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FEE :2007—2008 4F-FF AR P24/ NZE S TR E 22 22 APRE 1B 2 AT AKTEE B, M BRI T /S 10 d;3 A BARFXS &
KA KR 0—140 em 12 B AT &K B3] 65% 75% 80% , LA W1 W2 W3 FRE KA B, DW1 . DW2 . DW3
FORIRAT)E 10 d KL I FFAEIHANE K 2 0—140 em + 2 EHHXT K ESY 70% A5 R R T /K NE A KRR 550
HESHB R, 455820 . (1) W2 A1 DW2 A HAG R T4 E 0—60 em + /2 HHHHEA & & IR A Z R B R
BV R B RPRL G E d FPRL = A AU 2B 71 43 e T WL R DW, 5 W3 i DW3 A3 i 3 25 5 TR AEJE ik AL %
TR FPRLE A& B AR A AR50 T W3 F1 DW3 23T ARG 10 d BEAKAMEALAL B, (2) W2 il DW2 4B
LA, DW2 U] 100—140 em + 2 FHASE SR AR T W2 R0 i PR H BT & 1 R WO B A 48 7= 0 Rk 43
FUHSCR Y BT W2, EARIE 00 AR ME K )7 % . 2008—2009 4= 1K Ze i 86 45 4b B AR b % W] 2007—2008 4R
KR N HERETTKG AR R B S SRS AR WG

Effects of delayed irrigation at jointing stage on nitrogen accumulation and its

allocation, and NO;-N migration in wheat

WANG Hongguang, YU Zhenwen, ZHANG Yongli* , WANG Dong, SHI Yu
Key Laboratory of Crop Ecophysiology and Cultivation, Ministry of Agriculture, Shandong Agricultural University, Tai'an 271018, China

Abstract; Irrigation is one of the most important measures to regulate plant metabolism in winter wheat ( Triticum
aestivuml ). However, unsuitable irrigation managements would cause the decline of nitrogen use efficiency and grain yield,
and increase NO,-N content in deep soil layers. The field experiment was carried out to investigate the effects of delayed
irrigation at jointing stage on nitrogen accumulation and its allocation, and NO,-N migration in wheat with the high-yielding
cultivar, Jimai 22. Soil water content was controlled by a new strategy that supplemental irrigation based on measuring soil
moisture. In 2007—2008 growing season, the first irrigation was given at jointing stage or 10 d after jointing stage, and the
soil relative water content in 0—140 cm soil layer arrived to 65% , 75% , and 80% after irrigations, respectively. The
treatments irrigated at jointing stage are represented as W1, W2, W3, and treatments irrigated 10 d after jointing stage are
represented as DW1, DW2, DW3. The second irrigation was given at anthesis stage, and the soil relative water content of
all irrigation treatments reached to 70% after irrigation.

In the treatments irrigated at jointing stage, the nitrogen translocation amount from vegetative organs to grains, nitrogen
allocation amount into kernel at maturity stage, grain yield, nitrogen uptake efficiency and partial productivity of nitrogen

applied were significantly higher in treatment W2 than in treatment W1, and there was no significant difference between
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those of treatment W2 and treatment W3. Compared with treatment W3, however, treatment W2 increased the NO,-N
content in 0—60 cm soil layer, plant nitrogen accumulation amount post anthesis, grain protein content, and water use
efficiency (WUE) , significantly. In the treatments irrigated 10 d after jointing stage, the nitrogen translocation amount
from vegetative organs to grains, grain yield, and partial productivity of nitrogen applied were higher in treatment DW2 than
in treatment DW1, and there was no significant difference between those of treatment DW2 and treatment DW3. While the
NO,-N content in 0—60 cm soil layer, plant nitrogen accumulation amount post anthesis, nitrogen allocation amount into
kernel at maturity, grain protein content, nitrogen uptake efficiency and WUE were higher in treatment DW2 than in
treatment DW3. Compared with treatment W2, treatment DW2 decreased the NO,-N content in 100—140 cm soil layer at
maturity stage, and increased the grain yield, grain protein content, nitrogen uptake efficiency, partial productivity of
nitrogen applied and WUE, significantly. As a result, treatment DW2 may be considered to be the best irrigation regime
under the current experiment condition. The change tendency of different treatments in 2008—2009 growing season was

similar to that in 2007—2008 growing season.

