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Abstract; In order to provide a standard consortium for nitrogen fertilizer management of super-high yielding winter wheat
cultivation, different nitrogen application rates were tested in concomitant with their effects on light-response curves in the
flag leaves were studied. The experiments were conducted at grain filling stage of super-high yielding winter wheat under
field conditions. Net photosynthetic rate ( Pn), stomatal conductance ( Gs), intercellular CO, concentration ( Ci) and
transpiration rate ( Tr) in flag leaves of super-high yielding winter wheat were measured in an open-circuit gas channel
system. Moreover, Pn was simulated by the Michaelis-Menten model, and then characteristic parameters of the light
response curves were calculated. The results showed that Pn, Gs andTr of flag leaves among all treatments increased with
the increasing of the light intensity in the range of 0 —300 kg/hm’ nitrogen application rate, but Ci decreased. However,
the increasing of Pn, Gs and Tr and the decreasing of Ci under the nitrogen level of 375 kg/hm’ were lower than that under
the nitrogen level of 300 kg/hm’, which indicated that reasonable nitrogen application has significant regulating effect on

light-response curves of flag leaves in super-high yielding winter wheat at grain filling stage. It can be concluded that at the
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rational range of nitrogen application, the maximum net photosynthetic rate (Pn, ) of the flag leaves with high yield
increased in the whole grain filling stage with the increasing of nitrogen fertilizer. Under this experiment condition (N 300
kg/hm’ application ), the highest grain yield was observed and hence suggested for super-high yielding winter wheat

cultivation.
Key Words: super-high yielding; wheat; light-response curve; nitrogen application rate; grain filling stage
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R T 2006 ~2008 AE7EM & T 3 £ Ik A PR I 5 7= s Yo /N 22 8 5 r= i e F AT, BT
K, KHE AR SRR 1.55% , 25 0. 11 g/kg, HAA 75. 73 mg/kg, BAWE 1. 32 mg/kg, HAH 141. 48
mg/kg, iR EPGFE 60000ke/hm” , B HRAE 5836 20 . SUIE S 538 B UCHE A (38 H) 5:5) , 311
BAE, A R AR ke, BBREE 2ke BRAVIBHES I AN, £ /NX ¥ P,05 105 kg/hm? K, 0 135 kg/
hmjifi ABESRAE . RAENIRE (& N 46% ), BEAE N i B ERAS (% P,05 14% ) B AE N EALHR (7 K,0 60% ) o
Jti B 1% :0.,150.,225 300,375 kg/hm’ 3 5 47K, 4051 FO(CK) \F1.F2 F3 F4 /R, /MNXEF K 10m x
3m, SFATRERE RN ATHEN 16. Tem, RIGFEHLX HHED], EE 3 IR XM A 24, 10 A 10 HIER, HA
BN 180 Ji/hm’ . 4%-4b 3 FH A) A5 B — B0, H0  P= esk kAT o
1.2 WEm A 5%

