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# OE: SRR AR BRI BT K AN EMERR, RE S ILRE SR EHEREAR,
HEF @A W, HE SV R EESE, RREE RS T ZE s 5 M. ARERRELNE
BAERKEE BLHIE, F 2020—2022 I /@ H ALK, BE 3 /MEKES (Wl: 120 mm. W2: 90 mm. W3: 60 mm)
A3 A% KT (N1: 300 kg/hm?. N2: 240 kg/hm?. N3: 180 kg/hm?®), PAZK TS 2 K FAE R 6 8 (CK, #EKE
120 mm, AR 300 kg/hm?®), 5E T AR A WIS KR I B A E R B, IR T KR
IR R R . BRI R e bR S5 E2H: 1D 5 TFEREAMALL, SO EZmEKELHEER,
AENEF B KAFIHAEE FICW A= 71 F0% FE 2 53 & 14.8%~17.6% 15.9%~16.9%. 14.8%~17.6% N
58.9%~112.6%, it W1 =K EFE AL 0 87 53 KA NG — 0 RIGVEF1. 2D BEZKIKSE AR SRS 25506 e (G B o A
FHAEKEERTELT (P<0.0D); mfRBEEFEEA =2, fh LEEDE. KR A E. B J1F5 5
TRKER AN E; W2N2 5 WINL ZEERARE (P>0.05), /K4 F 28R A& 0 R A 7 )t 52 580
(P<0.05); BEHLERIKIREN S BERA™&E, B AI3REH S MK R A E R A 7). 6 kB2 b
FH, HFEKEN 536.3~559.4 mm (HEAKEHN 99.2~115.4 mm), i & 246.5~299.4 kg/hm? B, AT LU 5 i B il
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FIHB AR AR Z VB o &0 HE X 4 R FH RCR AR 0
ISV X E /K e B 5 ), V=M TR BB R T /ANE
TRBER R AR, 128 0K FH o Bl B AR 10 T, 2
ANBETH AR /NS s REE I B A SR KRt i, e
HAE A R AEVER . BTSN PAERM AL, &
IR 2 AT A AN PR 10.0%~22.6%. 15 7K 20 FI I %%
RIETE 2.4%~9.8%) . {H i Fix — 4B 2k 57 (i 1)
WIED, AHOGOUERIAT 7120 5S, LI R K B A B
W, fEARKFEE B2 T iX— e B S N
IR AV HE S S AR = B 2 AN dtE R 70, fEgk
P AEFE, AR RONIRTF IR K=&, Tl &K
U, AT 5 3020 5 2% 25 AN /K R FH 285 A 012,
R, fEARIEF~EMATHE T, MR 52 H R A A A
TAREMACBER 7 5, DL s =00 B A B K
R ORI SR A ES AR 4R,

T Ik RIS K B A Y e & KA A
R DA T 48 5 280 PR S e e PR R e e K A it R 1
HIERR. HAl, ENMEEENZRERKERE T
I EFF R Tig 2 >0, ST MR A b1 i b X A
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T IKER O NEE KR T, SR ER,
MEEKE AN 40 mm A %R A 240 kg/hm® B, 0] DUf#
T RE 2% /N 22 7 1 R K ORI 28036 1 25 6 el e K Ab
ZOU Z5IE b B X I R iR Tk N RNRSS, Je =
TG R ENAFNE— A B AR SE S U735, 15 H SR X
6] /£ ET, 1) 98% ~ 108% Fl N-P,0s-K,0 Jjifi il & 7
142-71-71~223-112-112 kg/hm? i}, ZAEYIP= & KoF
PR R Z 5 2R TE B 95% f K AH WK & = 8508 & 7
%o LU 25U N7 i 50 7 5% B P R HE K BE —
NI T SR (5 SN P Y R S
X[, HEFE A /N2 IR FE AKOR it 0B [X 8] 43 i)l 434~
496 mm 1 165~211 kg/hm?, 5 55 K XF 7 I FE /K A 2
[X [ 43 5 A 458~500 mm Al 187~250 kg/hm*. LAE:%T
IR VR AL A DA 78 32 LA p T HE S T IR &
VEWD o &/NEE BRBE SR A T AN K EAE RO E Y AR KR
B IRz DL RIS B K B B X AT AN B, BT
RAMRICHT T . FIk, NTIRER @K/ E RN
IKEAE BRI, AHIF 90 T A /N R B R AR 41 T K
BEN S8, Hh BEAEYE. KRR BIE R
P SICA R GG 2 (B R R, B X PP R A 2 A%
FETT & /N2 e A K R 80 B K B LX), B
R 26 /N 22 e AT P AL ASE =P 7K U A 7 38 S S ) g e
FRALHFIR AR AR S

1 MRERE

1.1 RIEXER

RET 2020 4F 10 H—2022 4F 6 A{EEEH 2 &
L HEE R E AR BT 2 256 15 SR (35.15°N,
113.80°E, 4R 81 m) #Hf7. %X )& Ty IR iE 5
BEAMEX, FEFHSE 14 C, ZEFYEKERN 582
mm, JCHE 210d. WREEX FELIE L NE, 0~100 cm
+EHPFAEE N 1.51 glem®, HIEHIKEN 31%. T
IKERVR KT 5 mo %X I e 1 I B2 1 A N A
X, VEVIFRER A L AN - K —FE R E .
0~40 cm LEEHLFR N 16.1 g/kg, %N 1.05 mg/kg,
AN 23.4 mg/kg, HAHN 229.5 mg/kg. 2020—2021
FEAN 20212022 44/ 22 1050 301 1] P R &0 5] 174.8
60.Imm (B1) .
1.2 It

