A6 CO, e Filj

HWE
AR AR FE CO, K JEFaie fF 2t & W
CO, #iBFeg¥m , A A AWM A E (OTC) 4
MR CO, KA 8 shiA4s-F & B4 CO, K I
B ERBL AL A KB A R E CK( %R,
PR A CO, RE) C (CO, KA CK 3 Im
120 pmol - mol™ ) F= C, ( CO, %k A b CK 3§ #n
200 pmol-mol™ )3 A~ CO, K KT ;36 Rk
BHMMERE(N,,25 gom?) FfK (N, ,15 g
cm )2 AR R A # A - S o R Atk AT
MM F W CO, % il 2R AY . B4y
;:m CO, 418 T HACHFAE— 5L, 3 ZRIT KRG
B AL B FE K A e A AR A K BN,
AT EEAEFH,CK.C, # C, &iﬂﬁlé’l
CO, BRE 4% H-105.8+12.6, —123. 1
11.5 #2—120.2+4. 1 kg-hm™>.N, &2 T, & &
MNEFH,CK.C, #= C, 24y CO, EREH
5] A -82.3+9.2 -95. 427.6 F2-96.7+2.8 kg
'hm’z;;!iiﬁﬁf] C, 4k 22 0 CO, ZAfnF bk CK 2
¥ mT 31. 8%(P 0.024).C, #&22TF 3K
BN, Ay CO, ERMFEFHT N, &2
55.0%(P=0.009) ;C, Z&:3 T N, &3y EA
EAFICO, EREFRZFH T N, & 23.6%
(P=0.010) . 8432 CO, 4if F 3R LI IR 84
ME K FZWKB L E N, BT, C FC, &
ey CO, B3RS A XIBIHHAAX LR
KB RHE N, & T ,CK F= C, &2 4 CO, 4
i IR A BAG I IAR K KX F KB R F N,
AFEF,C, 42 ey CO, Fil TR & AR
EEESESEARESE AR o S 2 i 2 A N
BREA AR Z IR T A e AR AR L T
CO, RET & R AW CO, Fil 0%
VB A RF;CO, RETHERAZT AW
CO, 4B FW A A RENXZAER.
KA
% %5 CO, R AT & R e; COo,
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FES$ES S512;X16
HRPRARRD A

i BHA 2021-12-08
FEME EHEHREEIES (41775152,4207
1023) s VLIV BRI A B 2 008 TR 58 2B B
W5 S BB T 5 H (KYCX21-0963)
1EEEN
FEE L, WA ST 1 SR A
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A0 BESE T I Dk S R S e AR R
A 500 W 28 . zhhu@ nuist.edu.cn
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HATHTAY 280 wmol - mol ' FEHNE HFTAY 414 wmol - mol ™, H A KA
FRet e # > R IR A S R G SRR E LN EEY,
B, — 7 1, S A ) AR R E R COo,, BRI,
— 7T, A A SRR A I i) K AR €O, , RBLUMIR S NFE
S FEAA Y 2 — , HRP R AL 2 k2. 338x 107 hm™™ .2 | CO,
WS A BT 0 B A AR TH 2 75 AR G Y s BR AL 2 6 B 0o R R
JLRHL.

KSR EE R CO, BAERIIE N EANRS
FARH R ILRE T, IR sh A2 FE AE AR & CO, YRIE IR 5T
SAETF PR AR S ol b o 904 FH 4 38 HLRR I 1 28 Ak X R
PRI >0 SR AR AR T RIS e B CO, R FEE Y A0 23 R i 4]
G 7 B A TR o) il R A R 2 1T 0 A AR S R G
ik #2 . Norby A Bloor 251 WF oY M M i G AR T R
Hi CO, [E5E BIRPIARN , MGEIAR R4 JRIE Y MR R A =
b —IR A i A B gL R, CO, R TR S AR A R
PR ZR A s [ R 2 [R) S R A 2SR S AL S T
Frid e pbsh AL R AN A KR B EE N E, AR M
Wi 2 28 AZERBE 1,5- @R 2 1k in % ( Rubisco ) FOG A #5 B 4544
B CO, R L, )G i bkl K & i R co, [k Ot
B PR BRI G AV Y S 0 UNE B i A 1 T T - 4
IRy ik, PRI 5 - SR E W e R R ALk, ﬁii%ﬂa’uﬂﬁ
YEFIRESE " RO AT AR L R /N2 (T4 A R | R PR
N A W e R LR AR R I X 22 [ CO, 3l P A R i

