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BB, KSR ABCRE AR SRR, T4 5%,
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Abstract ; The irrigation effects on water consumption characteristics and nitrogen distribution and utilization in wheat plants
at different nitrogen application rates in the high-yielding conditions were studied. Four treatments of nitrogen levels were
set: 0 kg hm ?(NO), 120 kg-hm >(N1), 210 kg-hm *(N2) , and 300 kg-hm > (N3) ; and four irrigation rates were set
under each nitrogen level ; no water (represented as W0 ), basal + jointing water (W1), basal + jointing + anthesis
water (W2), basal + jointing + anthesis + filling stage water (W3) , at 60mm every time. The results show that: (1)
On WO conditions, the water consumption amount ( WCA) per day of NO treatment during the period from jointing to
anthesis was higher than those during other periods, the WCA per day of N1 treatment during the period from jointing to
anthesis had no significant difference from those during the period from anthesis to maturity. At the same nitrogen
application rate, the total WCA, module index, WCA per day after anthesis and the yield were increased as the irrigation

rate increased, but the yield was decreased as more water was irrigated at the middle of filling stage. (2) At the same
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nitrogen application rate, soil water content in 20—140 cm soil layer of W1 treatment at maturity was lower than those of
W2 and W3 treatments, but that in 140—200 c¢m had no significant difference from that of the W2 treatment. Soil NO,-N
content in 0—40cm soil layer of W1 treatment at maturity was higher than those of W2 and W3 treatments, whereas that
in100—140 cm soil layer was lower than those of W2 and W3 treatments; the amount and the percentage of nitrogen
distributed in vegetative organs of W1 were lower than those of W2 and W3, but those distributed in kernels were higher
relative to W2 and W3. It was showed that irrigation at pre-sowing and jointing promoted the absorption and utilization of
water from 20 — 140cm soil layer, reduced soil nitrate leaching below 100 c¢m soil layer, and increased the nitrogen
redistributed from vegetative organs to kernels, water/nitrogen-use efficiencies. (3) In the experiment, with irrigation at
pre-sowing and jointing and nitrogen application at 210 kg+hm > rate, the highest yield and greater water/nitrogen-use

efficiencies would be achieved.

Key Words: wheat; irrigation; nitrogen application; water consumption characteristics; water-use efficiency ; nitrogen

use efficiency

KR ZE AL NERR RN EER R —HEZAFEABRREER"Y . — L3k Re
SN ) R RN s R R 5 53— TS 20408t 80 T DA — 2 AR B B/ 3K 4 L P R Y
RO o (BER/NE A, T ERE P, FEKEEA RS K, NE B K0 FEIE R R
[T

EAIRKRNE—EEMFAT , BAUEAREH 0 kg 34 2 240 ke, FERGEA RGN, /DNEEK SR AR .
FIRRI R FEHZ5 B & AR S B U R R TR, T RIE A R AR R B R TR, [,
AR A AL B+ RS R TR o 7E 378—504 mm KT, X AU KT 221 kg-hm B &S
FBHAES AR E LR B R AR 630 mm B, INHRIA& AR ZE IR S A MR
BT . RS OB R I, /N H7K 2] 3R B T /K B A28 i T P o (L4 E SRRk 7
BARET , KA RS R BN R ETHE%, B BT 5 0, BERE K B3N, SR K B R i
B, HIEFKBERMBKE S SFKE N LB, &Y BIR R T /NEX R FF H ], AR T X3
IKIIFI BB, B SR/NEFEKERE 5K BRI BIR R , R K B S5t A R3S B A FIXS /N FE7K AR Ak AE
FIFIR R IR M D . A SCEERT ARFR I EEAE b, B8 7= 22 A R K B3 &4 T 0—200em + )=+
BoK B VNEFK R AR R R 50 K SRS AME R, DA R A RS THEKE
XF7K 3 R A ARG LB , A 5 /N2 1R 7 s AR K RUE B R AR BE AR
1 #REFE*