BERAEY RN, M RAE 22, BFEYN
180 kg/hm?, 439 2020 4 10 H 17 HFI 2021 4 10 A
30 H¥EF, FET 202146 A 3 HAI 2022 46 A 6 HIX
o EAREERP AR AT A & R, JAE. #ERR. Bk
— AR AU AT B A, SR EE RS 0 R . 0 R
150 cm, EMEBEIRFEZ) 50 cm, {REERETI 5540 90 cm, &
MRBETH R B 2200 12 em; = BERE PR 2 477N 32, (REEERE AT 4
1702 (B 2b) o ~PARFPRE AR A FUEMALEAT R Tl
HAMEAR: TE% 150 cm, EERTEN 120 cm, BEITE N
30 cm, FAE 6 17/hNE (B 2a) 5 A/NEFHMTHE S A1k
M PR AR A — 2 558 25 em.
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Fig.1 Precipitation and air temperature during growth period of
winter wheat
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a. Traditional flat cultivation b. High-low seedbed cultivation
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Fig.2 Schematic diagram of different cultivation methods

e AR BE AR A SR AR 22 K BV B EE, 7
O3S AR P A E M K RS B T R WIS
NEBXE, EXNRELAHE, BX K0, B
R R E IR MR E (4N #®E 3 KTF,
I3 AREE (N1: 300 kg/hm?) « %L (N2: 240 kg/hm?)
R (N3: 180 kg/hm®) 5 FEAGEHILE 3 KV, 251HN
7K (W1: 120 mm) « F17K (W2: 90 mm) + k7K (W3
60 mm) , VIKEALE GEKEH 120 mm, % &
300 kg/hm®) FPPAERHE AR (CKD , Lt 10 AMbFE,
FAbEE 3 RE S, 3 30 NN, BEAS/NXHIAR 15 mX 9 m.
WAL (P,05) FIAHAE (K,0) FEYIA 120 kg/hm?; 7E4%
FRETVENEAE AN A . JRED 2 K, /NEREFET
MEFEAE, REWEEM, FIEECN 1. 1. AF MA@
= W A 3 K R BT, 24 CK ALFEfY 0~100 cm
T2 IR SR T HIA KR 60%0, BT AbH[F
AR . 2020—2021 AEKER, 2 IREEMRI A 251
2021 43 H 13 HAIS A 2 H; 2021—2022 A K2, 2 &k
FEWERSE] 2> 308 2022 423 H 6 HAT4 H 20 H.

1.3 MEMBERFGE
1.3.1 ;AR

KONFERRFET (2020 4F 10 H 18 H A1 2021 4£ 10 H
30 HD Fficks (2021 556 A 3 HA12022 46 H 6 HD
B, SRV TR I S KR, BRI NEAE
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A H AR RBOKIRE, B E SR A 200 cm.
BRI, o (R o e 5% 220 1) 7 vy B P FIER IR FH A 0
FHE A, B2 S PEMEME R PR R
CIREBEE 15
1.3.2 W LEHRAME
TEA/INGZ G, 1 v e P A A X ) v e PRI
BE 2 AN B DR RAE S BE AL 1 (1) 20 #R 4/
#, BHSNZED WL B3 AR, AT, Mt
FHWE 105 CATF 0.5h, AJFHE 75 CHTFRIEE,
WJGHRBUX 3 AT R, S5E A% BT E AL
MR A E (kg/hm®) .
1.3.3 FERFEMREE
T AN R, T R A AR X 7 s e I
BEFH 2 M E A FRBUCE R MR 1 m? PAEREEERL
HRFIEM 1.5 m®e iCF 1 m?> 5L 1.5 m? (A AL, R
Je A BENLEEL 20 B, T T BORAS 2 ok k. A TR
L i B 5 S B AS b B AR AT AR R &, AR S B LIk
H 1000 /N RIRAG TR & o R HREGH 2 FE SN
MU I 58 T RS U RLE K R, R RS KRN
14% 1) 77 B A0 T o
1.3.4 HAedsirit E 7%
A R AR 7K AR FH 39 K P R AR,
Sgr=P,+U+I-D-R-AW (D
A Ser NFEHFEKE, U N KM EDRZ LI
BE TR, PoONMOKE, INEBRE, D NEAZBNE,
R AMERAZRE, AW NEEMNE 200 cm + 2 50
KB E, A%y mm. BT R X NN LG
BESH, AR RAE N FROK S 5| RS M AR RIS, Rk
R=0; XL 5 R EHA 120 mm, #H4F 0~120 cm
2 S KR N FRKE 1) 60%3E T 45 H A R K &
1 90%, EBAKILFASANEZE] 200 cm HECUT, Fitk
D=0; 56 X3 R KRR T S m, WA R KEMNMEI
%, Wk U=0.
KAFIHBEZE (Swues kg/m®) iHEA A
Swur =Y/Ser @)
X Y &/NFE PR, kg/hm®.
B ) (Swppps kg/kg) T ARY
Sxerr=Y/N 3
b V%R, keg/hm®.
20 3 G e W L
Swo=TrTo (4)
b Swp MEFNE, Jo/hm*s T NE/NEAP BN, 8
FERPF L OIERL FEBRAVLRE, Jo/hm’;s T NE/NEF
k= BN, Jt/hm’.
1.4 BURAIE
% Excel 2016 F1 SPSS 25.0 #E4T #0423 #r, % H
ANOVA F1 LSD £ (least significant difference, a=0.05)
XF RO HEAT T7 22 47 A RN 22 BEAGL G o ASHIF 5T LA e A1 BEE A A
B A /N G2 B 7R R ORI T RE R R N B AR, AN RE
KEMBEENAER, EHSE. H EEEY R,
SWUE\ SNPFP ?ﬁu SNP ?‘jﬂz'ﬁl\*g*ﬂ?’ @% Origin 2016 i—F}A\’TﬁF