32 A= 25 R G0 v 5 e B ST AR5 R 7 540 Wi S A % S TR £ i
A=A R GBI PRIt R A G B DAk B A A X AR RS
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iR AT e T — RGN AE 5, B4R T FE /NG A K 2 £ 1T
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W \CO, 3 i R AIE K FCR o DR 28 45 J i S0 AR
FRTXT AR CO, e B A 20K 7%t 22 BT CO, #58
Helih Z BE5E. A 588 12 23 B 9 DR 3 A X A2
A2 R GEAHIR SSH S 0, A7 B Tk — 20 AR
P 388 0 0 R CO, R T i S AN [Tt 280K e il
ISEAILAR , K2 DRy T oA S e A 7 X A b A 2 R 5
BRSP4 (1 T R 52 TR B LR AR A

1 #R57EZE

1.1 MRREGSHH

R M S TR R B TR KRR R S5t
BRI TG (118°86'E,32°16'N) |, Ja 7 HHy 2 XU 4
AEREIKEE A 1 110 mm , AHXHEFE A 76% , 4FF 24 1
JEH 15,6 C. AR - HEh M RUKAE - (RS +
J&) BHEZ N AL, BRI & il 26. 1%, pH
(H,0) { N 6.3, 74 HLAkK 1 4 05 & 5 500 0
11.95 Fl 1. 45 g-kg ' HBEHRA/NE s 2 22 5 0
/N B 176 d.&/NE EEAEF L 1
7R, 7K o3 S A AE B it 55 Y Hb R X — 2

®1 ZNEEELEFHH

Table 1 Main growth stages of winter wheat
H 1 A H H A H
2018-12-02 R 2019-04-01 g
2018-12-20 i 2019-05-13 g
2019-02-20 R 2019-05-15 ILEIN
2019-03-14 W

1.2 REigit

FIFH 12 A JFTRAR (OTC) 4L i cOo, H 3hiM
FERGSEM CO, WETHE.OTC M 3 m JEMTI 10
m® WU EAE 3.75 m BIE NGB AR, 556 4 HE
0 R A M B (R 3 mm, GRS
90% ).2R T W04 SMHL R 3 BE , T T 1 ) P 415
45° 44~ OTC WL T CO, &84 (GMM222, Vais-
ala,Finland) , & F2 0 ~2 000 wmol - mol™", 4 & + 20
pmol -mol ™', B HE T HIERE 1.5 m H4b. A CO,
WHEF AT A s R L. A xR %
AFE CO, BN AEH | s A 3t s 4 A e i
FEALHR | F2 45t B0 SR 4 45 R AL B REVR S Co,
YER IR (CO, BEHE 99% ) .CO, 1&IEa%45 2 s 1 A 3
FEH RS R B OTC NER I SERT CO, W BE. S CO, Hk
FEART B bRk B2 I, 200 R 48 A sh 4Tl wg 1, 1)
OTC #h5E CO, MR, [ 2 R R A7 S A

I AL BN R A CO, M 8 3 DUk
K5 KA CO, W (CK) L H CK R 120 pwmol -
mol ™' (C,) .kt CK 15 200 pmol -mol™" ( C,) . EF ¥k &
KA ERA 4 4 OTC FEAEZ AR CO, ¥ BE AL FH /N
FIRE IR 2 A R

TR 1) R AL B A AN ATt &L i, B> OTC NI
2 ANENEAKF 8 B A (N, 25 g-m™) FMIRZEUE
H#(N,,15¢- m ) ERHE 2 AL R IR AR Rk
T -ZARENE, FEAE AL A IE (NP R K A BT 4 4350y
K 15%) R T AL AR -ZE L FH PR 28 (N oL i 43450
5 46. 6% ) FENE 5 50% (N, :12.5 g-m™*;N,:7.5 g-
m . LI N ) R EFAE S 35% (N,:8.75 g-m 3N,
5.25 g-m.LA N IF) 3R -Z2HAE 5 15% (N, :3.75
gem;N,:2.25 g¢em 2. LI N i)

FAL RN R AL B4 A - CKN, L C,N, . C,N, |
CKN, .C\N, . C,N,, H 6 Fhab B, BEFP AL FR A 4 4>
HE.