Key Words: wheat; delayed irrigation at jointing stage; nitrogen accumulation and allocation; NO,-N migration; nitrogen

uptake efficiency

KR TR/ R B A T B, Plaut Z5IA S, K20 75 B g 35 AR /N2 SR R i /N2 3R 300
Bk MR AR R E R IR K BRI E T RE RN T/ NEZE RS E R BAR AR FZED | HE
PRI B AL TR B R M APRL A 52 50 104. 3 kg/hm? , 5 THEVEFAE K RUASTE K AR B S Miller 2545
W AR S BERE K ) R Z A, 3 R R e F R K53 BFSE A /N FE AT 4 15 A
75 em AL AOTE A A B A 7R B 20 9] R AE 60—80 em 1 80—100 cm AbU7T, A= F HATE 3 K Ab 3 % 2 A
100—140 em 2R & 0w T 2 AKAREES | fERIEA X, /N ABRT I Z )5 AR AR A T 0
FREFEE 20 d Aody, R THE KRB/ INZE R R RS2 C AT R 2058 A0 7 45 1 WE RS 19 7K A9 e i) A JH:
HEWEAKEXT /N AR R R G B2 A o2 30 A g0 R I 4 1 O i R AR R KX N2 AR
TR Syt 5552 - S RS R 1R, LI R /N2 5 71 K s o SR BSR40
1 #R5FEZE
1.1 AR
(1)3X5%: 1

T 2007—2008 /N AR BT I AR L AR LM R AR50 437 (117. 15°E,36. 15°N) 47, ik 5 Floh &
FRA/NF LRI A 22 R IR AR BTAEAEY O EOK, EORIE RN i A IE 450 ke/hm® (NP, Oy
K0 %15 15% ), AEEWAIVE 1 K, HEK 80 mm, /N2 IEFIAT ERFEFF LM ,0—20 em -2 & A LT
1.4% ,4%.0. 1% ,Bif# A 94. 2 mg/kg, HAHE 38. 2 mg/kg, A4 80. 0 mg/kg; #&Fh AT 0—20 ,20—40 40—
60 .60—80 .80—100 ,100—120 ,120—140 cm - )2 - 5 Fi it % 7K 5 53 14 17. 8% 18. 4% ,20.2% .19. 6% .
20.4% 23.4% 28.3% , Hal KK EH 26.2% 24.7% 25.6% 25.2% 24.9% 24.7% 25.0% , T3E%
#EHN1.41.51.51.51.51.5 1.5 g/cm’, /NEATWHNEBKE 141.7 mm(K 1),

R B 7 AN N AR N BERR T KRR AR K 37K 2 ANV BRES B, S 3R T B AT T IS 10 d;
BB 3 A HARAIXT S K2, K G 0—140 em 42735 - A5 K =4 31E 3 65% \75% 80% ;5 IT
FESHIREK 2 0—140 em )23 HIARX K E N 70% (£ 1) o G RBEHLIX A HES],3 WEE ,/NX
ZIEIBE 1 m FERIRAESHE  /NX AN 2 mx4 m=8 m®, JEfi4li% 105 kg/hm®,P,0, 112.5 kg/hm*  K,0 112.5
kg/hm® T HIFIR T 10 d 255 HEAKGEMEAEA 135 kg/hm® . 2007 4E 10 J] 10 H &R 4 B 8, JEA
180 #k/m? . HAAE BRAS i [R] 55 77
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1.1.2 {52

