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W EREW. KA CO, RKEFAE(FACE) fn¥ A B R ZFR T T A ZFRETE
ek fn £ E. (L FACE XXM U KB R LEEH W FACERERERMET FRHE SR,
BEAEA AR BACEMIRERERG T NEANERAE A4 &, TAPLAHE
EAAR . WA R SR RARE RBESEFEHES A FACE ng
AAXKFTRE m. 4 ,CO, REEAEKFEER NEFRNFEMEANYEALFENEX
B EXFRERLEEE . EARRKARCO, RKEABTHHEAT, EFREWNELER AT
BENERRTE, RERDMICENE, ZMRNE & RS T .
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Effects of atmospheric CO, concentration eahancement and nitrogen application rate on
wheat grain yield and quality. CUI Hao, SHI Zu-liang, CAI Jian, JIANG Dong, CAO Wei-xing,
DAI Ting-bo ( Ministry of Agriculture Key Laboratory of Crop Physiology and Ecology in Southern
China/ Jiangsu Province Hi-Tech Key Laboratory of Information Agriculture, Nanjing Agricultural
University , Nanjing 210095, China). -Chin. J. Appl. Ecol. ,2011,22(4) . 979-984.

Abstract: FACE platform was applied to study the effects of elevated atmospheric CO, concentration
on wheat grain yield and quality under two nitrogen (N) application rates. Elevated atmospheric
CO, concentration and applying N increased the grain yield, spike number, grain number per
spike, and biomass significantly, but elevated CO, concentration had no significant effects on har-
vest index (HI). Under elevated CO, concentration, there was a significant decrease in the pro-
tein, gliadin, gluteinin, and glutein contents of the grain and the sedimentation value of the flour,
and a significant increase in the starch and its components contents of the grain; under N applica-
tion, an inverse was observed. The dough stability time and the dough viscosity characteristics,
such as peak viscosity, final viscosity, and setback value, increased significantly under elevated
CO, concentration and high N application rate. The interaction of atmospheric CO, concentration
and N application rate had significantly positive effects on wheat grain yield and biomass, but less
effect on grain quality. Therefore, with elevated atmospheric CO, concentration in the future, main-
taining a higher N application level would benefit wheat grain yield and paste characteristics, and
mitigate the decline of grain quality.

Key words: wheat; yield; quality; FACE; nitrogen fertilizer.
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INEAE P B B AR — ML LUK A R
S CO, MR BEAT HE XT AR 4 5 Wi 1) A 5 AN Jmy BR 7 7T 4
RED P EEAAHSCERITT %  X eI E A
AR Jry BRAE 5 1003 A1 I I s =X 25 A< CO, R B2 4y
(free-air carbon dioxide enrichment, FACE) £ Ri#t1T
WFIE AEYIXS & CO, W BE by 1 52 HA R R 1Y)
T/ AT CO, R BE XA W) 52 ) 1Y) d5 A3 T
2

ANFZRPRL T BOE S R RRR Y C/N AR
P25 UIAH DG, T L 32 A0 AR 285 0 58 AR 3 4 it
IR, CO, e BE FIRUIE A2 52 me V7 i 0 i o B
IR E RS T WFSE R, CO, MEE T s i/ A2
FPRLr= i FE by A T R A R R
BTt AL T DA 4 e N A kR B AR T
T R TE A DT T LU, SRR Co, e T
v 2t PSS e A S AR R AR P C/ N AR B A 2 1
FERPRLER H SRS R G . SR, A 6 €O, WRIE T
e R U EL A XA 7 et R AR 1 R 4 800
TRGEIFE. RN FPRLER 1SR #2143 75 5 T
oA PSR RIS J5 A 1 S5 o I o B % DIDAR O, FE R
KR CO, WBETH G 25T, BAEXSRFRLIN T o
)5 Ml i R 454 Tt 5 i3k — 20 WA . ot A
FFIH FACE -3, il 1 B E AR 19 CO, WEEFIR
EKSE AR BIFGE A CO, e T o R i 5N
HHAEXF /N AFRL ™ 8 Rt JB 1 I 45 2800, DA
PR AR R CO, W BE Th i X /N 22 Az 77 1 52 0 Bz
SR SR T A0 I i A VR A A

