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Abstract; A 2-year field experiment was conducted to determine the effects of nitrogen fertilizer rate and irrigation amounts
on grain yield, nitrate accumulation and nitrogen balance on sandy farmland in the marginal oasis in the middle of Heihe
River basin. Experimental treatments included three irrigation levels ( conventional irrigation: 12000m’ hm >, 10%
(2006) or 12.5% (2007) water-saving irrigation, 20% (2006) or 25% (2007) water-saving irrigation) and five N rates
(N1, 0 kg hm™*, N2, 150 kg hm ™, N3, 225 kg hm >, N4, 300kg hm >, N5, 375 kg hm*). Nitrogen fertilizer

application increased maize yield by 48.22% — 108. 6% compared with no nitrogen fertilizer treatment. However, maize
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yield, N uptake and use efficiency in total aboveground biomass and in grain did not increase significantly at N rates more
than 225 kg hm . There were three peak values of NO, -N content in the 0 —20 cm, 140 — 160 cm and 260 — 300 soil
layer as affected by soil texture and the peak values increased with increased N rates. Irrigation amount obviously influence
NO, -N accumulation in soil profile. The NO, -N accumulation in the 200 — 300 cm layer was generally higher under
conventional irrigation level than under the two water-saving irrigation treatments. However, NO, -N accumulation in the 0
— 100 layer was higher under 20% —25% water-saving irrigation treatments than the other two irrigation treatments. The
result indicated that more amount of NO, -N was leached into deeper soil layers under conventional irrigation amount. The
NO, -N concentration in the 0 —200 cm depth under no N fertilizer treatment was significant lower in 2007 than in 2006.
The amount of NO; -N accumulation in the 0 —200 cm depth ranged from 27. 66 kg hm to116. 68 kg hm ~ and the amount
of apparent losses ranged from 77.35 kg hm "> to 260. 96 kg hm >, which had significant and positive correlations with N
fertilizer rates (R*: 0. 788 and 0.987). With the increase of application rates, total N uptake and N harvest index
increased, but N use efficiency decreased. It is concluded that 10% —25% water-saving irrigation and N fertilization with

225 kg hm ~? could improve irrigation water use efficiency and thereby reduce potential N leaching on sandy farmland.
Key Words: maize; yield; irrigation; nitrogen rates; nitrogen balance
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BT 2006 ~2007 4 BE7EH E R B I P P Bl T St 75 vt 25 -6 I S 61T , B 58 o 67 F 2R3 v i
R T PG AE R PP Bl B B U BT 1 SE (JEh 39°247 7R 4 100°217, ¥4k 1 350m) , il JL 4Rk i & 4k U 14 37t
BEY RIIDGEM X SRMSNED I 5 e . HARURIR T R R T 2%, 4 F KRy 116.8
mm, %] 60% KIFEFISE F7E 7.8.9 H o 7&K R 2 390 mm, SFHRIE 7.6 C, {Fis 39. 1 C, &MEH
-27.1 C, T/ 165 do itk LN IER T8 4, SRR p BRI s th TRIANDRER, & 7 Ak
Mo A RD BB L s X AT BA G , 8 I Bk R AE AR, T R 9 B A ., SR AR H AR
FEFART o 1S AR BE R D & , BEA TR ISR 1,58 2
1.2 A%t

R R AR X B, A B, 5 3 /K B 2 oK HLEE 12000 m® hm > (W1) (57K 10%
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F1 A+ EEER
Table 1 Soil physical properties of the experiment field