F2008—2009 /N A= K AR I AR ZSM /N B A K (116, 41°E,35. 41°N) 47, 558 —4F 50 1 45
AHPE 80 km , fHia fh B A 8 7 A /N A RIS A2 22, RS F RIS R AR BTAEAEY O FOK, FORIEFI T
A HE 450 kg/hm* (N P05 F1K,0 %17 15% ) , AL B AN 43 2 B4l 5 225 kg/hm® , HE 2 7K, BEREK & 60
mm,, /NEREFETEKRFEFILH,0—20 em FESHEILR 1.3% , 2E 0. 1% , BFA 100. 2 mg/kg, H A5 #E
24.9 mg/kg, HACEN 108. 3 mg/kg; FEFITHT 0—20 .20—40 40—60 .60—80 .80—100 ,100—120 ,120—140 cm +
2R A KRN 18. 7% (18, 6% 19. 8% 20. 3% .21. 8% .22. 1% .20. 3% , M [f] & K5 /K&K
26. 1% 24.0% 24.5% 24.6% 24.2% 24.3% 23.8% , F3E4AEHN1.51.7.1.6.1.6.1.6.1.6.1.6 g/cm’
NEAT AN EREKE 140.4 mm (& 1),

R4 2007—2008 A= 4 F=iU 5 (19 77 5 R /K 73 F TSGR R 18 T w7 0 /K AL B 387K o3 B i 3K19 KR
FRAEIKBIHEIK 2 0—140 em 12 V3 LIEAHXT &K SR 75% (£ 1) o iXBRHBEVLIX HHAES 3 REL, /D
X Z a5 2 m FERIRRESHE /NI BN 4 mx4 m=16 m®, Hfl FEFP e w S H A ER i 5 2007—2008
AEFEARIE

40 50 m
40
é 30
=
9
s 30
g 20
& 20 |
i
% 10 f
) H H H | H
0 DxDxHx lﬂlﬂlmlﬂlﬂlﬂlml ImEIEN] 1D1H1 lﬂl 0 HLDLDLDLHLDL L 1H1H1D1D1 1D1D1 lﬂl
— A XSO XXTFT AN A — O~ S X T AT LA - OO —~ T A
NSO SV AN AN~ AN A0~~~ O AN AN~ O —~ O —— AN —~ — A — —A
o ddAdddaadat IO 2L dddd AT B DN
TSI 999999999<9< T T TYIIIIIIeSegSeS
S - - - - 00 00 0 00 00 00 00 00 00 0 00 0 0 X X 0 X DDDDDDDDDDDDDDDDD DD
D OODODODODODOOCDODODODODDODDODODDO0 OO D [ e e e T e R e T e R e R e T R = = R e B e R e B e B )
SO S SO SOOSSSOSSSSSD S S S SSSS S
AAAAAAAAAAAAAAAAAQ QA A AAAAAAAAAAAAAQAQAQ
H #A Date
E1 NEWEKFHEKE
Fig.1 Precipitation during two growing seasons of wheat
®1 FELERBFEXEKE(0—140 em 1JZFIH{H) IEKE
Table 1 Expected relative water content (0—140 cm average) and irrigation amount of different treatments
e P Jointing stage H5J5 10 d Ten 10 days after jointing stage FF4E Anthesis stage
Treament  FARHM KR /%  HOKE/mm  HERHIXEEKR/%  MKR/mm  EARHEAKR/% KK /mm
ERWC Irrigation amount ERWC Irrigation amount ERWC Irrigation amount
2007—2008
WO — 0.0 — 0.0 — 0.0
W1 65 1.0 — — 70 55.3
w2 75 54.0 — — 70 34.3
W3 80 81.0 — — 70 21.4
DW1 — — 65 7.0 70 55.0
DW2 — — 75 60.0 70 29.5
DW3 — — 80 87.0 70 19.9
2008 —2009
WO — 0.0 — 0.0 — 0.0
W1 75 23.5 — — 75 35.9
DW1 — — 75 38.1 75 27.4

