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Effects of nitrogen reduction and water saving on water consumption
characteristics and water use efficiency of spring wheat
in Ningxia Yellow River irrigation area

MA Yongxin'*, TAN Junli'®, WEI Guangyuan', WANG Yuemei*, TIAN Haimei*, WANG Xina®
(1. School of Civil and Hydraulic Engineering, Yinchuan, Ningxia 750021, China; 2. Haiyuan County
Water Bureaw, Zhongwei, Ningxia 755000, China; 3. Engineering Research Center for Efficient Utilization of
Modern Agricultural Water Resources in Arid Regions, Ministry of Education, Yinchuan, Ningxia 750021, China;
4. School of Agriculture, Ningxia University, Yinchuan, Ningxia 750021, China)

Abstract; A two-factor split-plot field experiment with three replications was conducted in 2021 and 2022 with
Ningchun 4 as the test material. The primary treatments involved different irrigation quotas: conventional irrigation
(WC) with 400 mm, W1 with a 20% water saving (320 mm) , and W2 with a 40% water saving (240 mm). Sec-
ondary treatments included nitrogen application rates: NC (270 kg - hm™) , NJ (a 25% reduction in nitrogen fer-
tilizer, 202.5 kg - hm ™), and NO (no nitrogen application). The study aimed to investigate the effects of reduced
nitrogen application and water-saving practices on soil water distribution, crop yield, and water use efficiency in

spring wheat. The findings are intended to provide a theoretical basis for efficient water use under reduced nitrogen
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fertilizer in the Ningxia Yellow River irrigation area. The results indicated that reducing nitrogen by 25% and saving
20% of water increased water uptake by spring wheat in the 20 ~40 cm soil layer. Most changes in soil water content
occurred above 60 ¢cm, which limited the downward movement of water. At the same time, the highest yield of
spring wheat was achieved with the treatment 25% N reduction and 20% water saving, 8 092 kg + hm™ and 5 516
kg + hm™ in 2021 and 2022, increasing by 7.01% and 13.36% as compared with the conventional irrigation quota
and N application. Meanwhile, the number of grains on the spike and the thousand grain quality of spring wheat
were significantly raised with the treatment 25% N reduction and 20% water saving. Under the same N application,
the total water consumption was significantly different between irrigation quota treatments and tended to increase
with the increase of irrigation quota, and the water consumption of spring wheat under 25% N reduction and 20%
water saving treatment decreased by 14.07% and 18.37% compared with that of conventional irrigation, respectively
in 2021 and 2022. The water use efficiency of spring wheat with 20% water saving under N reduction were up to
1.62 kg + m™ and 1.43 kg - m™, which were 21.80% and 31.19% higher than that of the conventional irrigation
treatment. In conclusion, during a dry or extremely dry year with only 67.5 mm or 34.5 mm of rainfall during the
spring wheat growth period, a 25% reduction in nitrogen (202.5 kg - hm™) and a 20% reduction in water usage

(320 mm) represent an optimal irrigation and nitrogen management strategy. This approach ensures high yield and

efficient water use for spring wheat in the Yellow River irrigation area.

Keywords: spring wheat; reduction in nitrogen application; yield; water utilization efficiency; Ningxia

Yellow River irrigation area
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Fig.3 Effects of water and nitrogen treatments on dynamic changes in soil moisture

