95 36 5 4 W] K LA R Vol.36 No.4
2022 4 8 A Journal of Soil and Water Conservation Aug..2022

HIBHEKRREEXNFEERKS T AR

IFE FRE L B EERL BFTL R B, AR RO
CLrp B2 5 o BH S P A= 250858 BT DR B 1100165 2.8 R 24 B k2 . JE 50 1000495
SATIE BN TRE B ER B A A BR S ] L 7L Bk 2210005 4.3k BHAR ML R 27 K R 24 B L k. FH 110866)

T E 48 7 v ML E KT AR X AR KK 43 B FH 0% (water use efficiency s WUED 195210 >R F Z i ol 14
TE2E BTt DL K (W) (it & i (ND it 4 (KO 4 B 78 48, WUE Jy [H 8 4, T 2017—2020 £ 7R T A A
AR FH B AL A X R R A ok WUE S i H )3 56 . 5 R . 0 A F1EM T, WUE Rfi /K I & 1Y)
P E R ETE R B A RNy W>N>K; 2 A B F BAER, WNL.WK.NK X WUE 5%
Mep 24 52 1 A T R AR Ak HLAE R B KA S I K/ WN>NK > WK WONLK 3 A B 7 6] 45 A A
WUE B W.N.K 3 4~ P 2 5% 7K T 1) e (5] 48 12 52 56 T i i AR 0% e 35 A8 1k, vk v IR 38 AT K AR AR A s 7k
EE A A AT RSB WUE, i B8 300, 44 1 7E#E MR O 43.25~58.87 mm  Jifi A fE 4 229.93~
382.97 kg/hm” 4l £ 4 104.94~148.49 kg/hm* £ F , Al K44 /" WUE(=25.00 kg/(hm® * mm)),
T 5 235 T 1T A 3 581X R T A v S0 T I A A A A B LK e s AR P AR LR 2 0 4

FKHWE R FEK KL EAE; KR HRE

FE S :S275.6 CERARIRED : A X EHE1009-2242(2022)04-0316-09
DOI:10.13870/j.cnki.stbexb.2022.04.039

Effects of Water, Nitrogen and Potassium Interaction on Water Use
Efficiency of Spring Maize Under Shallow-buried Drip Irrigation
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Abstract: In order to reveal the impact of water and fertilizer interactions of shallow-buried drip irrigation on
the water use efficiency (WUE) of spring maize, a field experiment on the effects of different water and
fertilizers combinations on WUE of spring maize under shallow-buried drip irrigation was carried out in
2017—2020 by using quadratic regression orthogonal test design, with irrigation amount (W), nitrogen
application rate (N) and potassium application rate (K) as independent variables and WUE as dependent
variables. The results showed that under the action of single factor, WUE increased first and then decreased
with increasing of water and fertilizer consumption, and the degree of influence followed the order of W>
N>K. When the two factors interact, the influence of WN, WK and NK on WUE showed a convex trend,
and there was a maximum value, and the degree of influence was WN>>NK>>WK. When the three factors of
W, N and K interacted together, WUE increased first and then decreased with the increasing of the coding
level of W, N and K. The treatments of middle-water-fertilizer could get higher WUE compared with the
treatments of low-water-fertilizer and high-water-fertilizer. By the model optimization, it was concluded that
higher WUE (=25.00 kg/(hm?® * mm)) could be obtained under the conditions of irrigation rate of 43.25 to
58.87 mm, nitrogen application rate of 229.93 to 382.97 kg/hm’ and potassium application rate of 104.94 to
148.49 kg/hm®. This study provided a scientific basis for optimizing the management of water and fertilizer under

shallow-buried drip irrigation and obtaining high-efficiency use of water for spring maize in the experimental area.
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H1 HBREKE
2 Mtk
2.1 RIIEIT
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TR XK D B 45 mm, Tt 8L B R 2R IR
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1 KBEFAKEE