—: AHEK ; ERWC: expected relative water content
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1.2 WEmE S50k
1.2.1  +HEEIKEAIE
SR EENE R K, AR EK (% ) = 3R K R/ R KRR K X100,
1.2.2 J#EKEHITE
JE KT 72 1 e 5 K a1 283K mo= 10pbH (B,~B;) 1 ALK B HARAH X 2 K ek 75 #b 72 IO K &, 42
W EATREWE BRI  rb m KR (mm) s H 3 RIEIE T2 % (em) |, AR50 K 140 em;pb
SRR LR R (g/em®) 58, i BAR MR R B K A (H E) R KK T L) B AR B K ) 5B,
SVEWRET IR S KR, KRR K E
1.2.3 IS S = E
F/INZE FFAEIATE K B A B R AR H4E SR CaCl, IR IR -S4 B s e e - i S/ S
[l s 3 Sk AT RS A S i,
1.2.4 MHHRARSTEHINE
KA FE M E R R 2R &, AR AR R,
HaERRIE =AZ &8 (% ) x TP
HAERESEIH (% )= %28 E AR R R/ FEAZ R EX100
BHRGHARK R =T E RS AR H RN E RS E AR R
BRGHAREER (%)= BRGBARKZR/IENE RS E AR EEX00
ERHHE AR TR (% )= BIRGERRFKic i/ AW TR AR Z & x100
AR WCF (keg/kg) = R AR R /A &=
B A7 H1 (keg/kg) = TR /it A
1.2.5  RHFEKE KD RCR A
KK AT TR I FEK ) KA FIRCR = Rk /A AR K =
1.3 BdEadr
FH Microsoft Excel 2003 # {4 THEE T TEAWER, FH DPS7. 05 GEit Mk F 4 150 dE 25 5 W 3 PR 56
2 ZER551
2.1 A[EEFEX/NAE A A B AR bR AR AR R 152
2007—2008 A K2, W2 A AR AR E &S T W1, 5 W3 TR EZE R, DW2 FAEBEARHE
HET DWI, =T DW1 I DW3 (& 2) , 3201 W2 Fl DW2 AbFRAE #E T 3515 2= LB BORIUIT A 2 i3y
BIMARE S5 10 d HEKET ZAF T8 m Ak A Z R
W2 Fl DW2 AbBE L AL P AR R R AR R o % 22 55, A DW2 355 T w2, R 5 10
d KA FIF/NEZTFAE G R A E TR,
2008—2009 A= K2 DW1 AP A XM R RS W1 LR EFER AWM EEST W1 (K 2),52007—
2008 A= K BRI A kR — 2,
2.2 AN[E AL FEX T AR A A R AR AR R A L 5 )
2007—2008 A2 BT A K (AL B L A, W2 AR A 45 25 B AU ZR 49 B Bt BR800 Bl i
F W1,5 W3 B E2E5 315 10 d KA, DW2 BB 2R /0 Bl i & F DWI1 Fl DW3 (£
2,7423), 2 W2 Hl DW2 Kb BEAT F) 1428 & - AR 45 4 B MBI FF R A R v i it , DW3 AF FAF R A &R
E
W2 Fil DW2 AbHf Feds , DW2 A8 125 85 50 43 o A s U k7 28038 40 I et B o0 e 491 8 35 3 T W2,
FRAEHI R R R SR KA LIS T W2, R IR J5 10 d KGR HE T FEAE T 258 A R FIF AL SRR A R
PR AFIF IR AR,
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400 + 2007—20084F 200 - 2008—20094F
= O Wo 0 Wo
£ owl owl
& . DWI
< 300 | BW2 £ 3000
El o w3 |
i 2 DW1 £
B o DW2 |
K.S 200 bR | 200 -
& = X g
2 N 1

8 R =

g Big |

g 100 FRE = 100 |

g PR |

) ERE E

£ A g

“ AN

0 S| = 0
1 L A0 BHF WY FHE B
H B Growth stage

2 BREBHHAERRE
Fig.2 Nitrogen accumulation amount at each growth stage
2008—2009 A ZE K995 10 d FEK Y DW T AL BT A6 2885 U 2% 70 e B A bR 2R e i 12
ET WL(R2,£3) AR THRARHER,
*2 AUEBERREESREFHNSEEMNSEILF)