1.2.1 St h4 mil &
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KIEWR . TENE HT GBI S OGR , SR J5 4 HRBE MO SRTE BB W R A o i it men 1oz il 2 P LA S8 S M A
(light compensation point, LCP) | Y41 1 55 ( light saturation piont, LSP ) | 3% Wi K5 P M 3 3R ( apparent dark
respiration rate ,Rd) 5 Ki# A 4 % ( maximum net photosynthetic rate, Pn,, ) 3 W& 733 (apparent quantum
yield ,AQY) %4845
1.3 st
FL7E 1913 4E, Michaelis-Menten g2 ) T AE 4L RN R 5 R WK E X R, CRAR G EERANY
B HERCEER M RE R R IR, B v MERIRYE R, 6 & BF X 58 0 B 3 75 Michaelis-Menten
HRE(K 1), BT RRAEN &5 R B VZ R T 6 SRR GRS RHAE 4R -
Pn=a+PAR-Pn, /(a+PAR +Pn_) -Rd (1)
K, PAR AR i EROLEAROCE FEERE; o WRIDOGEIERRIOGRER LR MR 1
B TR, P, Hh—E CO, FHIWER KA AR, Rd WHEIFIGE RS @R/ NE R b E R
(Pn) 556AH RS (PAR) Z 8] )56 R th %4 Michaelis-Menten 57" ,
YA 5 (LCP) :LCP = Pn,. Rd/a(Pn,.. - Rd) (2)
Yot 5 (LSP) :LSP = Pn,, (0. 75Pn,, +Rd)/a(0.25Pn,, —Rd) (3)
HRAEE KA R R X BARE 2 P BB REOLE AR 75% KOG E A RERST (PAR) SRAG LI
(LSP) . iRB%E ] DPS 7.5 Geitik T et ot
2 ZR55H
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BRI TR BEKF. HUESHTRH, Y COMKE—ER , B AGE B Pr,, HOLE RO R FEE R ER
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B, 15 B S LR AOE S SENER 1 Fis X &0 BE BR8] TR B3 7K F o #F— 25X BE3DUE Al =2
EHMXRER(E L) SERESELEZEY A REF, W (1) BRI iR & RO T 1
W] o7 4 IE o
B 1 [R)E  B ZEE SR I 3 AR L 7E O ~ 300kg/ hm” f 315 FE] P4 i 25 it 280 B A & 8 A8 S 9 3
INFETEM A R R BT, i — SRR AR 375ke/hm® o & BRI T R, R G AE & 3 A M AT
B P, 3t AUIE BB 2 /DT X O & A AR ST B N . BB K AR I, 3 I I B KB A 24k, T
MR RO & BT AR
2 RARFERI/NE M AL EEXOCE A RCR S wm pL 2R, 7T LA S B O B R R3S n, 78 M E R
W], /N N M SFL S BE R R K, T EL A5 A B 2B fh R S K BUIRL . #E O ~ 300kg/hm” (35 I P9, acF EE
B h W, IV AR EADEA GRS (PAR) I3 KT K ; 78 375ke/hm® K- I, i U T
TR FERD, P4 ERET B3, WS BRARMAR TRIAFER K, EXEERIES 0 ~
200pmolm ~* s 7' B, SFL TR AR . Mob A A RHR ST 4k S KB, S AL S B IR ZE , T 800 molm 2
s T HETRGE I XE CO,BEA R EERHE Fo 7EB/MERIE, SILSEMNERIHIR 0.425 ~0.724
mol H,0 m *s ™" | FEZIFE R j5 /i 0. 125 ~0. 175 mol H,0 m s ™',
&l 3 R/NERESR AN CO, MR BEXS L& A RUR B myma i i 28 . 7T LA Hi &AL 3 A B a] CO, ¥k BE B & O
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Fig.1 Responses of Pn to light in flag leaves at grain filling stage
F1’ [F2’ \F3’ \F4’ .CK’ /3543 F1, F2 . F3 . F4 CK F4bPEGME; T F1° F2° (F3’ \F4’ [CK’ refer to fitted value of F1 F2 F3 F4

and CK, respectively. The same are as the following

IR IR E PS8 I I 5 T , 76 45 7 SRR T (1000 ~ 1600pmol m ™ s ™) B TAR E o HlE] CO, ¥R BE T B4
PR, UL A LA T LA VR IR L & R CO, IR REE L AR E R . TR A RIS, F3 ) CO, ¥ BEYy
N, VAR B BT MR Bl A F3 X OBRER A FIRE I fem . MHEIR BN IR st 0 U, B B O ik
7, /N BRI CO MR RBIEBRWIE R, XA R/ NEEM TR . HaRRBEHERET
LRI B AR o BIRFE/INE MBREER 1) 3 B B GRAE R IR T4 ) o, 325 8 RuBP SR 1LEE Y
TEPEREAIR, PEA TG RY CO, 532 7k RuBP (9454 2B . RuBP JRILEG A PEP 21 BE#R R Bk AR 1
B, HIE SR A AR R AR

Il 4 24 AbHE/INAE TR SR IR I X A AR AT AL £k . A R STAE O ~ 200 mol m
sV, A B () /N R R R R, LA /DML A TE TR

RIS BT 4 FE] AT ), BEE /N IR BERR A BEAT , A AL B IR /N2 TEE I 2 6 T R ) e KABLTE B R A1, 1
FEEASG/NEI ALY BOE R BRI IE A fE 2R, RN . F3 > F4 > F2 > F1 > (K,
X Ui A G B RUK P XTRES /N2 M RSB A —RE R
2.2 /NFZREM R R R IR S 2K