1 #REFEE

1.1 5 5%

A T 2007—2008 4F 7E VL 70 4 VL #F iT D %
RFf 37 o B FACE &R 4 F & (32°35 5" N,
119°42'0" E) 17, V58T KRG E W CH[3]. %
B AE B EOK B 980 mm A4, FEHEKE
>1100 mm, 4F 7 5 5 & 14.9 C, 4 H BE 6 1]
>2100 h,AETCFE ] 220 d. T 4K E R F b3+
(TP E 52 BE T oK AR- & N2 AR, K
St I B R A LK 18.4 ¢ - kg, A
1.45 g - kg &0 0.63 g - kg™, &4 14.0 g - kg™,
PHALCHE 10. 1 mg - kg™, A 70.5 mg « kg™ BPRL(2
~0.02 mm) 578.4 g - kg™, ¥iki(0.02 ~0.002 mm)
285.1 g - kg™ Kiki(<0.002 mm) 136.5 g « kg™, &
F1.16 g+ cm” ,pH{ET. 2.

1.2 kit

ik N2 b A 22 14 5 R FHRLIX
Wit , KA €O, W R EX i N # AKX, Co,
JEBEX R (370 pl - L™, CK) Fl FACE (570 ul - L',
F)2 K, i N % 150 kg - hm™ (LN)
250 kg + hm™(NN)2 7K. /hEA K 2 P,0, A
K, O Jiti 4 75 kg - hm™>. ZACILIE LR 4 ¢ 6,
BB A o3 BE A BT AR AR A, 4% ot 2
R 20% ; BEAESGE N 6 0 4 B AR T4 T it
H.11 15 HERR %R 3x10°4k - hm™ 171
20 cm,3 RHE . A HLIR) Y O A .
1.3 WEmiH5h%

FEAC I BE £ [7) — T TF AL 10 22 R R AR, B
X RE /N ZE 20 A 40 A e (48] 1 i) 5] 2 it
5] 3 mf LA B 25T 6 NS, T 105 CARTE
30 min,70 CHLTZfEE, HTFAYE EH R
21 53T 5 FE M B LA 435 1 B S . BT 7
I R ORI, TR WO AR B S 48 4, TS0k
2 m® NZERERL, BCE 1 AN H S I R
515

SR B A R R R LG AR
B2 40 R 1 SR B L ISk e . |
R R R S B VA SR P Bl s 0 R 2 AR
HVEM . T R i B Perten 28 F] A2
i) 2200 FITEIAAL , HR PG GB 5506—85 A fE 5. UL
R GB/T 15685—1995 Frifi 7 kil g . FEI4 (K
FHHG L Perten 23 7] A= 7 1) B Y5 (G AU 5 . B3 i S 4%
FIRI I Z%0R FH Brabender 23 6] 4 72 (48 50 AR 7
S 2
1.4 HdEabi

K H SPSS Geit oy M i A X B s AT G o
JFH LSD ¥EXT Bl A7 2 8 L.

2 HRE5HM

2.1 R CO, WPEANRACIAKF-XT/INAE R 4k 2
LG 1 R 2R 9 5 )

$E1E CO, YR BEE M AN AT 8 42 8 T /N
FEEFIA YR (£ 1), CO, WREEXTUR SRS B 0.3
S R FACE 458 F R4 i 4 s 2 = i
() EEZEHLA. CO, e B 5 AUIEAKE BAE XS ™= i fE
YA 3, H UL FACE 4508 T & EAL P %
1R, R BSR4 T AR A B AR IG5 0] BEA L, FACE
ARBESF- 2 7 i R A W A N R R T 17.9% AN
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KA CO, W TE NG AKX /N A2 AT i i o F) 52 981

17.7% . Hoh @ R AT FACE Ab FH 4 6 AR 7= 5
YR IR T 20, 1% 119, 6% |, TEAR A &1
TR E T 14. 9% 1 15. 3% . 32 I8t A 42 55
T /NZERERL R T X CO, R (i i 7 A

XA R A BT 2RI 3R CO, R
R KTy 25 o 1 R BSORIREUR 45, 348 it 20
TR T TR W R CO, WX TR E G
SO B CO, TR AU K Pl B 35 3R T Rk
Fei. RUTEREE CO, 38 1 REBCR R £ 2L [F] 1
T R TR A, CO, e TR K SE HAE
X REESCA Sl 2 RN, FE R CO, B i vy AL 22
T e, S5XF A L, FACE Ab 3P 24 BRI AR 4k
IR T 4.4% F11.6%. Hoh, mA KT
FACE 4b FRA T HE B BRI AR B0 4R = T 5. 8%
1. 9% ARESKM T 5l8Em 7 2.9% F11.3%.
FH CO, e B X RERL AR 114 52 M) % R 450 1) 5%
TR 5 8 g X 18 7 1) BT RR B
2.2 KK CO, HePEAMANCAE XN KR 2R R
J L] 53 () 5 )

