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(1. fEYAEYFERE SRS/ IWRRI KRGS, % 27101852, FEINTT R BI2EAFFEBE, M 253015,
3. INARA FREFMERIEHEAR M E ST, KM 261448)

FEE 36 FHEME 661 (DH661) FIKRER 958 (ZD958 ) AiRIE M b}, W5 T w8 7= 4 A R it U R 7= B B A 45t = AR &R
FIFHZRAREM . 25, A0t U HOR BN AE J5 il S B4R 7 i — Wk M e T 4 3 7 0 9. 3% —18. 2% , WM A= 77 ) $ v&
10.9% —17.5% ., S KMIWITHE AE)5 10 d 4% 2:4:4 Jifi %, DH661 =& Al ik 14188.9 ke/hm® ;3L & #H K O AE)R
10d $5 1:2:5:2 Jli %, ZD958 7= & il ik 14529. 6 ke/hm® o 43 Uit 260 45 — R M ife 260 P 2 < S B LAT W (E RS, 165 i &
20% —40% B — K PEJili B LA P, @y JNPQ Fl ETR 435142 5 T 10. 8% —24. 1%, 16. 6% —25. 1% 29. 2% —45. 3% F
14. 4% —25.8% ,JF4R4F TSR RuBPCase Fl PEPCase 3 G P, 2E 42 Tt o2, 48 155 1T OGHREFI A2, DH661 8¢ ZD958 7
ATt 07 3T AR SR A R e A PERE . 20Ut 0 S AL Rl 6 1T 2 s WA 7 S oK R ROG G R I A E A
KR K iR AR e

Effects of nitrogen application stages on photosynthetic characteristics of summer

maize in high yield conditions

LU Peng'?, ZHANG Jiwang" *, LIU Wei', YANG Jinsheng’, DONG Shuting', LIU Peng', LI Denghai’
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2 Dezhou Academy of Agricultural Sciences, Dezhou253015, Shandong, China

3 Key Laboratory of Breeding and Cultivation Techniques in Maize, Shandong Province Enterprise, Shandong261448, China

Abstract: Recently, the study of issues related to maize production such as excessive nitrogen application and ineffective
application strategies have become common in the pursuit of high yield. Since high nitrogen application rates used to
produce high yields wastes resources and causes pollution, nitrogen application for summer maize should be managed
scientifically. We studied the effects of timing and rates of nitrogen application on the photosynthetic characteristics, grain
yield and nitrogen use efficiency under super-high yield conditions using the maize cultivars Denghai661 ( DH661) and
Zhengdan958 (ZD958). The results show the yield and nitrogen partial factor productivity of these two cultivars increased
9.3%—18.2% and 10. 9% —17. 5% , respectively, with an incrementally delayed timing of nitrogen application and
especially when nitrogen was applied after anthesis. The yield of DH661 was 14188.9 kg/hm”, when the nitrogen fertilizers
were applied with a ratio of 2:4:4 at the jointing, male tetrad and grain filling stages, respectively. The yield of ZD958 was
14529. 6 kg/hm’ , when nitrogen fertilizers were applied with a ratio of 1:2:5:2 as the base fertilizer and at the jointing,

male tetrad and grain filling stages, respectively. At times applied nitrogen could increase the total nitrogen accumulation
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(TNA), nitrogen accumulation of grain ( NAG) , nitrogen harvest index ( NHI) and nitrogen partial factor productivity
(NPFP) significantly. NAG of DH661 and ZD958 were higher than NAG levels found with other methods of supplying
nitrogen when nitrogen was applied using methods the ratios of 2:4:4 and 3:5:2, as described above. NPFP increased
13.0% and 15.8% with nitrogen applied after anthesis compared to a single nitrogen application at the jointing stage for
DH661 and ZD958 , respectively. The functional duration of the leaf area index was prolonged with the incremental increase
of nitrogen application times. After anthesis plants could retain a large photosynthetic area with this nitrogen application
method. Net photosynthetic rate (P, ), actual quantum yield of PS I electron transport ( @, ), non-photochemical
quenching (NPQ) and electron transport rate ( ETR) of ear leaves increased by 10. 8% —24. 1% , 16. 6% —25. 1% ,
29.2%—45.3% and 14. 4% —25.8% , respectively, with 20% —40% of the nitrogen applied after anthesis compared to
a single nitrogen application. This treatment could also keep the activities of RuBPCase and PEPCase at a high level for a
longer period of time. The activities of RuBPCase and PEPCase increased by 5. 8% —12. 8% and 6. 9% —17. 8% ,
respectively, when 20% —40% of the nitrogen was applied after anthesis compared to a single nitrogen application at the
jointing stage. Applying nitrogen after anthesis increased the solar energy utilization rate as well as protected the leaves and
could prolong the functional duration of photosynthesis compared with a single nitrogen application at the jointing stage. P,
of DH661 compared to P, of ZD958 increased 22.7% and 17.4% at 40 and 54 days after anthesis, respectively. @, of
DH661 compared to @, of ZDI58 increased by 11.3% at 40 days after anthesis. So DH661 had higher photosynthetic
ability than ZD958 under the same nitrogen application method after anthesis. In conclusion, careful timing of nitrogen
application and applying nitrogen after anthesis could improve the photosynthetic characteristics, increase nitrogen use
efficiency and grain yield of summer maize. Under experimental field conditions, as far as grain yield and nitrogen use
efficiency are concerned, the jointing stage (20% ), male tetrad stage (40% ) and grain filling stage (40% ) for DH661
and base fertilizer (10% ) , jointing stage (20% ) , male tetrad stage (50% ) and grain filling stage (20% ) for ZD958 are