I Michaelis-Menten 71" 452 th b B R SEH HARESH(FK 1 ~ K 3) o 5 ALIR A0 B
MR A RAF A BT, e & S B0 L. A b BEBAROESE T (200mmol - m s ™) S A &
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Fig.2 Responses of Gs to light in flag leaves at grain filling stage

e 2R oL, A BRI 25 AR K . ZER R 3R T (1000pmol - m s ™) Y5 SR Wi i i 26 B B R[] . 72
WER I F3 (4 Pn,, 4y 3 F4 F2 F1.CK & 14.81% .20.97% .25.60% 37.20% , i BA7E R RAE X 36
RS A A& DL RE D W B . TEHER B F3 8 Pn,, 23 5| F4F2 F1 CK & 11. 62% .16. 23% |
18.90% \32.31% , Ti#ER 5 50 F3 (1) Pn,, 43 H F4 F2 F1 .CK & 11.11% .33.94% .42.42% .80. 46% , JiF]
FERER WP JE B, F3 X5 AA A0 S A R RS B RE D YR o

FAHEDER A RS AR (R 1 ~FK3), KA 7ERERK I F3 403 461 F S & &, 35 B 1655.329
pmol :m s ™' AW SR FEIE AR NS, REFE A FIFERES M. BEBRER AR HHEDE RIS T HARRAE, Ui
HRE & B E] R RS N EE M R AN A OE BRI R R, HEREERX WD ME T F3
) YEARAN SRR IR B, IR F32. 69% . T 7EFESK W3 45 AL TR ) Y kM 45 (LCP) YE I 7E12. 22 ~26. 95 wmolm %5 ™

®1 TEEERETBE/NEE RN Rt LR S R

Table 1 Simulation parameters of light response curves in super-high yield wheat at early grain filling stage under different nitrogen application

rates
450 iiﬂ%ﬁﬁﬁ?%%ft RRECEBAE RGP E R MR JEHA BORA B 4
Treatments (pumol €O, m ™" s P (pumel €O, Rd(umol CO Lep Lsp R? of Mol(;el fittin,
/umol m~2s71) m=2s71) m2s7l) (pmol m~2s71) (pmol m~2s71) &
F1 0.0905 27.7401 2.1499 25.75 1470. 425 0.9952*
F2 0.0905 28.8007 1.9803 23.50 1437.651 0.997 *
F3 0.0724 34. 8404 0.8629 12.22 1655.329 0.9985 *
F4 0.0888 30.345 1.8626 22.35 1469.985 0.9976 *
CK 0.1002 25.3943 2.4411 26.95 1393.621 0.9937 *
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Fig.3 Responses of Ci to light in flag leaves at grain filling stage

®2 TREEEAERTBE/NEER PNt LEUSH
Table 2 Simulation parameters of light response curves in super-high yield wheat at middle grain filling stage under different nitrogen

application rates
450 %m%ﬁﬁﬁ?%%? RREOLEER  RIURFIFRE R JEAME R JEHIA e a
Treatments (jumol €O, m ™" s Priges (el €O, Rd{uml €O, Lep Lsp R? of Mo:el fittin
/pmol m~2s71) m=2s71) m2s7!) (pmol m~2s71) (pmol m~2s71) J

F1 0.057 18.56 1.2865 24.25 1476.502 0.9952*

F2 0.0636 18.9863 1.0251 17.04 1224.503 0.9994 *

F3 0.0779 22.068 1.0438 14.06 1114.273 0.9971*

F4 0.0716 19.7705 0.996 14.65 1107.112 0.9989 *

CK 0.0592 16.6794 1.4845 27.53 1468.254 0.9976 *

®3 TRKRETEE/NEERENE R EUSH

Table 3 Simulation parameters of light response curves in super-high yield wheat at late grain filling stage under different nitrogen application

rates

450 %Xﬂ%ﬁﬁﬁ?%%;x BRESEEERE RGP ER JERME R JEHA RS R i
Troatments (wmol CO, m™% s Pn,. (umol CO, Rd(pmol CO, LCP LSP B of Mot?el -
/umol m~2s1) m=2s71) m2s71) (pmol m~2 s71) (pmol m~2s71) &