1.1 RAgbret 5t

R T 2005—2006 /NFEAEKZE, FEILRZFM/NEEEEH KH (35.4N,116.4E) 317, & B IR KR 1
IR R, SR R A /NE B 20, BB FPET 0—20em + )R HIEESH LT 1.42% ,
£R0.13% KRR 83. Tmg-kg ™', M 55. Img-kg ™', A4 90. 6mg-kg ™' o RARK I, F X i AK
B R R, B 4 A K0 kg-hm 2 (NO) 120 kg-hm *>(N1) 210 kg-hm *(N2) .300 kg-hm >
(N3) . EFMEFKTF FIRE 4 MEKELIE: ATK(WO) JEHIK + 3K 57K (W) JERIK + KK + 7
FEZK (W2) JREIHK +3K17K + FFIEK + HEHRIK (W3) , KK R 60 mm, fI/KRITE#EKE, DPXEAN
3m x6m=18m’ ,FEH 3 K, FHEKLHER Im MFREW, FIENRE, BIE I BERRES , #4718 K R ER4H o
HJEHE P05 105kg-hm = [K,0 105kgkg-hm ~* 1 50% [ &L FHERTMEA ; 31797 418 FI 4 19 50% AL 2005
10 B 22 HIEFP,4 M-3R, ZLAH S 225 #k - m 2, $EFPET 0—20,20—60,60—100,100—140 ., 140—
200cm 2 F3E A K B4R R 26.56% 23.53% 24.69% \23.18% 26.03% , & H W B HIMEKE 4518
P 2 AHTH 10. dmm , AT ZHCTHA 38. 6mm, 37T BIFER 11. 9mm , FFAEZE A 67. 1mm,
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1.2 WEwmE S5k

TS KEBIE : B 145 2B 0—200em + 2 +,20em Jy— 2, R BUSEA B EREE, 5T
HOCH T REE R TE, ITELIERESKE.

MR S EFFPREE B & 2EWE . T IR A S BE , RIS B e, ZET0OC T T2
fHEE, FRE 5 FH TR AR AR & 8IE .. KA H,80,-H,0,1H2& , FHEEIIRERE A, A&
AR xS 7T HERRHEA SR,

TSRS B IWE /N AR 47 FIAE 45 Kb 3R /N X P BB > L34 5, 8 20 em — 2, F - 45 H0—
200 em +JE 14,41 HNRS), T -20°C 554 FORFE . & BRRE VKR 1B AE A AR R IR ST, 28 2 mm i, BRERX 10 g
+-45RE 5 A 100 ml ) 0. 01 mol - L ™" CaCl, %W, ¥ ¥% 30 min 53 3E, HI SR w " . F#EE BRAN +
LUEBBE A #]7= AA3 $i 8l MT{X (AA3 Digital Colorimeter) I +3EMAA & & (mg-kg ™) FRIELLE+
AT BN HE R ke-hm 2, [FEHUE SRR,

1.3 HEHE

50 804 1 DPS(Data Processing System)2003 i Originpro 7. 0 #1740 3, AR R SHIEHNIHTE

ARFE
FBRARSECLG(%) = SHENARHER/HEARRHAEREE x100
BRGHRAREBE =W ERSEARHEE - AW ERGEARHERER
BRGEAREBR (D) =EBRHGEAREBR/ TN ERFEARHRER 100
BRGEEBRAFRMFRARNTIRE (%) = ERHFEAREBRE/ AN R AR EE x100
AR R (kg-kg ™) =R R RE/ERE
REAMAMR (kg-kg ™) =Fh= B/ HBAEZTRE

KA R FARCEREHE T ™

KRR (kg-hm >mm ") = fEYIFPRF= B/ 1Y 4 B K &

VEYIRE K B B P T K P R -

ET=AS+1+P
K, P AREK & T KR, /KRIGE ;AS S TR FEK B E , F/KZEE Ah FR:
Ah(mm) =103, ( AGi x Zi) ,i(1,m)

K, A0 h HIBFE— R RIEL E BT BRI EK B, Zi HAHIBZRIZE (em) ,iom BN THIEE i )2
FE mZ,

FEARBERE(% ) = BrBFE/K 2/ BFEKE x 100
2 GZR55H
2.1 AFEAEFBEIZEH 0—200em + 2 K428 03h 7

M1 AT LLE &R, F— M EK T, &KL 0—20em + )2 HIEEKE BELTFHEM, LB
BRTBEZER; W L3 0—20em +ZHIEE/KEBE R T WO b3, Ui B BEK 5 K 7237 Fh 2 4 A0 4%
RETEWEKER BEZW,