the optimal nitrogen application stages and ratios.

Key Words: summer maize ( Zea mays L. ) ; nitrogen application stages; photosynthetic characteristics ; yield

ANERE FARMIE TR T E il Rk T A ERAREE LR EAEZEYm " aiAXT
REXT EAROCERFER R B A KR RIE ™ B R0, ThRE i P, SRR AR IR A
I Hill SR G Ca™ -ATPase i Mg™ -ATPase 15 P Hll PEPCase 1 PEX RIS K fE—2 BN, FX
MR A SR S R AR S 0 R A B OE, AE N R S BOLARE S RIS [Fa A 5T 35
ORI RGE T (PST) FOERSE T (PS 1) GRS PERE M S B & DR 3 S sk TG i T
G VERE SRS P, FHis 5= in iy 22 A )

H A, T KA P e R it P i, it 2R AN 5 B T A7 A DX ek L R T K 7 X it
A 433.5—556.9 kg/hm® SFEHFHE457.9 kg/hm™ Y — AR 7= K A, A B 26 481 10— kM 4, X
Pl XM S i B PR, B s N AR R 58 . AT R B n] S 80 R 40 SRR 2 A AR 2%
ME AR R, SR B R FEMGE PSS PS T 22 8l il d 5 84% L & PS T SR Hc A i)
FNAZ A, T 8 B R X T B oK AT R A RUE A B L e A R PR A
W9 T AN [ it 280 o) 1 7= B R KTt 2 B G R AE , (H H TG TR K02 5 200 s 7= R OR B A Rt i 5
it DLARGE AR B AR Wit S0 0T i e B AROG A R E R e S B K AR A E oKL H
G RN R AR AR 2K
1 #REAZE
1.1 55t

AR T 2008—2009 AFEAE L AR A h K 2E i g0 A 3847, 2008 F1 2009 4FR 7K 430 R 477. 1 F1 459. 1
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mm , SR B A 22.4°C H123.8°C, H BREHEU/0 514 770.5 h A1813.0 h, +38E Mk, H 0—20 em -2
SERBAE S0 90 . A HLT 8. 81 F19.21 g/kg, % 0. 87 H10.94 g/kg, i fift A 86. 9 H1 86.9 mg/kg, R
52.65 F157.43 mg/kg, B 129.42 Fl 113.45 mg/kg, REH R A FREA 958 (ZD958 ) A& i 661 ( DH661 ) |
H20 958 23R H Hi S — K oMk B B 661 S 2005 AFEZ% 5 A1 1 21043 kg/hm® H K & 7710 A9 4
RS RIEEAEY AN 6 A 12 HIEFRP, 10 H 5 HUYGR, R Rr, 24 50, R B 75000 #R/
hm® , ZE AP HEAIRE , 4715 60 em , /NX TR 100 m*,3 RER , FEHLHES, BHE 6 Mg AL B, T1 A Rt A AL HE
T2 A— LN R AL B T4 TS 9 3 Rt AL TR, T6 S 4 Vit B ALBR it 25 4 360 kg/hm® , AERLN & A&
46% PR Z , B 2 1 it & L L3R 1, & AR BRETE P,O; 120 kg/hm® (I BEFRES 857 kg/hm?) (K, 0 240
kg/hm® (LA 400 kg/hm® ), 73 3 FHEFP AT HIR HEA 50% |, #4157 HHEA T A48

R1 EEREARERLG

Table 1 Nitrogen application stages and nitrogen application ratio

AL B SEHE Top dressing
Treatments Basal WA Ve 10 "3 V1o JF4EJ5 10 d 10d after anthesis