e AF R
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2.4 HEALIE
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AT 2 IC M) 225307 Matlab 2019 $FER
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3.1 43 WUE £%
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AN E S, WK FEES WUE 47 53 %0,
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R i B & A - 52t K Iy KA A%
ik 2 w/ N/ K/
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W,.N; K, —1 —1 —1 30 61.5 31.5 8178.851fg 21.21hjj
W, N, K, —1 —1 1 30 61.5 211.5 8466.52delg 22.14ghij
W, N, K, —1 1 —1 30 409.5 31.5 8378.65¢fg 21.87hij
W, N, K, —1 1 1 30 409.5 211.5 8917.10cdef 23.34def
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WiN; K; —1.353 0 0 24.7 235.5 121.5 8056.08g 21.06j
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W,N; K, 0 +1.353 0 45 471.0 121.5 9205.85bcd 24.13cd
W;N; K, 0 0 —1.353 45 235.5 0 8902.17cdef 23.28defg
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PRSI — 1,353 B, WUE BCE 38 56 15 31 40 05 {1 70
FEl N ) e /ME R 20,36 kg/ (hm? « mm), 1 W.N %
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PRE BE /N R WIS WUE B0 9520 7 1. WK B A
XF WUE (BT IREESS T W.ON BAE, £ 4 gl
WK AN [6] 2 % 7K 7 B 3155 i WUE BU(E 224k, XF
A Ml #3. WO K AR R WUE 508 X285 W.N

HAER AL Ak (A WUE e KM 55, b
H W.K Gtk 11k — 22 T im , WUE B REAR T P 5
S, 78 W.N B K 7B 1.353 i5f, WUE Jy 24.47 kg/
(hm® » mm) B KAERFAK 5.11%,

*3 WNHBREFXZXEERN WUE T

EER i 1 7K -
w —1.353 —1 —0.5 0 +0.5 +1 +1.353
N —1.353 —1 —0.5 0 +0.5 +1 +1.353
WUE 20.36 22.09 24.03 25.38 26.13 26.29 26.05
WUE 1975 {3 — +4.90 +3.88 +2.70 +1.50 +0.32 —0.68
¥ : WUE fil WUE #9286 R B0 4 kg/(hm? « mm) . WUE B4 L %48 WUE 2L i 5 40K AR e . TR,
*4 WKHRBEFZEERK WUE T
EERN i B 7K P
w —1.353 —1 —0.5 0 +0.5 +1 +1.353
K —1.353 —1 —0.5 0 +0.5 +1 +1.353
WUE 20.16 22.11 24.16 25.38 25.75 25.29 24.47
WUE 1975 {6 3% — +5.52 +4.10 +2.44 +0.74 —0.92 —2.32

W.K i [N FIAER WUE B9 #2755 1E 1 42 JEAE
ML AT WON BAE,7EF 3b RN WON A
TAFE L BT LT R L i WK R A R A
HHE TR

GORMEAE. K 3c I N.KHHFILFEERT
) WUE 281k B, B 3c2 ITLLE H 7 NJK FIA
THLEE T WUE B 55 E 208 R LT BE , & W
N.K BAESON 4855 . 78 NLK PR T 1Y 2 B 7K 7 23
Wl —1.353 1 1.353 iF , WUE 89 BUH A 4218 56 2 i

Yo N B K 21.57 kg/(hm? « mm), A 0L, 7E & NE
ARG OUE S B A i A SRR — € WUE,

5 iTUEH . 7E N K R —1.353 [A 2
WK% 1.353 WA fb it FE b, WUE $0{8 22 48 fb 328
a5 WK 28 B AR B AR AL, 3 e X A U SR A
it NG KT AT g A K P43 5 R 0.526 T 0,291
I, WUE B8 KMl 25.72 kg/(hm? « mm) , 8 % A
F oM E Y E —1.353 5% 1.353 B 2 5l #2 5 28.90%
M6.77%,

x5 NKAEFXEEAK WUE T

EiEL 7D 2 B 7K S
N —1.353 —1 —0.5 0 +0.5 +1 +1.353
K —1.353 —1 —0.5 0 +0.5 +1 +1.353
WUE 19.96 22.02 24.16 25.38 25.68 25.07 24.09
WUE )78 fb. % — +5.84 +4.28 +2.44 +0.60 —1.22 —2.78

3.2 ZRFEAW WUE & m K 4 2761 5% %9
B E N, W.ONLK X WUE 9 = BB 7200 18, 2201
=TT A K5 —1,—0.5,0,0.5,1 BF A
FE, B TEEEUE =R ARG T
WUE $ i A2 4k , fa] Ak 22 B oy A5 00 i) S E 2 . 4%
MriEl 4 /i, Bk B BEE WONLVK = H F 4 5 K F
Rl B B2 5, WUE 550 52 i J5 IR 1 3 gl 8
1k, BAEAES 8K WUE i W.NL K i [,