. 3k 444347 Soil particle size distribution (% ) AE FH ] 47K
;lzi)lz depth (cm) #b%; Sand BB Silt Fik: Clay Bulk de:sity Filed wa.ter holding
2 ~0.05 mm 0.05 ~0.002 mm <0.002 mm (gem™) capacity (%)
0~20 84.5 11.4 4.1 1.43 20.93
20 ~40 91.3 4.3 4.4 1.55 22.46
40 ~60 93.4 3.6 3.0 1.56 20. 60
60 ~80 90.8 5.6 3.6 1.55 22.26
80 ~ 100 90.0 5.3 4.7 1.55 22.32
100 ~ 120 90.8 4.9 4.3 1.56 21.48
120 ~ 140 89.9 5.5 4.6 1.57 20.79
140 ~ 160 79.0 14.2 6.8 1.61 22.11
160 ~ 180 91.0 4.3 4.2 1.58 27.98
180 ~2009 94.4 2.4 3.2 1.57 21.01
F2 R REAEFEER
Table 2 Soil chemical properties of the experiment field
T2 FHLER 2R £ el AR R Rk A
Soil depth Organic matter Total N Total P Total K Available N Olsen P Available K pH
(em) (gkg™") (gkg™") (gks™") (gkg™") (gkg™") (gkg™") (gkg™")
0~20 6.02 0.43 0.37 16.7 32.5 8.55 108 8.80
20 ~40 1.96 0.17 0.26 16.7 16.2 1.50 100 9.01
40 ~60 1.59 0.13 0.26 16.7 20.4 1.50 75 8.94
60 ~80 1.28 0.12 0.26 16.7 18.3 1.55 75 9.00
80 ~100 1.02 0.12 0.26 16.7 17.4 1.85 83 8.96

JE K 10800 m® hm ~2 (W2) FIF57K 20% HEE 9600 m® hm > (W3) , Z BV B I B K, B/ MME K 2 R
WEEE /N, 2007 AE46 78 165 52 R 2 Oy 4 MLV R 7K S 12000 m® hm > (W1) \F57K 12. 5% % /K F 10500 m® hm 2
(W2) \Fi7K 25% HEWEKF- 9000 m* hm ™ (W3) , 7K 52 I HE /K A A K R R I Ak 38 RUAE it
BB E ST R S AR AL HE B ASH ZUE (N1) (% 150 kg hm ~>(N2) (4% 225 kg
hm 2 (N3) i % 300 kg hm ~>(N4) \ji% 375 kg hm >(N5) . FEIX P FEYLHES],3 IRE A, 3£ 45 /X, /D
X A 4m x Sm =20m’ , X5 FABEAE 40 IE R 4% HE A &4 - P, 0,-K,0-ZnSO, = 150-150-15 kg hm >, % . B 47
FESM 3N R E (N 46% ) S BEBRES (P,05 14% ) FIFERSR (K,0 45% ) , BEIE N B BRSE. RUIE 173 fERIE, 55k
PR —E TR AT ST /NX G FERBHE A T ,2/3 YEIB AR, 315 5 A0 A 3 2 5 406 F stb o, B o
IKMEA o BEHRE KGR0 ER 2 958 ,2006 4EF 4 A 20 Hi%FH,9 A 25 Hikak,2007 £ R A4 51 K
4 422 BM9 HA19 H,
1.3 HEMRESST

FKRUCHR G F 55K 4E 0 ~ 300 em G HIHTEE 4 (2006 452 0 ~200 em) , B/ B 3 4, 3 BUREE IR
SZRA ARG, LIS EISR R - 4CHKAE P EMSASE, HHEMSAM2 ml L'
KCL 2 #2 , J7E 220 nm 1275 nm P K T HLEMERLSET .

TR Fh TP R 5 T0C M BEE R R E IS LR TYE, HRRBd s, A H,S0,-
H,0, 52 , 9L EC I I i MR ARPRL 2
1.4 FdEsHr

13 NO, -N HERE I :

43 NO; -N FlE & (kg hm *) = LJ2JEE (em) x THERE (g em ) x 13 NO; -N &8 (mg kg ') /10
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AETLEBELAXEYRAR SRKATE LR EHLE G-, f TR % B A
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BB A P H B R KRR L .

RFVIRE = RAR - Bl = GERE + RETHIE + Z1k) - (FElk + TR TH A=)

RS = AR AR 2B/ Mk n AR B

BIEREF R = GEAX & - AKX &) /Mg

i b AAERRRAEACR IR (% ) = (EA X H E3A AR B & - PEAXH EHA AR ER) x100%/
MR

FrBL AR A R = (AXMRAFRER - MEAKIRARER) x100% /A E"™

WKL S) = TR (k) /HEWE R (m’) '

L 3EEI T NO; -N ks (kg hm ) = BRI IR LIRS A A BFE (kg hm?) - AR B M EH
B (kg hm?) 1"

S SPSS {4 LSD 1k HEAT Ak BESE- H B ] B 75 22 /3T R S HERR 36
2 HREH
2.1 KAFRANHER= R F

MFE 3 T H,2006 4F , 3 S A S B AR B B FOK = B, T o MR S A9 /S M 2R 7= B A

3 2006 ££7502007 ERRERMERKFEEXRTE

Table 3 Maize yields under different irrigation and nitrogen fertilizer application rates