T1 0 0 0 0

T2 0 100 0 0

T3 0 40 60 0

T4 0 30 50 20

TS 0 20 40 40

T6 10 20 50 20

V6. Vegetative sixth leaf; V10 Vegetative tenth leaf

1.2 eI H 5k
1.2.1 il

B, B/ INKIER 3 47 FoK, 3k 30 AN SR PR A AR AR, W AT RN S K R TR R (F 14% BT
BEKE)

1.2.2 HERARHENE

BEAH IS S8 &) — B AR 5 BRI ZEEE OFFRL, 105 CARTE,75 CHET a5, FREE 5 B A
FESMHT . HEARAS 0 4 N A R AP R L ki e

AR WGAGE(NHI, % ) = A7 R it/ AR U X 100

S ARZE 77 1 (NPFP, ke/ke) = 20X ™= i/t L
1.2.3 M (LA OB A R & il

AT 10 I (VI0)  HEERA(VT) ,16)5 14 d,28 d,42 d, 3R (R6) 22 i i B, 2 M8 Arnon ' i 5 1%
DIE M 7oA R B, E RS 2009 AF I8 H R
1.2.4 FOCHEHEAR(P,) MR IOCSEIE

K 2EE LI-COR /A A] LI-6400 YGA T 52 R G2 ot AR (P,) , A s, 7 2 B FfHE Co,
WP 360—380 wmol/mol, i FH & 4& LED SG IR %, St & 38 & 7 1400 pmol - m™- 57", & WG K 5% 14
T 10:00—14 .00 P , 2008 4F I & BsF [8] 53 1) K FFAEJE 10,24 38 52,2009 4 5 B[] 43 51k 10,26 .40
54 d,

K FHJEE Hansatech 23 5] FMS- 2 Jik 8 il =2 7€ S AN 52 - & 38 26 S S 40, A 38 635 I 19 d5e K 2
(F,) JEEIOC(F,) W3 N 30 min J5 R RTOGC(F,) dRRFC(F,) . 11 PS I A SLBRIGAL 2 R0R
Doy PSR CAL2EROR (F /F,) B TAE R ETR RAEGIb A KRB NPQ, gy = (F, —F.)/
F,, ,NPQ= F, / F ,—1 ETR=® xPFDx0.5x0. 84, G4 54 R 9O S ER Il E
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1.2.5 @RI L ( RuBP Case ) FIRE R i PR IR R FR TL i ( PEP Case ) 17 J7 0

4 Racker' " B 7 VEAR BUBEHRL , HERRAREIUH F1 0.5 g, BEFUA At AOBFER i/ 304 1 1R Bk A7 S b
2.5 mL $#2H0# (0. 1 mol/L Tris-HCI pH {H 8.4 ZZ Mk, 1% 10 mmol/L MgCl, .7 mmol/L B-Fitk LEE .1 mmol/
L EDTA 5% HiMA1 1% PVP) , vKi T OHES 250K BI04 CF 15000xg #:0 10 min, [ 5 RD A G4
U, T 78 KR 2009 AR 56 AR

RuBPCase i £ 5E (9 S 0 R A3 3.0 mL 4245 1 mmol/L Tris-HC1 (pH {H 8.0) .0. 1 mol/I. MgCl, .50
mmol/L ATP 50 mol/L DTT .2 mmol/L NADH #1 1 mmol/L EDTA 4% 0.3 mL,200 wmol/L NaHCO, W 0.1
mlL, 3-BEHR H I R B /3 - 1R H o B A U (15 U/15 U) IR 0. 1 mL, Z€1%7K 0. 8 mL 30 °CfH iR /K 10 min,
J19 mmol/L £ RuBP AWK 0. 1 mL, fJ5 AR BOK 0. 1 mL i3 ShN , 37 ZI7E 340 nm R I 58 SO TR A WO
FEH)AEAL . PEPCase 1 M I R AR U MR 26 1 7 12k, ROBETR A VAL 3.0 mL A24% 100 mmol/LL Tris-HCI 2% o
¥ (pH {H 9.2)1 mL .10 mmol/L MgCl, % 0. 1 mL .10 mmol/L NaHCO, J#¥# 0.1 mL .1 g¢/L NADH % 0. 3
mL 50 U/mL SESR RIS 0. 3 mL ZEIR/K FIBGEHE O A 0.5 mL T 28 °C /KA 10 min, £ )5 1 40 mmol/L
PEP ¥ 200 wL 3 3 S0, 37 ZI7E 340 nm N i5E 52 7 TR A0 O6 R 19284k

K Microsoft Excel 2003 F1 DPS 7. 05 #AFoE A8 i kb B AN G870 M
2 ZEREHH
2.1 AR IR K AR B (LAT) /9 520

