg™', fi#7(<0.001 mm) 251 g+
ke, A 1.2 g-em™, AHLC 15 g kg, N 1.59 g+
kg, 2 P1.23 g kg, ML P 104 mg-kg,pH 6.8,
1.2 iRE&i& T

RIR X BT, CO, W R EALEE N AL
AP EIALBE . FACE FE (55 CO, P8l Hex BT
200 mL-L",FACE 1 Ambient & (% HE &) ]NiZHI~ N
K- B ML (NN,250 kgN -hm™) | IR &L (LN, 150 kgN -
hm2); ## P 7K 70 kgP,0s-hm=2, B 26 &5 i 54~
ALFE LN, NN B L LR 1, 2001 4F 11 7 8 HH%
B AT 20 em, % 300 JIRK -hm2,

Fz 1 2001—2002 /NEHEPEIER (kg hm?)
Table 1 The situation of feitilizer supply during winter wheat growing in 2001—2002(kg - hm™)

posa B} 11 H13 H 12 H4H 3H3H 4H5H
NN SHR 3333 — 166.67 —
JRE 108.7 108.7 54.35 108.7
LN SHE 333.3 — 166.67 —
JRE — 54.35 — 54.35
1.3 RES5SH WA AR RIS

2001—2002 /A2 DA 2001 4F 11 H 8 H/)
EREAITEE 09T 3 H 17 B (43 8Ei,128 d) 4 H
10 H (k351,152 d) 4 H 29 B (HFE,171 d) 5 A
30 H (BE#UH,202 d) RAEMFE 20~40 #R (2507 30
FEAT) BCH AR MR S et 25 Bl AROR TR
A3 HZR K Ve, 76 105SCF AT 2 h, SRIGH
80°CT /b4t 48 h, M /5 FREE, B4 2 ] Ll 60 H
i, MERE4 C FHICZE M HT{L (PERKIN ELMER 2400,
Series Il , CHNS/O Analyzer) il % ; K H H,S0,~H,0, ¥
b, 5022 F TR LG RE I 43 B /N2 AR R 4l R
A TIE, F5T Bt Emoos 4 .

RAR=(InA = InA )/(t,=1)) (g m+d™)

A FEA SRAE 1 M (33 N FR S Y
RO WFRI 2 (W) B (gom™) o I T/NERRTE
Ab PR R RIK P, rTRE 52 M POK FVR B, P

AR ANOVA F-K 56 F1 LSD )5, 1EANH
CO, WS T X s B AT 581 #r

2 HER55%H

2.1 CO, REABTHNEEEH S PIRERBESS P
MR LT B4 22 Ml

FE/NZE 3 BER AT 10 b AU R U] LN Ak
T, CO, R BE T AR F X BRAL B, fli/NZZ 0t P
e 3 43 I FEAIR 20.8% (P<0.001) (£ 2) . 4 1.1% |
1.4%F1 2.3% NN RbFET | 43 5IBEAR 7.7%(P=0.035)
4.1% JGIN 2.5%F1 9.8% ., TE/NZEHRTH AR A g
B, CO, W BETH AR XS X REACER, (2510 PR
16 LN Ab 3R 43 5 A% 5.8% .0.6% FI34 i 9.2% NN
SEFER 53 REA 2.0% JE N 2.1%F0 52.3%(P=0.005);
F PR BEAE LN AbFE R 43 5 FEAIG 2.2% 2.8% FI3E
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hn 12.7%(P=0.032), NN 4b B 53 5] &A% 0.6% . 3440
4.7%M1 0.6% ., 7F LN 1 NN 4bFE /NFm X P
W PETE N e I (B2 CO, WREE TS0t Py BERG fin
PRI 2 B S

