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The responses of photosynthetic energy use in wheat flag leaves to nitrogen

application rates and light density under elevated atmospheric CO, concentration
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Abstract: Nitrogen application rate is a critical factor led to photosynthesis acclimation of C, plant under elevated
atmospheric CO, concentration. However, current knowledge is inadequate for the responses of photosynthetic electron
transport and energy distribution of photosynthesis acclimation to nitrogen application rate in C, plant under different light
density. In this potted experiment, the Top Open Chambers was used to simulate the elevated atmospheric CO,
concentration, where wheat ( Triticum aestivum L. ) was grown with two N application rates (Og N/kg soil versus 2g N/kg
soil) , two atmospheric CO, concentrations (400 wmol/mol versus 760 wmol/mol) and two light flux density levels ( natural
light density versus 60% natural light density shadowed ). The photochemical rate of antenna excitation energy,

photosynthetic electron transport rate and the triose phosphate utilization ( TPU) estimated by fitting the biochemical model
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to A-C; response curve and chlorophyll fluorescence parameters of wheat leaves at the heading stage. The electronic transport
rate of photorespiration (J,) and Rubisco oxygenase rate (V) decreased, the electronic transport rate of photochemistry
(J.), Rubisco carboxylase rate (V.) and TPU increased significantly by nitrogen nutrition supply, the J./J, (total
electronic transport rate of PS II reaction center) and TPU/V,. increased significantly of wheat leaves under elevated
atmospheric CO,concentration, the more photosynthetic electron flux of PS Il reaction center distributed into photochemical
process, then net photosynthesis rate (P, ) increased. The photochemical rate and the total electronic transport rate of PS Il
reaction center ( J,) increased, especially in wheat leaves with low-nitrogen concentration, However, the J, and V|
increased, and J./J, decreased under lower light flux density conditions, it indicated that the photorespiration function
enhanced , though photochemical rate increased, but the more photosynthetic energy distributed into photorespiration, so the
P, decreased under lower light flux density condition. There were significant interactive effects of atmospheric CO,
concentration and nitrogen application rate on photochemical rate, J., J., J,, V., V, and TPU under shadow-free
conditions, e. g. , the positive effects of high nitrogen application rate on J., J., V. and TPU were significantly greater in
elevated atmospheric CO, concentration than in ambient atmospheric CO, concentration, negative effects of high nitrogen
application rate on J,, V, and J,/J. were significantly lower in elevated atmospheric CO, concentration than in ambient
atmospheric CO, concentration. In contrast, there were not significant interactive effect of atmospheric CO, concentration
and nitrogen application rate on photochemical rate, J; and V./J.under shadowed conditions. As a result, the J., J., V.
and TPU increased when nitrogen nutrition sufficiently applied under shadow-free condition, J, and V, decreased under
elevated atmospheric CO, conditions, and the light use efficiency increased significantly. The J., J., V. and TPU
increased where nitrogen nutrition applied under shadow-free conditions, J, and V,decreased under elevated atmospheric
CO, conditions, the light use efficiency increased significantly. The J., V., TPU, J./J.and TPU/V increased, and did
not vary with nitrogen application rates under shadow and elevated atmospheric CO, concentration condition. It indicated the
effects of nitrogen on the photosynthetic energy use differed with different light density under elevated atmospheric CO,
concentration condition, the photosynthetic energy use would be ameliorated by nitrogen application under shadow-free

condition, but the ameliorative effects would be decreased under shadow condition.

Key Words: atmospheric CO, concentration; nitrogen; light density; photosynthetic electronic transport rate; light energy

allocation; wheat
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K COVREEMIT T CoAE HEIFILAT Rubisco AU ™) AR HEE 2 106 & BE 1 HE A IR 1 B, 1T 3
JeEHR, I, KT CO, W T XA O RE Y 7B 2 1) R o6 R LA WL 970 53800