Table 2 Nitrogen distribution amount and ratios among different organs at anthesis stage

e 43t & Distribution amount /( kg/hm?) 43 B He ) Distribution proportion /%
Treatment PS8y nf: EX] Tl nf: EX] T
Total amount Leaf Stem and sheath Spike Leaf Stem and sheath Spike
2007—2008
WO 219.8 b 79.3 ¢ 95.0 ¢ 45.5b 36.1b 43.2 b 20.7 a
w1 219.8 b 79.3 ¢ 95.0 ¢ 45.5b 36.1b 43.2 b 20.7 a
w2 258.6 a 102.6 a 105.0 b 50.9 a 39.7 a 40.6 ¢ 19.7 b
W3 262.0 a 105.2 a 105.1b 51.7 a 40.2 a 40.1 ¢ 19.7 b
DW1 222.5b 79.8 ¢ 9.4 ¢ 46.4 b 35.9 b 43.3 b 20.8 a
DW2 261.9 a 89.8 b 119.8 a 52.2 a 34.3 ¢ 45.8 a 19.9 b
DW3 266.3 a 92.2b 122.0 a 52.1a 34.6 ¢ 45.8 a 19.6 b
2008—2009
WO 190.8 b 69.4 ¢ 82.4 ¢ 39.1b 36.4 b 43.2 b 20.5 a
w1 233.0 a 93.7 a 93.6 b 45.7 a 40.2 a 40.2 ¢ 19.6 b
DW1 239.1a 82.8 b 109.2 a 47.1a 34.6 ¢ 45.7 a 19.7 b

e Al — A= K ZE R AN ] TR R OR 22514 5% K

2.3 A[EEPEXTE TR B A R MR s MR AR B R A5

2007—2008 A K2 R HIE KA LLAS, W2 AR iz RE Az R B 25 T W1, AR ARHE
HALT W, & T W3 (3R 4) , RUBGIME T KA R T8 3288 BB A R AR 2 AR TG G A E
F.KW)E 10 d KA AL, DW2 AR FKiz b m T DWL, R E AR RZES DWI TR EER £
B DW2 AbBE[FIRHE S T E R E AR AR s AT E G AR LR, W2 Fl DW2 AR L, DW2 it i AR
[ FFRL AR I8 B BT W2 2SR R s i m T W2, e R R A B8 L HIHRERL A STk R I8 & T W2,
TR )G 10 d FERMESE T 25850050 2 R mRPRL 55 32 TR A G B R LR A H T3 8 A R WU AT
PR BT,

2008—2009 K7 DW1 F I B 5512 F Z PRI sk %R KT W1, TFE ) R E LS S H R
R TTERR T W1 (#4) , 5 2007—2008 4 K Z iRm0 45 ki3,
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R3 HMABRRESRBE PR BEEF 5 E L

Table 3 Nitrogen distribution amount and ratios among different organs at maturity stage