WAL EE  RUEALB 78 grain yield (kg hm =) FEFFAY)4E straw biomass (kg hm™2) REWEAK AT S WP (kgm™3)

Lirigation rate N rate 2006 2007 2006 2007 2006 2007
W1 N1 6178 £204 a 7251 £149 ¢ 5370 £105 ¢ 5635 +122 b 0.51 £0.02 d 0.60 +0.01 ¢
N2 11602 +402 b 11530 +440 b 6550 £361 b 6351 £382 b 0.97 £0.04 ¢ 0.96 +0.04 b
N3 12885 +449 a 12103 +3 ab 6438 £330 b 7054 +460 ab 1.01 £0.02 b 1.01 £0.01 ab
N4 13560 +364 a 12069 + 105 ab 7488 £233 a 8711 +370 a 1.13+0.03 a 1.01 £0.01 ab
N5 13693 +893 a 13124 +65 a 7804 £199 a 8338 +168 a 1.14 £0.08 a 1.09 £0.01 a
w2 N1 6995 +367 c 8144 +532 b 5265 £53 d 5449 +182 b 0.65+0.03 ¢ 0.75+0.05 b
N2 12013 £355 b 11698 +58 a 6258 £25 ¢ 7604 +360 a 1.11 £0.03 b 1.08 £0.01 a
N3 13131 +586 a 12186 +209 a 7898 +124 a 8795 +612 a 1.22 +0.06 a 1.13£0.02 a
N4 12431 +245 ab 12252 +692 a 7507 £156 b 8754 +121 a 1.15+0.04 ab  1.13+0.06 a
N5 12371 +420 b 12102 £163 a 7562 £300 ab 8217 +222 a 1.15+0.04 ab  1.12+0.02 a
W3 N1 7339 +485 b 6908 +389 b 5235 £246 ¢ 5307 +158 b 0.76 £0.05 b 0.72£0.04 b
N2 12254 +624 a 9830 +808 a 6612 +419 b 6792 +103 ab 1.28 £0.07 a 1.02 +0.08 a
N3 12922 +96 a 11946 +499 a 7653 £361 a 8336 +389 a 1.35+0.01 a 1.24 £0.05 a
N4 12158 +424 a 11094 £167 a 7199 £186 a 7716 £452 a 1.27£0.04 a 1.16 £0.02 a
N5 12627 +834 a 11818 +334 a 7501 £247 a 7812 +448 a 1.32+0.09 a 1.23£0.03 a
- Mean
HE R w1 11583 a 11215 a 6371 a 7218 a 0.97 ¢ 0.93 b
Irrigation w2 11388 a 11276 a 6898 a 7764 a 1.06 b 0.99 ab
W3 11460 a 10319 a 6884 a 7193 a 1.20 a 1.07 a
A N1 6837 ¢ 7434 ¢ 5290 d 5464 d 0.64 ¢ 0.69 ¢
Nitrogen N2 11956 b 11019 b 6474 ¢ 6916 c 1.12 b 1.02 b
N3 12979 a 12078 a 7330 b 8062 b 1.21 a 1.13 b
N4 12716 a 11805 ab 7398 ab 8394 a 1.18 a 1. 10ab
N5 12899 a 12348 a 7622 a 8122 ab 1.20 a 1.15a

[ — 3t AN [ K 7 T e L AL BE AN AL B B (MR EAR FEERARZF B In each section, means followed by a

different letter within a column are significantly different at P < 0.05
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{H 3 AEBRALBE 2 7] K™ BIF L B F 2R, RAETE R — ALK F T A R BEAL 2 2 )7 B R L — €
S (HHOSFBEEAR B, FE R A VUIEFI#E SR E  BRAE R R b, it PR RUIE R B S 3 38 7= 3800, it
150,225 300 kg hm #1375 kg hm 2, -3 B8 A A AL B 4 HI 35 0 74. 8% 108. 6% ,98% #1 101. 4% , s
% 225,300 kg hm 1 375 kg hm b2 RO B3 I ZUE B i 225 kg hm A, = BN T B 5300,
b b FARFEFE A BRI SRR B A AH [R] B T A AR RO

