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Effects of Integrated Water and Fertilizer Nitrogen Application
Combined with Nitrogen Fertilizer Synergist on Winter Wheat
Growth and Nitrogen Use Efficiency
WU Yingjie', DONG Yuanjie', SUN Guiyang', YIN Wenjing', DAI Xinglong®, HE Mingrong®
(1.College of Resources and Environment, Shandong Agricultural University, National Engineering Research Center for Efficient
Utilization of Soil and Fertilizer, Tai'an, Shandong 271018, China; 2.College of Agronomy,
Shandong Agricultural University, Tai'an, Shandong 271018, China)

Abstract: [ Objective] To investigate the effects of nitrogen fertilizer synergists on wheat growth, yield, and
nitrogen use efficiency. [Methods] Five treatments were set up: control (CK), U (T1), U+NBPT (T2), U+
DMPP (T3) and U+NBPT+DMPP (T4). The fertilizer was applied at the jointing stage through integrated
water and fertilizer management. The effects of each treatment on the growth, yield, nitrogen use efficiency, and
physiological characteristics of winter wheat were compared. [ Results] Compared with T1, treatments T2 to T4
all improved the plant height, dry matter accumulation, and yield. In particular, T4 significantly increased dry

matter and yield by 32.35% and 17.19% , respectively. Treatments T2 to T4 significantly improved wheat water
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and nitrogen use efficiency, as well as the soil nitrogen supply capacity. Under T4, nitrogen uptake efficiency,
partial factor productivity, agronomic efficiency, nitrogen contribution rate, and water use efficiency increased by
18.96%, 17.19%, 89.36% , 61.57% and 17.59% , respectively. At the booting stage, the contents of soil NH, " -
N, NO;-N, and the apparent nitrification rate of NH, -N were significantly reduced by 6.04%, 18.74% and
5.03%, respectively, compared with T1. Additionally, the activities of soil urease, nitrate reductase, nitrite
reductase, and hydroxylamine reductase were significantly reduced by 30.37%, 20.04%, 14.54% and 7.04%,
respectively, compared with T1. The application of inhibitors with urea increased the chlorophyll content and
antioxidant enzyme activity, reduced malondialdehyde content and superoxide radical production rate, delayed leaf
senescence, enhanced nitrogen uptake in the later growth stage, and improved nitrogen use efficiency.
[ Conclusion ] The combined application of NBPT and DMPP with urea promotes wheat growth, optimizes soil
nitrogen-metabolizing enzyme activities and leaf physiological characteristics, enhances photosynthetic capacity,
delays leaf senescence, and ultimately improves wheat yield and both water and nitrogen use efficiency. It is the
optimal strategy for applying inhibitors in integrated water and fertilizer management. The results of this study can
provide a basis for the efficient application of nitrogen fertilizer in wheat.

Keywords: integration of water and fertilizer; urease inhibitors; nitrification inhibitors; soil nitrogen; wheat yield ;

soil enzymes

Received: 2025-03-21 Revised: 2025-04-15

INEAERTRE EEREEY, Ka R
FERELe BB, AECEEM EAM
W R A LSS A A it BT T W SR T R T AR
Yrre i OB AR SR RN A KR E S AT Bk
MICEZ— HE/NE A B o i
T A6 B, 3700 B, 25 By il i 15 R
FAS b - A A A F AF iR A2 i 2k B A s v, S 3 4
IR HE R 5 Y7 SR ASVC L FY5 Qe 3R . K o &
il 29 /N 22 A AR R RE LI O 1 K
TKEVE AT BOK B IEIR 2%, 16 51 + 5857 4 ik Bk
TR, 8 B AE 7K 24 % A AT ) B U5 IR 2% NS L B
B, B, AR /NS AR o T B AT A B T,
RALHF

v 0N R % B R Ak e A 4 it AT AL AE AR
TR B F g AT A A5 ik A, 38 Al 3l ok /K I — 44k ok
P B R KR — Mk R TR i b 4
K G FEIE 9 A R B8 R A R oy R B T SR g DT
Je B A WA 2 B A R KOS — A A AT 7R DR
B % 08 35 VB 7= 5, 1 K 4y 2 K 4 R
L H KRB T AT NS 7 AR
REWK R m A AR ) MUK AR HRCE . &
JIE 348 250550 AT 4 v AU NE A T 5 AR e b, SR A EUIE
338 20500 S JOR A 441 77 NBPT CIE T 3% 87 40 B BE = o)
FUAE Ak 70 ) 7] DMPP (3, 4- — FF 3 ot wk 9 2 3L )
NBPT J& 3z 4y 1k e k5 FH 9 JIk i 4 i 570 DR 3R
e it JO T 410 61 750 NBPT ] A3 209 il A 398 ik il 3% %