Jith 280 B R L EOK LAL, A3 UM /U4 T2 W38 #2 LAL, 4540 VT i LAL A Bk, FFAEJE TS . T6
LAT 35T T1 T2, DH661 U T6 i LAT 48 T1 T2 /0 W3R T 12.6% M1 7.6% ., ZD958 /M T5 (1)
LATES T T2 430888 1 21.9% 8.1% o AT WA AIE R | LAT S{ERRE) S92 Tt (K 2) .,

®2 SEREEAXE E KA ERIEHE R0 (2009 )
Table 2 Effects of nitrogen application stages on leaf area index of summer maize
B ] Growth stages
it Akt HEI5 14 d JEJ5 28 d 5 42 d

Cultivars  Treatments 10 -] V10 %méf%q 14 days after 28 days after 42 days after ”kfégq
anthesis anthesis anthesis

DH661 Tl 3.57b 5.78a 5.70a 5.32b 5.23¢ 4.77¢
™ 3.75a 5.48b 5.43b 5.27c¢ 5.26¢ 4.99b
(e 3.85a 5.73a 5.73a 5.66a 5.45b 5.15ab
4 4.08a 5.82a 5.82a 5.64a 5.46b 5.25a
15 4.10a 5.90a 5.90a 5.76a 5.6la 5.36a
6 4.05a 5.86a 5.85a 5.77a 5.49ab 5.37a

D958 Tl 3.63a 5.24¢ 5.22¢ 4.96b 4.52¢ 4.16b
™ 3.47b 5.62b 5.46¢ 5.09b 4.80b 4.69b
e 3.31b 6.06a 5.90a 5.11b 5.05a 4.76ab
T4 3.74a 5.82b 5.68b 5.16b 5.10a 4.88a
15 3.78a 5.79b 5.77a 5.32ab 5.19a 5.07a
6 3.68a 6.10a 5.73ab 5.46a 5.05a 4.98a

[RIZAN ) 5 B R 28 573K 5% R KF

2.2 B TR A R s

3 3 WUAE A AL HEE T1 W R a3 a FINFERER (a+b) F i, AL S it AU BRIE) AL 5 2% 3R
b FIZEEHE PR GRS ALZE . DH661 Fl ZD958 M43 a FINFERE (a+b) i IFEALS 14 d T4 0B
KB, T4 AR ZE a 80 T2 A3 W3R T 12.8% M1 15.4% 435 (a+b) 38 T2 209425 T 11. 6% F116.4% .
5 28 d P FIITEE R (at+h) A T TR, 7EARRIAIE 7 X T IREM 4 (at+h) S EF AW E,
P SRR R T — 3,
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R3 EERNEXMINEEM LA BEMRME(2009)

Table 3 Effects of nitrogen application stages on photosynthetic pigment content of ear leaves

o WH44% a Chl a 4% b Chl b WA (ath) KD b
A AbHR /(mg/e BET) /(mg/ BETE) Chl (a+\b)/ Carotenf}ld
Growth stages  Treatments (mg/g fif 1) /(mg/g BT )
DH661 7D958 DH661 7D958 DH661 7D958 DH661 7D958
10 -4 V1o Tl 3.39¢ 3.33b 0.76a 0.68¢ 4.15b 4.01b 0.45a 0.53a
T2 3.36¢ 3.42b 0.83a 0.86b 4.19b 4.28a 0.49a 0.51a
T3 3.72a 3.72a 0.80a 0.9%4a 4.52a 4.66a 0.50a 0.53a
T4 3.45b 3.51ab 0.81a 0.88b 4.26b 4.39a 0.49a 0.55a
T5 3.51b 3.54a 0.80a 0.76¢ 4.31ab 4.30a 0.49a 0.48a
T6 3.58b 3.66a 0.84a 0.75¢ 4.42a 4.41a 0.46a 0.49a
A VT Tl 3.48b 3.66b 0.95a 1.21a 4.43b 4.87b 0.48a 0.58ab
T2 3.51b 3.75b 0.97a 1.04b 4.48b 4.79b 0.54a 0.59a
T3 3.93a 4.05b 0.73b 1.03b 4.66ab 5.08b 0.45a 0.54b
T4 3.78ab 4.35a 1.05a 1.20a 4.83a 5.55a 0.51a 0.63a
T5 3.96a 3.93b 0.82b 1.19a 4.78a 5.12b 0.48a 0.60a
T6 3.90a 3.93b 0.99a 1.06b 4.89a 4.99b 0.43a 0.56b
514 d T1 3.45¢ 4.08a 1.38a 1.34ab 4.83b 5.42b 0.61b 0.63a
14 days after T2 3.75b 3.69b 1.32a 1.26b 5.07b 4.95¢ 0.66ab 0.65a
anthesis T3 4.20a 3.93a 1.25a 1.41a 5.45a 5.34b 0.55b 0.63a
T4 4.23a 4.26a 1.43a 1.50a 5.66a 5.76a 0.71a 0.54a
T5 3.96a 3.45b 1.37a 1.35a 5.33a 4.80c 0.65b 0.65a
T6 3.87ab 3.99a 1.38a 1.31a 5.25a 5.30b 0.62b 0.66a
528 d Tl 3.63b 3.66a 0.88b 1.00b 4.51b 4.66b 0.54a 0.56a
28 days after T2 3.69b 3.69a 1.04a 1.09a 4.73a 4.78ab 0.62a 0.6la
anthesis T3 3.72b 3.87a 1.11a 1.13a 4.83a 5.00a 0.58a 0.5%a
T4 4.05a 3.81a 1.00a 1.06a 5.05a 4.87a 0.60a 0.59a
TS 3.72b 3.87a 1.15a 1.20a 4.87a 5.07a 0.61a 0.64a
T6 3.75b 3.72a 1.08a 1.09a 4.83a 4.8la 0.59%a 0.59a