2007 4F, FR= B SRR H B A S FACAL 3, 7= 8 B AR 0 197K 25% B AT RAE L3, 3 4>
TEWRAL R E] K B T B 225, 12. 5% 5 /K HE R AL B2 (Y TN i B AL 3 S {8 = T AR AL 3, it A
150,225,300 kg hm > 1 375 kg hm 2, S35 7= B 5 A i & 4 3 20 5] 34 B 48. 22% . 61. 66% , 62. 47% Fii
66.02% , ATEANCAET , & s EHEBAPRL™ BI8T 12. 5% 1K HE AL, W7 FIE BT, %
WAL FE 7= 85 T 12. 5% T3 /K FEBE AN 25% Fi /K FEBRAL IR, RIUE T B B R

FRFEWE K A= I F2EBN7E 0. 51 ~ 1.35 kg m ™ Z [A] ,2a MR B0 45 S 35 3% WA ME W /K 26 7= ) it 22U 1Y
S o i 8 o, L e TR R ) P s
2.2 JKAMEXNHHIEHESA S EMRERREN

M 1 7] LA H,2006 45, 2403 0 ~20 em + 2 HIRAHAS A & B i B FEE A = B3 i g in, 5 HLHE
BAFHEESRASTE R T KEBRALHE, 40 ~140 cm L EHERASEEME A5, & RR RS
AGEYMIAEZ LRI, 76140 ~ 160 cm )2 H HHS A& BWE(E, 725 AR BK P, i A &l 225
kg hm ) 3 Mli A EMS A S BE S, WA ALEZERE —EBNB R, M AR KT 225 kg hm * H

——NI -8-N2 —— N3 -9--N4  -%-N5

AR A & NO;y™-N content (mg-kg™)
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Fig. 1 NOj; -N concentration in soil layer under different irrigation rates and nitrogen fertilizer application rates in 2006 and 2007
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MRS BRIEZZRMIEEAAE, 540 ~ 140 cm +EHEMER K ETK 10% HEHAFET,5 4
TERAL BEAE Z IR RS RS BB , (A5 AL 2] 8] 22 AR/ E 557K 20% HEBRKF T, % L2 I 3%
AR S RIEERR , W 2GR R mgin, 720 ~200 em + 2, FEiGA R KGN, MSANRREE
AHIEEE (R 4) A FHEBRKFA RS R PR B W B , 3R a7 B8 P k> T
MARZR LSRG IR E 760 ~200 em HERBHHESAZSEFPLEO ~100 em T2, X FEFZ
iﬁ%ﬁ‘?ﬂﬁﬂﬁﬂf Wi o A [l e R AL BEF- 2, 57K 20% RFEBRALFE 0 ~200 em LEHERARREN 72.2 ke

2, HEHI7K 10% AbFRANH AVE AL 4. 6% 1 13.7%

F4 2006 £ 2007 £ R FEBEMMERAKTF T L3 NO; -N EHEHRRE (kg hm ?)

Table 4 NO; -N concentration in soil layer under different irrigation rates and nitrogen fertilizer application rates in 2006 and 2007

+JZ Soil layer (cm)

Rl HEBLAL S ﬁ‘leEl‘ridt:e}E IEH?{;'J ? (‘;i);m E.H?f;'] ?(‘;?():m 200 ~300 Ijjﬂ?ﬁ“] ? (‘;?():m 0 ~300
Year Irrigation (kg hm -2) 0 ~100¢m Percent of 100 ~200cm Percent of cm Percent of 0 ~200cm cm
0 ~300cm 0 ~300cm 0 ~300cm
2006 w1 0 26.24 - 20.29 - - - 46.53 -
150 34.10 - 23.37 - - - 57.47 -
225 43.29 - 29.56 - - - 72.85 -
300 36.22 - 28.96 - - - 65.18 -
375 41.42 - 33.53 - - - 74.95 -
w2 0 36.37 - 27.88 - - - 64.24 -
150 36.37 - 29.30 - - - 65.67 -
225 41.30 - 30.01 - - - 71.31 -
300 41.42 - 26.04 - - - 67.45 -
375 48.32 - 26.56 - - - 74.88 -
w3 0 33.11 - 20.58 - - - 53.69 -
150 37.67 - 29.78 - - - 67.46 -
225 41.55 - 24.57 - - - 66.12 -
300 38.35 - 44.03 - - - 82.38 -
375 41.49 - 40.35 - - - 81.84 -
2007 w1 0 17.85 35.57 9.81 19.54 22.53 44.89 27.66 50.19
150 32.18 41.46 24.05 30.98 21.39 27.56 56.23 77.62
225 33.87 33.93 28.18 28.22 37.79 37.85 62.05 99.83
300 37.85 28.25 40.18 29.99 55.95 41.76 78.03 133.97
375 41.82 24.70 39.69 23.44 87.83 51.86 81.52 169.34
w2 0 22.06 35.10 18.12 28.83 22.68 36.07 40.18 62.86
150 30.48 34.94 25.04 28.70 31.71 36.36 55.51 87.22
225 39.63 32.32 43.11 35.17 39.85 32.51 82.74 122.59
300 37.04 28.34 37.48 28.67 56.20 42.99 74.52 130.72
375 42.21 31.56 36.96 27.63 54.60 40. 81 79.17 133.77
w3 0 26.88 38.07 18.28 25.88 25.45 36.05 45.16 70.61
150 40. 80 37.38 33.29 30.50 35.05 32.12 74.09 109. 14
225 45.68 36.43 35.34 28.18 44.36 35.38 81.01 125.38
300 49.53 32.94 40.77 27.11 60.06 39.95 90.30 150.36
375 63.30 36.41 53.38 30.71 57.17 32.89 116. 68 173.85