CO, W PEFH AR T X REAAL B, 76 LN ZbBE R /N
2N P WISCTE A BEIN AR50 I R RN i 43
SN 19.5% 64.6% (P=0.003) .27.3%F1 31.0% (P=
0.010) ,NN &b # 43 51 34 Jin 0.5% .43.5% (P=0.011) .
13.7%H1 24.5%(P=0.041) , WIE 1, /NAZXT P WG it
T i H LN AR B CO, Ve BETH Rl P IS fin i B 45
K, XATHES LN LB/ N A= Wy e B I BE KT NN
Ab PR G
22 CO, REABINEZEBS K iRERBMEI K
R LT ) 34 )

AT T X FRARBR, CO, R EE T 51, /N K
WAL AW R (3 3) , Te/NE P BE] 3
AU RN B Y] LN A R I KO ) R IR

R 2 CO, REFBSNARMERAFNEZERL P IRE

10.4% . H41 4.6% . 18.6%FIFFAK 1.2% ,NN Lb B~ 43
AR 13.5% 511 8.0% . 10.0%F1 3.6% ; 7£/NAZ$h 17
399 AR Y AR X BEAL B, CO, R T
250 K W BEAE LN AR 35 IREAIR 11.2% 5.7%F13
I 1.2% , 7F NN AR 43 B BEAR 8.0% H5 N 1.4% il
FEAR 11.5% ; FEAY K R EE 53 5 FEAIK 11.2% [ 7.4% F11
5.4% NN AL HA» FIREAR 3.3% . 1.9%F13E 11 3.2%, CO,
W BETH R -3 /INAZ 1 KOV B AR 2 BE R M 13840
1% 12.0% , 73510 A A nl b, 25 ARy K vk
FEREAR 1.29%~9.7% .,

TEAPBER] PO AR AU CO, BT
E NN K IR IEE LN ARFRTR 43 30 24.8%
60.5% (P=0.007) .28.8%#1 8.3%, {F NN b33 5| [%
i% 5.4% . B4 45.3% (P=0.027) 33.3%F 25.1% (P=
0.079), WLIE 1, 2 3 WoR, CO, W BE T AR % IR
ARFR /N AR BRSO KA A e 2
A KIILIA:, T3P K MR B S AR B = | Bir LA

J8ZMa (g-ke™)

Table 2 Effects of elevated CO, concentration on P concentration in winter wheat parts under different N levels (g- kg™)

SRR AR E A
LN NN Mean LN NN Mean
128d T 3.05+0.05 3.34+0.15 3.20+0.19 3.86+0.11 3.62+0.19 3.74+0.19
152d s 3.45+0.24 3.21+0.27 3.33+0.26 3.41+0.08 3.35+0.01 3.38+0.06
ES 2.01+0.18 2.19+0.11 2.10+0.17 2.14+0.03 2.23+0.04 2.18+0.06
Tl 3.51+0.48 3.83+0.62 3.67+0.53 3.59+0.25 3.85+0.50 3.72+0.38
171d s 2.95+0.58 2.75+0.20 2.85+0.40 2.91+0.16 2.69+0.07 2.80+0.16
ES 155+0.38 1.46+0.20 1.51+0.27 1.56+0.09 1.43+0.12 1.50+0.12
Tl 3.04+0.12 3.25+0.34 3.15+0.26 3.13+0.05 3.11+0.07 3.12+0.05
202d s 1.05+0.04 1.08+0.11 1.07+0.08 1.03+0.06 0.98+0.03 1.01+0.05
ES 0.55+0.06 0.79+0.14 0.67+0.16 0.51+0.04 0.52+0.06 0.51+0.05
Tl 3.30+0.11 2.96+0.22 3.13+0.25 2.93+0.11 2.94+0.23 2.94+0.16

1 F, A, LN FlI NN 435208 5 CO, #eJ¥ (elevated CO,) . % i (ambient) [ FIH ML (DL TR,

£3 COREFBX AR HEAEK T NEEELL K REHFIE (g k™)

Table 3 Effects of enriched CO, concentration on K concentration in winter wheat parts under different N levels(g-kg™)