during the growth period of spring wheat in 2022
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Table 2  Effects of different water and nitrogen treatments on water consumption of
spring wheat at various growth stages in 2021 and 2022
. e TEBUER SEE] Er el Eiiifnl TSI e 2AFEH
il Tf&j}ii Irrigation Tiller Tapering Tasseling Grouting Maturity Whole stage
Year Nitrogen
quota /mm /mm /mm /mm /mm /mm
wC 143.12+4.58aB 111.70+9.38aA 91.97+6.05aB 98.63+2.25aAB 110.18+13.8aA 555.64+12.33aB
NC W1 129.70+0.92hbB 100.96+10.63aA 84.63+9.32aB 84.15+9.86bA 84.11+10.70bB  483.56+6.05hB
w2 128.02+6.45bB 71.31+8.11bA 78.93+5.81bA 71.91+6.49bA 62.42+11.19bB  412.59+18.86cA
wC 156.96+4.11aA 113.66£10.41aA  106.88+5.46aA 80.74+10.69aB 122.79£13.27aB 580.89+14.19aA
2021 NJ W1 145.46+2.79bA 93.71+1191abA  93.64+7.12aA 61.55+7.59bB 104.79+£10.52abA  499.15+6.57bA
w2 139.99+6.15bA 88.32+14.00bA 63.91+8.18bB 46.83+4.95hbB 84.13+12.87ThA  423.18+4.24cA
wC 151.58£9.42aAB  104.71+9.97aA 95.81+7.06aAB  103.51+5.52aA 99.22+9.32aAB  554.83+9.63aB
NO W1 147.08+1.40aA 96.30+8.73aA 69.85+7.00bAB  82.98+7.43bA 82.01+15.24abB  478.22+9.79bB
w2 145.97+12.63aA 73.97+8.12bA 66.18+12.47bB  62.27+10.83cA 68.70+8.32bB  417.10+8.84cA
N * * ok * & * * ok * ok
WxN ns ns * ns ns ns
wC 50.19+11.31aA 101.53+4.85aA 162.65+5.49aA 101.43+9.26aB 38.65+6.57aA 454.44+11.31aB
NC W1 39.72+8.04aA 63.35+6.63bB 135.97+£5.704bA  102.03+3.32aA 45.09+15.39aA  379.48+16.0bA
w2 14.61+8.49bB 50.17+14.57bA  107.56+9.11cA 74.08+7.06bA 47.12+3.45aA 293.55+7.40cB
WwC 54.70+5.53aA 111.15+£25.08aA  156.75+5.41aB 108.18+21.84aA 43.37+13.58aA  474.15+23.67aA
2022 NJ Wi 38.11+13.36bA 84.14+8.94abA  128.84+2.10abB 97.02+9.21aA 38.96+11.67aA  387.08+15.76bA
w2 37.40+10.80bA 46.13+12.77bA  111.49+£20.84bA 55.95+5.89bB 33.22+4.69aB 284.20+9.21cB
wC 55.85+9.19aA 85.00£11.24aA  164.46+4.606aA 103.22+6.64aAB  42.27+7.99aA 450.81+9.87aB
NO W1 53.76+24.38aA 68.36+7.58abAB  126.65+5.99bB 102.38+17.24aA 15.55+5.85bA 366.70+12.0bB
w2 30.62+5.19bAB 56.77+7.45bA 101.59+12.39¢B 75.40+1049bA  44.11+2.10aA 308.79+19.50cA
w ® ok EEY * ok ® ok ns * sk
WxN ns ns ns ns * ns

T AN R)/INE R AR TR A TR — MR K S [ E AAL BRIB] 28 53 T35 (P<0.05) s AN [RIR'S SRk R A R A= 1 Rl — E K P
NS [ A A B ) 22 5 S o D o S SRR 3 (P<0.05) R ML 135 (P<0.01) ,ns RERIBF BFE KT (P>0.05) o N At it ;

WOREMER, T,

Note: Different lowercase letters indicate significant differences among different irrigation quota treatments at the same fertilization level at same grow-

ing stage ( P<0.05) ; Different capital letters indicate significant differences among different fertilization treatments at the same irrigation level at same

growing stage. * and * * indicate significant effect (P<0.05) and extremely significant effect (P<0.01), respectively, and ns indicates insignificant

effect (P>0.05). N is the nitrogen application rate; W is the irrigation quota. The same below.