F1 0.0364 11.7697 0.3585 10.16 1149.476 0.9784 **

F2 0.0471 12.5146 0.3939 8.63 950. 1904 0.9863 **

F3 0.0722 16.7623 1.1513 17.12 1048.278 0.9987 **

F4 0.0582 15.0858 0.682 12.27 1006. 499 0.9928 **

CK 0.0481 9.2888 1.0523 24.67 1219.438 0.9922 **

* FORBHLR B B EKF, T FRRBHLIARIR B EKFE " p<0.05, " p<0.01
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Fig.4 Responses of Tr to light in flag leaves at grain filling stage

ZI8], F3 AL PREEAME R AR . ZEREIR PR, FL F2 F4 AE BN CK HDOEAME S B FER A&, T F3 4b3
HOEAME R R TS ULRATEREIR A P53, F3 A B 55 06 A 1 F BB T R

FEVESR P, F3 1 o (EBHADAL FE A, M ZE 300 ke/hm® HE 2K 1, /NZ2 I 55 6 1 BE 1 3%
%, ZERESR B PP G 0, TEHABAL B o (E39TT AR T RERS , F3 A BRAY o EAXIARE , 0 & Ab B B 19, B T o
JEH F3 AR /N M ERE A RIS UL T HA AL B] . F3 B 5 P IR R i B O RO HERS , NI S T, el
T IG5 R I ) 3 247 2 1 2 F A R R SR, TR PR SUR & B ATP W93 B Z — , iX 2 F3 7EHESR
MR ROL R R REZ—.
2.3 ARRFEHE/NZE 8RB R

HIZR 4 LA ), &40 3 A E A T (AL AR A, 7= oA il B R R 2 W N, F1 5 F2 Ab B
FAEE F3 SHACEE R B . FREL F3 A F4 S AhA SR B3 (R F3 M F4 ZRIZH A
# F3 KT P4, THETE F3 hREIRKE, BERRAR K25 TR EITHIGE T M, F3 LB ATk
5 H A AN B HA 2 Sk BN B KO I B R B A A TR EMR R . KR EERH TS
FeEHT,FOF1 Al F2 7E KRBT IR0 AR, M R 8 &l R, BRI T ORFRL G 3% & BOBLEE M IR, T F4 4k
P [ BUER AR, IRt TR A K, IO BE S, R AR, T #E T K& 9577, HE KA 18] H BA3R 7 5 ik
TR RE A, AT T TR E 3R &, ZE T T =B M. W= BRE,F3 5 H AL EAH
b, 22 B, R E TR, BRIEB R K BEE AR
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Table 4 Effects of different amount of nitrogen supply on yield and its composing factors

hb HH( x10*/hm? ) TR TR 724 Grain yield
Treatments Spikes( x 10*/hm?) Grains per spike 1000-grains weight( g) (kg/hm?)
CK 780.55d 30. 36¢ 39.71c 8001.07d
F1 798.85¢ 30. 80c 40.20c¢ 8409.43¢
F2 802.50¢ 31.70b 41.97b 9074.57b
F3 828.30b 33.06a 43.64a 10158. 58a
F4 848.70a 32.96a 34.34d 8164.69cd

A) B FRn AL A 22 5k 5% B F /K Different letters between treatments means significant at 5% level

3 iFitE4EiR
3.1 A EXNERE/NEM LA RER R

—E MAR BT MR BB M R R S B s MO A YRR . EREMAA M TREER P G
BRI OEA EE R MRS 2 Bk S IR m e A R Y

FIRIZE SRR, BEE G RRREE BN, &5 b BN T B ot B B R KL T B RN ZE I R B
TAEIE CO, Mk EEREAR, ¥t MM NG # T CO, Rk, =HERZ M TV R, EINE™ &, TEEEKNE
FILE N, FEARFFOEIREREE T, F3 B b & d R R , i B4R (375ke/hm® ) R AF] F 4 s
HIRE i ; BEE T AR IS0, F3 EM SIS EEARFDEFGRE T Wkm , FERBVSILASHGE T 5oR , [F
F3 JEM (78S H R AR FDE R E T RS . RUAE - ERTRAG T, R BAANFDLREE TS
R E , AR TOLEEREBEZ WA NYIR.