WA, R — M EKF T, BRE KB 0—20cm ,20—60cm ,60—100em + )2 3 & /K B HK T A R1H,
100cm AR +2T0 B E 4k ; WO b3 0—20em + /2 +1EE/KE BEMLT W1 43, 76 N2 fl N3 KFTF, 4%
K AbFE 0—200m 20—60cm + /2 + 3 EF /K &AL T7E NO F1 N1 7P T (AL 3, Jd B3 fn it A & (2 i T FE kX
0—60cm +JZ + 1K THFE o

FEAER , Rl — 2K SE T, WO 4b3 0—20em .20—60cm .60—100cm + 2 + 34 7K B W1 4b 3 0—20cm
T2 EEKE B EMR TR ;W1 A3 0—100em £ + /2 LB E/KEBE ST WO Ab3, LB 1 AR K
WERR TN L EAOKEE T . 78 N2 /KT, &K AL 20—60cm ,60—100em + )= + 3 &7k & 57F N3
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KR BTG B 2 25 5 (B TR NO A N1 ZKSP- T HOALEE, 1 3 3 At SR B A2 2 7 41 =TT AE A Ak

XHRZ T HOK o HITH FE , 1 20 R 3K 7 o B2 N

B, Fl— MUK SE T, W1 W2 fil W3 kb3 60—100cm ,100—140cm 1 140—200em + 2 347k &
SBEMT IR, W3 43 0—20cm ,20—60cm ,60—100cm . 100—140cm + Z +HEHES /K BH EE S T WO,
W1.W2 Kb3E , W2 b B 20—60cm ,60—100cm , 100—140cm )+ 3 &7k B M & F W1 4bH, W2 4b 3 140—
200em /R HIEEKES W1 BT R E 2R, VLA B K KT K, FFIEE AR, f23F T /Nt
20—140cm + 2 3K BRICHI F . 76 N2 F1 N3 7K W1 462 60—100cm F1 100—140em - J= + 3K
BB EICTE NO A N1 KR & /KR, BRI BE A 1R T & &3 i A A A T AR BRI - IR 2

+HK 5.
*1 AEALBNNEREFHE0—200cm +E T#kySBHEI %
Table 1 Effects of different treatment on soil water content in 0—200 cm soil layer at different growth stages
phs A Hi ] Pre-winter WA Jointing

Treatment 0— 20— 60— 100— 140— 0— 20— 60— 100— 140—
20cm 60cm 100cm 140c¢m 200c¢m 20cm 60cm 100cm 140c¢m 200¢m
NO wo 19.30b 23.43a 23.69b 24.34a 25.24a 18.86b 19.19a 22.17a 23.45a 26.26a
W1 21.85a 23.44a 24.64a 23.93a 25.83a 19.48a 19.38a 22.66a 23.25a 26.17a

w2 - - - - - - - - - -

W3 - - - - - - - - - -
N1 W0 19.38b 22.97a 25.30a 25.27a 25.83a 18. 14b 18.77b 21.54b 25.01a 25.73a
w1 21.76a 22.47a 23.64b 23.84b 25.51a 19.10a 19.59a 22.96a 23.80b 25.54a

w2 - - - - - - - - - -

w3 - - - - - - - - - -
N2 wo 18.95b 22.79a 25.23a 24.95a 25.42a 16.99b 18.07a 21.51a 23.77b 23.85b
w1 21.66a 22.74a 23.81b 24.50a 25.92a 18.23a 18.18a 21.59a 24.43a 25.44a

w2 - - - - - - - - - -

w3 - - - - - - - - - -
N3 W0 20.63b 22.84a 23.61b 24.57a 25.27a 16.41b 18.83a 22.06a 24.49a 24.93a
w1 22.76a 23.27a 24.57a 24.34a 25.82a 18.89a 18.42a 21.93a 23.31b 25.45a