222 KEKRESNADINEAFTHEKRBENY
vy /NAZRE K B B AT R A /N 2 B AR A BN B[R] Y

MIFEK I, F/INFE 45 B B B /K 5 B RN FE 7K & 1 R1
HHA S, AH R U T, 35 /0N 22 FE 7K i R il VR
T 2 2/ £ 2R AT e A, AN [ R YRR 41 A BB 22 ) R
ARFEZES (R 3), HMA T RS, F/NE FE
TR B 5 SE 3 NS FEAR A a3, 2021 AF3R 1 1 2
TR A /N2 AR/ O B i K1, 2022 45 ) S il
R0 3 E RO AR K o B B K, Hirh 2021 4F D
NJWC 4k 3T 1Y 75 /N 22 7 fil A 0 FE K 9 i B K
(7.63 mm - d"),2022 4, FEIK W NJWC 40 FE A #E
KR E R K (6.76 mm - d7") , BR 2022 4F pL2 ) E
TR 2 0T A /N2 R K R B TG 2 2 i A, AR B B
VRE 7K R 00RI it 2R i 80 % /N 22 AR K R R A B i
S (P<0.01) .

BAETKNENEFEREHBEZMKS
T AR
2021 4F,H i A R0 2L T W1 A ELAY R
INZERFRL R R W2 Ab B4 S R 12.42% F
19.26% ;2022 4, & H it 0 A it 2 I8 T W1 Ab
AR /INFZ AP B W2 A B350 8 35 9 1127 .68 %
1 64.68% , HWI4E W1 AbFE S WC ALY =8 0 8
FEF(EY), WEEILT W1 ALBE KN AR
HTE 2021 4FF1 2022 445 Ab B 2 R B, o3 ok
8 092 kg - hm™2F15 516 kg - hm™, [t NCWC Ab¥43
TR 7.01% Al 13.36%, 7€ W8 A 25% 45 & 5 /K
20% K03 ) 7= b i - U LR IE K Ab 3
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T WC AbH, Mt 2 T W1 1 WC b B 2 8] T8
2R NIW Ab B FEoRE BU0CFE R 4 45 Ak B v 2
M2, 5k 42.87 A - BRI 38.84 A - BT,
J5 2253 M B RH | VIR R A0 % W AT 7R /N A2 RO S AT
e 2 3E RE 0, 7E 2021 4F it S0 i X R AR e B
S TE 2022 4RI JC B R

LM AR, 2021 4F W1 4B A Tk i 5
WC AP TC B3 22 5 5 2022 4F W1 &b 33 i TR0 5
TP E R T WC AL 7R i ZIE A F T, 2021 4
W1 AP AR /N TR A WC Fl W2 Ab 343
SR L 8.32% 1 12.29% ;2022 4F/NF Tk fi i
&Iy Bt o T R ARG G N, 2 & K80 220
Br¥ R0, HEWE S X /N2 T ot A B 5
M), it 22 %o L TG S 5

FEAH R U S5, E RE /K ) 503 B R
FE R/ S B N W e RN e I TR
AN T R R 5 2 1) VR R /K R P 55 R 24 A7 A B 5 2
S, 2021 EHHER T W1 A1 W2 b BRAY K 51 H
BCREE WC AL B4y 5142 7 18.38% F1 23.53% ,2022
AR M R 17.76% F1 18.69% , 2 a iR 4%
SRR Wit EE T #1h W1 LB TR 7K 43 F H AL
T, 2021 A2 2022 535108 1.62 kg - m™F

1.43 kg - m™ 5 WC AbH A 7K 0 F FRICR 43 Bl 5
21.80%F1 31.19% ., ANjita 0 55 A4 T 45 T I s 2 4 2
ZIRIK A R BCRANAEAE B 22 5 AH R E I 2
BT, H R Sl it S0 Ak L A 4 I 7K ) 3k R
KA R FHRCR Y B3 & T A A, A =5
WEER,

3 W ®

3.1 BET AKX LIRS EHESHHIHIE
IR S A A AT T 2R R
VPR ZR W 55 D 3R sy 15710 R el B R
W K G oA E R R m AR A
ZEE RS R IR, WA R TS 2 60 em L) I
T2 TR E AR, AFEBAL PEXF 60 cm LRt
R E KRR RN, AOETE T, BRI sh AL
WIRZ BZAAE 60 em LA 1+ 2 3F HA 20 1 1%
KR BETE T E A BTG, 60 em LATE 4 3
BRI (LI B U P T K g3
WRZIE R, AR B AR $i H e 4
# LR S KR H P R K AR A
KRR X G AR A R AL, ST K n] R
PERR/NZARA NS IR BN, AR ek, KR