2.3 Tt AU IR B K v R 5

WA R T RO R (P,) . B 10 d T3 FIT6 () P, B ET T1 T2, i85, 465 24 d /&
4 ,DH661 AY T4 35 T1 T2 $55 34.2% .16.0% ;7D958 Y T6 # T1 T2 $& 27. 6% 27.5% . 4£)5 52 d A
WL AP TS FTe 4b¥E P 3= T T1 . T2, DH661 1) TS ZbPREE T1 T2 F3942E 5 16.8% (13. 4% ;ZD958 1) T5
ALERAE T1 T2 P985 41.7% 33.2% (F 4)

R4 RN RS EEENM/ (umol-ms7")

Table 4 Effects of nitrogen application stages on net photosynthetic rate of ear leaves

. e ] 2008 4 ] 2009 4
Cultivars Treatments FFiE )G K%K Days after anthesis/d FFAE 5 KRB Days after anthesis /d
10 24 38 52 10 26 40 54

DH661 Tl 19.54¢ 20. 66d 20.76d 19.31b 22.00c 19.73¢ 18.33b 22.07b
T2 20.21c 22.34c 22.42¢ 19.87h 24.01b 24.37b 24.00a 22.77b
T3 23.31a 24.51b 24.13b 20.55ab 26.68a 24.82hb 24.69a 25.67a
T4 23.41a 25.73a 25.12b 19.78b 24.87b 28.49a 25.91a 26.68a
T5 22.65b 27.78a 27.15a 21.66a 24.59b 24.45b 24.51a 26.69a
T6 23.79a 26.22a 26.47a 22.24a 25.91a 26.54ab 25.58a 25.91a

7D958 Tl 20.71d 21.88d 18.34c 16.76¢ 24.45¢ 23.43h 14.78¢ 15.06b
T2 22.65¢ 22.53d 18.21¢ 17.11c 25.45¢ 22.78b 17.69b 16.76b
T3 25.77a 25.32¢ 20.33b 20.46a 32.57a 24.76b 17.81b 18.27b
T4 23.49b 27.11b 25.45a 20.34a 32.34a 28.32ab 20.63a 23.60a
T5 23.78b 29.63a 26.31a 19.53b 26.70c 26.99b 19.61a 25.58a
T6 24.58ab 27.83b 25.42a 19.75ab 30.44b 30.03a 20.02a 24.43a
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2.4 BT I ORI SRR PSR SR

AU PS T SEPRICAb 22808 (D ) FAETAZEIE R R EL(NPQ) L FAE B R (ETR ) % T1 T2 B3
P&, PS LI SARER(F /F,) 22 5 AN 03 P SRR fE 34—, T4 [ T5 . T6 Ab3 &,y W& T T1,
T2, WiEhFH T4 TS T6 b3 NPQ Al ETR &%/ T T1. T2, NPQ fE4E)5 38 d Z2 47, DH661 (1) T4 ZEFHAES T1 T2
SIHRE T 75. 0% 54. 8% ,ZD958 11 TS AbFRAL T1 T2 427 T 70. 6% 28.3% ., ETR 7E4iE)5 38 d £ 47,
DH661 F1 ZD958 11 T5 & T1 T2 F-4#E 5 T 49.5% .26.6% H119.9% .16.0% (£ 5) .