I3 T 3 S & 4R bR -5 R KB ANl R 9 = ot — o iy
Mo REIBIEIR 95% i K AR A8 K 2 ANt 5 & X [R)VE
eI R X R Y R K BB BT 5

2 FER5SSH

2.1 KEIBENKEFERNFI

1 ala, 5FERIE (CK) #HEL, 2020—2021
AT 20212022 A EAIREEMAE(WIND) T 22 HHFEKE TG
BEZES (P>0.05) o KEEAEX 2 HFEKE AT
WEER (P<0.05) . 5 NI AL, N2 fil N3 K ED
IBRAR 5.3%~5.9%F1 15.5%~21.7% (P<0.05) . {EH[A]
VEKIKSE TR 5 22 FE 7K 5 o it 227K~ 110 186 i 2 00 3 34
ke, [FE, 5 W1 AEL, W2 1 W3 K E 5
AR 6.5%~7.8%M1 15.3%~19.1%. 45 B0, HH [F it %
KT, 22 FFE/K & Bl EE KK S (R 36 i S TG a3

#z1 TRKFLETZNEZHEKDFE

Table 1 Water balance of winter wheat field under different
irrigation and nitrogen treatments

e 2020—2021 20212022
Treatment P/ U AW/ Sgrl P/ I AW Ser/
mm mm mm mm mm mm mm mm

WINI1 174.8 240 179.0d 59382 60.1 240 257.0cd 557.1a
W2N1 1748 180 1949b 549.7¢ 60.1 180 2784b  518.5¢c
W3Nl 1748 120 211.6a 506.4e 60.1 120 307.4a 487.5e
WIN2 174.8 240 1413g 556.1b 60.1 240 237.2e 537.3b
W2N2 174.8 180 171.5¢ 526.3d 60.1 180 254.7d 494.8d
W3N2 174.8 120 189.9c  484.7f 60.1 120 263.3c 443.4g
WIN3 174.8 240  90.8i 505.6e  60.1 240 167.7g 467.8f
W2N3 174.8 180 123.0h 477.8g 60.1 180 196.0f 436.1h
W3N3 174.8 120 150.3f 445.1h 60.1 120 200.7f  380.8i

CK 174.8 240 175.8de 590.6a 60.1 240 262.0c 562.1a
F {8 F value
N — — 2783.0%* 2 783.0%* — —  6518.0%* 6 518.0%*
w — — 1103.9%* 2 674.0%* — —  978.8** 5068.2%*
NxW —  —  32.7%* 32.7%* — —  57.5%*%  57.5%*

W Ser NAEKE, PONMOKE, 19REBE, AW AEEHIHIG 200 cm £
Bk e E . ARNGFRFRA I ZEREE (P<0.05) o N i
FUKFE, WREAKEH. **, P<0.0l: *, P<0.05: NS, P>0.05. FIil.
Note: Sgr, actual evapotranspiration; P,, precipitation; 7, irrigation; AW, the
difference of soil water storage in 0-200 cm before and after growing stage.
Values with different lowercase letters are significantly different among different
treatments at the 0.05 level. N, fertilizer-N application level, W, irrigation quota.
** P<0.01; *, P<0.05; NS, P>0.05. Same as below.

KNG A B IAFE K o 2 BRIV FG A N . EE AN
TIEfEK . HHER 2 ATRED, SPAE AR AN (R R A ) FE K
ST R AHKE EAE X FEIK G5 A I R A7 AE B %
5t (P<0.05) o FEWEK (5 R FE /K 10 A0 B /K /K T 3
I LR ET NS, W1 AL R He il . N 43.7%~
46.4%; TREME /K o s FE KCER 14 A0 it /KT 3 i 2
PUZE LIS, N1 A T HEIRE, N 32.4%~
34.1%. [FIEE, PR+ 36k KR 5 SRR E B0 A
BEAE RE AT R I 2 IR RS, MR EUKE T
BILL W3 b, PN+ KN R R B KR
VBN 2 e /KT B3GR s, MIRIEE KK
SERILL N1 A . T E T A R, K. A
Je FA2 AR 380 22 AR K EAFAEAR R 52 (P<0.01) .
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2.2 EIHEYETE

& 3 "%, H5PAERMEALL, 2020—2021 4EF1
2021 —2022 FEREEFHE T &/ ER S 14.8%~
17.6% (P<0.05) , i EEAEMERE 11.1%~19.1%
(P<0.05) o KB EAEXT /N bR AE A & = 5
M2 2 (P<0.05) o BRI, Bl HE KK Rt 20 K1
FI3E N, Mo B E A R RO &R AR
IKAKSF R B R4 1 A= B R W3<W2<W 1.