1.3 MEmMBEFE
1.3.1 CO, #i@Zegm e

R PR A WA A - 3 8 B SR A0 A AL 2 o,
il S R B R A MIEIE R (B 1 m, N
%20 em) , TS B A 3 AN BIFL, 225 B Ak
HAE L AE OTC /N7 TR X 18 117 48 256 4 0 ISR AR
JEFE(E S em, N2 20 em) ,JEJE FWAH 1.5 em Fi
BT 55 AR NI £ ORI B 3 (TR 3 7K D
BIRRASAT R . ] LOR A 445 IR = AR Hr
AL (#15 915-0011, Los Gatos Research 23], USA) i#
PR 0T BN AR Ty 1/4 BT R R e A8 VR ik
AR, %4 LOR S #RAAH. R 1 2 il
TR A, BEJE LI 1~ 2 W, W B a4
08.00—11:00.

SIS A 20 min, Z4FF 4R 5 45 50 A0 LI E,
B CO, W B (E AR Tkt 34 A0 ) e il 4 B, 3 2k L2k
PEENERPRITHE co, dnl i, AT .

mP dc
R(273 +6) di (D
XA, F H CO, M HE (mg-m™-h™")  H A RAEH
(em) ,m K CO, HIBE/R it (44 g-mol ™) , P JbrifE
KAE, BI101. 3 kPa, R M5 AR H 4 (8. 314 -
mol - K™") , 0 R REER A N A AR (°C) ,dC/de
SIS E] N CO, e B Bl B ] A8 fE ) &%, € Ry o B
Z| CO, BT (pg-L7") ¢ AT (s).

F=H
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1.3.2 FR{EF ML

iz FH - 498K 43 B F 5 32 {Y ( Hydra Probe
I, Stevens Water Monitoring Systems , USA) M %E 5 cm
T LR R R T ORI 25 UL ) %X
e 5 22 A TR /N UGl S R
1.4 HESHRITE

12 | Microsoft Excel 2010 X & 45504 vE47 i &b
.3z ] SPSS 22. 0( SPSS Inc., Chicago, IL, USA ) X
BARIEATAIT 0T, R LSD WkikAT 25 5 W PR
5, %) CO, Wi i 5 45 PREE K - 64 T 1 404, 2
K% A P = 0.05. ] & i A Origin 2019
(OriginLab Corp. , Wellesley Hills, USA ) 2 &I 5 f4:.

2 ZERE5HH

2.1 AR CO, REFEFER CO, HEEHHIT
2.1.1 CO,%dgeirKkFLlA

TE/NEZBAEF N, AFLLBER CO, il &
AL S — 2, P 5 SR HE RS IR RRAE (8T 1) A
N R CO, i fr AW, I 3h i 4
INAEAK W], CO, Hrl = iA B IE(H, N, ALFET,
CK.C, i1 C, [ CO, il f I (H /3 5 3. 1£0.5,
-3.340.4 fil-3.4+0.4 g-m™-h™";N, &P, CK,
C, 1 C, i) CO, HrimHrEE 23 ) -2.0£0.2 -2.0
+0.4 F1-2.420.1 g-m™-h" fEAKJFH, CO, i
TE—E LN g, SRS TR
2.1.2 CO, BRE

N, AbHR  7EREAEF I, CKLC) G, AR EEAY
CO, Rt 4o -105.8+12.6 - 123. 1+11. 5

4L
2
_S | IR [ [N I (S S I I E— S — —
- + >~ < 0O W = O ™
YTTTT9YTTIIY99 T
A Mmoo S ST T VLY
cC oo c oo oo o cococ oo
H
a. N b3

F1-120. 2+4. 1 kg-hm > B4 F BN SR CO,
SR 2 TR TR E B KON, AR AR
AMEFW,CK.C, 1 C, ZhHR CO, RFR I 45
$9-82.3+9.2 -95. 4+7. 6 F1-96. 7+2. 8 kg+-hm >.1E
P, C, A FEAY Co, BRI & b CK 34 m T
31.8%(P=0.024) , HARAE TN & AR COo, £
R WSt 22 5 V8 TR 31 i 25K (81 2).