®5 RN AEMHERRAESHNZM

Table 5 Effects of nitrogen application stages on chlorophyll fluorescence parameters of ear leaves

PS I 5P PS Ik e A
gy TETREC S e s i L
Year anily;;tj; Treatments Dys i F/F, NPQ

DH661 7D958 DH661 71958 DH661 7D958 DH661 7D958
2008 24 Tl 0.44b 0.40¢ 0.75b 0.72b 0.49d 0.47d 95.2¢ 86.5d
T2 0.45b 0.43¢ 0.80a 0.75a 0.54c¢ 0.60¢ 97.3¢ 93.0¢
T3 0.52ab 0.50b 0.79a 0.78a 0.60b 0.67b 112.5b 108.2b
T4 0.56a 0.57a 0.77a 0.77a 0.64b 0.80a 121.1a 123.3a
T5 0.57a 0.55a 0.78a 0.79a 0.75a 0.79a 123.3a 119.0a
T6 0.57a 0.53ab 0.79a 0.77a 0.74a 0.73ab 123.3a 114. 6a
38 T1 0.40¢ 0.47¢ 0.74a 0.75a 0.43d 0.45d 86.5¢ 101.7¢
T2 0.47b 0.49¢ 0.73a 0.74a 0.54c¢ 0.50¢ 101.7b 106. 0c
T3 0.49b 0.50b 0.75a 0.75a 0.67b 0.58b 106.0b 108.2¢
T4 0.59a 0.57a 0.73a 0.77a 0.75a 0.64ab 127. 6a 123.3a
TS5 0.60a 0.58a 0.75a 0.78a 0.77a 0.66a 129.8a 125.5a
T6 0.58a 0.56a 0.77a 0.75a 0.76a 0.67a 125.5a 121.1a
2009 26 T1 0.49b 0.38¢ 0.75a 0.75a 0.53¢ 0.42¢ 89.9¢ 69.7d
T2 0.48b 0.47b 0.77a 0.76a 0.56¢ 0.60b 88.1c 86.3¢
T3 0.54ab 0.55ab 0.78a 0.76a 0.63b 0.77a 99.1b 100.9a
T4 0.55a 0.50b 0.78a 0.77a 0.61b 0.79a 100.9b 91.8b
T5 0.59a 0.58a 0.79a 0.77a 0.79a 0.83a 108.3a 106.5a
T6 0.58a 0.53b 0.76a 0.75a 0.72a 0.72ab 106. 5a 97.3b
40 Tl 0.43¢ 0.45¢ 0.78a 0.73b 0.49¢ 0.40¢ 78.9¢ 82.6¢
T2 0.51b 0.46¢ 0.81a 0.72b 0.50¢ 0.63b 93.6b 84.4c¢
T3 0.53b 0.56a 0.79a 0.81a 0.76b 0.73a 97.3b 102. 8a
T4 0.63a 0.50b 0.80a 0.78a 0.86a 0.78a 115.6a 91.8b
T5 0.64a 0.52ab 0.81a 0.79a 0.80a 0.79a 117.5a 95.4b
T6 0.62a 0.49b 0.79a 0.78a 0.81a 0.78a 113.8a 89.9b

NPQ: non-photochemical quenching; ETR: and electron transport rate

2.5 it E E K B PEPCase Fl1 RuBP Case 1 P4 A 52 i

FFA6G PEPCase Fll RuBPCase 1 P 52 5 T & J5 B AR 0 #a 3, FF A6 A 20 Uit 280 W 3 $2 = 1 I 46 10
PEPCase 11 RuBPCase 7614, JFAE] ZD958 ) T3 AbFH PEPCase 1 RuBPCase Witk W 2= T T1 . T2, 6%
Jii PEPCase 11 RuBPCase Jf P i E 427, DH661 7E TS 4LFE R, PEPCase F1 RuBPCase %143 IAEAE 5 28 .14
d RFNEME, H 2% & THAR A P, ZDo58 5 DH661 B8 fb#a$h—5L, fEJ5 42 d, DH661 £ T4 . T5.T6
PEPCase {5 PE R E T T1. T2, P44 E T 83.8% F120.6% ;T4 TS . T6 F RuBPCase 1H1HE# T1 T2 “FHi8 5
T 26.6% M 15.5% (£ 6) .
2.6 iSO E ORI A R LA A5

A3 VRt R PT LA 2 4 e R KRR i S R R AR R AR R R AR R T2 B T1 B4R OR 3, Y 2a
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RIGZEH DH661 78 TS AbBHy= B d5rimy , 8¢ T1 . T2 F1 T3 43 5343877 15. 7% 14. 5% F1 8. 3% ;ZD958 7£ T6 kb
PEP R, B T T2 FT3 A0 B34 7 21. 6% 17.4% F16.4% . Ut A Rl 4 e Tk R A ZH R
FIVFF R 2R i, HE ol AR G U 0 B s S Sk 2 DA 5 1 AR Wik 48 48, DH661 1 ZD958 437l 7E T5
H1 T4 AT FFRI A A B 5 R, B T T2 T3 20 WE 4 61. 8% 51.4% 36. 4% F154.9% 21.9% |
12.2% ., 53U 28— W M il 0 8 3 4 s T AUIE AR A= 77 7, DH661 19 T3 (T4 TS 4% T2 “F-¥14& % 10. 9% |
14. 4% 13.6% ,ZD958 1 T3 T4 . T5 # T2 V-394 15.6% 14.3% 17.5% (£ 7).