I, TR A AR I WI>W2>W3 (P<0.05) ,
(BB AE PR () R R R B B 2 VE 22 5 e Ah, 2020 —
2021 FANEZAERKEMM LAY R AL TR
R EAARRT T 20212022 4, (HRANEAKET
FRRERL S [BANFAE B B 5
%2 FREAFAETENERKEN
Table 2 Composition of water consumption under different
irrigation and nitrogen treatments for winter wheat

5 w1 Mk, W2 1 W3 B AEY R B K 6.0%F0 qbap 2020—2021 2021—2022
28.5% (P<0.05) , ;=5 HIFEAK 3.0%F1 19.7% (P<0.05) . freament P % AWM PM% 1% A%
N = WIN1 2944 4041 30.15 10.79  43.08  46.14
9 N1 AL, N2 iﬂ N3 M E AT BIFEAL 7.9%40 W2N1 31.80 3274 3546 1159 3472 53.69
25.4% (P<0.05) , =573 3l F#A 3.5%A1 28.1% (P<0.05) W3NI 3452 2370 4179 1233 2462  63.05
KB HAERT 2021—2022 FEX/NFE BB KA WIN2 3143 4316 2541 1119 4467  44.14
SR, AL 2020—2021 4F K EUEAE R /N AR R W2N2 3321 3420 3259 12.15 3638 5147
S - o L R § g g W3N2 36.06 2476  39.18 13.56 2707 5938
B 5 - )\Aﬁiﬁjﬁk%%ﬂé% ’ ‘ﬁ@')ﬂﬁ(jﬁﬁ H\,N’ WIN3 3457 4747 17.96 1285 5130 3585
1 20212022 AN HORRIEL, TR0 A RS W2N3 3659  37.67  25.74 13.78 4127 4495
FZHN WI>W2>W3 (P<0.05) , {HLE N1 F1 N2 43 A W3N3 3927 2696 3376 1578 3152 5270
THRIFRELEEMES, 7F 2020—2021 4E i B /KA [E CK 20.60  40.64  29.76 10.70 4271 46.60
#*3 ARKELBETZ/NEFEMM EBEHE
Table 3  Yield and aboveground biomass of winter wheat under different irrigation and nitrogen treatments
2020—2021 2021—2022
AL e TR E R RRREEL Ho B3 A e ThEE BRI AL Ho A
Treatment Yield/ 1000-grain Kernels per Spike number/ Aboveground Yield/ 1000-grain Kernels per Spike number/ Aboveground
(kg'hm?)  weight/g  spike/ki (10*hm?) biomass/(kg'hm?)  (kg'hm?)  weight/g  spike /B (10*hm™) biomass/(kg-hm™)
WINI 10243.8a 51.7a 39.5a 739.1a 25250.6a 9797.1a 49.9a 41.1a 652.3a 23228.2a
W2N1 10 087.0a 51.4a 40.0a 703.6b 25 110.8a 9451.2a 49.8a 40.7ab 620.1b 23 081.5a
W3NI 9 086.5b 50.4b 38.7a 606.2d 21252.3¢ 8 125.8bc 47.0d 35.5d 579.6d 18 428 4cd
WIN2 10 064.8a 51.5a 39.4a 715.6b 25312.2a 9 600.6a 49.6a 39.9bc 626.1b 22770.2a
W2N2  9913.4a 51.6a 40.0a 706.7b 22 771.8b 9530.8a 49.7a 38.8¢ 609.7bc 20 850.1b
W3N2  8244.8¢cd 50.7b 37.8a 557.8ef 19 181.6d 7523.1d 47.3d 36.0d 519.4¢g 15 553.0e
WIN3  7982.2de 51.5a 38.4a 579.6¢ 20 692.3¢ 7861.9cd 48.9b 35.3d 562.6¢ 19 094.6¢
W2N3  7513.3ef 50.8b 38.7a 539.1f 19 425.7d 7 438.5d 48.2bc 34.9d 539.6f 17 436.1d
W3N3  7286.4f 50.6b 39.3a 485.3¢g 17 854.7¢ 6244.4¢ 47.7cd 33.3e 496.7h 14 342.7F
CK  8713.6bc 51.7a 40.4a 666.7¢ 22 731.1b 8 530.6b 50.0a 40.5ab 600.0c 19 506.0c
W1  95228a 51.6a 39.1a 678.1a 23751.7a 92458 49.5a 38.8a 613.7a 21697.7a
W2 9171.2b 51.3b 39.6a 649.8b 22 436.1b 8 806.8a 49.2a 38.1a 589.8b 20 455.9b
W3 8205.9¢ 50.6¢ 38.6a 549.8¢ 19 429.5¢ 7297.8b 47.3b 35.0b 531.9¢ 16 108.0c
NI  98428a 51.1a 39.4a 683.0a 23871.2a 9195.1a 48.9a 39.1a 617.3a 21 579.4a
N2 9463.2b 51.3a 39.1a 660.0b 22 421.8b 8973.7a 48.9a 38.2b 585.1b 19 724.4b
N3 7594.0c 51.0a 38.8a 534.7¢ 19 324.2¢ 7 181.6b 48.3b 34.5¢ 532.9¢ 16 957.8¢
F 14 F value
N 133.7%* 3.0NS 0.6NS 281.7%* 137.5%* 97.4%* 6.3%%* 128.3%* 174.3%* 184.0%*
s 40.0%* 44.0%* 1.3NS 200.9%%* 125.1%% 80.3%* 68.4%* 86.9%* 169.9%* 293.0%*
NxW 4.7% 3.5% 1.INS 8.8 8.2 1.4NS 6.2%* 7.8%% 7.1%% 7.9%%