CO, WEMANKEFEA RS EAR &Y

P, W U8 B 4R o T R A S =,
H Co, ESRMKFEAERN AR E(£2). 5
XTREAH L, FACE b B34 8 A & & PR T
6.6% . K AL TR T 9.0% ,IRA LB R
T 3.9% . SAREALBEAH L, = S0 Ah B SF- 24 8 1
STt T 13.3% , Hh FACE £ T A& T
10.2% % BB TH T 16. 4% . CO, ¥ JEE Xt B RE R 1
JO 7 ek I R T SRR Y 1 5 Ok R 2R
1T S A R RN

CO, V& EEXS A [l & 11 5T 26 43 5% el A~ — 3L, CO,
WEETH R B RS TR S 8, BRI T B
FEHMAEA S TERE A &2 T, Wit
R L & TR AL & 5. W A (R
EH+AEA) N EEAM I FACE 54T &
FREAL, M AT WEA . RUIE CO, W
PFREAR AR N EE R R EA &’ T %
SR
2.3 KK CO, HePEAANCAE X /N2 e b3 e
HCAH 431 52

CO, ¥ FERAAE /K S5 AR B TE A | BB T

Wil fEL P BN AR . 4R CO, VR BN T FISCHETE M & A W, R CO, W 2 35 4

x1 CO, REMEEKEX/NEFFH~ER K E RN

Table 1 Effects of CO, concentration and nitrogen rate on wheat grain yield and yield components

CO, WK it R T RERIEL TR FrhE AW PR ok £
Co, Nitrogen Spikes Kernels 1000-kernel Yield Biomass Yield per Harvest
concentration rate (x10* « hm™?) per spike weight (g) (kg - hm™2) (kg - hm™2) spike (g) index
FACE NN 568. 8a 33.8a 45.4a 8730. 2a 18851. 6a 1. 54a 0.463a
LN 530. 0b 27. 6¢ 44. 6ab 6529. 6¢ 14304. 2b 1.23¢ 0.457b
CK NN 537.5b 30.2b 44. 8ab 7267.3b 15762. 6¢ 1.35b 0.461ab
LN 515.0c 24.8d 44.5b 5681. 2d 12404. 5d 1. 10d 0. 458ab
F1H €O, 148.55" " 59.63" " 4.78 316. 11" 185.17** 175.00" " 0.02
F value N 260.49 " " 190.82 "~ 11.79" 848.52* " 465.00" " 545.95* " 7.32"
GO, xN 18.36" " 1.00 1.83 22.34%" 10.52* 5.30 0.95

LN MK Low nitrogen; NN: =% High nitrogen. [RIZIAN[F/ING FhE /R AL BHIE] 22 57 .3 (P<0. 05) Values followed by different letters in the same
column meant significant difference among treatments at 0. 05 level. * P<0.05; * * P<0.01. F[d The same below.

F2 CO, REMBRKEXNEFHNEAREEAS SEHNFM

Table 2 Effects of CO, concentration and nitrogen rate on wheat grain proteinand protein components

CO, W it Ut HEA BREH A R HEH B/ A+BE/EAR EAR R
Co, Nitrogen Albumin Globulin Gliadin Glutenin Glutenin/ Glutenin+ Protein [ 5 e
concentration rate content content content content gliadin gladin/ content Protein yield
(%) (%) (%) (%) protein (%) per spike
(g)
FACE NN 2.0a 1. 4a 3.3¢ 3.3b 1.01a 0.58a 11.5b 0.18a
LN 1. 9ab 1.3b 3.0d 2.4d 0. 80c¢ 0.51b 10. 4¢ 0.13b
CK NN 1.8Db 1. 3ab 3.9a 3.7a 0.93b 0.6la 12. 6a 0.17a
LN 1.7b 1.3b 3.6b 2.9¢ 0.79¢ 0. 60a 10. 8bc 0.12b
F& CO, 12.45* 1.85 238.52* " 53.57"* 4.08 18.41*" 7.17* 4.88
F value N 7.21° 6.47" 55.65° " 231.48" " 74.83" " 7.09" 23.67°" 384.83" "
CO, xN 0. 83 2.55 0.20 1. 46 2.36 5.33 1.50 0.02
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Table 3 Effects of CO, concentration and nitrogen rate on
wheat grain starch and starch components