£3 2021—2022 EARKERAERTEFENEZ I EFE/KEENIIN

Table 3  Effects of different water and nitrogen treatments on water consumption

intensity of spring wheat at various growth stages in 2021 and 2022

. e ) S i) WX =y
iy ]ﬁl&ffj‘i E Yﬂ_k R ?Ifrﬂ r[%:Zly:p:?lri rJljg Tﬁfehﬁ;}ljg gﬁmiijg Iii’l%ltuftjif
Year Nitrogen Irrigation quota /(mm - d1) /(mm - d1) /Com - d71) /(mm - d1) J(mm - d1)
wC 2.04+0.07aB 6.98+0.59aA 6.57+0.43aB 6.16+£0.14aAB 4.79+£0.60aA
NC W1 1.85+0.01bB 6.31+£0.66aA 6.05+£0.67aB 5.26+0.62bA 3.66+0.47bB
w2 1.83+0.09bB 4.46+0.51bA 5.64+£0.42bA 4.49+0.41bA 2.71+£0.49bB
WC 2.24+0.06aA 7.10+0.65aA 7.63+0.39aA 5.05+0.67aB 5.33+0.58aB
2021 NJ W1 2.08+0.04bA 5.86+0.74abA 6.69+£0.51aA 3.85+0.47bB 4.56+0.46abA
w2 2.00+£0.09bA 5.52+0.88bA 4.56+0.58bB 2.93+0.31bB 3.66+0.56bA
wC 2.17+£0.13aAB 6.54+0.62aA 6.84+0.50aAB 6.47+0.35aA 4.31+0.41aB
NO W1 2.10+£0.18aA 6.02+£0.55aA 4.99+0.50bAB 5.19+£0.46bA 3.57+0.66abB
w2 2.09+0.18aA 4.62+0.51bA 4.73+0.89bB 3.89+0.68cA 2.99+0.36bA
N B EE EEY ® sk B
A\ * sk k% ® % ® sk * sk
WxN ns ns * ns ns
WwC 0.91+0.21aA 5.97+0.29aA 4.65+0.16aA 6.34+0.58aA 2.27+0.39aB
NC W1 0.72+0.15aA 3.73+0.39bB 3.88+0.16bA 6.38+0.21aA 2.65+0.91aA
w2 0.27+0.05bB 2.95+0.86bA 3.07+0.26cA 4.63+0.44bA 2.77+0.20aB
wC 0.99+0.10aA 6.54+1.48aA 4.48+0.15aB 6.76+1.37aA 2.55+0.80aA
2022 NJ W1 0.69+0.24bA 4.95+£0.53abA 3.68+0.06abB 6.06+0.58aA 2.29+0.69aA
w2 0.68+0.20bA 2.71+£0.75bA 3.19+£0.60bA 3.50+0.37bB 1.95+0.28aB
wC 1.02+0.17aA 5.00+0.66aA 4.70+£0.13aA 6.45+0.42aA 2.49+0.47aB
NO W1 0.98+0.44aA 4.02+0.45abAB  3.62+0.17bB 6.40+1.11aA 0.91+0.34bB
w2 0.56+0.09bAB 3.34+0.44bA 2.91+0.35¢B 4.71+0.66bA 2.59+0.12aA
N * ok EE %k %k * ok
w EES % % % % % % ns