2.3 KOoFRAMEMERRE~N

HE 4 774N, 5PAERMEARLL, 2020—2021 4EFI
2021 —2022 4F EARBEFE N K R RCR IR 15.9%~
16.9% (P<0.05) , ZNEMWAEF= J14E 5 14.8%~17.6%
(P<0.05) » 2020—2022 FPHZEA/NE K FIHBCEN T
1.57~1.93 kg/m®, Hh W2N2 4 FE 5, W2N3 5% W3N3
MPEEAR . 7E 2020—2021 4F, FEKAKEXT K 4> FIFHRCR
T F R, H R B K RTE KK S5 KPR
AR KRR &, 7F 2021—2022 4F,
VE AR IKP Rt 2K T K o R 3 e B so ), (H2
HAZ HAE XK 4> R 303 TG R 2 50 o 75 AH [H]E KK

SR, KGR AR B A it K P R S i 2 B S 3G n S
PREFFGEM . L WL 244N 861, 2020—2022 FFA
[F] it 2K P K 0 R R 228 N2>N1>N3, HAr N1 Al
N2 B EZER . EMEBEAKTEET, KoRIHRCE
W 5 VEE KK (38 0 2 A3 s BRI R 35
PAZE AN WA 72 21/ T 27.09~44.35 kg/kg,

Horbr WIN3 2B A, WANL AH R L. PIZEA /N
IR Rt K X B AL 7= 0 B e, {HR AR
2021—2022 - HEK A At K A8 BAE FH A Bl
BE . AR FE KA, BRI A 7= F1 b it
BOKT B3 0 2 I0OEET FECRES, R N3>N2>N1
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(P<0.05) o TEMFMEEUK AT, 2020-2021 F%AE
i A 7= 1 Bt K KT B 3N S BT B i ke #s, T
2021-2022 A ZAE A A 7= 77 18 BE 7K 7K P 386 o 2 300 1
G R E e . SREY, EEKE MR AT LR
FERERIHRCER, o AR 2= A i e A o

FERTE L (ST P ) R N9 S e I a7 DR
A, o e B T AR K UL L 458 AT RE 2 B3 A o
T4 AEKBLETENKSFIRBERMELRE >~

Table 4 Water use efficiency (Swyg) and nitrogen partial factor
productivity (Sxprp) of winter wheat under different irrigation and

2.4 éé/;fﬁ[ﬁ_ﬁ nitrogen treatments
ANFEK BB N &NERT R 5 . HE st 202072021 202172022
AR SRR, R AN B SR Treatment UL el e e
17.6%~35.0%, 1RSSR 58.9%~112.6%. 2020—2021 WINI | 72bed 34150 L 7o0ed  32.660d
120212022 4F SR BEFRAE T %5 202 1SN 73 5 T W2N1 1.83a 33.62¢ 1.82ab 31.50d
20 110.6~28 272.8 1 19 482.6~30 566.9 76/hm*, =X W3N1 1.79abe 30.29d 1.67cd 27.09¢
N B S AR S A B A B4 140.6% WIN2 1.81ab 41.94b 1.79b¢ 40.00b
156.9% . TP % 48 2 A B R A A T W2 Rt e
6 657.7~13 360.0 A1 5 143.2~14 765.5 Te/hm?, FEBL | W3N2 1.70cd 34.35¢ 1.70bed 31.35d
AR e = WIN3 1.58¢ 44352 1.68bed 43.68a
e 5 R R A EAT EE 2350 200.7%A1 287.1%. 1X W2N3 1.57ef 41.74b 1.71bed 41.33ab
B G B K B AL AME 2520 & /N P= Y, b n] B W3N3 1.64de 40.48b 1.64d 34.69¢c
TR BERAR S, T PR R . WINT AR A =45 N CK 1.48f 29.05d 1,52 28.44¢
B, HAEPS RPN W2N2 15 1010.8~1026.3 Ji/hm?, Wi 1.71a 40.14a 1.74b 38.78a
{H 2 W2N2 (4R 5 WINT & 98.9~195.4 76/hm?. 1t w2 176 38.8% 182 3751a
Bh, W3IN3 LREI A FARRAS, FERBEEE W2N2 1§ o 0% LoTo Lo
N s o - N1 1.79 32.68¢ 1.76ab 30.41c
631.1~635.8 Jo/hm?, {HJE W2N2 I FLEE. W3N3 & o | 80 39208 |82 37,008
6 614.5~9 622.3 jo/hm*. BAAKRE, PEL/NE W2N2 N3 1.60b 42.19 1.68b 39.90a
B W2N1 Ab B R sy, BLiZ W2N2 B W2N1 7K F{H Fvalue
FARNN AL CT W2N2 KBS AL HE i 7 21K N 3300 126.2%* 6.6%* 86.8%*
e SFBGERNE PG, M T W2N2 KEBRA A w 27N8 377 8.8*x 63.3%*
BT B BRI T RO R T SR N 42 40 UINS IS
=S FPEZFUES
Table 5 Economic benefit analysis of winter wheat
A= BN Cost for production/(76-hm?) N .
G AL - , _ % ' - Gro‘iqé(ei;ﬁt/ BB EN Nf lijlfﬁt/
Year  Treatment AT IEIE/EL ﬂE}#}L 5871 Farm *ﬂiffﬂ? ISE N (76-hm) Benefit-cost ratio Gt-hm)
Seed Irrigation  Fertilizer Labor chemical Mechanicals  Total cost
WINI 10800 4800 36755 48495 14805 35250 150995 28272.8 1.87 131733
WIN2 10800 4800 32842 48495 14895 35250 147082 277788 1.89 13070.6
WIN3 10800 4800 28929 48495 14895 35250 143169 22030.8 1.54 77139
W2NI 10800 3600 36755 43500 14895 35250 144800 27 840.0 1.92 13 360.0
2020y WANZ 10800 3600 32842 43500 14895 35250 140887 27360.9 1.94 13272.2
W2N3 10800 3600 28929 43500 14895 35250 136974 20736.7 151 7039.4
W3NI 10800 2400 36755 42255 14895 35250 142355 250787 1.76 108433
W3N2 10800 2400 32842 42255 14895 35250 138442 227557 1.64 89115
W3N3 10800 2400 28929 42255 14895 35250 134529 20 110.6 1.49 6657.7
CK 1080.0 4800 36755 57495 16974 30750 157574 24049.4 1.53 8292.0
WINI 12600 4800 37518 51680 15495 37875 159968 30 566.9 191 14 570.1
WIN2 12600 4800 33735 51680 15495 37875 156185 29953.9 1.92 143354
WIN3 12600 4800 29953 51680 15495 37875 152403 245293 1.61 9289.0
W2NI 12600 3600 37518 46400 15495 37875 153488 29 487.8 1.92 14139.0
l—0yy WANZ 12600 3600 33735 46400 15495 37875 149705 29736.0 1.99 14765.5
W2N3 12600 3600 29953 46400 15495 37875 145923 232083 1.59 8616.0
W3NI 12600 2400 37518 45072 15495 37875 15 096.0 253525 1.68 10256.5
W3N2 12600 2400 33735 45072 15495 37875 147177 23472.0 1.59 8754.3
W3N3 12600 2400 29953 45072 15495 37875 143395 19 482.6 1.36 51432
CK 12600 4800 37518 61328 17667 33000 166913 235443 141 6853.0