2.2 AEBREXNZEH CO, SEEMFM
2.2.1 CO,%dgirKkFLHA
FENFEAEF I LN, FN, A CO, i
AR — B, 34 5 S 1G5 v iy R e AN A
K HY, CO, i i AN WG in; 2 A4 K b ], co, ¥
SR e RN | E S E W Y =RV o N R SN DN =
AR, CO, il i 2 TR 5 oh IR
N, AbERAY CO, HrimE s T N, ARF (K 3).

2.2.2 CO, ERE

CK 3N A EF A& AT co, RFR
Wi 22 A TR B B OKOF.C DB R,
N, 2 F Y CO, RAM I N, A H) = 55. 0%
(P=0.009) , KA & BN &AL CO, BFIL
WESEARINEEKEC, BT, EENET
WI,N, &b PR CO, RN U & L N, b H W
23.6%(P=0.010) , A F W N & LA co, B
TR 50 b 2 S WA TR 81 KO
2.3 CO, REABMEREXXH CO, FFiIi&

ENEATIT

2 B/R T AL CO, il 2l FE4R T

0r

| IS [N N (S NN N N S S S_—_— _—
+ St > — < 00O W\ — O ™
TTTITTYYTSTI999 7
N - 0 U= G I I e)
coocococococcocoSooo o
H i
}).Nzﬂ‘fi

K1 22 CO, ¥l i A K R Al (B E P I {H £SE )

Fig. 1

Seasonal changes of net CO, fluxes in wheat field
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I35 CKN, F1 C,N,

TN T 44.1% (P =0.023) 1 38.9% (P =0.036) ;
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=
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=
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1
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Fig. 4 CO, accumulations in wheat field at each growth stage
F2 CO,REMBEREXNEZME CO, #EENESTMN
Table 2 Interaction of CO, concentration and nitrogen application on net CO, fluxes in wheat field mgem > +h”'
il IR BT T LG LHEHW
CKN, —1 838.03+457. 37" -2273.38£270.55%  —1859.21+177.00® -1 195.16=181. 11®* -1 799. 61£229. 55
CiNy -2 121. 18+572. 46" -2 510. 03+£239.54* -2 217.77+117.77° —1 545.27+69. 45 -2 108. 69+228. 46*
C,oN, —1 893. 51+236. 98" -2 503.09+260. 88* -2 133.77+75.98* -1531.00+185.94* -2 015.10+77. 91
CKN, —1502. 13+141. 24* —-1577.37+187.60" -1 539. 40+254. 47" -970. 84+58. 88" —1415.05+151. 89°¢
CiN, -1 589.57+176.77* -1 637.33+46. 56" -1827.77+189.51®" -1 335.95+177.87® -1 613.51+123. 83"
C,N, -1519.27+73.18* -2 056. 07+32. 93 —1764.20+142. 43> —1227.43+108.03® -1 641.74+39. 26"
C02 ns ns ns * *
il ns * % % # s
CO, XA ns ns ns ns ns

ELHEAAFHESE(n=4); AR FHAFTIRALE T EFREE,; « A FAEREZF R F P<0.05, =% L TR £ FHEF, P<

0.01.

C,N, &b CO, ¥rid 5t 431 H CKN, Fl C, N, 34 i
T 59.1%(P=0.004) #153.3%(P=0.006) ;C,N, 4b
BERY CO, Wi & 4 5l b CKN, F1 C N, 3 m T
58.7%(P=0.004) Fl 52.9% (P =0. 006 ) . 7 i1 72 11}
MY C, N, B CO, i i 43 ] e CKN, 14