Kl da KoxAE W B AS 6] 4 5 A6 B B = P XF
WUE B, & 4al oJLIE . BEH W.N.K =
PR 2t B 7K 14 AN W7 185 K, AT IO 85 s WUE (J]
T DX ) A DX sk A B M /AR R AR N
Xof ] U 55 78 %) SRR fige A5 1 R RE 09 45 2R, B AE W 44 B
K435k —1.353,—1,—0.5,0,0.5,1,1.353 B, %t
N NLK g b5 7K SF 43 51 A (0.054,0.277) 5 (0,177,
0.280), (0.351,0.286), (0.526,0.291), (0.700,

0.296),(0.874,0.301), (0.997,0.304) i} A] $k 15 i K
WUE, 73 5l & 22.33, 23.49, 24. 80, 25.72, 26. 24,
26.38,26.24 kg/(hm® « mm) ., W B 14 A B 34 i
AR K WUE 19 N UK B0 B2t 78 Bl 22 52 s T 45
JETF K WUE 2635 BEAR g ta s, [RIFE 78
NLK A EE B4 R 043 B = DR 2000 B A5 30 A A
ME5ie, NEEE .,

M 4a AT AL FE W it 7K SEH 0 B WUE [/ B
EALSZ NLK B 5 5, L BOE S F R 19,96 ~
25.72 kg/(hm® « mm), WUE 75 1k g if }y 28.86 % ;
m & 4b BT AT, 7E N B 4 5% 7K SF B 0 BF, WUE (1) B
HALZ W K P 19 52 ), L BC(E i LDl 20016 ~
25.79 kg/(hm* « mm), WUE ZE L& JF & 27.93% ;
M 4e ATHDR W 7E K B4 f% K SE B 0 B, WUE A9 HR
HALZ W N R T 18 52 i), BRUE VS BBl 20.36 ~
26.31 kg/(hm® « mm), WUE 28 {4 g Bf fy 29.22%,
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836 %

[FIRE DT AT 45, 24 WO NLK [ 1 4 5% 7K SF 2 B — 1
i, WUE (9 B i R IR R 18.93~23.49,19.00~
23.56,19.01~25.01 kg/Chm* « mm) , 4% {k g & 43
WK 24.09%,24.00%,31.56 % ; 24 W N, K K 7 %
7KFHEC 1 B, WUE 9 BRUE 8 B KRl 19.20 ~
26.38,19.41~26.37,20.09~25.99 kg/(hm® * mm),
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538 WUE, i ik Ao B 85 35 7K 32 I8 A4 fe 315 & 1
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@ BR i WUE 71

M 6 1] LU s Rk PR (B K R 4L A 4%
PF R AR B WUE, ZEARKARIE 4 A (W.ONLK 1Y
A —1.353) AR K& R4l & (W.ONLK # %

SME R 1.353) 1) WUE BUfE 541K . i % A5 0 -
e Aets i . 78 W.ON K gl 53 51 B 0.924,0.848,
0.300 B A] ZR 45 X 56 3 Bl N B9 WUE $ K {H 26. 38
kg/(hm?

e mm),

#6 WNK=ZEFZEEHAK WUE T

ELEE 2 % 7K -
—1.353 —1 —0.5 0 +0.5 +1 +1.353
N —1.353 —1 —0.5 0 +0.5 +1 +1.353
K —1.353 —1 —0.5 0 +0.5 +1 +1.353
WUE 18.14 20.74 23.56 25.38 26.17 25.96 25.20
WUE fif 25 4k, % — +7.37 +5.64 +3.64 +1.58 —0.42 —2.15

3.3 & WUE WKBEMRLFZE

WX WONCK = 085 800 B 5 A . 45 A
50 Hb DX A 77 S B ARARAE W 2 b A oK 7 O R
=8 000 kg/hm”) B9 [A1 B, i35 X N 8 s WUE (=25.00
kg/(hm® « mm)) ) W, N, K & H % 5 75 Bl 43 5 N
(—0.117,+0.924), (—0.032, +0.848), (—0.184,
+0.300), B {3 SR B W 45 1 (AR Y [ K & 477,74
mm ., Ak B IR K i 408,70 mm) [958 B K AR =
M 43.25~58.87 mm, Jifi & & 229.93 ~ 382.97
kg/hm?, jfi # & 104.94~148.49 kg/hm?,