4yHic e Distribution amount /(kg/hm? ) 43t 9] Distribution proportion/ %
Lise . EX A+ 5T . EX A+ 5T —
Treatment Totffoum Li:f Slem%nd szni[:h dg and Ijiii 1 LLL Stem%nd Szilih d:j::d Ijiii |
’ sheath kernel husks o ’ sheath kernel husks o
2007—2008
W0 243.4 e 17.5 abe 39.5b 18.2 b 168.1 e 7.2 ab 16.2 a 7.5a 69.14d
! 279.1d 20.5 a 46.9 a 20.4 a 191.3 d 7.3 a 16.8 a 7.3 a 68.6 d
W2 302.5 ¢ 18.8 ab 38.3b 15.4 ¢ 230.0 ¢ 6.2 be 12.7 b 5.1b 76.0 be
w3 295.9 ¢ 17.6 abe 39.4 b 15.5 ¢ 223.3 ¢ 6.0 cd 13.3 b 5.2b 75.5 ¢
DW1 279.7 d 20.2 a 47.6 a 20.5 a 191.3 d 7.2 a 17.0 a 7.3 a 68.4 d
bw2 326.4 a 16.7 be 40.6 b 14.7 ¢ 254.5 a 5.1d 12.4 b 4.5 be 78.0 a
DW3 314.9 b 15.8 ¢ 41.5 b 15.3 ¢ 242.3 b 5.0d 13.2 b 4.9¢ 76.9 ab
2008—2009
W0 209.3 ¢ 15.1 a 34.3 a 15.5 a 144.3 ¢ 7.2 a 16.4 a 7.4 a 69.0 ¢
W1 272.7 b 16.2 a 33.1a 13.7 ab 209.7 b 5.9 ab 12.1b 5.0b 76.9 b
DW1 296.7 a 15.1 a 35.9 a 12.8 b 232.8 a 5.1b 12.1b 4.3Db 78.5 a
F4 ERREVNBEEROFHNNEEENAREERRRE
Table 4 Translocation amount of nitrogen of vegetative organs t to grains and accumulation amount after anthesis
%% i Translocation amount /(kg/hm*) B E % TR }Tﬁiﬁf’n‘%i Gt
JbF Total Contribution ~ ~CUmUtON o ibution
Treatment e S = ; ffmJ“;{%d i translocation efficiency ‘m:;ﬁ:ile’ efficiency
Leat death el ot elfcheney %%
2007—2008
wo 61.7 e 55.5¢ 27.3 ¢ 144.5 d 65.8 b 86.0 a 23.6d 14.0d
Wi 58.8 e 48.14d 25.14d 132.0 e 60.1 ¢ 69.0d 59.3 a 31.0 a
w2 83.8 b 66.8 b 35.5b 186.1 ¢ 72.0 a 80.9 b 44.0 b 19.1¢
w3 87.6 a 65.6 b 36.2 ab 189.4 be 72.3 a 84.8 a 33.9¢ 15.2d
DW1 59.6 € 48.8 d 25.9 cd 134.2 ¢ 60.3 ¢ 70.1d 57.1a 29.9 a
DW2 73.1d 79.2 a 37.6 a 189.9 ab 72.6 a 74.7 ¢ 64.5 a 25.3 b
DW3 76.5 ¢ 80.5 a 36.8 ab 193.7 a 72.7 a 80.0 b 48.5 b 20.0 ¢
2008—2009
wo 54.3 ¢ 48.0 ¢ 23.5b 125.9 ¢ 66.0 b 87.2 a 18.4 ¢ 12.8 ¢
W1 77.6 a 60.5 b 32.0a 170.0 b 73.0 a 81.1b 39.7b 18.9 b
DW1 67.7b 73.3 a 34.3 a 175.3 a 73.3 a 75.3 ¢ 57.5 a 24.7 a

2.4 AS[EALBEXTFFAE IR 0—200 em + )2 R A A AR AR IR

2007—2008 A=K7 T A K (AL EE LA, W2 TR AEIH AN LA 100—140 em 45 + 2 H RS A & &
BT W1 AKT W3 (& 3) , RERG s AR R R)ZE a8, K55 10 d #EKA LR LY
B DW2 JFEH 0—60 em )2 HIEMAR S ST DWI Al DW3 | iU 100—140 em 4% + 2K T DW3, 5
DW1 L #FHE 5, X0 DW2 ZEHEA ] T4 5 0—60 cm T2 HIEMAR S &, Wb w2 HI ik, /2
HERR ZRRICRFH