T 44.1%(P=0.011) F159.2% (P=0.010) ;C,N,
ARFREY) CO, Wil 43 ] e CKN, 34T 38. 6% (P =
0.023) F157. 7% (P=0.012) JEBAEF N, C,N,
LEBRIY CO, Wil i 43 e CKN, A1 N, 34m T
49.0% (P=0.006) 1 30. 7% (P=0.040) ; C,N, Ab3
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) CO, it 2 [ CKN, H§ /1 1 42.4% (P=0.015).
H12¢ 2 1907 22 0 AT 25 SR AT UL il L X C O, il
R FR LR T CO, W TH&, CO, IETHR 5
Jiti 28 1 28 AR FHAS B 2.
2.4 CO, #BESMERFHXE

W& 5a b 7w, CO, E B R R 1 C R
PJRAF) B2 & Sc.d iR, CKN, .C,N, .C,N, .
CKN, .C,N, .C,N, AbBEAY CO, 438 R 4 e B 1)
KAV BB E, PAEs 54 0.01,0.01,0.04,
0.01.0.02.0.01; {1 & Se . f Fr7s, N, b3 T, C,
C, AbFY CO, il it HR G A A U S 1 5 Rk F
W P ESM 0.02 F10.04,N, k3R CK Fl C,
AR CO, i RO B A U A Y OC R IR F)
= P {HA M 0.02 F10.00; 40 5g.h fias, N, 4b
IR, C, A PR CO, ¥l IR s AR ) X Rk F|
B, PEN 0. 03, HARAbBEARE B %,

3 itig

3.1 CO, REABMEREXZH CO, FEBEEN
Al
3.1.1 CO, REFZHFEE CO, 4l 2 HFHrh
ZH CO, ¥rifi & /NE A EEE R CO,
HREMRREELE CO, Z2,C0, RIEYHITLE
Ve B kL o R AR A R GG Rk
Yoy BEAAEA R 3, 2 SR N 2 R B
PRI, R A A B R T AR ST R
TE/NERENE TN, CK.C, .C, LB T ZH CO,
3 1 Y8 AR R R — B, 3R S K R Y
CO, HHf T /INAE I 457 301 RN il A 00 3K ) e i, H:
Ji PR AT RS2 AE 0 A X WA B B A i 1 30 3o, O
BB IE B 2 S K VEPRR A CO, 1Y
WSCRE 7 i o T AR B g ke B KR
CO, W BN, /N it i B 5 & R 1 R i
IR R AT O, W B B R B,
CO, BT WG T RO T /N2 &
B SRR R —B— i, 2 Co, WRET
A R Y Rubisco BYFRALZCR B 0 | M 1T $2 =1
THYEM I EOCEROR; 53— J7 T, & CO, W B
T,CO, % Rubisco i ¥ 0 158 5 S 14 0 S0 1
I I W R 2 A /0 /) 22 I W AR R
CO, , ¥4 co, MGl &, JEMH N T COo, il &. K
S CO, HRBE B TE i X A B I3 — 2 4R THE
AR FH T S As A 122 VP Ui 92 A< 28 T AR [T e s

W E SRS A WS s, & 2060 AR, R Ak
TR AINAS , o ] A F A 28 R el % 8 A A )
FRBE M L FH
3.1.2 #RAEFA AW CO, FABEHHA

RESEAE YR Y -2 R ORN 28 1 T 1) o B4 4
Fang % T 5% & Bt ZAL BRI N T 0k bR R
) 1L S A A ) | - = Dines 1 4 &
Jo 2 it 1) 2 20 R 4, A R TR L A AR
R S T H AR A F T e A it R T 7 —
SERRRE b AE GRS ALS B B R, $2 i E] o, YA
FHAE F7, AT 42 72 B - 14 0 A pE RE D0 B iin 22
CO, Wil i B AU #e ik + X 22 BT K 30, 8
FUt AT A 5 22 FH Y [k BE ), 3 38 5 0 -
S-SR 55 S W L 491 A )8 42 - SRtk HIE ok o, R
R ANERE W P m /N E ARG E A 1,
B 3R 186 R 55 HIE AR 9% o B A A2 P A 2 R G e Y- A
ARBL ,/INZ A IS R GE e A 77 D) R A, R 8+ X
KM ARG KA CO, L7 Yan 2528 F1E
o2 g AW, TR A B AR P A B EIH R T
LAY R4 5 R A SN B3 0, X 75 25 T AU
FHERHG I, Fl A B HRG I TR H BBk A A
SRS R R TN AL F N, 5IUE A &
FHEL, BRI N T 22 1 Co, BB, Z AR
RGEFRIN R KA CO, B,
3.1.3 CO, REFEHAERZNA£E CO, %l F