2007 (&1 1) , AL B0 ~20 em H/RFHAE RS EARRER , HLHEHE R E A3 g i, 5 ALK
SRE BT IKEBALE, HA5K 12. 5% HEBALEE + e S A& B OURT 57K 25% b3 . 5 2006
SERIEL, AHE AL EE 40 ~ 140 em = 396 AH A RO B R, I HE 2804 22 B S 6 A , T EL 4 s 8 B 8 R 2 1Y
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W A8 . 7E 140 ~ 160 cm +EHKARFFEMB A S EIE(E, BT AL FHIE(E L 2006 R Z 50, H
BILRNEAL FRIEEEREA B L 2006 4538 = | T LA 1) 155 3 A2 W TR 2 s it B B 8, Bt v PO VR Ak
PRE(E RS . NFEAT T R H IR AL T A B, 2007 4F LIRS A & B A )2 M 200 cm
FNZE 300 em, A5 R F B (1) ,7£ 230 ~300 em +EH HEMSRSEEIEE, HHERSASEN
VEE R R A B A3 I TS 0 , SR R R AL TR P e IR AL 3 . #E 0 ~300 em £ 2, HIERAA
AR R B A VEE R B R I R P B T R A (K 4) , HoHr 200 ~ 300 em 2 HIRFHES AW BRI S
ELAI A .5 F 0 ~ 100 em £ JZH1 100 ~200 em + )2, it R & FVEBE R AR AT 5 HLAIMR S . B, i IR B A0
T A , T o - S 25 UM T B
2.3 JKEFEA XU 13- KA R R R A R

YR AL E R E R A SNES, 8 A PRI TE T 2007 FEERAEFTHHBRARFH(ES).
R A BFEEE LG HIETHARMET L 3 F5 ; 2% B A FEEY R 58 B TTHL A MR K 3 #4, K
AR S AU A B R SRR RN 7% B8 TEAL R g 2 22, 15 45 A0 B AR R AR X 5 % HR A A 481 25 B
B, CPIHER) N P rh 5% B OHLR F LA NO; -N & ks ™ .

ZREWEYIR R A RF A IR AT, ERE AR K VLA EZ R E X 0 ~200 em ¥R
. NEFLE S, ARSI AT T & plEm, T H% 8 SRR UAE 2N, HIRARY i
I ERBTHA R SR, 15 H S HLA BN T 139.06 ~185.57 kg hm 2 i), Bl i A B W0, EW AR
FRR BN, T R 2% B AR R 38 0, R IS SR A B T A RO AR BRI TR RE H R i
KRR, YFERENSEREAE, FWBR KT FE R AR EN . BRAHRLH, K& ETHLA
B ER BRI BTN, 25 5 vk AR R 1 B T K IR R TS 4