w2 - - - - - - - - - -

W3 - - - - - - - - - -

s FFAEH Anthesis S Maturity

Treatment 0— 20— 60— 100— 140— 0— 20— 60— 100— 140—
20cm 60cm 100cm 140cm 200cm 20cm 60cm 100cm 140cm 200cm
NO W0 12.30b 15.85b 18.33b 22.25b 24.52b 14.68d 15.46d 17.30¢ 19.43¢ 22.88b
w1 16.44a 20.74a 23.40a 23.19a 25.88a 16.22¢ 16.00b 19.39b 20. 88b 23.55a
w2 - - - - - 17.90b 19.27a 20.68a 21.74a 23.70a
w3 - - - - - 18.60a 19.67a 20.69a 21.24a 23.80a
N1 wo 12.68b 15.97b 18.80b 22.27b 25.66a 14.68¢ 14.37¢ 18.26¢ 19.01¢ 23.03b
w1 15.89a 20.17a 23.03a 23.42a 26.06a 14.23¢ 13.53d 17.90d 19.49¢ 23.87ab
w2 - - - - - 16.29b 15.96b 19.48b 20.59b 24.39a
w3 - - - - - 19.34a 20.44a 22.04a 21.24a 24.19a
N2 W0 12.28b 15.74b 17.87b 22.69b 24.72b 14.41d 13.04d 17.83¢ 18.70b 22.00c
W1 15.38a 19.01a 22.70a 23.58a 26.49a 14.84c¢ 14.59¢ 17.00d 18.30b 23.45b
w2 - - - - - 15.43b 15.08b 18.25b 21.27a 23.27b
W3 - - - - - 18.48a 18.76a 20.25a 21.79a 24.24a
N3 wo 12.63b 14.86b 17.55b 22.67b 25.07b 14.38¢ 14.07¢ 17.48¢ 17.53¢ 21.59¢
W1 15.33a 18.95a 22.66a 23.86a 26.84a 15.43b 13.66d 17.61c 18.76b 24.08b
w2 - - - - - 15.17b 15.34b 18.22 b 21.21a 24.10b
W3 - - - - - 17.86a 19.18a 20.34a 21.47a 24.83a

T « [ — B i AR R B30 B, FORAE R — FERUK T A FIMEK AL BRI L8, 22 53K 0. 05 B 7KF
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F2 FELEMNNEREFTHROFKE FAERBMEFZKENFNE
Table 2 Effects of different treatment on water consumption amount ( WCA ), module index and water consumption amount per day at

different growth stages

AT L
Planting-before winter Before winter-jointing
Trfi::im FeAK & FEABEREK H #EAK i FeAK i FEAKBER B H FEAK i
WCA Module index WCA per day WCA Module index WCA per day
/mm /% /mm /mm /% /mm
NO W0 25.9b 8.7b 0.46b 71.5b 24.0a 0.53b
W1 69.2a 18.5a 1.23a 84.3a 22.6b 0.62a
W2 - - - - - -
W3 - - - - - -
N1 W0 7.3b 2.4b 0.13b 9. 1a 31.3a 0.69a
W1 85.1a 20.8a 1.52a 68.8b 16.9 b 0.51b
W2 - - - - - -
W3 - - - - - -
N2 W0 16.0b 5.0b 0.29b 106. 1a 32.8a 0.78a
W1 74.9a 17.4a 1.34a 95.8b 22.3b 0.70b
W2 - - - - - -
W3 - - - - - -
N3 W0 24.3b 7.3b 0.43b 95.7b 29.0a 0.70b
W1 65.4a 15.6a 1.17a 106. 5a 25.5b 0.78a
W2 - - - - - -
W3 - - - - - -
R T
Jointing-anthesis Anthesis-maturity
Trfi:t}rint ForK it FERBLR B H#ek & FekE FEAKBLREL H #E7K i
WCA Module index WCA per day WCA Module index WCA per day
/mm /% /mm /mm /% /mm
NO wo 100.0a 33.5a 4.00a 101.1d 33.9d 2.89d
W1 71.4b 19.1b 2.85b 148. 8¢ 39.8¢ 4.25¢
w2 - - - 177.6b 44.1b 5.07b
W3 - - - 213.9a 48.8a 6.11a
N1 wo 80.5a 26.8a 3.22a 118. 6¢ 39.5¢ 3.39¢
W1 75.2b 18.4b 3.01b 179.3b 43.9b 5.12b
w2 - - - 206. 8a 47.4a 5.91a
w3 - - - 211.7a 48.0a 6.05a
N2 wo 74.0a 22.9a 2.96a 127.5d 39.4d 3.64d
W1 70.5b 16.6b 2.82b 182.5¢ 43.1c 5.22¢
w2 - - - 210.6b 46.6b 6.02b
W3 - - - 232.1a 47.7a 6.27a
N3 wo 79.6a 24.1a 3.19a 130.9¢ 39.6¢ 3.74c
W1 58.8b 14.1b 2.35b 187.6b 44.8b 5.36b
w2 - - - 219.0a 48.7a 6.26a
W3 - - - 225.7a 49.4a 6.45a