FEARIGSAF T, 2E /N E R AR RE M I R FL R BE S KM 7E (0. 31 ~0.724 mol H,Om ™*s ™) BN
HEAT EVE S R IR AL BE M B KB 7E (0. 054 ~ 0. 159mol H,Om s ™) , 12 70 ¥7 R 1K A A%, T UL B REE - i
6] CO, ¥k BE AU 1515 AH S, BEE HE K BERE IR B W s, X R G 0 i B S S S e 77 b i 1 T I )0
AVERSILRHIE R WERR/N EAERAFEEZR TESLEZ N4, X 5K R -8,
R LB E 2% RUBP RLEERIEH EEMIESILRHIE RS, By a6 416 2 21 2 F
RHH 2, HAOLESRENEEMERPREEN —IER., FHENERE, BE—CRE LEZKILRE
FIREAIG , 32 = %o B |) CO, IR FHBE 7 , F TR e A MERE IR = o

A ETEE P, BEE AR IS, LA F3 Lb3 178 16 2R 5 i, Ul B & 38 1 HE UK T 7T AR R /1
ZWZEBHER, I BHEA (F4) BAR MY R B R 28RS B3 (AR T F3, 4hSEH il FAE X 48 = /N2 1
M ZE TR TO 4R o

[FI B, B 5T R BN, ZEFE AT A 3, RS PP IR GH e F3 e fi, T AEVE SIS 3 F3 11 38 U Il P MR 3k 248 ) B
9, 7E 0 ~300 kg/hm* {5 FEI Y , B it AR O3 BE T M K e A i SRk, PR i A B K e B i R
R o 35 B AT B 3 b o /N2 T e i 5 R v A R 16 L 3 WL IO I 3 R 2 g L A T
ARl X AT BER -5 B iR 56 b ) + 4980 71 5106 0%, AT BBt RUK R IR B o
3.2 AFEMEAE T /NEM Rt S 5urME s 32k

Y R IR 5 A ME s R B T A X BRSO BESR . M s AR DB IR S 3 AR A R
JEIREE 38 o PR 5 T OB AME S DRI BAR AR X O BR 38 REPE A SS o JBH R sl ARG, B T
KBNS R X R I B KT SR B0 o I N RE 7 RS T 75 22 (Y [R1 AL T R 2, S it 740 st o A oL 78
B SRR AE M EE IR T, XORH) IRE SR X SR ENE R A R EE R

FERAIH, F3 1 P, LSP YERF500 (OMH , YeAME i LCP ik, RS F3 XHBMT i8E M BE h B HE
SR, DL EEEREWE AR T/ANEXMEWT IEE R AE S . BB R LA R T/ NE MR  #
K, &K P, LSP 1 AQY B FEAR, T BHHER i h 5 BAF R G BB T TR .
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TR A KR T ARAE 0. 08 ~0. 125 Z[a] . ATt E MG o 72 0. 0364 ~0. 1002
ZIE, /NFES B ERKE, REEK . P, AT RBOR, BRI G, BEEL TR Maiim
Pro B FETAEIRAFI) Py, RV EPROLH P, BT Prr EZ AR HE R IE , R KA 4L J7 R
S8, SEFRIRGL K i R BEJE BB RO TE PR 5

TERESRAII , F3 AL B AR CAMEE s AR, BE BT U 78 300kg/hn” Bf, ZEVES VAR ML ISR EE T, b &
R LR EIAR R o (HRAEREN P F3 AL BRI A R AR (B AME SR A A Bl P R AR s HE IR
R CK BLIE MR ADEAME R R R . R 1 ~ R 3 FRENSEFARMSLAER, ENZ E 2 EEH
i, TERES B 5 S B ARG RURIAME S D03, (ELR /N ZE iR 5 1 42 i R 4 B TR SF i ARl
T/NETEM OGS R, 156 B A HE RS B A, B TR R R e & /NI Rt 5 PR BETR 2R T
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