®£5 2007 EERARFHE (kghm™?)
Table 5 Nitrogen balance of grain

Wi H Item
WAL B U AP (A) &% A Nitrogen input (B) A% H Nitrogen output

Imrigation rate N rate (1) %0k Nitrogen (2) JRIFTEHLE (3) b (4) el (5) REIHA  (6) FUWBIK
fertilizer rate Initial Nmin ~ Net mineralization Crop uptake Residual Nmin Apparent losses

w1 N1 0.00 46.53 92.53 111.41 27.66 0.00

N2 150. 00 57.47 92.53 141.21 56.23 102.57

N3 225.00 72.85 92.53 163.41 62.05 164.92

N4 300. 00 65.18 92.53 193.82 78.03 185.86

N5 375.00 74.95 92.53 202.67 81.52 258.30

w2 N1 0.00 64.24 90.08 114.14 40.18 0.00

N2 150. 00 65.67 90.08 168.42 55.51 81.82

N3 225.00 71.31 90.08 226.29 82.74 77.35

N4 300. 00 67.45 90.08 187.91 74.52 195.10

N5 375.00 74.88 90.08 199.83 79.17 260. 96

W3 N1 0.00 53.69 104.09 112.62 45.16 0.00

N2 150. 00 67.46 104.09 151.43 74.09 96.03

N3 225.00 66.12 104.09 178.12 81.01 136.07

N4 300. 00 82.38 104.09 169.13 90.30 227.04

N5 375.00 81.84 104.09 206.98 116. 68 237.26

MR RA, ERES HRHESA RN ERE B EAMRR, R E A L REER R REL M
1A, HUHEWE \12. 5% 157K HEBEK V- F1 25% T /K HEBEKF- R* 435314 0.97 0. 79 F10. 96,

ARRMM R AIHE RS AL FHERMEE MR, AR R K BRI R R ko
i, RBERERR WA 12. 5% T KB K- 25% F5 7K HEBEKF R 43514 0.99.,0.90 F10.91,
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2.4 0~200 cm HIEFHIHHSARKE

TR ERE H NO, -N kR &, IR AMES A BHEMN L ARBHASABRHENEE, HTE
B, VEE K 2 At AR X - 3 T NO, -N (R R B — €M, 0 ~200em H1L4 0 ~20em +2HSRARKER
KBRIZRFARLE 100em +JZ LU WA FHZIRFEMS R MR, HH K & — R8N, KER 5 R
g RS A BREA TR, M E K 225,300 kg hm 2 F1 375 kg hm 2 (5 ZUEAL 8 + AR A B E
RIS B B, RARE LIEWES A RE LIRS . AHEELHE HIEMS AR B, LIEREEREBR
RERRARHIA B Ry &AL BT AT BN, X FE R ROV A R RS2 A A 7 Rt E 5
BB Ak, T 3 FB 43 R IE B AE YRR —3 43, B Bk 8 2% , BT A LR SRR B3R, i
FABALFEI B FHEAE A I8 T AR AR i 2 B 7E Ak B

RS AR S B B K R B B A R A, iU 375 kg hm T AT K 25% WEIEALFE O ~ 200
em HARERMLE R -34.87 kg hm K LR NS A BBUEN /N 34. 87 kg hm ™, T % HLHEBE A1 7K
12.5% AbHEIR SRR - 6. 56 kg hm 1 —4.29 kg hm ™% | i A2 RBUE A3 A B/ FH57K 25% HE AL, 1R
KBEMSAMMKIBEZE0~200 cm +ZPUTF,
2.5 JKEECA XU R R E WA 80

2007 FA RO IR AR A5 BN TE 111,14 ~226.29 kg hm > Z ] (£ 6) , 76 3 MEB/KE T, it A &
IS, B R B N B S Tk 25% BEBRAL B B KB B, b 184.74 kg hm ™, HLiK 12. 5% #E 1%
A PN FHE BEAL 3 433 3.20% 1 13.69%

®6 2007 FRFEPKAERAI D ERARFIAERZM

Table 6 Effects of nitrogen fertilizer rates and irrigation rate on nitrogen using efficiency