T« [ — BB R IR e 305 B, R 7E ] — B RUK - T R R HE K AL B ] HL AR, 22 5743 0. 05 B3 KF-

2.2 AT B HFKE FK R B0 HFEKE

K2, FA—ERKF T, WL 5 WO ZbBHAH L, /N3 B b A AT RF K B AR KR BB E TR &
i BT A B FE K B AIFE KRR B7E N1 A N2 ZKSF T 3R, 78 NO 1 N3 7K T, &R 24k 7 I FEK
BB E TR W EIF M AR AR AR R B BE IR ULIE B3 it AL H HE BRI K, B
T AR B ST HFEK R BB IK RN AT RRARA T 2T /N EFK B . R —HEREKF T, 2
2 TFAE 2 BRI REZK B RIRE K ARE 2R B ol /K B2 o o T 8 A, S5 PP 26 98 TRV 39 /K R 3 7K B L, 394 v
TFREKBIFAEIK + BESOK BE SN T /NER K I3 BITH A o
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£ NO 7K WO 4b3 i H #E7K & AR B EIIEGS ;78 N1 AKE T 3k 20 B KR 5 7%
ZRBWIN TR EES BB ES THMAEFTI B 7E N2 F1 N3 K FT, HREKEUFEZERBWRS. F
— AT, W1 W2 f1 W3 43 H K EXY U E PR 5 W2 f1 W3 b3 B335 T W1 4b3E,
W1 b3 52T WO b3, B E R, W1 W2 F1 W3 LbIEFF/E 2 sl H ik B BT, ik
HFFAE G FPRLTE IR B B /N T /K BB B2 B 4 7 WONO b3, /NER T B MM EFREK
KR BERS ; A MARMEIKFRIRE , /NEFFIEE I B FEKEIH N,

2.3 FHFEKERKDTRERIL SFEKEREHR

H# 3 AILAE W, A—HiEUKF T, K & 5 RE/K B EL B BT /K B 38 in 835 -, R K R L 3 itk &
o R 7K B 14 L 090 Bt TR 7K R ) 8 T AR AR, 0 B 338 I /K B S /N2 et SR K TR o B K-S Y
PR, B E K A3 R /K BRI K & 7 FEK B 1) L B A, itk & (5 FEK B 5 L i, N2 5 N3 K
FZETREESR, HHE AR S T/ LK R FEES

£3 FRLEMRRRFKSHRES BRKENE S EHHWE

Table 3 Effects of different treatment on the ratio of different water resource consumption amount to total water consumption amount

S| FEK R [ 7K B Precipitation HE/K & Trigation rate 4 itk & Soil water amount
Treatment WCA/mm /mm /% /mm /% /mm /%
NO Wwo0 298.5 d 128 42.9 a 0 - 170.5 a 57.1a
W1 373.6 ¢ 128 34.3b 120 32.1¢c 125.6 b 33.6 b
w2 402.4 b 128 31.8 ¢ 180 44.7 b 94.4 ¢ 23.5¢
W3 438.7 a 128 29.2d 240 54.7 a 70.7 d 16.1d
N1 WO 300.5 ¢ 128 42.6 a 0 - 172.5 a 57.4 a
W1 408.5 b 128 31.3b 120 29.4 ¢ 160.5 b 39.3b
w2 435.9 a 128 29.4 ¢ 180 41.3 b 127.9 ¢ 29.4 ¢
w3 440.9 a 128 29.0 ¢ 240 54.4 a 72.9d 16.5d
N2 WO 323.6d 128 39.6 a 0 - 195.6 a 60.5 a
W1 423.8 ¢ 128 30.2 b 120 28.3 ¢ 175.8 b 41.5b
w2 451.8 b 128 28.3 ¢ 180 39.8 b 143.8 ¢ 31.8 ¢
w3 461.0 a 128 27.8d 240 52.1a 93.00 d 20.2d
N3 WO 330.5 ¢ 128 38.7 a 0 - 202.5 a 61.3 a
W1 418.3 b 128 30.6 b 120 28.7 ¢ 170.3 b 40.7 b
w2 449.7 a 128 28.5¢ 180 40.0 b 141.7 ¢ 31.5¢
W3 456.4 a 128 28.0 ¢ 240 52.6 a 88.4 d 19.4d