WXN

ns

ns

ns

ns

*
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Table 4 Effects of different water and nitrogen treatments on yield and its composition and
water use efficiency of spring wheat in 2021 and 2022
e R TR N WRKRIACE AR
AEAy it A {%{.ﬂfﬂ?f}ﬁ] Number of grain Thousand in Irrigation water Water use
Year Nitrogen Irrigation per spike grain Grain ylel_(i use efficiency efficiency
quota /(R - B weight/g /(kg = hm ™) /(kg + m™) /(kg +m™?)
wC 39.27+2.10aA 51.16+1.49abA 7562.60+389.03abA 1.89+0.10cA 1.36+0.10bA
NC Wi 38.07+1.11abB  53.67+1.68aAB  7785.29+375.10aA 1.43+0.12bA 1.61+£0.09aA
w2 35.53+1.70bA 49.75+2.36bA 6925.19+332.53bA 2.89+0.14aA 1.68+0.10aA
WwC 39.50+2.36abA  50.11+2.62bA 7714.24+434.85aA 1.93+0.11cA 1.33+0.07bA
2021 NJ Wi 42.87+2.25aA 54.28+1.52aA 8092.52+319.36aA 2.53+0.10bA 1.62+0.08aA
w2 36.37+1.56bA 48.34+1.70bA 6785.78+192.80bA 2.83+0.08aA 1.60+0.06aA
wC 31.37+1.79aB 51.03+1.68aA 6229.01+255.03aB 1.56+0.06bB 1.12+0.05aB
NO W1 32.97+1.51aC 50.60+1.96aB 5949.04+483.10abB 1.86+0.15abB 1.25+£0.13aB
w2 25.53+2.46bB 49.98+1.85aA 5106.80+515.41bB 2.132£0.21aB 1.23£0.13aB
N * % ns * % * % * ok
A\ ® ok * sk k% ® sk EE
WxN ns ns ns ns ns
WwC 35.40+1.09bA  35.43+0.82abAB  4866.67+239.21aAB 1.22+0.06bAB 1.07+0.03bAB
NC Wi 36.71+£2.52aA 36.17+0.83aA 4766.67+286.74aA 1.49+0.09bA 1.26+0.08aAB
w2 35.42+4.03bA  34.73+1.28bA 3733.33+143.37bA 1.56+0.06aA 1.27+£0.07aA
wC 37.47+1.90abA  38.97+1.79aA 5166.67+329.98aA 1.29+0.17bA 1.09+0.03bA
2022 NJ W1 38.84+1.37aA  36.33+2.01bA 5516.67+£424.92aA 1.72£0.13aA 1.43£0.13aA
w2 35.22+1.21bA  34.23+1.70cA 3350.01+374.17bAB 1.40+0.16abAB 1.18+0.10abAB
wC 38.20+2.71aA 32.43+1.55aB 4416.67+224.85aB 1.10+£0.06aB 0.98+0.06aB
NO w1 34.69+4.64bB  31.70+1.77abB 3766.67+478.42bB 1.18+0.15aB 1.02£0.11aB
w2 31.27+£5.51cB 30.27+2.90bB 2916.67+224.85¢B 1.22+0.09aB 0.95+0.12aB
N ns ns * EE EE
WxN ns ns ns ns ns
SFPUBEFE R, B E BUBCR SR RO, 3.2 BETANEMERKEE FFERKS R

KA FEAE 60 em VL E+)E, LH 0~20
em = JZ 7K 53X VEE R M 107 5 P . 35K 5 AR X 0 ol
ZAF T YK S o A A TE 25 AR, T I o 5
Fi A 2350w oK 43R 0, 38 B 7K 43 SR T
PASEANVERI R IK 43 SR 53 W

2021 AFEAT FEAT A HE, T E 2022 FRRAT R 4>
BEW] 0~100 cm +JZ2IEHIE 0~60 ecm T2 09 1355
IR AT 2021 45 475 F 38175 AS d- A o b 52 i)
INFEAERRI TR i, 2022 AR )Z 4 HE S KR X R
FEPRAY I R AN AN 2021 473X AT AR O 2022 4
T HEE KA, HEWE A T 7K o3 — Jy TR AR /N2 R
SRR 5 55 —J7 i, 2022 4F [ SR &K W 2/ T
2021 4F, HRK FEET THRNEZEREW,

AN FELEWAERFEE T K 20% R 7K 40% W6 8K
2 B K A AR DI AE T A BB AR 31 A &80k 72
W RAEYZ 2+ B hia . I 75| s X RN A
R ik 2 i et AW R AR AR K A R AR
SR PR IE /N R 77 ™ 1 B 2K A B i