HFAEYOCA BB WA RS MR T EE AT R e & e s i SRR AR
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i Rubisco 2 &8 AITEPE TR, HOBRER FHACR T R sk 92 AR A G RE A F A i = A= dE 25, {0 H
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RIS T 2009 FAEH M B AR FRVT I E BT AR5 5 #E E P e 30 %= 1000 1 CHON, 220 iF
17, AR R kL, N ER +, 2R T E N 0. 11% , KA N 118.43 me/keg, AHLITH 1.32% ,
IR B 23.76% , 58 AR /INE (Triticum aestivum L. ) 38k, R 3 N S8 @ BEHLIETTL, I
TR IR AL RS CO, MR, 25X CO, MR 43931 24 : 400 pumol /mol F1 760 wmol/mol 5 S HEE /K-y . 4 N
0g.0.2¢/kg (1), BEZNEAE A P,0,0. 08g/kg (1) ; JesmAL B/ 5 250 40% B [ 4R 6 (GHE 1 b B ) Al
100% HEG(IEHEGIR) . MAOHER 10 4, i1 80 4.

WRIE LT H 4 S NF8R R B Sl Rk /N 22 R 3% WORUEUKTHEE 5 min J5 , 258 Tk i d%
B, BEAEEAE 15 bR, 20 142 25em, AEEMERIRIE —UGiEA /N EE KA E (3 H 28 H#EM,7 H 1
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TE/NZE BRI E PRI K ] 6400 BOGAVE A R4 (Li-cor, USA) T 8:30—11:30 #4T6A A (P,)
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BN(F,)  mKRISC(F,) , PSIT AR F /F K PSGE T8 T80 OPS I 4598 68h 1155
T E R BEIE R 30 min, FCIESHENE( < 0. 05 wmol »m ™ s~ 1) FRIASHAFIK Y (6000 wmol +m ™ >s ™) |l
SEF/F 5, MR FEIEF SRR IS R 30min, SR 5 7T PR JE A6 % (Actinic light, 1000 pmol+m™*s™ ") 3 min
JEI @y, BEALEEVERE 5 AP HEE— 0 1 BRI AE

1.3.4 HHXIHEARK

Z 8 Haake S5 735" A BIE2AHE R = Doy xa x IFERHEFK = (1 -F ) /F,") xaxl, T Dy
& PS AR L8003 L bRl (8, 1 /2 A S T 1 A 658 ( PAR = 1000 wmol-m ™ *s™ ') sa &M
W b A SOG4G35 A 80%

At PS I A JEFR S AL 3 R [, 3 B Krall Fl Edward " IR J, = @ 1o af, fRIGHETE
PS 11 (43T L8], %t C3 AT =, —J8h 50%

S 55600 I 3R 6 A i T J, ABR A SR B JE BRI J 4% Epron A RITE L, =273
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WA R 2R 1 1 7 R AR IE 2R 22 S €O PSR (pmolCOym ™ *s™ 1)

Rubisco BJEALHR (V) JRILHR(V,)# Di> 535 B . J, =4V, +6V,,V. =P, +R, +0.5V,,

WL N A F 3R ( TPU, triose phosphate utilization ) R Y R T s LB TPU = (P, +R,) 73,

1.4 HdEabr

K SPSS 12. 0 Geit 43 M 8RB s 04T — R 2 224007, 3 LSD ki iT 2 @t
2 HEREHH
2.1 ARG R KA COMREE T /INZ M i PSIL DA HL 4% 380 3R 11 52 T

EECH T, AR m T /NEM AL BR (P <0.05), 8RS CO, e BE T Al 5% i i B8 %k, hy
40. 18% (I 1A) ;RGN EM RO E R E AR A Z K P Z MR #E 25, KR COMREETH R /INZ &
R ek o R T 2 R (L IE 5 EsR M IR R ik 2 iR AR AIN (P <0..05) o AN[RI i AL 3 H] /&
Rt el s R IO AR AL BRI Ak 2 HORAE IR OGIR T REAIR(P <0.05) . TEIEH LT, AR
IKRFEFNRAR CO, W FEXT/INZE M i Ak 2 R A A 2 B AR, (R 5 AR AN A &, it R RS 2
TEHER Fa id PSIT N U B T 3R T, (P <0.01) ;3R &0F T, M KRS COME R m A& i J 48
FIREIM R 35 10.87% (P <0.05) fHAEIEH KR CO,ME F LA R BEZES (K 1B), KA CO,Hk
T R A M F J AEPIROERA R Y R (P <0.05) (HE R M B 204k, BB /INE I,
ARIEHER AL E TR 1 L KR CO, MR B AL B AR AU R i B de Rk, R IE R OLIR T, R CO, Mk
FERBER AR N A R A EAER (P <0.05) , M X —VE AR .,