R 6 HMEREHAXIH K PEPCase 1 RuBPCase i 14 B 52014

Table 6 Effects of nitrogen application stages on activities of PEPCase and RuBPCase in ear leaves

PEPCase i1 PEPCase activity RuBPCase 71 RUBPCase activity
Hh b Ab TR /(pmolCO, ¢ ' B E ~min") /(pmolCO, + ¢ "B E ~min")
Cultivars Treatments JFAEJG KB Days after anthesis /d FAEJF KL Days after anthesis/d
0 14 28 42 0 14 28 42
DH661 Tl 21.10¢ 19. 84¢ 17.99¢ 16.75d 8.74b 10. 82¢ 8.22¢ 6.53¢
T2 23.90ab 29.31b 33.96b 25.74¢ 11.98a 11.27¢ 8.74c 7.15bc
T3 25.23a 31.62ab 27.92b 19.18d 12.04a 8.06d 12.11a 7.41b
T4 23.67b 34.10a 32.42b 30. 10b 9.59h 15.58a 9.10b 8.30a
T5 22.53b 28.23h 43.25a 34.03a 7.03¢ 12.85b 12.26a 8.20a
T6 25.29a 28.15b 31.77b 28.27hc 8.53b 13.62b 10.01b 8.31a
7D958 Tl 21.46¢ 22.27d 30.97¢ 21.44¢ 4.94d 6.0lc 5.55¢ 5.05b
T2 24.64b 23.92d 30.69¢ 24.44b 6.96bc 10.58b 5.57¢ 4.70¢
T3 29.98a 32.10b 30.25¢ 25.49b 8.65a 11.47b 5.93¢ 7.72a
T4 26.39b 39.39a 32.11he 26.10b 6.62¢ 13.34a 8.59a 7.77a
T5 24.37h 28.84c¢ 38.10a 24.84h 7.10b 11.85b 8.64a 4.68¢
T6 25.31b 28.53¢ 35.69b 29.28a 7.60b 11.10b 6.62b 5.75b
R7 EERHPAMNEEXFEMREZRENABZI
Table 7 Effects of nitrogen application stages on grain yield and nitrogen use efficiency of summer maize
FERL™ 5 MAREM FPRIR A - o RN
A gb g Grain yield S TNAA i NAAG ’E‘L?Lﬁ(ﬁ%ﬁ HE 7 J1 NPFP
Cultivars ~ Treatments /(kg/hm?) /(kg/hm?) /(kg/hm?) /(kg/kg)
2008 4F 2009 4F 2008 4F 2009 4= 2008 4F 2009 4F 2008 4F 2009 4F 2008 4 2009 4
DH661 TI 12097.4¢  12306.5d  280.6d  285.7d  174.1d  176.1le  62.04c  61.7hc — —
T2 12247.1c  12428.7d  312.9¢  320.1c  185.5d  188.5¢  59.26d  58.9¢ 34.0¢ 34.5¢
T3 12835.8b  13250.4c¢  331.4c  341.9¢  212.0c  203.5d  63.96¢c  59.5¢ 35.7b 36.8b
T4 13772.1a 13588.8b  362.9b  373.2b  246.7b  245.4c  67.98b  65.7b 38.3a 37.7b
TS 14057.1a 14188.9a  395.2a  407.6a  277.3a  289.3a  70.15a  71.0a 39.0a 39.4a
T6 13894.5a 14103.3a  379.2b  390.5a  249.6b  271.8b  65.84bc  69.6a 38.6a 39.2a
7D958 T1 11741.8d 12129.9d  268.7¢  269.2d  160.4c 181.0e  59.7l¢  67.2b — —
T2 12272.3¢  12447.3d  300.5d  303.0c  212.8b  221.2d  70.82a  73.0a 34.1c 34.6¢
T3 13660.4b 13631.1c  343.3¢  334.3b  232.2b  239.4d  67.64b  71.6ab 37.9b 37.9b
T4 14395.3a 14201.8ab 386.5a  378.4a  259.7a  269.2a  67.20b  71.1b 40.0a 39.4a
TS 14238.3a  14022.5b  373.2b  364.9a  264.7a  250.4c  70.92a  68.6b 39.6a 38.9ab
T6 14504.5a 14529.6a 383.8a  375.6a  266.6a  258.2b  69.47a  68.7b 40.3a 40.4a