4 Wi

PEEAEY i R R AR K R A0k A 7= 3 S5 5T
H LR BAR, i WUE 25759 7™ i FFE K 2 B #24H
KMl — AT B RR A K IR A Bl 2 B R K 2 5
Fror 8 T F B O R IR B AN, LU S 8 KT IE e
M EFR . AFEZKAEGE B R EY WUE RIHA —
B, 2R A O A R A o R A T K AR
HIRE LB E—ERE L& Tk WUE b % # K &
P18 I AT 22 18 g s B T AT 5 224 1 ()38 R
LW N.K = H-FHE R mMHEEK WUE 2
JeTH e AR 1 A8 Ak B, FLAE 7 B £ 9 it A G
Hoo PRE, Y 7K BB 45 1 AN AL HsF o 398 o 30 vt A 2t XoF A
Y WUE (4274 1F 18178 F 5 K I8 AR A7 7 9 {8
L o A1 T (B S 38 i K AR 4% A XF WUE 142 7 250 5 B
5 i T B E S P TR B AR,

TR OK A E T 7 G 58— BRI 292k T 5 X
FOR =R WUE #2519 CHE R R L 7R vk TR X
SR AT & B, K AR B R AR X WUE 52
K/MF Ry W>N>K, AR T R IX E KA
KA FEELFRAT T 10 0 FH 2 B A R AR 2R 6 K 43 1Y
W B R RE K JEY i e WUE™ . 75 7
A2 LUV T W 5 R B, K ORIt LR 5 AR ) #E
KA WUE /Y82 3R, HA 58 i A 3R A
o Si ZUSWEGT A L 3 E
Uit 20 1 B 3 4R A /N R R WUE, SR 1 8 i

— 5 it FH Y0 LS W 2 R 2 R, WON
28 B3N [ T A AE 2 1 B AR AT DL Sz ke B - ] 22 HAR
FH B 8 55 o JE DR B 422 3 W (B 3 7 B 1 [R] 22 AR T B
5 o SR B T 58 ) R s PR TR S AR PSS .
FF ) H T8 K it L A B A 58 B W R OK
WUE B 6% & &5, AR5 R, W.N B AE X
HEK WUE B2 m 5 K, N.K BEERZ, W.K &
EmR55. Hi W.N BEAE W K BEAEX WUE ¥ 2
EARRTAE, AT fE ik WUE AY4R 55 B AEAE & e i
W KSRGS A A TEY R R AERKMEY LS
VERD B m AR 9 7= i WUES™Y | e AR5 .
¥ HAF WN, WK, NK I & WNK = [H 7 1
WUE i K8 88 5 /ME 20 945 55 29.22%,27.94% .
28.82%,45.47% , # M H W N.K Z H T4 1EH
XF WUE BUE 2 K/ WNK>WN>NK>WK,
5

(D FER 50 G i 0 [N R VE 45 F T W.ONL
K HLR 7% WUE (942 @& 2 5 0F w4 #E4E J AR TR
NLF R W=>N>K, o B & B it FH 0 38
WUE ¥ 555 0 [n] F (9 41l 4 4 780 14 e 355 7 i Ja 1%
A Ak, H B N+ 2 A9 38 i WUE e i B 23K F
A I

OF T HAER WUE 4 fa [ i 8728 4k
RO B2 W PR 7 2 3 i WUE 2 58T R R FEAIR A
AR, IR EBAE AR RN 5 WN>> NK >
WK, = WN BAE R 3, il NK BEAER WK E/ER
BE, WN E/EM WK BEAEX WUE (92 & R 4 B
{R#EVE AT, NK A B ACE T,

(3Pt WNK =K MR8 m, =K+
HAE WUE 34 Hok iR (el =E 7K =E A 44 4, 1
K IR SRR AIRAE 4 A N REZRAS =5 1) WUE, iG & W,
NLK Fiit & AR & ¥4 m WUE i HAERUN » 52 B K 43 10
FROFI . 3458 WUE(=25.00 kg/ (hm?
B 7K B Jiti FH 7 48 Sk B K B 43,25~ 58.87 mm, Jifii & &
229.93~382.97 kg/hm” , i 8 & 104.94~148.49 kg/hm*,

s mm))
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