2.5 ETH=8. M EREME. KEFAUERMEFY

MR EKRRXERHE

AHIEFE LA /N ZE IR AR R K R N K

N HEbR, EHEE .

H EIRAEE . KRR R

FUIE i 2E 7= J AN R O B AR A &, 2 A AS R K A
Rixf 5 A EARERPFEE. 5T R/ TIEREA, 7
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Table 6 Regression equations of crop water consumption and nitrogen fertilizer application amount with yield, biomass, water use
efficiency, nitrogen partial factor productivity and net income of winter wheat

A

S AR B ORI X F AL {E

F and W for maximal response

ii{ﬁ Response variable Regre%lsgr?j—ez% ation R variable
v EON] Fl wi

Max  (kg-hm?) mm

F= & /(kg-hm) y=-25.13-0.02x,+0.12x,-4.45x 10", 1.21x10"x,%+9.6 10" x x, 0.93**  10.54 300 593.8

o b B/ (kg hm™®) Y=-69.41-0.10x,+0.34x,-1.75x107x,2-3.55x 10™x,%+3.54x10"*x x, 0.94%*  26.07 300 593.8

2020—2021 K 43H R/ (kg-m™) 3=-3.12-0.002x,+0.02 x,-1.0x10°x,%-2.19% 107 x,+1.6 1 x10™x1x, 0.86%* 1.83 300 545.8
B )1/ (kg kg™ y=-74.68-0.14x,10.49x,-3.1x10™ x,%-4.78x10™x,7+3.16x10™x x, 0.86**  46.80 180 572.6
YAIE/(TE-hm?) y=-91 864.8-128.5x,+409.2x-0.16x,>-0.46x,+0.43x1x, 0.95%* 140522 300 586.5

778 /(kg-hm™) y=-11.48-0.04x,+0.08x,-1.06x 10 x,%-1.04x10"x,>+1.8x10"x,x, 0.95%*  10.05 294 557.4

Mo L3/ (kg-hm™) Y=-22.97-0.24x,+0.24x,-3.56x107x,%-3.89% 10™x,7+8.35x10"x x, 0.92%*% 2440 300 557.37

20212022 K4 R (kg m™) y=-1.07-0.007x,+0.01x,-2.45%10°x,%-2.38x10"x,>+3.89%10"°x,x, 0.90%* 1.81 269 528.5
BB LR 1/(kg kg ™) $=-60.20-0.44x,+0.61x,-6.60x10x,%-8.55%10™x,+0.001x10*x,x, 0.94%* 4430 180 488.8
FRIE/(TE-hm™) y=-50 538.2-109.9x,+256.6x-0.29x,>-0.33x,%+0.5 Lx1x, 0.96%* 154344 300 557.37

e xnx PACRIEREANFEKE . *RREIATTHE P<0.01.

Note: x; and x, represent the nitrogen rate and water consumption, respectively. ** means P<0.01.

e 6 HI%1, EFabnAsn g A i 7 — S FE/K S At
BAKY RS KAE, R 25 T br s KA 95%~
100%Z5(E 655 5 R AR B A BN E. NET
BB, K oo R 5 R AN R K & S i
RN AR R (B3 o WL, SF6EF8 95%~
100% 55 A AR A 0 AR e A2 [FIB 7E [R] — FE K i ZUK
b, BT RALE /N AR P S P TR A BT R . DAY
KPR RO JE I, HoH AR S R A e
If, FUIERU= s KR SEMEREX 3 Mats T
WHROK BRI R A S . HE 4 7751, 2020—2021
S R R A A /N 22 R I EL A T 7K 7 e R R /K o A e
&R X A 4> BN 5363 ~ 5943 mm Fl 2465 ~
299.4 kg/hm?*; 2021—2022 4F = KBEME L/ NE RIS B AT
JK 7 v IR AR K R RN i R XA 4y A 527.2 ~
559.4 mm A1 221.0~303.1 kg/hm?. [Fl, ZEHHE T HE
KR W S5FKE ErFIL M R(E=1.43W+394.4,
R*=0.75, P<0.01) , DMETHFEKERHRNAERE. %
ERE, HFKEN 536.3~559.4 mm GEKERN 99.2~
1154 mm) , MEEEN 246.5~299.4 kg/hm?®, LIS F=&E. /K
S FH SRR g ] [ A B B KB 1 95% LA .