IEF G T iRV /INE M R S 506k ROV AR PR U i R g B (P <0.01) , # KA CO,
R A S P BE e, oA 34.22% (B 1C) 53R A T, B R A CO MR m AN J B A 3 m
9.33% (P <0.05) fHAEIEH KA CO,MEE T B fRA M F i o 25, 5IEH KA CO, WAL, &K
K COVREE LB S R J AE AR B R BT (P <0.01) AL B AR AT g w3 (P <
0.05) ,HIEH o T AR AN 7 JC B A8 Ak, R AL BEAY/NAZ U B IR s A B B IR K
R CO, AR B EZSF (P <0.05) , WAL F W ZRIMT& . KA CO,MREFA R AKTEXINEZ R J A
W AE HAE T, AR I G5R F IR B B 24 57 (P <0.01) .

TG 2 5 R PR L 1 AL 8 R () TR KA COMRIE T THaE (P <0.05)  (HAEIEH RS
COMET LB EZES (K 1D), R COMRETmG/INEM R J, FFE(P <0.01) , & &M Fr FEAIL 28.35%
(IEH G 51.74% CGEPTALIR) KA M B FEAK 88. 40% (1FH# GIR) .66. 78% (HERAALFR) . S8 B AL FE (/)N
et R J BEOE R R A FETE R (P <0.01) , 354 T /N M B oGP RERE I 9 . PIFPOGSR T, R CO, ¥
FERE Z KRN A B B A AZ EAE R (P <0.05) , 1E 8 KCO, e 3 b B3 i w2 U HJ, 85 R S.C0,
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Fig. 1 The effects of nitrogen application and light flux density on electron transport rate in PS Il reaction center of wheat leaves which

exposure of elevated atmospheric CO, conditions
E t E[ CO, J 1R KRS CO, ¥R EE (760 mmol/mol ) , A[ CO, JH5IE# K5 CO, HE (400pumol/mol ) ; 2257 BEVEMS « = P<0.05,% = = P<
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U BE 3R AU F R 102, 13% (IEFEIR) 73.22% (ERALER) |
2.2 FEAEIERXT R KA COMREE T /NE I B Rubisco Y66 Al it [7]f4 3 25 19 5 1

IEE IR AR = /N2 | Rubisco SRALH AR (V) (BT 1A)  IFAER KA CO, MR AL FIIA S 1) 2 3
FE5E (P <0.01) ;3G KR COMRIE T /ANERAM B VOABIRER F 3N (P <0.05) fAEIER KA CO, Mk
ETILBEER., KR COMETEE/INE SR M VIS (P <0.05) B R A3 A H Ve [RRE R K
S CO, MR PE T = B, (HAE 5 SRR AR & B VAR CO, MR BE A M, AT eV, Bl R 1) R A T
B SRR CO RN A M B V AEIBE IS T, 1 E & KA CO, B R INJEE A8k, R ZEIKF-
RS COLMRBEXS /N I R VA W i EARARON , 35 RS CO, MR BEAL S B AU VB IE B KR CO, M Ak
FRAIR A R 390 43. 64% (1EFE58R) \25.99% (HERALEE) .

ERAR CO, W T it R RENS W FRAR /A I Fr Rubisco B ALHE R (V,) (P <0.05) ,{HIE % KX CO, W JE
TITE A (B 2B) . KA COMRBETHER/INZ M R vy FRE(P <0.01) AREN 7 FREIREE R,
S /NEEE RV BE R IR AL PR 35 TR, /N2 H Rubisco IR B AR HE . A ZE K FHKS COL BN/
2R VoA WA G B AR, 1EH KR CO, M BEALBE () i T RV, B i KR CO, vk BE AL B A AR AU - 388 i
93.92% ( IEH k) \73. 17% (FEHIALER) .