Accepted: 2025-05-06

Online(www .cnki.net): 2025-06-03

HE 2% R 3 43 i, W0 A 0 = R S NLO HE I, 8
AR R BTV W EOIE R R S A A 4
FEU S 5 Al A Ak A R AR B DMPP AT 7R B D )
FH 35 B0 A8 4 1 A Ak B 1 2SR DR 3Gt s A
il 7 DMPP a] # # NH, " -N 1] NO, -N % 1k, $& 7 fi§
R il %, B2 AR A R OKIE — kbR £
B F g SR B B v, Y KA IR BB K B
S5 I AE K AR W L B b Tl R 5
NBPT Flfi§ £k 301 1 %) DMPP 2 45 i 7 [ 44 208
FE KRB — Ak 25 18 T S AT R b A b A DGR i 4
AR Ko 38 2L BT 5E R B, A b R AT IR A M B
5%, B, AR BF 50 FE K IE — A Ak 3B AR R IR IR
[7i] 388 25500, 45 0 % =00 888 S ) N R K R
B/ ZE R 5200, LU R /N 22 0 250t A AU £
HEAR T
1 MPERE
1.1 REXHER

ARG T 2023 4F 10 A F 2024 4F 6 A £ IR E
24T D FEAE AR H (35799 N, 117°01 " E) k47, R 56 [X 3
J& T B A R 2R KU, 2 AR AR 11.8~
13.7 °C 4E V- B K & 720 mm, 56 X 32K AN
AR BE 2 5 pH N 6.88, HL K 54 pS/em, &R
0.35 g/kg, B &K 6.00 mg/kg, i A% 13.01 mg/kg, #
BBR 76.39 mg/kg, ML BE 28.93 mg/kg. K5 8] <
ZHRILE 1,

http. // stbexb.alljournal.com.cn



RPN R — M TR it 220 P 384 2805 o 46 /I 22 £ KR 8 2 T 3 ) 5 ) 287

%4
100 .
o0k L Jiziey 130
— TR ]
80 - 20
£ 70r 110 ©
£ 60f 1, =
I8 50 g
X 40} 1-10%
5 B
30+ 1720
20 1-30
10F
|| ! | || ! I ! ! 1-40

0
10-15 11-15 12-15 01-15 02-15 03-15 04-15 05-15
HHIH-H)

1 RERZNEFHAEHSESRKNSH
Fig. 1 Distribution of daily average temperature and
precipitation during winter wheat growing season in

test area

1.2 K&t

B PR (CK) \U(T1) \U+NBPT(T2) .
U-+DMPP(T3) U+NBPT+DMPP(T4)5 /4 4k Bt ,
R E A 3R, I /N X T AR R 35 m?, B AL IX 41
HEF o ML AE Y R & /N 22 (Triticum aetivum L., i
il Sk« B 42 227, /N2 #E i R 150 kg/hm?, 2023 4F 10
A 15 H#ERh, 202448 6 H 3 H kR

it A B HE B . AERE N P,O, KO i 2 9 ok
240,105,105 kg/hm®, B JE A1 47 AT 43 51 Hh B R — % A
S AR B, Bl AT — Uk BT AOME . U B SR
B =4:6, 30 S h B R — i F S R R SR B
AR BR B L 38 A A i 3 3 PR R K — AR IR 4R 4L 3B
JIE i NBPT CIE T 2 i A Wl Bk = e ¥ N R & 19
0.4% i ™, DMPP (3, 4- — F ZE i e g B2 £h ) 4% N
20 0.8 % i FH , NBPT B9 7 hi Eb 1 AR 95 fi A
TR0 45 H A Y 0 20 Y0 B AR A, It I RL N
RUIE 3 ROGR B R T B o ERE T 2k O R T
FTFAE 39943 509 /K 40 mm, FE 3K W HE /K 10 mm, 7648
I HE AT GE R KIS — A B R, A A B it [
2 1l 1 H Ko
1.3 H@:XESWE

TN 2 B RE S A ) S /N A2
PR TE G BT b2 DU /N 22 i R i G 3RO X T
SPECCSPAD D o TE/NAE B BT I 2R R
] Y R4 0~20 em + 2 A HERE 5L OB RE N
P8, — 30 40 AT I B 4 5 2 b ol 2
— WA T —20 C, 0 T RIS A S A A
B AR DG Tl TG VR DU 5 o AE /N 22 A R DT R 3R 0 SR
SENFE T RE S R AE T — 80 C, Tt R diafk &
BERINAE o AR S /N A7 7 e B i R R R

IINZZ I i A L /0N I R T
HURE B /N AR E T 105 CHEAR TP AT 1 h, R &
F 80 CHET 2 AE T FRE I TR R & 45

IINIX PN 3 B S48 AT 2 A4 IX sk, J a2 1 m <X m (3
TH 1 m® Y T FR A A A, AR S 2 A XA i A T
WCE BRL, A AR IAT K AR B 12.5 %0, T AT
L TR FE A I 2, E K B AT 0 XS B LR 30 > il
FH T g A R 51 R A

