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Abstract: To further enhance water and nitrogen use efficiency in the irrigation areas on the southern bank of
the Yellow River and achieve the goal of significant water and fertilizer conservation in farmland, an experiment on
groundwater nitrogen control under drip irrigation was conducted in Garangtu Town, Hangjin Banner, Ordos City,
in 2023. The study examined the effects of various water and nitrogen treatments on maize yield and water and nitro-
gen use efficiency under drip irrigation, with the aim of optimizing the water and nitrogen application rates. The re-
sults showed under the medium nitrogen treatment the yield of maize increased by 23.3%, the water use efficiency
increased by 7.14% , and the partial productivity of nitrogen fertilizer decreased by 18.3% when compared with low

nitrogen treatment. When comparing with the high nitrogen treatment, the medium nitrogen treatment, the yield of
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maize increased by 2.8% , and the water use efficiency increased by 7.7%, and the partial productivity of nitrogen
fertilizer increased by 38.1%. Under the same fertilization condition, the yield, water use efficiency and nitrogen
partial productivity of maize under middle water treatment increased by 37.1%, 26.1% and 16.6% when compared
with low water treatment. The yield increased by 12.8%, water use efficiency and nitrogen partial productivity in-
creased by 38.3% and 12.9% under the higher water treatment. Three sets of regression models were established be-
tween irrigation amount, nitrogen application amount, corn yield, water use efficiency and nitrogen partial produc-
tivity. Through optimization, three sets of water and nitrogen intervals were obtained, and their intersection was
taken. The optimal interval of total water and nitrogen use in the growing period was 1 800~2 046 m® - hm™ and
210~249.2 kg - hm™, which both met high yield and high water and nitrogen use efficiency. The water and nitro-
gen production function based on Jensen model was used to allocate the optimal range of total water and nitrogen
consumption in each growth period, and the water and nitrogen system in each growth period under drip irrigation
was rationally allocated. The research results can provide reference for water and fertilizer management models and
plans for maize planting in the irrigation area along the southern bank of the Yellow River.

Keywords: water and nitrogen optimization; water and nitrogen production function; drip irrigation and fertili-

zation ; irrigation district along the Yellow river
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Table 1  Different irrigation and nitrogen application rates of maize under drip irrigation in 2023
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W2N3 450 900 450 1800 56 84 84 56 280 0 1
W3N1 600 1200 600 2400 28 42 42 28 140 1 -1
W3N2 600 1200 600 2400 42 63 63 42 210 1 0
W3N3 600 1200 600 2400 56 84 84 56 280 1 1
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Fig.1 Meteorological data of maize growth period in 2023
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Table 2 Effects of water and nitrogen interaction on maize yield

HEKALBE e Ak 2

Irrigation  Fertilization

AT

Row number

TRk

Row number

ORI
Hundred grain

Grain weight Yield

treatment  treatment of spike weight/g per spike/g /(kg - hm™)
N1 16.83+0.98a 35.00+5.06b 20.10+0.56e 118.79+30.97e 7259.461
W1 N2 17.33+1.03a 36.50+3.83ab 23.32+1.78de 146.92+13.28de 8978.21h
N3 16.67+1.03a 38.50+2.35ab 26.79+1.23b 172.60+13.84bc 10213.52f
N1 16.76x1.51a 38.50+3.62¢ 25.20+1.68e 163.40£16.78f 9979.78¢
w2 N2 17.33+1.03a 40.50+2.88a 28.78+1.36b 201.37+6.07a 12305.59a
N3 17.33+1.03a 39.00+2.19ab 29.02+0.17a 195.89+14.09b 11970.76b
N1 17.00£1.10a 37.83+4.71ab 26.54+1.19d 169.86+19.65¢d 10380.10e
W3 N2 16.33+1.51a 41.00+2.00a 26.68+0.20d 178.40+20.05bc 10902.25¢
N3 16.37+1.03a 41.10+3.02a 25.86+0.59bc 174.49+17.00b 10685.37d
W0 NO 16.50+1.21a 31.92+3.25bc 18.34+1.10ef 96.59+14.30ef 6100.35j

T [RISAS R/ NE R RS AR BRI 22 53 ik 25 (P<0.05) , T I,

Note; Different lowercase letters in the same column indicate significant differences between treatments ( P<0.05). The same below.
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Fig.2  Effects of water and nitrogen interaction on water use efficiency and nitrogen deviation productivity of maize
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Table 3 Yield optimization
X, X,
L W UHL
! Wik ik
Code Number F e ) Number F g -
of times requency of times requency
-1 0 0 0 0
=05 3 0.20 3 0.21
0 4 0.27 4 0.29
0.5 4 0.27 4 029
1 4 0.27 3 021
U
Total number of times 15 14
ST
Coded weighted mean 030 025
PRtz
Standard deviation 056 055
X [a
95% Fi{ 1< 0.0019~0.5981 -0.0505~0.5505