Co, ¥E AR SUERTE HEEER  SCEER
Co, Nitrogen Starch Amylose Amylopectin
concen- rate content content content
tration (%) (%) (%)
FACE NN 68. 6b 16.7b 51.9b
LN 71.7a 17. 8a 53.9a
CK NN 66. lc 16. 1c 50. 0c
LN 68. 6b 17.2b 51. 6ac
FAH €O, 18.877%  16.50"*  19.73%"
F value N 22.08" " 53.99* " 14.86" "
CO, xN 0.12 0.01 0.19

T RVERY | BB E R R S B E R i, (E e U
FRIZSONE AR R, T3 €O, He i 5 BB K E H AR
MR E (2 3). 5XTHEA L, FACE &b P52 3E #;
SEEE T 4.2% , HP S AR T RS T 3.8%,
A TS T 4.6%.
2.4 KX CO, MREERENLAXF/NAZ A b I
e iop-Al0|

CO, e B X IT e B | 30 1A 407 5 2 IR K e Ay
I BN X A P I RRS S B ) LAt 3 IR AL
N (R 4) . BREEIEMEAD , it KX Ry & BT 48 A
A W ERN 1 CO, W5 RN A H AR I

R4 CO, REFMBALK T x|y 3 T o B M B 2 0

IKEAT 2 R, Ho LA B AR R AL B e .
E5XF BRAH L, FACE &b 3P 15 95 T 735 75 £ AT R (B
Iy IREAR T 12. 4% F1 10. 4% , Hoh e @ A 41 i
T Al o AT R 20 0 R R T 11.6% 1 7. 3% 5 7
RESH T TRET 13.4% F1 14, 1% . 5%} R4
I, FACE Ab #7347 5 Y (15 R RR A2 B 0] 43 500 e 17
5.2% F112. 5% ,Ho b i B AT B 3 (6 R Fe e i)
B4 3T T 2. 0% M1 8. 5% ARE LA T 20 5o
T 8.6% M 17.1% . W CO, W T 251F T 4k +F
22 1R A it R K T A R O A T A7 B e R )
e AEK, 38 T30 T A9 14 W 7 360 T AT i ik )
2.5 K5 CO, HePEFABNEATE X /N2 WA 1)
A

M 5 ATLUE H, o, WRIETH R B &5 T/
FEVE(E BRI RIS BH R | e B B A S o (i, b 25
BT R IR | o A (A o R . 14 R
EREE T VRERN R AN BN R R AR
AR T WAL, X S BE AT B R . CO,
e B 5 UK AR SO0 AN 3. W o, M
RT3 58 2552 0 T V84 R AR R . 5 % AR
L, FACE AbPHIG(E B AR 2 B AR 22 5 4l
BT 7.8% . 7.2% F 6.3% , Wi Ak TR BE FRAR T
0.8% . #— Mk W  TEm AT, FACEAL 3

Table 4 Effects of CO, concentration and nitrogen rate on wheat flour quality traits

CO, WJE it WK T 1 173 UURE(E [ Fa B[]
Co, Nitrogen rate Absorption rate Wet gluten Sedimentation Falling value Stability time
concentration (%) (%) value (ml) (s) (min)
FACE NN 56.9b 30. 1b 57.22b 364. 7a 5.1a
LN 54.3d 24.3¢ 44.35d 368. 3a 4. 8ab
CK NN 57.9a 34. 1a 61.70a 357. 5a 4.7b
LN 55.5¢ 28.0b 51.65¢ 339.2b 4.1c
FAE €O, 81.00%* 55.57"* 21.76* ¢ 12.59” 72.60"*
F value N 469.44 " " 132.71° " 82.29" " 2.05 38.40" "
CO,xN 93.44 " 0. 03 1.24 4.62 5.40
RS CO, iREMGREAKEIT/INE R 451 RN
Table 5 Effects of CO, concentration and nitrogen rate on wheat paste traits
CO, WK it Ui VB Z R Fh i i B AR S HiAE ML IR
CO, Nitrogen Peak Trough Break down Final visc Setback Pasting
concentration rate (cp) (cp) (cp) (ep) (ep) temperature (°C)
FACE NN 3422a 2177a 1236a 3811a 1650a 83.92¢
LN 3179b 2092b 1147be 3700b 1641a 85. 62ab
CK NN 3138b 2019¢ 1217ab 3559¢ 1557b 84. 77bc
LN 2983¢ 1965¢ 1089¢ 351lc 1548b 86. 02a
F1H €O, 29.65" " 52,747 4. 64 64.28 " 96.05 " * 6.28"
F value N 20.39* " 12.55*° 37.17* " 8.26" 0.85 34.97* "
CO,xN 0.99 0.62 1. 16 1.31 0. 00 0. 81
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BN B P WA (EL R B VR 280 B e A 20 A il v
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E T 6.6% .6.5% H 5. 4% , WAL IR FE &K T
0.5% . %W FACE Z0F T ¥4t 2N A R T4 /N &
TERS ORI