e S E -y . ﬁﬂﬂlﬂi?ﬁﬁ ﬁ]ﬂﬂﬁi“ﬂﬁi% b bR R FPRLANE
Treatment Total N absorption N harvest index Agronomic efficiency of N % e F % PRE WA GRE
(kg hm~2) (%) fertilizer (kg grain kg~!) (%) (%)
WIN1 111.41 37.79 - - -
WIN2 141.21 42.65 28.53 19.87 12.08
WIN3 163.41 44.96 21.57 23.12 13.94
WIN4 193.82 41.82 16.06 27.47 12.99
WINS 202.67 44.34 15.66 24.34 12.73
W2N1 114.14 39.12 - - -
W2N2 168.42 42.14 23.70 36.19 17.54
W2N3 226.29 44.91 17.97 49.85 25.32
W2N4 187.91 37.88 13.70 24.59 8.84
W2NS5 199.83 43.04 10.56 22.85 11.03
W3N1 112.62 43.59 - - -
W3N2 151.43 41.07 19.48 25.87 8.73
W3N3 178.12 35.48 22.39 29.11 6.27
W3N4 169.13 39.16 13.96 18.83 5.71
W3N5 206.98 47.96 13.10 25.16 13.38

R B R AT BAEABAR N RRTERPRLH 953 , JEL (8 R 10 IR R R A ) SRR LR ) 20 A Bl
B o AUHHEECF YA E 35.48% ~47.96% Z[A] , 7E 3 MEMALHE h , iEARART 225 kg hm B, AL
HAEBUA BEME AR B A S, (B AR R 1 225 kg hm 2B, FUKCHR IR B0 s £OR BT B, B A AR
o RUBRIEEOR [l R AL B33, H HLHEBE T 7K 10% JE Bk 40 B A T3 7K 20% FEBEALBE 53 51 0 43. 44% |
42.00% 71 40. 87% , BEHEBE B HiD , RUFRAE B0 o

RUAEA A R R AL ZREVE Y ™ B B, A RE R BAEM BRI BA 2 DR T &5 &, B
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FINRE R P30 as o T b SR AR JRUME IR MAC AR P 25 R S0 JES 1 D 5 ) 2 5 B o7 SR B AR R AR R AR AR
LR, T RE Rk E3R RAR B AR R BB A STk, HE R S A S R B3R

Y KPR B 5, B SRR R B R AR AR A . K 6 BB FM, RIRARFEFI R 1y
ARHAE 10.56 ~28.53 kg kg ™' Z[6] , - Bt U RO AN T PR o 17 b _E SEAR AR SROAE IR MACR 23R AR AR
R BINT 18.83% ~49.85% F1 5. 71% ~25.32% 2 6], R HH “R-F-K " 4 5 925 bt
e, Witi & 225 kg hm 2B UEY 97 BB N, AP R R AWl Bt AR B A, ST M
BRAFPRLG R WCRE 7780 F Mo TS [t SR P-4, 3 MLTRE R Acb 280 JRUME A 2 A1) FI R 20. 45 kg kg ™', BE
7K 12. 5% HEWEAL R 7K 25% HEWEAL RS 20. 90% 332 K HE 38 FL A% %7 51 , THE T 45 Fy 48 45 280 fy S
Mt —H R
3 it

YEPIXT IR R RISCRT DA A LIRS S A A0, BRI LIS AR EES (B2 RKERA
MEASEM T E , £ S PMASR N R, MERE BRI , 35 R RS R R K s T
ABefRFRAE LI P TF RED R . MAEKIEB R 2KV HR BAES RS, S R FEHEREK v 1 3%
VRIZ MR T REMETE R . R AT AR F A S R 3h A8 BT 8 45 SR AN R — 3K, Liu % A BFFE R, N A K
B 240 kg hm %, 2 HHEMAZE 7 20 ~ 100 em + 2 T8 ; WEBISTIAN, B A B IHEY A Z R
e, UBCY R BB YR ER A RN, DEMESRSBAAMNY . Akld, HEMSARBRENGE
REBHFEDERNAMMAX LR, AR RN, TS AR BRI, ERENMNE RS AKRE
BT R8-S5 2R B4 I S BCRIE A FIACR M MR 36, TR % AP0 3T Rg 48 R F X B g 3 0 4
AWM 214. 0 kg BT B35 315 A /N E RARFI AR, 2 28 300 kg hm B, FABA FHRCRMER . AR5
LERFW HEAE M 150 kg hm A= 375 kg hm A, FABAK A F] FIRRIEAK 32.30% ~124.49% , iR E
BT RAEF RS, SR BT REELEAK B, ARBEEYRKM TR ERASSESERILE
BRI, BRI VHEM AR I, AR LR BEEMN . ARBEHT, EAEM 150 kg hm >3 =
375 kg hm B, RIOR IR L EIEIN 41.7% ~218.95% ., REMRAB SRR KFERARNELR, A E%
AP B KE 9 7909. 80 ~8177. 21 kg hm >3 H_E P ST A5 R £ W], RE LML BN T 121 ~211 kg
hm 2 22 i) s g6 2 A\ Y SR+ R BRI R N 375 kg hm ) AB AT RF S R B, B ERAE T
RAERMBKENT 9 ~239 kg hm > i), AR H AMEEE N 375 kg hm >, FULH 2 BHIK 77.35 ~
260. 96 kg hm | B @ 2 i TV 5+ S0 O 8 IR A PE AN BRI 0 7B SR R RV E FR BN T 3 p R R i 5k o