R

DB/ | AR AR T AR K AR
HEK S R IRCR A RO R 2 E A BT
R B A 4R s TN BRI, ARRTSE
AR TR 2 T, A /0N A2 A ARG K R T8 E Y
T b 2K i R0 A /N A FE K A B 5 R A R A
ZIN I K SR AR R TG 2 A RS B T 2 IR B
ISR S R WY BEAE A I e, e
I BRE KR K B BERE K 3 B 2 8 3 K {HL B BeAR
ICE et D) IR A = kI N U] S L T 2
BESIRE /K Bt e K, 3 AT RE 5 L B B vk 1] 4 A5 5% Bl
A IR S e R s g

il A SR R WA A ) R A I R, ARSI
AN ) B R A e S A
s I3 —J7 T, A — 72 il A /0N 22 R L o G TR
BT S A R (E B R 2 o A R ARORE
R AR it a0 e I A XN
AR R, AR %0 K 209 [
MUHE WAL BRI 7= S A B R W 3 22 5%, (AL i
HRT K 40% 4B 2B -5 Rt 2 2 A T8
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SERAH L, DR 25% A5 7K 209% Ab BRI A7 R /)N
ek, SrHTARE AR /NAE 7 i B T DR B
2021 4FAb 3R FF R £ B R T 2022 4F T AR RL
s ST (IR 2022 4F /N RPRLIY TR B B
/NT 2021 A [A] B IR B AR B B /N T 2021 4
SIRTINR A BRI A K R AR, e TN
I3 BELL A ROEEE I8 1 S BT i) - 5 K R
AUVANG <37 U I = G B A =N A 2 5 54
2022 FE/NAZ

IR KA R T4 s /N2 e R K 43 R R
RO ARG H R [ it 2R VR T K OR P sk
THE 7K 8 U I T ARG [ IRE =5 7K b 34 4 3 4 v 1K
SRR A KA B AR 25% 157K 20%
QPR /NG 7 i FK 43 R AR By, S 450
IV K T AR il 28 2 v I 3 = K A )
FRCR, g F T R R W, Al —iti /KR,
FHEFE 7K 43 TR Y 200 2 ot A T o 54 8 T R A, U
D A 4 A W R 20% ), THE T
KRR T 13%, FEARRESE H,2021 45512022
ERNE PR AUK R HBCR A ERRESR,
HIFHA = — AR B SRR R 22 5%, 2021
RN AR WIRIBR K R 2 HER AR /N A B R
2022 EREKED HAR/NE A8 e B, 60 7= I8
TR/ s 55— 7 T, 2021 453 AT i AT 4 HE T 8 2022
SRS L, 7™ 3 R /N 22 19 A K R BE ik A
B R] Y AR K A R BE AR T LA B ERIE,
SR M) — AR5 AS ] 7K AL B K 43 FIL AR KR
AL 25% 157K 20% A HR Y 7K 43 R 3808 e i, 3X 7
Sy U IR T K AL B 5 T BN K A R FROR.
JE IR T E— 2 S AN R B K R AL S T, 51 3
VEIX /N K AT RV R AR Sh A B 1) 8, i — 204
T 2 XA A = K SRR ARG

4zt B

1) Shmsiass KRB — AL, ool 015 K34 T T 20 ~
40 cm + )2 KA HITEFE, Kb £ K AEFE 60 cm
PB4 2 i 7K N

2) WA 25% 11 7K 209% 4B G E B T RN
P, 5 HE T R AT B 25 e, [ R
TN RO TR T o

3)2021 4EF1 2022 4EH i 25% 117K 209% A0 R
/N7 T R K S B IRt U T o R o R 1
14.07%F11 18.37% ; FAFIHEBEE AT , it T 25% 35
THNEFEK IR 25% 117K 20940 B 7K 50 F
AR AR TR FH 53 42 5 21.80% 11 31.19%

& % X k.
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