- HERE S I o G R e 4 K A i
TR B8 FH 2R B 0 — W SR 0 L €8 1 DU 7 1 438 iR it
T FH W R TR L v ) R - A R A R
- S UK T RN A S R A4 D R 1 43 5 DA 24 h R
7 g P A B NH, -N R NO, -N Y 22 52 8036 s
IR R Fh 5O R R, I E AR B N R R
NO, -N 48 fb i, FH DL 37 4 38 0 il 2 i Jit ity 1% 1
A AR B T R I AELA R 0 A R N TR R S
VR F S A 0 R Bl A TR G L B DA ROR LR
i 3 J5 it 9% M) 5 48 NHL T -N R NO, -N R 5 4 8
K A 1 mol/L W) KCL & #2 , 4 | 3h i 3 4 #1 1%
(AA3, FEEDME

R RS DU 2 o SR A RO 6 /N 22 ks, ok
FH SPAD-520 Plus I £ 28 2 {00 2 i B SPAD A
AR AL A I (SOD) 3 AL B i (POD) it
AL A (CAT) (N 8 (MDA Fil i % BH & 1
COy D43 51 2R FH 20 A DU mee 2 A 00 A 1 32 L 42 AP i ik
2 AR B Ll 2 R R e SR AR O
14 HEAKX

RE WM R NUPE (kg/kg) =M1 AKX E
i/ HEAE X 100

RE A A= 77 J1 NPFP (kg/kg) = ¥ ki 7~ /it
R

R AR 27 5% NFAE (kg/kg) = it & XK b 7
- it R X R D /il R

R TR R NFCR (%) = Gifi & X FFRE P2 - AR
Jit S DXORF R ™ 4D /it 280 IXOFF R ™ i < 100 %%

7K 4y B FH 2% WUE [ kg/(hm®-mm) ] = ¥f ki 7=
dat/ CRE R 42 38 K A3 IR O B X - AR R BT £ X+
J2 R 0.1 — W 35 30 A 39K 3 A B 23 B <+ SRR
X R R X0+ T W KB+ A
JKHD)

+ & NH,"-N £ W 4 & % (%5 ) =NO;-N/
(NH, -N+NO; -N) X 100 %
1.5 HEBLESSH

56 504 R F Excel 2019 #1 Origin 2021 %1 {4 it
frab s 52 1|, % ] SPSS 27 8 : HE A7 483t 20 7 , R
FH BN ZE ANOVA K 5 AR 5 (Duncan) i 47 25 5
B E RS (p<<0.05)

]

http. // stbexb.alljournal.com.cn



288 KL TR R 5% 39 &

2 ER54HH or CK

2.0 KB — 36 9 LB B R I O sop =) .3
2 of BT s o o ekl
iz KR s R Sl o oF H

AR NE AR RSN ERE . 5 T1A PR A ﬁso_ﬁ*

W, fE 22 B T2 T3 Fl T4 &b B kR 25 20 91 B 2 42 v,

Y4 4 9 15 8.94% . 7.86% A1 20.04% , o rh 1L T4 b 0z

PR R e ok W 3 R VE R RN AR A T4 Ab B BR 0 ‘ ‘

A 4R 5 6.1% 1 8.26% , T2 1 T3 4bHi G i % AR s P

PRS2 . 1d B PR 2 TE it 20 48 50T e AR X /N F R
Wbk R S W X T Al o R KB e, =
NBPT+DMPP & & &b 3 % /N 2 0k i Az K 9 2 3 24

Rl
22 KE—HUERREREBAFNMNETERN
A

1A, 5 CKAM L, T1~T4 &b B 4 it 1
ZEAHEERS 2298%.49.17% . 55.07% #
62.64% , 77 &t 4r 5 W F & m 23.82% . 34.34% .
35.62% F145.1% , WA jits FH AUNE g 08 34 i/ 22 77 i
5 TLAFA L, T2, T3F T4 A #/NE + ¥ it 2R
) R 21.29% .26.09 % F132.35% , 77 i 4
) G 2 R 8.50%0.9.53% A1 17.19% , Horp DL T4 &b
PR F A AR, 5 DMPP+NBPT & 4 &b B &I XF /)
% T R B e AR A