TNAA ; Total nitrogen accumulation amount; NHI; Nitrogen harvest index; NPFP; Nitrogen partial factor productivity; NAAG: Nitrogen accumulation

amount of grain

3 it
RN AT G R A e E e m B R = Y it R Z A E Y A K ADE & A P2 R ) &
SRR 1 AR AN M B AR T EE T i 1 3R A TR A it R BB G e, BT T AS TR R
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7R = i AR RS A DA RER s, AR R R, FHE 5 3—4 B — R A T 2
EPRL R 9.3% —18.2% MR A L B R 16.0% —28. 6% , AN A7 S48 10.9% —17.5% .,

T T 2 S R L P A K A R RO R I B A ORI R e Y B AR ST
it A0 ) it S e TR EOK R A B e 2 A AR SR W I A i R R R it 2R 1 1 T 2 ey
Jrby i S0 - e ARUER B AL, IR AE SR B R AE 2 T AR SR AR T3t i s MBS JE K T LAL S EFRE , 78
KRS AR TR L AL,

REABRZEHG 121220 10 it IR BE L o /N ZE I i i R i 143 PS T I PS TT AL F A& RE 7, RE R I
ISR B s R RO A SR S E RS O S PERE s A RS IR i AU BRI R R S B
AR P, S E 2R A G R G RE el S 3 (Rl DR JR PR ) B kG5 O A AR R B Y T
REJEVESI P, FHi 5= B A B R R L AHEIE W, it T HE i v R i ek A i (HOR [ it 0 3K
XS 2% S B R R (B T4 Ui R T B B Doy 53:5:2,2:4:4 1 1:2:5:2 W43 Uit & Ak 1 i —
YRt ZRUAT P 0 2 A A 2R K R B A% R 38, I 88 w8 1 i X G RE B A Rl s 15 1
X R A B AL, A 80 TR A HERE

R R Y RE B R 2k (B Mk M L RE S, E LD E N RFEFBUR 2 3 FhIE X AEHL; - Bl 7
Al RN 5 ] B A HL i E B T 4 A O ik R L OGRS TR SR ( Mehler S0 ) R
P ARG R, W AR 2:4:4 SPUURABAL LR AE)S 26 d WA R ARG 14 d YeR RALEEIS J1¥ %
BUAR T 3:5:2 AUt AL AL 3, D R A 146 5 it AR AR G A F R AL SR i IR B 42 5 T 40 f R (Lt
Rt 2 T R BRI, G A= A% R A, 3 DG A= X & 2 B ARSI R > 4R AR ) it
RILHG LR AERES 5 T BACHE, (HAE )5 it A 20% —40% %83k 15 W — oMt 80T i I K 764
REHFFE Y, [FE) PEPCase Fl RuBPCase T4 70 HI1HE 5 T 5.8% —12.8% 16.9% —17.8% ,,

AHFFE R I, B 661 VE AN B FOK 557 40 S T SRR AsE H TS — K = HE AL AR B 958 e AL Je A
BAF I R ek . JFAE)E 5 661 FEASHL 958 HATH & 1) LALLP, (D pgy FIGH FRALEGTE J1 , 7E4E)S 40 d FN
54 d B 661 F P, AR 058 SEXIHREL T 22.7% M 17. 4% ; [F]IB3 661 BEEBEA 958 HAT BT 4 1y I {547
HLH , FEJ5 40 d 25 661 1 @y BEARHL 958 SEI94E 5 T 11.3% , F UL rl WL, 2 AR IR R NE 7 =0 F 598 661 48
HH 958 HA W A PERE , X T RE R H = i i m R 2 —

U R A A TSR E FORGHIE)Z 385 T PS I SE PR b A R0R Kl PG % 5 T 0 A4 L
il , A O TOCATERE . 38 Y3 IR 5 A LA ) T2 A AR A A R B R T O G R e A r
1, IO A SR RS M R R KT, IR, A3 U S0 S R = T R R A RE R I B TR A R
FIFHZR, AESCBRAE = s B — A = H 5 B0 22 () NE RS AR 345 v 7=, DT 1o 7 M e 42 o il 2
E 240—360 kg/hm™ ) HRLAJE 1 i F 7= i S AR B et 501 661 IR FH 244 Bt R =X, #5958 AR
3:5:2 By 1:2:5:2 [t 5 =K.
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