95% confidence interval
Fe e R T 48

Optimal ratio 1800~2160 m* + hm™ 210~250 kg + hm™

scheme of output

Y = 55.53 + 3.86X, + 1.99X, - 6.66X; —
1.98X> + 2.65X,X,(R* = 0.9640) (11)
Y =2.67 +0.13X, + 0.12X, - 0.42X} -
0.12X> + 0.12X,X,(R* = 0.8506) (12)
ARG I A5, rhoK A AL BT 7 & KO
FIHZL R A X FAR, 439018 12 305.59 kg + hm™,
6.84 kg - m™,58.60 kg - kg™, XF /K B AR K 1] 14
Ty EEALIA 3R AN 43 A, AT 5 7 A ) Y SO
B, BT SO R 0] 8, N R EAnTH A, R
IR AR AR 3 A AE DX ] F1FH venn 75 BUZE
BB AR (E 6) , 7 E IR K IXE 1 800 ~
2160 m® « hm™ 7K 53R HRCR BHEK X 0] 1 734
~2 160 m® « hm™, ZUAE fw A= 7™ 77 19 3 K DX ) 2
1716~2 046 m® « hm™, S AEHEK X [H] 2 1 800 ~
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2.5 KEHRBISHORBERERS ERKL

Wt KSR HRCE BSR4 01 S
BRI AR B Ak 2 I B /K 5 0 i, (TS
Witk — IR R EARAFEEFTWIT K, Jensen £
RUE EHETZ I B K o3 A 77 sR AR | DUVE Y #E
K AR FERIEYASF A B WK 55 St
AR AE Jensen B B A GUSKN pR KL, BF
FOKEMEZ AN, f2m KA M E, Bl AR
BN Jensen #5570 5 A 40 1K &, B F FH W3NT
W3N2 W3N3 kb H i S £ 4 S S i e Y, (F)
LML F R RO R, I (13) fs .

Y (F)=2119 + 83.85F - 0.177F*>  (13)

ZJE B A IR IR B SPSS #F kAT 2 H

A 55N Jensen FEATE X UNT .
Yu
Y (F) =2119 + 83.85F - 0.177F>

ETI 0.2643 ET2 0.2617 ET3 0.1553
E Tml E Tm2 E Tn13

(14)
IS EAU A1 B T K A B Y 7K o3 UK
FEEL, T R I ORI K A U A £k 0.2643
FHE K 2> BUBHE KR 0.2617 T3 39 T K K 3k
AR R 01553, F 1510 TR AR 1 St 5, /K
g3 RN BT RE A £ OK 32 5 0 B oK MR 5 2R
AR I R E5 SC hY fe EZEA 0
A S5 M 7 et A O B B B, e i I 5 B RE 7S
FEIZKAE . FESHHE K A BN B R E
ZREE AR S BRIV K B AR EORAE K A ARG
B ERRICR], K TS HE K S Z5 R (1 800~2 046
m® « hm ™) # £ABF AK o fOR S B e, SR
s A AR (210~249.2 ke » hm™2) #2 BRIE 15 1 Al e
1 EHIIB AL 30% .50% \20% 1T B, A AL A 2
TR S ESR KRB (R 4)

3 W 1w

IR FVRE e K e AN Al b 1 1 o
TR BR TR X B B i OROR T 38 X
P GROR A PN AR SCE T
PR TH (e300, HEAT T 7K SURE A X 0K 7™ 4 K 23 )
PSR RUE A A= 7 7 25 75 1 BB 5E , Bt R
INHE K-S REAS A F T840 K™ 4 i ] DA
R ERUIROR, X 5 T AR B S5 IR BB,
AT S B K i R AR RIS A A2
J1 2 WA HE KA A3 T 2 BRI N X

I, RN £E 7 T3 S K 43 ) FH 2803 B E 7K 7K F- 1 38
TS IS T v i e AR R A T i it R K P 3 2
BB H X SARFREE R —8, AR
W, oK ZAR BT B 77 A KRR 803 A R A
U 43904 12 305.59 kg - hm ™2 .6.84 kg + m™ .58.60
kg « kg™, AR ER A5 40 R4S W2N2 Ab 3 ™ i
1o, RREEHE K ST, 7 iR o B AR A B R
TR I B K R T — ), K &R
RORA SBEAR  BOAN R — R AT KK R NE 1 45 B A
2, T A S5 7 | v 80 HE K E X ]
AHFFE e S VE K R AR S R R R K4
FIARCR AN A 7= 1 2Z 18] i = 20 WA AR 43
AL = 2K X (R 77 6 7K X 8] 430
1 800~2 160m’ - hm™.210~250 kg + hm™, /K43
FHZCE T MK & IX 4350 0 1 734 ~2 160 m® -
hm™ 203 ~250.6 kg « hm™, Z AR L 7= 1 R 7K &
X350 1 716 ~2 046 m® + hm™ 210 ~249.2 kg
- hm 7, MM AR, 2RSS P
FKEFR 11 000~12 000 kg - hm 2 TR
WK XA A 2 011~2 938 m® « hm ™2, Jiti & X [A]
134.94~245.06 kg - hm™, 52Z M b, ROFFEALH