W2 F1 DW2 403 Hb 4, DW2 JFAEH] 0—60 em &+ 2 HIEM SR SR EE ST W2 %f%ﬁ%ﬂﬁi,wﬂ;ﬁ
100—140 cm £% + 28T W2, R 5 10 d #E A AT AL 100—140 cm 12 Eﬁﬁﬁ@ﬁﬁ% AR
P, A HE KA FRTF A AN SN 20—160 em 12 RS A & B & TR AT, X 50 E A B NES
RRBH X,
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THAE S B NOy™-N content/(mg/kg , )
4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
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THAEM B
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B3 FHEIFARHE 0—200 cm + EREASE S E (2007—2008 )
Fig.3 NOj-N content in 0—200 cm soil layers at anthesis and maturity stage (2007—2008 )

2008—2009 A=K7, DW1 FFAER] 0—60 cm #5 +2 HIEME R & &2 8 &5 T W1,80—120 em £ 1+ 21K
T W1, BAUH 100—140 em £ 28T W1 (K 4) RS )E 10 d $EBA RTS8 A2 )2 3k
%, SEFETHLEE, WO 1 DW1 B2 100—200 em + 2 3RS A RS B IF R B E N, — & RO AT oK
Tt L R, B e A A N /N R R TR 2 R S A A R T R R R 2008—2009 /A7 AR K
KN, MREAR MG R,

A% A B NOs-N content/(mg/kg, )

K 8 12 16 20 24 28 K 8 12 16 20 24 28
20 20
40 40
60 60
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R3]
)
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Fig.4 NO3-N content in 0—200 cm soil layers at anthesis and maturity stage (2008—2009 )

FFHHAFARL 24 HE 0—200 cm £ ERESR &= (2008—2009)

2.5 R[RASBEXS R R FPRLER F 5 R U 2R 7 T R o M IR 1Y

IS4
w

M

2007—2008 A= (& 7= 4555 HIRE K B A PR LA, W2 Rk i SRR OB R RS i 2 1 3 e T W,
5 W3 ol E 2 PR FBCE RAUK A AR B3E S T W3 3k0)5 10 d K RIAE B EL AL Rk A
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FAEARAE 7= 718 DW2 DW3>DWI, ki 5 2 & R R ISR 8 DW2>DW3>DW1 (£ 5) , 1 w2 Al
DW2 Kb BEA R FAFRr = 5 MRS & = i [E 203 5, W3 A DW3 S 80kihr 8 H 5 & R R,

x5 HFHUFEMNNEARSE . RERBE GIBRESHFKDF ARE
Table 5 Grain yield, grain protein content, nitrogen uptake efficiency, partial productivity of applied nitrogen, and water use efficiency

FL A 1)

QbR f%ﬁfti ;Hﬁﬁ E)ﬂiﬁi ﬁ%‘?%ﬂﬁ@'{% Partial productivity of 7kﬁ*ljﬁﬁ§i$
Treatment Grain yleZId Grain protein content l.\h.trogen uptake applied nitrogen Water use eszlmency
/(kg/hm?) /% efficiency /( kg/kg)  (kake) /(kg/hm® mm)
2007—2008
WO 7896.3 d 13.7 ed 1.01 e 32.9d 20.7 b
W1 8750.4 ¢ 13.4 d 1.16 d 36.5 ¢ 21.1 a
w2 9041.7 b 14.5b 1.26 ¢ 37.7b 20.1 ¢
w3 9029.8 b 14.0 ¢ 1.23 ¢ 37.6 b 19.6 d
DW1 8836.8 ¢ 13.4 d 1.17 d 36.8 ¢ 21.1 a
DW2 9378.6 a 15.3 a 1.36 a 39.1a 20.5 b
DW3 9400.8 a 14.5 b 1.31 b 39.2 a 20.1 ¢
2008—2009
W0 6704.6 ¢ 13.5 ¢ 0.87 ¢ 27.9 ¢ 21.2 ¢
W1 7902.7 b 14.3 b 1.14 b 32.9b 21.9b
DW1 8437.2 a 15.0 a 1.24 a 35.2 a 22.8a