OGRS B E R/ NEM A (P) (P <0.01) ; B/ 5 RS CO MR E IS A PR A
MR G 11.13% (P <0.05) ,fHFEIER RS CO,ME TR RAM iy P, CREZS (K 2C), /NEF P,
BERS CO M IE TR (P <0.01) , R AL FE A = U 7 38 g B2 e K, ik s A CO, R 8 A B A1 4L
MR PR G FHEAN e EA/NE R PRI S R, AR ACE IR COMRBEXS /N P A
A EAERON , RO EIT | 5 KA CO MR BB S A R P A o

TEHOGIR T i A RE 8 W FRAR/NEZ M Ry (P <0.05) , 5 R CO MR At e R AR A M 1B
£ 21.19% , IE5 K CO M FREAK T 23. 74% B 5 /N2 e Ry AS IRVRZ KT 1 AR 40T 4 AE W 3 78 4k
(E2D), IEEIER T /NN F R RS COMREETH= M FEAR (P <0.01) , R 5 WIARBE RS CO, M B 1 7t
EARE . HEAKERKA COMREEX /N B R A B B 0 BRSO, PIRIOESRARFE T, 1IEH KR CO, MR
BRI AM B R B o

TEH G R it A BB E R/ NE M A TPU(P <0.01) , TR F i 2 X TPU JC % mH (8 2E) .
KA COMRFETHE G /N TPU (P < 0. 01) , B B2 PTG SV A4 PR 4 P B 35 A . i KX
COVREAFEACAE M B TPU TEE B I T 4, e A B /N2 0 R TPU BB G T R, REKFER KR
CO, MR FEXT/INZ I - TPU A3 BH S8 i BAERLN , I APOGIR AN BT, im R CO, MR BEARBR R R A e TPU e
2.3 JAADEIERXT R KA COLMREE T /N M e Rl it 43 B LU 2R 5 1)

WF Jo/ ST A AE ) HBE I BRALAF R 1) 1 AR L AOR (f2E BB R ) (EI3A) . /NEE
I Ak 2 BE G e SCR A A [R) R K (B JC 3 25 57, i Bl K< COL VR BE TH R i d4 i (P < 0. 01) , 3B /= W B
R, REACERRSR COMREEX/INE M oAb 2= BRF #5 S0R AT B 8 I BAERUN (P < 0. 05) , KA CO, ik
D BR A A R A2 R AR e

Jo/ J W T EA W FAE G FYEIF Ny ol () 4 Be LL 0 (18 3B) o /NERER T,/ J AN R FE KR A8
AR A 1 3 U AH R COMRE TR 3 T RE(P <0.01) s i RA e /NE M B g/ J I BT | RS
CO, Mk BEALFRHE N 47. 62% (MR H) F143. 84% (&5 UM A 5 1IE % K, CO, ViR B AL BRI I 40. 82% (% M-
) F158.92% (mAEM R ) o AZEKFHFRS COMEBEXS/NEM R T/ J AR EAERUN (P <0.05) , &K
R CO MR BEAL IR 1 g,/ J BdR

Ve/ J W BRAL A e [ 5 S As g AL RE AR (2= Be RUERCR ) o JEIEREE AR K F-FIRS CO,
W JE AL XS /N2 M e Al 2 BE T e S8R TE B 20 (81 3C) o ARBIIREE A1 1Y 2840 mT 5 DG v - [l Bk )
TR AL 3383 N Rubisco FRILHR (EXF S 55610 W AESA =X 73 ¥R 4k D ) 14 40 B L 4 TG IR A H
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TPU/V W RO oG G R AU B TPU BREIVER (181 3D) . /NEMFr TPU/V AEAN R R R K [HE
WS RS CO KT m il B3R &/ NE M TPU/V. (P <0.05) R JG/INE M H TPU/V. BB T [
AR K- FIA CO, MR BEXT /N M A 22 BRFE AR AR A B Y BARRUN (P <0.05) , &R CO, WAL BRI
TRAM A 2B RE AL RCR e . BIVPE R KR COL MR BE FNIE 7 Y RETR , TPU Xt i g i B2 e A BE e o AR
SE LA BE M BRIVE F B & AR (B EACEX TPU XG4 g A A9 BRI FH G IA 25200
3 itig

HEXE KA COMRE YDA o T iR A B R E . 700N B B, 1IE % 6is T it 20 B
PR RN I R A2 R IR R R CO, MR BE T 1 R e s 5 AR B A% FF T i e fh 27 % Jo B
M TA) 3K R M T AEOE T B A e R MR AT PR T I s KR CO MR T e T e
LEFERRARD O SR S R PSTL SRy OB LI B R4kt S BE D il A RE A0 € 3R 1R HEL 45 13K
SREEARITEC P S A AL B SR 2R A TC I AR, BT DOk R L R E 2