T« [ — BB R IR e 305 B, R 7E ] — B RUK - T R R HE K AL B ] HL AR, 22 5743 0. 05 B3 KF-

2.4 FAA RN RREAAE

MK 4 W LAE ), R —ERKF T, RRLEM 55T + M AR + B058 7 8950 Bo B A2 B Lu ] B 7k
AP INTTE A . REAEAPRH 970 B B BERE K R A N e Tt = WA, 23 Fic L 451 B 7E 7K B A8 n i P A1
W1 AbFOFPRL 2 B AR B, Ul I8 R R K AR T K AR B T AR 1 AR 7 i, WO W2 A1 W3
TR AR [ RPRLI e 18 73 FEAN A o

BERERK B3R 5 , K AL B R ZEFT + M R + B R R BN I AR P AR iR
Se S JE AR PR M AR A BCELBIREAR . AL BEAE N2 JKF PR AR B R A, HHER
TERIER THAHHARP IR, EART S, RBUNE A EFRSE PRRARKE B, AR PR
50 B B8
2.5 AFRLLE/NEIFEIEEFRSE P AR AR A2

S5, Fl—HEUKF T, WL W2 F1 W3 435 WO ABEAH G, & Iran B MR R iz B S FPRLIY)
TR BE TR, (B2 R BEFEG W1 W2 F1 W3 L3 E & RS E AR PR B Mg R TR
5. NEEFRBERRLZEI AL STRREAE NO 7K BEHE K & 3 fin et 5 )5 FEAR, 78 N1 N2 #1
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N3 7K W Bl B 4R o BERERUKF- I3RS K AL HUE IR 4 B R R 32 B S FFRLEY
FUERFR I, (H N2W3 5 N3W3 AbEEZ BIG B E 25 . SRR SRR A& T EEEKSE AT
R EFRNE AR BXAPRR TR

x4 TELBMHBAERARESREPIEHZ M
Table 4 Effects of different treatment on nitrogen distribution in different organs at maturity

i F Leaf Z5F + M4 Stem & sheath %k + Fi5% Sa & kh ¥4 Kernel e
e AR ARHE AR AREE AR ARKA  ARE RS o
Treatment DA/ Dp/ DA/ Dp/ DA/ Dp/ DA/ Dp/ 1
-1 -1 1 -1 /(mg-stalk =)
(mgestalk ") % (mg-stalk =") % (mg-stalk =) % (mgestalk ") %
NO Wwo 0.9 ¢ 3.06d 1.40 d 4.55 ¢ 0.98 ¢ 3.19a 27.44 ¢ 89.19 a 30.76 ¢
w1 1.17b 3.10 ¢ 1.74 ¢ 4.58 ¢ 1.05b 2.78 ¢ 33.90 a 89.53 a 37.87 a
w2 1.25 a 3.37b 1.90 b 5.12b 1.15a 3.10b 32.82 ab 88.40 b 37.13 a
W3 1.26 a 3.5l a 2.13 a 5.94 a 1.18 a 3.30 a 31.30 b 87.25 ¢ 35.87b
N1 Wwo 1.31¢ 3.37d 2.05d 5.29d 1.19¢ 3.07d 34.28 ¢ 88.27 a 38.83 ¢
W1 1.56 b 3.57 ¢ 2.49 ¢ 5.72¢ 1.50 b 3.45¢ 38.04 a 87.26 b 43.59 a
w2 1.64 a 3.82b 2.84 b 6.65b 1.50 b 3.50 b 36.79 b 86.03 ¢ 42.76 a
W3 1.69 a 3.90 a 3.15a 7.29 a 1.62 a 3.74 a 36.74 b 85.06 d 43.19 a
N2 Wwo 1.51¢ 3.43d 2.44 d 5.53d 1.31¢ 2.97b 38.77b 88.06 a 44.03 b
W1 1.77b 3.57 ¢ 3.19¢ 6.45 ¢ 1.79 a 3.62 a 42.69 a 86.36 b 49.43 a
w2 1.83 a 3.78b 3.24)b 6.70 b 1.77 a 3.66 a 41.52 a 85.85 ¢ 48.36 a
W3 1.88 a 4.17 a 3.38a 7.47 a 1.66 b 3.67 a 38.31b 84.70 d 45.23 b
N3 Wwo 1.53b 3.58¢ 2.65¢ 6.20 d 1.42¢ 3.31¢ 37.20b 86.91 a 42.80 b
W1 1.56 b 3.35d 3.53b 7.58 ¢ 1.79 a 3.86 b 39.64 a 85.21b 46.51 a
w2 1.98 a 4.54b 3.61 ab 8.26 b 1.69 b 3.87b 36.38 be 83.33 be 43.66 b
w3 2.05a 4.85a 3.74 a 8.84 a 1.78 a 4.22a 34.69 ¢ 82.08 ¢ 4.27b