W2 I DW2 Ab3 LA, DW2 kb ™ i KPR BT i R R IR /B I 26 7™ 0 FK 3 R 80 1
BT W2, RIS 10 d MEAKARHE T /N X - 48 v 03 i WA, A R v R R R B
i, DW2 AbHEUR AR A5 E T ™ K A v %

2008—2009 K2, DWI APk = ZAE AL 7= J UK A FUHRCR S B m T WL(RS) RS
10 K BEA F) T SL B/ INAZ B P= 5 K =Rl
3 iTig

IKAUE A L3 h R R A%, i S A R R 552 A Irgs R, BEE K =3,
INERERBREEEREY R BT XN ARG K I8 E B FIR , A BED
KERTHEmENERZRERE" . INERR T 60%—80% WA ZRE T EHREMAZ NI,
Sinclair 253 118 B T RAR R PRz E/K Ml T AR F 2 R s R AR AN
Z FARBEIR AT /N WIHE K 240 mm (A0 38R 2R o1 1 %2 2505 THEZK 180 mm A1 420 mm [y 4k
PP ARTFSE SR ,2007—2008 A K2 ER K 2 R HER X KRR 75% 9 W2 A DW2 Ab A R AR
ZR I THEOK E 65% 1 W1 F1 DWI, 2R T-HEK 2 80% iy W3 F DW3 ,IESE T R ARG 4516 . ABFSEE
R, SHATHREBARLL 3095 10 d BEEAR T AR E B2 7258 R R B Rk s
HAFI T8 m AR5 0 A B B MR PR R R 3 il i S A e L, 32 R 4R 5 10 d e L8R
A3, BERHEE K H A K S g/ (HZEFFER 3 4 19 () AV 15 [l IE (R ) KA R A K . PIAEREIR SR
gERAH 3 LT H454 2007—2008 4F R A0 BT A

VRS 25 | S A A 2 IR S S AR T RUIE R P S5 AIG i R /K RS AR AR Y e (i R B2 JR PR 2 A T 22 BB &5
H R ,90—180 em RS EF B EE T 0—90 em 2 B, HRHEK 60 mm 21 B A A
] 60 em AR T2 2, /N K3 B8R % 100—110 em,120—130 em 1 140—150 em + 2 i &
(N BRI A SR i 2 o T FE A KR AR 25 IR R W, SR K 2 BRI K R
80% ) W3 H1 DW3 ZbHRAH L, HEK 2= 75% 19 W2 F1 DW2 A F] Tk /D i A A 100—140 em 2 9%, $2
AR RSB R AR, ST IIREBAT LG, )5 10 d $EEA A TR/ 22 U 100—140 em + )2 S AS
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FUER B D TR RIS HAE KA FE K B A A AR T O R 22— FA ST

Gooding 454§ i, 38 T A - HE/K 43 1T [ Bef 12 e /N 22 77 o 0 G 3 MRACAA R 20 K ot DU S AR Y
ﬁﬁ?ﬁ‘%fﬁ,E/J\i%xlsz%ﬁﬁiwm&ﬁgﬂfziﬁ%ﬁ%%%fﬁ%ﬁi,ﬁﬂevﬁifﬁj}ﬁ%ﬁ%““ A R R
B3R5 10 d K 2 AR S KN 75% , TTAEIIREK 28 70% 1) DW2 Ab BEAT ) T[] 20 4 i A oRL ™ |
FPRLEE BT i AR IR B A: 7™ 1 FIK 43R RO S48l 4% 4¢Tmfﬁw7k”fﬁﬂ’ﬁ%‘2%ﬁ%

ARIPAEGIR I RIS 10 d HEWEA T 52308 7 w2, WA A — o 98 5 8 S H /A2 A
K A , AN R FEK AR AL /N BT I 3 K AN R]  E K B TR AN TR] AT 6 FE 44 A i
PTG 10 d HEAK I A A WUEEEEO 2 1125 T3, AR R A 77 vhies 7 B 2 JE K NS ) AR08 | B F— 2B F 58
[F o 7K AT TRt 7 K SP3BT 7K VB T s 300 0 TR K
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