KA COMRETHRIG CAPEENT A PS TR B D e KL A& R (], ) & PR IEH LR
T /NEAREM F T AR 5 RS CO M FRIE 7 K CO, M AL FE R % 20. 00% , 1k 5] 1 35 25 S KF | i i AR
- F T AEPIAS A CO, e B b B IE] U G B 284k (18 1B) (B CO, e THis b As iyt - PS I R i vt B
K TG 3 SR A 52 B B S A AR S R e RS A S R S AR AR, B R CO,
JET J 80 15% 0 IEHOGIR T, BiFh RS CO, M BE R /N R T B IR it 2 B 4 0 i #2755, 31X 55 Zhou %
FEZKAE L RO 5% 45 S AR [T o 3 99 5 A 4 v 4 2R A i R e A% 3o A U R A R AE R R OK T, A R
o P REVINE M AR S RN, HE KR COL MR AR IS N T 31.20% , M, FH T OE OG5 A
1 KA CO, YR BE S AR /NG W R i R BRI S R B A, B0 A WU M R RS20 Bt UMIRE I B .78
TEHEER A KA CO, MR N 2 TR T 9 5 IH S T e 5 o /U A I 43 R I OB AN K o,
VR IE T AR A R KT i R E B R ARk

RS COMREETR, J AR J B 2 A4 d e s Ak s BRI 22 B8 (0 1D) | it BB 4 ok
Pyt R J A g, AR R X — R S ; 1R R K CO MR BRI H R AR B A J DR K42 8 i 3
Jngh , A BR J A JEARF R R K2 TC 8 & 25 (B 1C) , BERHE /N2 R G ke fe & 4w,
AR Fr 0 J 340 KA COLMREE R /NZZ i ol & BB ) A2 B I e A s 2 48 o id HL3S i R R S
XA A B 5 0 B I /N2 v R R 5 | T RE R B TR SRR T LA i A BL A Sy T4,
TR KGR AR BOTE sCREHC ) . i T /N AR AU 78 1E OG0 R R K CO, W B Rubisco 75 2 A
RAIR ) O B Fi A 10 Tl 27 ] 52 S5 W, T 3 1 5 D 1 I 3 R A AT I R A R T Rl
Rubisco % &t G PEAERFAERL KT, BT LA J BOEH IR RS

TR OG5 T it R RE B S R i R A 30 IR IR v KR C O, e 8 A L 7 v UM 9 A o B
R FAREN R R R KR COMRE TR R KT R EER, BRIEHE R T A AR R A
[ R CO, A2 6] TE i 35 25 S b, A AE B RS CO, YR I TH i I fig i 5 3 m /N i R Ak s ) ST
FEAR T R KR CO, VR BE R /N U R Ak %, (AR R R Ak sl S5 i (1 2A) . X AT RE S A
Rubisco 755 FITG M UIAASE i U5 /NZ A Rubisco 75 FTEMEHE L AR HERAL BN P10 8 KR CO, e
T Rubisco FRAL NV B e 3F | B4 = R A JER S PR A RY 227 Fl Rubisco & 85 ,
R A R AR B R KO

Rubisco fIlT40S I 32 BB T P41 AY CO, 23 K, CO, 43 1 384 i DUl fip 48 52 g g il 4, AR 06 &5 1 (5
I, KA CO MR BET R i ik %5 B AR Rubisco M4 4, 5 Zhou S 7E /K FE Fll Zhang 2570 HERS I BB 52 45 - AH
5 R CO, M BE T i 0 HE 5 Rubisco MG SR  JFAE IE HOGHR A 0F T 1S g B ik (& 2B) | X A&
TFAERE KA COME N MW Wiy — 2 M C/N LL i g &A1, fE 2k SErF g FERE , i Rubisco Jil
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SEE A —E RSN, RS Rubisco 408 S WAL &, b 4 AL 1 38 FRE™) i AR IE % K< CO,
WPBET Rubisco ARSI BE N, X AT BB A2 /INAZ I X 55 6 A58 19— -3 AL