x4 RUEBRBIER

Table 4  Optimal irrigation system

" K514 il it L K ESBC IS
T HoRiH Nt RIESPREILE] ki SRR
Growth period Sensitivity index Water distribution Nitrogen fertilizer ater allocation itrogen fertilizer allocation
) ’ ratio/ % allocation ratio/ % /(m® « hm™2?) /(m® - hm™?)
Tfiﬁﬁgﬁ 0.2643 39 30 702~797.9 63~74.76
Jointing stage
T
i 0.2617 38 50 684~7717.5 105~124.6
Draw stage
Y
{g?ﬁﬁﬂ 0.1553 23 20 414~470.6 42~49.84
Grouting stage
Bt Total 0.6813 100 100 1800~2046 210~249.2
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2T K B DX TR /N 1 W% In) R Ji 1R AT g
e FIRFIEAE N SE T S S A ATV X i R A
Fit, HAFZE R 5K, A F 5% X 6 X 7F W 35
FEHE X, 0 DU 4 o0 3, T S O K XA A 22
S AR IE DX AR AL, IO AR 7K BRI IR A B T
TN AR A /N FE AR o SR R i
AP IR KA R KR 3 700 m® « hm ™ Jifi 2
N 260 kg + hm™, 52 AH G, ARSI AL H 4
K [FRER /IS | 3 B2 ) R 1) J DR T g 2 R AF oY
IR0 DX A, T LU AR 48 B i T AT X LU 7R 4 B R I
grbrteul i M2 R K H R R A A/, HL R
YEYI R4 /N 5 E KT KSR A, S B0 K
WS, MEIE B AL, ANy R
AT B RE K R 5 K BRI RO AR
FTE AL 5 B — | AR SORF — 21 7K U IX ] 28 4 3%
G R R T R LK R IX R 1
800~2 046 m® + hm™ jifi &AL X [H] hy 210 ~249.2 kg
- hm™, Bl ALL Jensen 57 g Jefili H 2% & AN 52
M) PR 7K LA 7 R BT B HE AT B0 A | 3R 0
A 7K AR 503 51 h 0.2643 10.2617 ,0.1553 , 145
R 5 Zhang %517 FE] B an g g R —%

H AR K RS 5 K o U R SO 45 B 0 A=
A K GRUT B AT R B O AR A DA R 3 b AR S
PR T 0 A B W E /K S X TR 1800 ~
2 046 m’ « hm 4 IR A B HAIK 7075 SR U £
LR EARAER A& AT W, R A 210~249.2
kg« hm ™ F% R T Tl B R 1A IE 30%
50% 20% #4743 L, i E Y — B H XA A T
TREE LA IS W Wt I 1 B2, 255 B I8 T =7 L = AL
(I BIME R , X v XA B OK AR A 2 G E )

4 4 ik

1) K i i 0 0 R OK = B AUK &R RCR
A WA KR R AR R R 12 305.59 ke
- hm ™ B K AL BRI P 149 K o B SCR
B 32% RNCARAE 77 13 43% . 55 5 &, A
oK R AR B RS A5 1 T R s AL B

2) JAT K i RS R KR ROR A
O A 7= 0 2Z [0 = 2] [l A A AR oy S AR Ak i =4
A KR, 25675 188 s o A o
LI )R 58 SR A5 #1422 T I B E K X 18] 5 it
A2 504 1 800~2 046 m® - hm 2 F1 210~249.2
kg - hm™

3) FIFHZK B 77 R RS E R A4 F WK

ST HURFR B, FLh T B ECR 0.2643 Sl iEA R 5L
4 0.2617 , #ESKIHRECH 0.1553

4) KRR AR F RS B BIK - HURFE 5L
W2 F W SR D0 HE K DX ] G B8 b A 0 1) F K AE K
BIAAAE B T, 15 21 1 VR R it S ) 32 A « 4T B
7K 702~797.9 m® « hm™ jifi % 63 ~74.76 kg + hm™,
HEEHARE K 684 ~777.5 m® « hm™ Jifi%& 105~ 124.6
kg - hm_z,?gﬂﬁgﬂfgﬂ( 414 ~470.6 m® « hm™ i &
42~49.84 kg - hm™ il B AT AR b o o g i VB IXC
IR PR, DASE B E R AR AR = R T Rk &

2 % X k-
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