3 i it

CO, e B FARNE A1 T e i B 4t v T /NEE T
R i, s AUKE RS- % | 7 i SO R R
R R e N 0 e St S BV v 14|
BCPR 2R 7 (0 TR S T AR S R AN S AR R 4
TR K BB B R 2 FACE 25 /F F 8771
KB Amthor' " ZEA R AN IBFEIN N, CO, ¥R T
o, S THIFRRRAR R AR 4R (B RHRER
PR 7 g PR 2000 7 o B v Y DT RO AR — B AT S
SRR TR EIORT B A7 T RRRE KR I 1 in Xo) 2 AR A
DUHR , (ERER B DTSR, 31X AT RS2 T A FFE Y
ook 2 P 5 v , RN G n 23 TR AL/ i8R €O, YR BEE
T X TR H 5 O K, X5 ET N B B 5 4G
SRR MR /N A RO B R, A
RIEBE CO, e BE T 0 1 T+ i) 5 225 AT RE A R
1) CO, WRBE TS BN E M LA 7 A
TR, /NAE 4 R R s T N
IRAE o 8 3 g, T A /N AE IR 4K 2) Zha
VYRR FACE 040 T, BOEA KR4
Al AR E D T /NMEIR T B P i 5e 4, 98D T/
TEARTE, B R R A A f5 0F — 25 UE . A %
NN /INZE R 2 e m £ B2 T Co, T
fii/INAZ G BE e HE S FE NS, S BERSURI  BE 1 38
14,

TEMTE/NZEFPRL T o LL IR, 5 O &R
Y. AMFERY, CO, W, e & E I, X
5 Hogy 25 My WF 58 45 R — 20 Hogy % N,
FACE %14 F R BUNZAFRLTE R & & T+ = 1Y £ 2
&G A HR LT, 8 2 ok & PN
BT A B RV, CO, YR T &, /NAE T
R X AT BEREAS T 1 R DG & YRR i B R B B Y
TIHK' . Zhu SR FACE S0 R NERDLS
KGR BT JERL T FERR S, 80 1 it R oG =y
AR S5 . I A, /N2 R R TE A B O T
W A] GRS T TRDEG = W3 g | 2. JE 8 SO
30 TR I AR AL 23 5 VE K R AR R | DA R B R
b TR R B S B R AR AR5, CO,

W BE T = AV RIE AT T8 251 R, /N2 E M 1) v g
FHEE AR RO AR T WAL A, Ui
CO, e B R ENEACT- T A R T e /N2 vE M 3
JE.

CO, WMEF R SR,/ NEAFRE ARG =T
K AE NI A B B R S = T R
AT A 2 E R, Kimball 27000 5% T
INZRFRITR RS N S, R BUTE 3 N Rk 4y e e
i, CO, YR EEFm AWK B A BT AR
JERTF N WA & b T i B, b kL8R 0 & i R R
Porteaus %2 IF5E R W 7EMREUKSE T, CO, W ETH
ORI A N B i 0 i S TR = AUKE T,
CO, VTR BER S THPR P42 N & 8. A5
R, CO, REETFm Xt/ N A 1 7 A —
S TEAREUKE T 2R BE FEmAKE T LRE
225, CO, MR T AR & T HARRAR (1 B it
P T BB e v B R, T DR 1 T i A R
RIA TSR AT & CO, YREER  Fr ki 11 5T
B PR AT AR R B TR BRI B R N A
TR LY. /N2 R v st i 2 A 2 1 2 1 BT
4 SEAAR 2 TR I S Bl i A A R R R 25
febn. AWFFR R, & CO, WREET , W 1 77 % 2 ML
FEAE R R, AT R TRER R R B 1 & B R%
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TAE A ST TR /N T RS T R,
A/ B TP XL CO, e RE T R il /N 22 AR
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X721k
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