Note: Sa & kh = Spike axis and kernel husk;
TE : [l — B 5 WA R e 30T 8, R TE R —HE UK TR IR K A 20 8] LU, 26 573K 0. 05 B3 K
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Table 5 Effects of different treatment on nitrogen translocation from vegetative organ to kernel after anthesis

BB E A FRABRFRL FFIEWRRE EFRSERAR BERHEEAR EBRdEiAzRkicE
Abp AR RER AR RER MER i iz R PURES INL &S
Treatment NAAVOM NAAKM NAAA NTAA NTE CNTAK
/(kg+hm~2) /(kg+hm~2) /(kg+hm~2) /(kg+hm~?) /% /%
NO Wwo0 13.21 b 115.50 ¢ 95.18 b 81.97 b 86.12 a 70.97 ¢
W1 20.51 a 147.44 b 133.30 a 112.79 a 84.61 b 76.50 a
w2 20.81 a 156.01 a 135.22 a 114.41 a 84.61 b 73.34 b
w3 21.21 a 153.62 a 135.09 a 113.88 a 84.30 b 74.13 b
N1 Wwo0 21.87 b 161.11 b 130.64 b 108.77 b 83.26 a 67.51 ¢
W1 32.01 a 181.26 a 167.64 a 135.63 a 80.90 b 74.83 b
w2 32.39 a 181.88 a 170.02 a 137.63 a 80.95 b 75.67 b
w3 33.30 a 176.00 a 170.87 a 137.57 a 80.51 b 78.17 a
N2 Wwo0 29.02 ¢ 178.27 d 160.72 b 131.70 b 81.9%4 a 73.87 ¢
W1 39.91 a 202.26 a 191.70 a 151.79 a 79.18 b 75.05 ¢
w2 39.80 a 191.02 b 189.72 a 149.92 a 79.02 b 78.49 b
w3 38.10 b 180.93 ¢ 188.62 a 150.52 a 79.80 b 83.19 a
N3 Wwo0 32.28 d 180.61 ¢ 168.45 b 136.17 b 80.84 a 75.39 ¢
w1 41.54 ¢ 193.48 a 195.40 a 153.85 a 78.74 b 79.52 b
w2 44.25 b 186.95 b 196.83 a 152.58 a 77.52 be 81.61 ab
w3 46.53 a 179.57 ¢ 196.59 a 150.06 a 76.33 ¢ 83.56 a

Note: NAAVOM = Nitrogen accumulation amount of vegetative organ at maturity; NAAKM = Nitrogen accumulation amount of kernel at maturity;
NAAA = Nitrogen accumulation amount at anthesis; NTAA = Nitrogen translocation amount after anthesis; NTE = Nitrogen translocation efficiency;

CNTAK = Contribution of nitrogen translocation amount to kernel

T [ — BB 5 R ) e 307, 3R 7E ] — M RUK 7 T ORI HE K AR ] Hu 4%, 22 57¢3% 0. 05 B2 /K P
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Fig.1 Effects of different treatment on soil NO;-N content in 0—200cm soil layer at maturity
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WM. ABIFORR, R —RBAMT /DRI LG BFK R FEKEE R EON B FE/K B R K & A3
&, (B B K B R ISSTH RS BRI ARAMTRY PR B 5T E)G B AK B2 B3 4k
F(y=926.4+2717.2 x-269.8 «°, r = 0.6108, P <0.05, df =15),iiHA7E)G B AEK R IHIE MR AT

®6 TRAMENFHE.ZARSE.EKEE ASFALERARFIAELHZM

Table 6 Effects of different treatment on grain yield, protein content, irrigation efficiency, water-use efficiency and nitrogen utilization

efficiency
T C & FAR
R T SR . o Fin N | KM
Treatment NAA/_Z Crain yle_I;i/ WA Grain protein up.ta ke lfse efficiency/ WEJZE/ »
(kgehm~=*)  (kg-hm~?) NHI content/% efﬁclen(i}:/ eﬂimemi)lr/ (kgrhm 2 ) (kg+hm ~%mm ~1)
(kg'kg™)  (kg-kg™)