TR MU E A
LN NN Mean LN NN Mean
128 d T 25.64+2.09 26.58+2.78 26.11£2.26 28.63+5.53 30.73%£2.10 29.68+3.91
152d I 22.68+2.18 20.47+3.43 21.57+2.84 21.69+£3.41 18.95+1.96 20.32+2.90
E 3 18.84+1.60 18.14+0.38 18.49+1.11 21.21+2.73 19.72+1.05 20.47+2.02
pi 14.27+1.44 15.63+1.29 14.95+1.43 16.07+0.93 16.15+0.81 16.11+0.78
171d I 20.87+1.59 15.83+1.56 18.35+3.10 17.60+1.42 14.40+0.46 16.00+1.99
E 3 1280+1.64 12.33+1.05 12.57+1.26 13.57+0.91 12.17+0.93 12.87+1.12
P 7.93+0.42 8.40+0.36 8.17+0.43 8.57+0.40 8.57+0.42 8.57+0.37
202 d I 2.63+0.35 2.87+0.15 2.75+0.27 2.67+0.06 2.77+£0.49 2.72+0.32
E 3 16.40+0.95 13.37+2.15 14.88+2.23 16.20+1.49 15.10«1.35 15.65+1.41
4 4.07+0.42 4.33+0.31 4.20+0.36 4.30+0.35 4.20+0.10 4.25+0.23
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Figure 1 Effects of enriched CO, concentration on P and K uptake in winter wheat parts under different N levels.

F: FACE; A: Ambient; LN and NN mean low nitrogen (150 kg N+hm™) and normal nitrogen (250 kg N+-hm™), respectively. (The same below.)
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Figure 2 Elevated CO, concentration on relative absorb rate of P and K in different growth stages with winter wheat growing under different
N levels
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Figure 3 Effects of CO, enrichment on C:N of winter wheat under different N levels
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Table 4 Probability of treatment differences in C:N and C:P ratio in winter wheat treated with CO, elevated
C:N C:P
SRR 8] it e I E i i i ES B
PCO,
LN 0.003 0.056 0.000
128d
NN 0.234 0.973 0.022
1504 LN 0.002 0.012 0.133 0.022 0.884 0.139 0.747
NN 0.159 0.253 0.618 0.701 0.283 0.594 0.977
1714 LN 0.040 0.231 0.016 0.000 0.981 0.751 0.446
NN 0.644 0.709 0.218 0.584 0.868 0.934 0.459
200d LN 0.002 0.003 0.000 0.037 0.814 0.350 0.046
NN 0.768 0.670 0.039 0.894 0.164 0.006 0.969
ZILPE 4 I3k 4 FE/NE oy Bel) S0 Al B GP L
F Y] LN Ab BRI 1 C:P 43 5 360 26.4% (P< TN
JTE

0.001) F&{% 0.7% $11 0.26% FIFEA% 1.2% ,NN 403
A3 B 9.6% (P<0.05).5.4% . FEAR 1.3% F1 [ A
7.5% ; FE/NZEWRTT I A AUTRD A | S ) R E A
LN AbFEZE C:P 43 380 7.3% 3.9% FIFEA% 8.8% ,NN
b B B REAR 2.5% 0.9% F11 33.0% ;LN AL FEFE C:P
3TN 3.3% 3.4%FIREAK 11.5% ,NN Kb 5351 34
11 0.3% J#AK 3.3%F1 0.2%, NN ALBRR | CO, ¥ T
o A ] TR A/ N2 I FIZE G CoP FL 5 38 i ) A

KA CO, WeETHR R E R AR K VR A
Py BRI T IR T ZAR NG I SR oK
FIWEORAER A IR Z MR T G R AMH Y
i )5 3 i i HARA ] RE e 97 70 R Z [l Y
PIMEBGE -1, BRI AR A IR OC R FEAR
ZWFRILR T AR M T ERE EE, ORI
FEF X A RO, (X T H Al R
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Figure 4 Effects of CO, enrichment on C:P of winter wheat under different N levels
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