KIR K I
3.1 FEREFIK R R X 2 HFE K ERF

e I B o AL e A 2 M VE A VA E B R B WL &
T PG R E —RE AT A SRR, - MR FH 28 B (248
&, AT LI BAR: [EIIN 7K 3 B A
& TR, AR TR R, > KR
WS AHIE T, e A A RSP A o A P 22 HE R K

T2 R (AT AR R, R 7 Rk B
EMEE R, Xk R EEIH R T ARSI, &
ARG B o AL B VE A A PR I FHBE K, XAH 24 7 e o
EAE KBRS, AN T IR R 51R T ROK 515
Jes [FINTREE A AR A HERE, SRR () - T AR
BRI & T ERE, X WAEIR KFEE B FRE T T R0K
e, R A AR R R ARG . A, AR
Tift 70 2% W v {1 e R A =X 7K B0 ELAE X6 32 TR K ) 5
WAFEAE B B2 57 (P<0.01) , X5 ZOU 2R 5t 45 2%
Lo 782 KB ML N A R TN 2R R T, 8 net i
TR HCRN M | BB A=W B, AT 48 i 22 A8 K & 162,
AS[F AL 27 H IR K A A 22 5, B a6
KT FE R o5 SRR K 10 0 o it UK R 3 0 S 2 3
TS, T R o R 7K K IR 3G n 2 I g ) s, X
—45 15 ZHONG ZPYWF 4 A —80. & A4 KE 4t
N A LA R R YAR R I K B R IRRI A, [
I ORAIE = &, T8 BT KER = R
3.2 KEHNIMENEZFEMM EEEYE R
AT ASHRRAER, KO KRR, AN
IKEREE R REY, £ ERKRMN RN, 1F
W= AR bR AR ) T K R N S T B, (2
K E B R B R IR s, AR, &
RG24 /N2 b b 35 A 4 R 7 B 7K RSN A 18 o 4
T, R A SRR S PR S B R A8 A 3
PAEITE WINT AL FREUAS e K ME, B Ak BE 4 &
1.6%~56.9%F1 0.6%~62.0%. 5 WINI AHE;, W2N2
KNG PR BAN G 2.8%~3.3%. X PEEER8IR 57 % B 1
Wy re b e 2B A 0 2 IS N A, H Y il Y
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i H b
Yield/(kg-hm?) Aboveground blomass/(kg hm)

10.56 26.

9.72 570 237
214

S 540

8.04 19.0

720 g 510 167

=

6.36 3 480 14.3
12.0

552 450

468 9.6

3.84 420 7.3

0 50 100 150 200 250 300 0 100 150 200 250 300
i % FFertilizer-N amount/(kg-hm?) ﬁfﬁ%iFemhzer—N amount/(kg-hm-2)

a.2020—2021 4E7 & b. 2020—2021 4 FEAEYE
a. Yield in 2020-2021 b. Aboveground biomass in 2020-2021

E/mm

Wop/(kgrm) New/(kg ke

1.84 46.80
1.66 570 43.68
1.49 510 40.55
131 37.43
114 510 34.30
0.96 4 31.18
0.79 28.05
0.61 430 2493
0.44 420 21.80

100 150 200 250 300 100 150 200 250 300
Eﬁ‘ﬁiFemhzer-N amount/(kg-hm-) ﬁfﬁ‘ﬁ EFemhzer—N amount/(kg-hm-?)
¢. 2020—2021 4F7K 43F I A% d. 2020—2021 FEFAEN A= 1)
¢. Swug in 2020-2021 d. Snprp in 2020-2021

R i b 1
Net benefit/(JG-hm?) Yield/(kg-hm?) Aboveground biomass/(kg-hm?)

14100.0 10.05 24.40
110250 340 goo 40 21.35
7950.0 510 7.75 510 18.30
4875.0 6.60 15.25
1 800.0 E 480 545 £ 480 12.20
-1275.0 5450 430 5450 9.15
43500 0 35 0 6.10
-7425.0 2.00 3.05
420 -10 500.0 390 085 390 0.00

100 150 200 250 300 S0 100 150 200 250 300 0 50 100 150 200 250 300
Eﬁﬁ%Femhzer N amount/(kg-hm2) EﬁﬁiFemllzer-N amount/(kg-hm?) Jiti % E Fertilizer-N amount/(kg-hm?)

€.2020—2021 4E5FiE f.2021—2022 47~ & g. 2021—2022 44 B AR &
e. Net benefit in 2020-2021 f. Yield in 2021-2022 g. Aboveground biomass in 2021-2022

R
Wi/ (kg m) Nppp/(kg-kg") Net benefit/(JG-hm?)