NO Wo 128.71 ¢ 5941.7 ¢ 0.897 a 11.08 b - 46.2a - 19.91 a

w1 167.95 b 6832.5 b 0.878 a 12.30 a - 40.7b 7.42 17.87 b

w2 176.82 a 7183.0 a 0.882 a 12.38 a - 40.6b 1.95 17.85 b

w3 174.82 a 6900.0 ab 0.879 a 12.69 a - 39.5¢ -1.18 15.72 ¢

N1 Wo 182.98 b 7514.1 ab 0.881 a 12.98 b 1.52b 41.1a - 25.01 a

w1 213.27 a 7658.8 ab 0.850 b 13.49 a 1.78a 35.9bc 1.21 18.74 b

w2 214.27 a 7748.1 a 0.849 b 13.38 a 1.79a 36.2b 0.50 17.77 ¢

w3 209.29 a 7425.4 b 0.841 b 13.51 a 1.74a 35.5¢ -1.34 16.84 d

N2 Wo 207.29 d 7711.7 b 0.860 a 13.18 b 0.99¢ 37.2a - 23.83 a

w1 242.17 a 8187.3 a 0.835b 14.08 a 1.15a 33.8b 3.96 19.32 b

w2 230.82 b 7769.5 b 0.828 b 14.01 a 1.10ab 33.7b -2.32 17.20 ¢

w3 219.03 ¢ 7381.8 ¢ 0.826 b 13.97 a 1.04bc 33.7b -1.62 16.01 d

N3 Wo 212.89 ¢ 7787.3 ab 0.848 a 13.22 b 0.71b 36.6a - 23.57 a

W1 235.02 a 7819.2 a 0.823 b 14.10 a 0.78a 33.3b 0.27 18.69 b

w2 231.21 ab 7584.6 ab 0.809 be 14.05 a 0.77a 32.8¢ -1.13 16.87 ¢

w3 226.10 b 7269.7 ¢ 0.79%4 ¢ 14.00 a 0.75ab 32.2d -1.31 15.93 d

Note: NAA = Nitrogen accumulaiton amount; NHI = Nitrogen harvest index; WUE = Water use efficiency

T « [ — B i AR R B30 B, FORAE R — FERUK T A FIMEK AL BRI L8, 22 53K 0. 05 B 7KF

BB I K B, A R TR KR 7, i 2K R BORPRL= B AUK MR A B AR, H
A [7) 3 X3 B PO SRR S R K BN R] o A B SE SR A L BE R R K + 31K + T AE K Ab 3 A 7=
B THEBRIK + JK A TIE AR JB DN A 5 9 R /K B 228. Smm (9461, (8RR
K IIALIR SHMAK + RVTK AR BB E 2R, A BEE TALK + ATk + FFEK LTS
ARIGTE AR FEM /N ZE A B A K & 128mm, JFIEH 2 AR K & 67. lmm 45 4F T, NO Al N1 /K-
HEBRIRIIK + SAT7K + TFAE/K B AL B AR ™ B4 55 5 N2 A1 N3 7KF T HEBRRAE K + 3575 7K B4k B kL=
B, SRS N K BB BRI . UHE B UK B2 MK 2 s, T BL-5 AR e F B A7 7R
B RO, 3 B AR PR T LUK PRI KOS X RPRL ™ BB R, (& B AR = T /N2 % LIk 9 1 A B
J1, AR T X B SRR AIHE AR RO o

— AR, BRI AR R A 2 B RS A R B ™ B AR, S A T BRI AERZE L
BB, AR R BRI . AR R R, B AR, R E RO S AT RE
EH N DTS A R B SRR A ' o Arregui Al Quemada BFFTINy, MK A& RAT
ARG REIE L RARBRMEERE™ NEEFTYHAKLZ, HF 14%—26% M AEIEBMRGEH N
REEALRZ 8, ARBIR BB ER I AR5 R R, 58 28 I K R R T /N3 % 0—60em + )2
TS RABAAA 325 T 100—200em /2 ISR E; MIER/KF T, BERE KR 5958 0 - 350
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