BRI T ERIEI/NE R TPU , BERR IR 6 A1 B BRI AR M2 e R, it xt /N2
MR TPU JCRERM , KA COLMREETHE W /NZE T R TPU 5835 340, B 1 P X S A/ 1% B ol BH . ¢
R AE R RS COL MR AL BR AR M H TPU T i e B R B, R 7R B AR AR 3 i
R EAERRBR SRR, R, KA COMRBEETH R G, — 7 /N0 7 i R 4R CO, 43 s 2 i 1ok
BRI FE S B AN A R L s A R RS CO, MR T it 280 I8 38 4R 50 I s /N I oAk
SRR T J VR TPU R KA CO, M N /N R & e P, S 3 T i TGP IR SR RRAIR ; 5 1E % KA €O,
AABEAREG , BAR TS K AR CO MR BE R /N ARG J FAR (B J A v, [l BE S 3 BB A, T LA LV T TG A8 1k,
I H TPU B HNT 36.34% ,FTLA P, FHE Y S5 BAR AL A R A g, B T 8 g A v, o S s, B
DL P A s RONTE SR PR L G T L 200 T4, 1l /K — AKAEFRLLABE B BRI, r Aok
WP 5 R TG {35 A1k

RENFXINE Jo /A T,/ T TEH ] B RS CO, M BE B THEr T/ 38 J,/ J A IS T/
Je BT I,/ T T (EI3B) . KA CO, M TR G /N Rubisco F i PR (BG4 B F 1 E AR IR
A7 1) B 43 TE L A9 8 2 00 . SR B0 /N 22 I - Rubisco & 4R 7R B i K AR mOGE
F e [R5 ] B9 40 BC HU 8] 32 BT B FS RUBP 528 X6 Ak [ A6 0% B 4 R sie , 523 J./J, F B
Jo/ J T KA COLMREFH RIS RUBP A6 A ik A1 A6 ) R 7 R3S , /T FHe T J, /0 B B LA
KA CO, W E R R H Rubisco 5 AL T FEA TP, FEAARAJE N 7 | i RUBP F-A: BRI Al A &
1 P AR BB A

TN A RE R A0 R IS SN A R v, AR CO, VR BE 1R A Ak il 220 St 19 384 RN 58 1) B AR I X /N2 e
V/J TG EER (K 3C) , BIRA CO, TG AR AR T Rubisco 5 & NG P, (H X in 48/ 3R Ak e JC 8 3%
M, H. Rubisco M4/ BRI HEAZ R E ARG IS . L, Rubisco MR/ R AL L AT BEHUHL T RUBP F-
Az BRI AR, X655 KA CO, MR LA T R K A AR BIURR SR J5 TPU XG4 il B A FH Y PR
VEFIINSR , MR, CO, e BE T M 2 a5 ', W /RaBE i 5 S F/INZE I e K KA 3, T 2200 A Rl 2 LA R
TEAFERL, MR CO, W BT = Mk ss T /N2 i | I FRFEFFERE , B 2 G B RE Bk A2 [ % |

ZE LRTIR TR R KR COLMREE T Wi A R B = /N M I T Je Jo Ve Vo L AOE B CIR&MF T 1Y
TPU {BXI 6 TR 6Ab 245 ) FR A0 SN LA K B i A 1) ' 75 i 2 ) FH A 20 B bR A3 G S 3 ), E P vy
KA COVRE TR R R /N R P EE R PR AL & Tk B i & 3R DL KOS HUBR [0 b 24 RE 1Y)
FEALHR M 564 R A A Oy T R LB TR 8 06 2R 0 DB HRER EERR AT, 50 KA CO, YR BE AL B I /N2 i
A R J 3N, (I FE BB 4 | Rubisco FR 10 T 3 A IR U FI| AR T %, 3 HOC A REE ARG
AT ) FRAL RN LA K Wi R DI R 1 56 A e R FH B4 40 TE LB RRAER . T LAGEE I 5 B AR $ 3 T /NEE T e Rk
FADGRE R AR 7 S H AR ZR B AL 3505  (H i T PAGRE HBO7E DG B nvy T S 1o 3l i rh 395 im i, X6 & fig
I SVARFRCR TR, PO R R
Bt ERO KR F 2RI SRS TR B, RO
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