1.82 44.40 15 000.0
Lss 540 3890 40 11 025.0
1.29 510 33.40 520 7950.0
e 2790 599 4875.0
£ £
0.76 H 2240 E 450 1.800.0
0.50 3450 16.90 &y -1275.0
11.40 460 .
023 0 4350.0
-0.03 5.90 440 -7 425.0
390
030 0.40 420 -10 500.0

100 150 200 250 300 ’ 100 150 200 250 300 100 150 200 250 300
it &L EFemhzer N amount/(kg-hm?) Eﬁﬁ iFemhzer-N amount/(kg-hm) )j@fﬁ iFemllzer-N amount/(kg-hm?)

h. 2021—2022 47K 5 FIH A% i. 2021—2022 FASERAT= 11 j. 2021-2022 £
h. Swue in 2021-2022 1. Snprp in 2021-2022 j- Net benefit in 2021-2022
e EORELA 95%m K.
Note: The dashed blue line means =95% maximum.
B3 HKEHRAETALNETE. REHAENE. KSARNRE. RRGBEF HFBKANXEZ
Fig.3 Relationships between crop water consumption (Et) and fertilizer-N application amount with yield, biomass, water use efficiency
(Swug), nitrogen partial factor productivity (Spgp), and net income of winter wheat
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— /it Yield Hb F M) Aboveground biomass
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660, — 1THITENet benefit
630
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£ 540
QFS]O
4801 ¢
450
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=]

Jiti 7 Fertilizer-N amount/(kg-hm?)
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Fig4 Comprehensive evaluation of yield, biomass, water use

efficiency, nitrogen partial factor productivity and net income of
winter wheat under crop water consumption and nitrogen fertilizer

application amount in 2020—2021 and 2021—2022
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YIEBE W1 B s KME, B, 5 Wi, w2 f
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Effects of water and nitrogen coupling on winter wheat yield and water or
nitrogen use efficiency under high-low seedbed cultivation pattern

LIU Junming'?, SI Zhuanyun', WU Lifeng®, LI Shuang®, SUN Yiming®, WANG Ning?, GAO Yang'*, DUAN Aiwang*

(1. Institute of Farmland Irrigation, Chinese Academy of Agricultural Sciences/Key Laboratory of Crop Water Use and Regulation, Ministry
of Agriculture and Rural Affairs, Xinxiang 453002, China; 2. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081,
China; 3. Binzhou Academy of Agricultural Sciences, Binzhou 256600, China; 4. Shandong Academy of Agricultural Machinery Science,
Jinan 250000, China)

Abstract: High and low seedbed cultivation has been widely used to combine ridge and flat planning patterns during wheat
production in Shandong Province of the North China Plain (NCP). Land utilization rate and crop productivity can be better
improved with the higher efficiency of water-nitrogen use for sustainable production, compared with flat cultivation. The
winter wheat is planted on both alternate high and low beds on the flat land under cultivation. However, it is still lacking on the
underlying mechanism of this cultivation pattern for better improvement and popularization. This study aims to clarify the
effects of different water and nitrogen rate on grain yield, water consumption, aboveground biomass, water use efficiency,
nitrogen partial fertilizer productivity, and net benefits. A field experiment was also carried out during the 2020-2021 and
2021-2022 growing seasons using a split zone design. The main area was divided into three levels of nitrogen rates (N1: 300,
N2: 240, and N3: 180 kg/hm?). The subplot was set as the three levels of irrigation quotas (W1: 120, W2: 90, and W3: 60 mm).
The flat cultivation with 120 mm irrigation amount and 300 kg/hm® nitrogen amount was set as the control (CK) group. A
systematic evaluation was implemented to determine the effects of water and nitrogen management on crop productivity, as
well as water and nitrogen use efficiency under high and low seedbed cultivation. The results showed that the high and low
seedbed cultivation significantly improved the crop grain yield by 14.8%-17.6%, water use efficiency by 15.9%-16.9%,
nitrogen partial fertilizer productivity by 14.8%-17.6%, and net benefits by 23.9%-32.7%, compared with the flat cultivation.
Consequently, high and low seedbed cultivation was a reliable agronomic practice for higher water or nitrogen use efficiencies
and crop productivity, although there was no significant difference in the water consumption between high and low seedbed
cultivation and flat cultivation. The coupling of water and nitrogen posed significant effects on water consumption, grain yield,
aboveground biomass, water use efficiency, nitrogen partial fertilizer productivity, and net benefits (P<0.01). Specifically, the
W2F2 decreased the crop yield by 2.8%-3.3% (P>0.05), whereas, the water use efficiency increased (P<0.05), compared with
the W1F1. The optimal water and nitrogen rate was obtained in the higher water use efficiency, nitrogen partial fertilizer
productivity, and net profits. The regression and spatial analysis demonstrated that the grain yield, water use efficiency, and net
profits reached 95%-100% of the maximum simultaneously, when the water consumption was 536.3-594.3 mm, and the
nitrogen application was 246.5-299.4 kg/hm? in 2020-2021, while the water consumption was 527.2-559.4 mm, and the
nitrogen application was 221.0-303.1 kg/hm” in 2021-2022. An optimal combination was achieved in the water consumption of
536.3-559.4 mm (irrigation quota of 99.2-115.4 mm), and the nitrogen application of 246.5-299.4 kg/hm’, in order to
maximize the grain yield, water use efficiency, and net profits. Therefore, a reasonable technical and theoretical reference can
be offered for the multi-objective management of the water and nitrogen of winter wheat under high and low seedbed
cultivation in areas with similar climate conditions to the NCP. Further study can be focused on the management of water and
fertilizer (nitrogen, phosphorus, and potassium) rate of winter wheat under high and low seedbed cultivation with the various
varieties and the soil type.

Keywords: irrigation; nitrogen; winter wheat; high-low seedbed cultivation; yield; water use efficiency; net profits
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