EAFERERMGT , BOEBKE, /TR RR AR, A A T4 1% - EMER R AR . A
0 ~300 em HIEHIFAHS RSB BT UF H, BT + 3% RRES AL HIEF W fa R,
BEREE K BN, DRSS A ERER BN HERE, TEIEMSASEMREEME ., 5% It
H RS AAE 200 ~300 em + 2B REPT & AR, 5 0 ~300 em +J2#) 27.56% ~51.86% , JtH AL A&
B B TR , A AR AT 200 ~300 em +EFERFT 5 G EE T 0 ~300 em +JZ 9 51.86% . Bl 85 B I8
A TS RAERIE K BREZE/D 78 1RZ IR0 A B A BT hn, 7855 7K 25% AL EE,0 ~ 100 em +
EHHSRABERAN T 26.88 ~63.30 kg hm ™ | B 575 T 457K 12. 5% 180 A 35 60 5 AL 08E T80 A BB Ay A o7 il SR 2
A3 TS AR R BAEZZ IO 5 et A 55, 15 0 ~ 300 em 32.94% ~38.07% . ] W, 7E Vb AR AR 25
RGBSR T A R ) LR S R IR 2 b e/ T K RS e B, A AT 20k
TR

it PRI S R B E MR X R Bl AR 4 T MR R85 225 kg hm 2B, 31 B FBHEAR A
IS 5 i ) R R AL SRR I e R R T I A MR a3, ER = B X HE R B A WA B R BT, 6 % R [ 4 X S B
B, PR R MR, S5SNI &/ NE/ B ERIER R MBI AN, B ERRE BN A RN
180 kg hm ~* ; Fang 26" 740 b X (B 55 6 B , M 8B 3 200 kg hm B =B RTE B3I, AR VIR
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LIV B R HE 1K LB, 2 B IR K IR A , IERHRER R &, B AR &y 225 kg hm ™, W FH
EPIE X AR, BN E B, — IR HGR A R B A S SR RERMEM A RWIER AR
BERL A T ™ B iR E , BT, eV AR S R GE , A R BIAEAL 77 X R 2 b SR Sl AL B A4 TR XV E )
7 B AR 1R I A A UM R BE A S IR A2
4 e

B KR B ARV AR AR 25 R GEA R A7 0 A > KUK BRI R M E B g . B /KA
N RREA PR, S0 SR S R B IR o 97K 12. 5% FEBRAL R AN 7K 25% HEBEALEE O ~ 200 em
TR SRS B R AR 8. 7% 1 33.3% , 5 Z A LR AR B K T 15.67% F12.2% . LA
EE (7K 10% ~25% ) /DK IR BB BT LAZEA A EY) = B A Eib HRA PR MR L. 5
= RUIEBE (300 ~ 375 kg hm ™) AH HL , BUIEIE 8 (225 kg hm ™) M P AT AZEARREARFOK 7= B O 2ERY L, 425
FUIEFIFARR (41.66% ~57.56% ) , WA ARAS (129. 375 ~ 258.75 5C hm ™*, Heh ER Bl 5 M A 1 6 H
WHMAIREMAE 1725 50 ¢ HHH) B ARENBIK R (24% ~61% ) . FHik, NFRFERLE A FFREE K
KU A1 B, 78 PRI e e G G VD bR L 57K 10% ~ 25% , i Ui 225 kg hm "R A FR K ALIE B
Bk

N T ERRBE M0 NO; -N Rt 25 B X PR i 0 1T 200, o S 3 B U0 i AR AR 25 R G /K E P A ]
FrgE R J , o b AR FH 7K REA ol A 2 A0 U A o 7 HE IR R PR LR A BF S 7 B ik — 2P IR AT JE
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