HF:CK.T1. T2, T3, T4 4 5 4 A i .U, U+NBPT. .U+
DMPP . U-+NBPT+DMPP; NBPT .DMPP 435Il 4 I fifi #11
il 390 A A o PR B 7 A W] SRk R OR [ AR B R ]
IbPR2E SRR 50 WEKT . TR,
B2 FAEEELEI/NEREESHKRES M
Fig. 2 Effects of different fertilization treatments on wheat

plant height at different growth stages

MW= N E R E, 5 TIANBEM L, T2.T3
T4 Kb 38 8] /N2 TR 22 SO B o S [ I Ak
P A) 7= 6 22 S 0] S ORI AR RO G, 5 T b B
AH G, T2, T3 F T4 4b B /N 22 1850 4 ) & 38 38
9.97% .7.84% F116.47% ; T2, T3 1 T4 kb B /)N 3 7
B84y B 2 B 10.68% . 13.59% #1120.39% , H
T4 38 T /0N 22 R BORT SR B0 RO Bt L AR A = i
e, U DMPP+NBPT & 4 Ab #8300 /) 388 5%/
FHEEHA &

x1 NEFERFEHMRERER
Table 1 Wheat yield and yield components

pugi T AR R/ (kg-hm ™) A/ (10 hm ™) MR ER B THiH/g j7 4 /(kg-hm ™)
CK 15112d 547d 31.67¢ 39.83¢ 6 557d
T1 18 585¢ 589c 34.33¢ 43.23ab 8 119¢
T2 22 542b 648b 38.00b 43.67a 8 809b
T3 23 434b 635b 39.00ab 42.67ab 8 893b
T4 24 578a 686a 41.33a 42.13b 9 515a

WHCK.T1.T2.T3. T4 4 5 WA AE .U . U+NBPT . U+DMPP . U+NBPT+DMPP; NBPT .DMPP 43 5l Sy Wi Bt 310 51 500 filf Ak 4 i 500 o

791 [ A 3 2 Sk 5% BEKF . T
2.3 JKBE— k1B AR i S AR 4 S X /s 2 ok & F

FA 3R 19 % 0

REWRCR , FZER A 7= 01 B AR 22 3R Al
RN BT R 2 AT 23 ) DA ) A B R /N 22 % L 21 T
W AL AR B . B & 2 W] A, /N NPEP . NFAE Al
NFCR 2L @A — 30, 5 TIAABAH L, T2, T3
M T4 43 /N4 NPEP NFAE fI NFCR ¥ I & 8 75
Forfr DL T4 kb PR & fe o B3, A R 17.19% .
89.36% M 61.57% . 5 T1ALHAH L, T2, T3H T4kt
/N Z NUPE # 8 2% 48 &, 35 08 2 %1 38 34.5% .
23.59% F118.96 % , T4 Ab H 45 &5 i &2 e /N, T2, T3 Al
T4 b B E] TG b 25 M 25 5 o Ul B /K IR — f £k i it 220 e

B4R e A% FE s /N 2 R WO, RIS AR AR 7 T
B A 27 30 23 R RUIE BT R 23 T g AR D 22 6 R
JE 64 W A T s A A 2k, Ho DMPP+NBPT &
A A PG U £ 9 o R A

N [ R Ak B %6 /N2 WUE #8952 0 A [R5 CK 4b
FEAH I, T1~T4 4b ¥ WUE ¥ 5 28 38, 34 g 43 51 35
19.11% .28.09 % .26.67 % F140.06 % , it B it F UL fiE
P /N BRI RO 5 T1ARBRAH FE , T2, T3
T4 403 WUE 43 5] 1. 25 15 7.54 %6 .6.35% F117.59% ,
Horpr T4 b RGN d5c Ay 2, 0 BH /KIS — 1k T it Z8UNE
RERGRI RE IS 4 i /K 73 AR, Hoh DMPP-+NBPT &
B AL PR 2 7K 53 F FHRCR I ROR B4

http. // stbexb.alljournal.com.cn



55 4 ) S K A — A 3 R S R 50 4 /NS A L P 289
x2 AEERLEI/NMNEKREFAYLERNHIG
Table 2 Effects of different fertilization treatments on water and nitrogen use efficiency of wheat
b B NUPE/ % NPFP/(kg kg D NFAE/(kg-kg NFCR/% WUE/(kg-hm *+mm D
CK — — — — 27.36 ¢
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T2 79.53a 36.71b 9.38b 25.56b 35.05b
T3 73.08a 37.05b 9.73b 26.26b 34.66¢
T4 70.34a 39.64a 12.32a 31.08a 38.32a
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Fig.3 Changes of soil NH,"~N and NO; —N contents at different wheat growth stages under different fertilization treatments
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Table 3 Apparent nitrification rate of soil NH,-N at different

wheat growth stages under different fertilization

treatments %
b # P PRI K A
CK 60.80b 59.06¢ 69.36b 67.48a
T1 61.96ab 66.29a 71.03a 68.02a
T2 58.80b 65.52a 66.88c 66.92a
T3 59.80b 62.55b 68.67b 65.13b
T4 64.77a 62.96b 66.50c 64.60b
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Fig. 4 Activities of soil urease at different wheat growth stages under different fertilizer treatments
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