Lo R A

AW R, FE S A4 B, AN CO,
FHEZKFXTEE T CO, Vil i i s i TR 51 5 3 AEFRTT
IR AR AN 22 [ CO, il i 5 Im ik
PP AR A A S it A X 2 HCO, ¥
T P R I R B G 2 R O R AT AR A
F CO, MREETF , iU 22 H CO, 15 s 5
R TR R A A B A CO, WK
T EVER T2 | €O, il i A fin (3¢ 2) e
SERCRSE I CO, VR EET iR it A B[] i E A
AN TR R (E I v it UL B A/ INAE A T
1 SRR SR A A FH A G B K it Ak X A% /)N
F R IV B R AR I e I it U ) 2
H CO, ¥ fE 2R EE KT CO, WREE T, iX A RE
SR RNE KAV A 7 P AR 2 1Y) E 22 BR
2 RN A K B AT I R WL, B
A2 B HEAIRGL RS2 /N2 G SR TR AE ) 1Y)
R LA H CO, ik,
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CO, 4R/ (- m2+hY)
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a N,
°
» CK: y=3.96x?-129.02x-943.46,=0. 1'8 P=0.33
o B C,: y=8.21x°-297.71x-297.03,r>=0.30,P=0.14
. (, : y=6.88x2-269.24x-275.36,r* —O 14,P=0.43
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-4 1 1 1 J
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MR C
0 —
c Nl
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Fig. 5 Relationships between net CO, fluxes and environmental factors in wheat field
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Abstract To investigate the effect of different CO, concentrations and nitrogen application on net CO, fluxes in
wheat field, an automatic CO, concentration control platform consisting of open-top chamber (OTC) was used to
simulate an elevated CO, concentration environment.Three CO, concentration levels were set; CK ( ambient atmos-
pheric CO, concentration) ,C,( CO, concentration increased by 120 pmol - mol™' compared with CK) and C,( CO,
concentration increased by 200 wmol -mol™" compared with CK) ;two nitrogen fertilizer treatments were set at regular
nitrogen fertilizer (N,,25 g*m™>) and low nitrogen fertilizer (N,,15 g+m™).The net CO, fluxes in the wheat field
were observed using a static chamber-high precision gas analyzer.The results showed a consistent trend of net CO,
fluxes in wheat field under all treatments:increased until peaked at the jointing and heading stages, and then de-
creased.Under the N, treatment,the CO, accumulation under CK,C, and C, treatments were —105. 8+12. 6,-123. 1
+11. 5 and —120. 2+4. 1 kg-hm ™ respectively.Under the N, treatment ,the CO, accumulation under CK,C, and C,
treatments were —82.3+9.2,-95.4+7.6 and —96. 7+2. 8 kg-hm ™, respectively ;the CO, accumulation of C, treat-
ment at jointing stage was significantly higher than that of CK by 31. 8% (P=0.024).Under the C, treatment, the
CO, accumulation of N, treatment was significantly higher than that of N, treatment by 55.0% (P=0.009) at the
jointing stage.Under the C, treatment,the CO, accumulation of N, treatment was significantly higher than that of N,
treatment by 23. 6% ( P = 0. 010) during the whole growth stage.The correlation between net CO, fluxes and soil
moisture reached significance under all treatments. Under the N, treatment, the correlation between net CO, fluxes
and photosynthetic effective radiation under C, and C, treatments was significant, and under the N, treatment, the
correlation between net CO, fluxes and photosynthetic effective radiation under CK and C, treatment was significant.
Under the N, treatment,the correlation between net CO, fluxes and air temperature was significant only under C,
treatment. This study showed that the effect of nitrogen application on the net CO, fluxes in wheat field was more sig-
nificant than that of elevated CO, concentration at the jointing and heading stages of wheat,and there was no signifi-
cant interaction between the elevated CO, concentration and nitrogen application on the net CO, fluxes in wheat
field.

Key words winter wheat ;elevated CO, concentration ;nitrogen fertilizer ;net CO, fluxes



