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Effects of Drip Irrigation Combined with Different Nitrogen Form Management Practices on
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Abstract: [Objective] A field experiment was conducted in an arid region to investigate the effects of nitrogen form and
drip irrigation placement on nitrogen transformation dynamics in rice rhizosphere and yield formation, aiming to address
low nitrogen use efficiency in drip-irrigated rice and provide theoretical and technical support for improving nitrogen
management in these systems. [ Method ] A three-factor randomized complete block design was adopted. The
experimental factors included nitrogen application methods under drip irrigation, i.e., surface drip irrigation (Su) and
subsurface drip irrigation at a depth of 10 cm (Sh); nitrogen forms, including no nitrogen application (NO), nitrate nitrogen
(NN, calcium nitrate), and ammonium nitrogen combined with a nitrification inhibitor (AN, ammonium sulfate + DMPP,
where DMPP is a nitrification inhibitor); and rice cultivars, namely Liangxiang 3 (LX3) and Ningjing 48 (NJ48). The three
factors were fully crossed, resulting in 12 treatment combinations with three replicates for each combination. We conducted
a comparative analysis of the following parameters across the different treatment combinations: rhizosphere soil pH, NH4*-
N and NOs-N content, nitrification rate and denitrification potential, aboveground nitrogen accumulation, and yield
components. [Result] Dry matter accumulation, nitrogen accumulation, and yield differed significantly among the
treatment combinations. Overall, the AN treatment outperformed the NN and NO treatments, with the Sh+AN combination
yielding the highest results.The rhizosphere soil pH was significantly lower in the AN treatment than in the NN treatment.
At both the tillering and heading stages, the soil NH4*-N content differed significantly among nitrogen forms, with the AN
treatment being significantly higher than the NO and NN treatments. The highest values were observed in the Sh+AN
combination (LX3: 20.39 mg/kg; NJ48: 21.05 mg/kg). Similarly, soil NOs™-N content varied significantly among nitrogen
forms, with the NN treatment significantly exceeding the NO and AN treatments. The Su+NN combination showed the
highest levels (LX3: 61.71 mg/kg; NJ48: 59.97 mg/kg). The soil potential nitrification rate and denitrification potential
were significantly higher in the NN treatment than in the NO and AN treatments. While these rates were slightly higher
under Su irrigation compared to Sh, the difference was not statistically significant. [ Conclusion] Shallow subsurface drip
irrigation at 10 cm depth combined with ammonium nitrogen stabilization management (Sh + AN) better maintained NH4*-
N levels in the rice rhizosphere and suppressed nitrification-related nitrogen loss. Consequently, this practice enhanced
nitrogen uptake and increased grain yield. Therefore, the Sh+AN strategy can be recommended as an optimized nitrogen
and irrigation management practice for drip-irrigated rice in the arid region of Xinjiang, effectively balancing yield
enhancement with the mitigation of nitrogen loss.

Keywords: drip-irrigated rice; irrigation method; nitrogen form; nitrogen transformation; nitrogen use efficiency; yield
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. EERM RS, Kt LA RREREMR. [ER] BAKBREROTHRREE. ZREA
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Ho AN AHEFIMRPRE3E pH EHEZET NN A, ERAKRESF 2 B2, NEEER S 5%
NH«-N ZERIA AN LB EE ST NO 1 NN 48, H DL Sh+AN A3 2 & 1) & =i (LX3: 20.39 mg/kg:
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I %7595 T CAHERE D9 S 5 DX R E KRS B BT A D SR A R AL T I
REEIR: WHEKEE; MAETT A RIUES, RN BREAMER, R

IKAE(Oryza sativa L.)7& 2EREHN T 1) FARAE
v, [RIE R FEK R R KRR EIEY . FaiE
IKFERERE BT K B /NS ARSI 2~3 iU,
WEH RIS T R X R D R E K,
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IKFEAR b IR A 5 AL R, T A
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T ARG R FEEAE AR 10 cm J% FE AL ) 1
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Table 1. Physical and chemical properties of soil at 0—20 cm depth at the experimental site in 2024

- AL BRAR A L A EIINESY N
II—)I ) Organic matter Alkali hydrolyzable N Olsen-P Available K Bulk density Field water capacity
pH value
(gkg) (mg/kg) (mg/kg) (mg/kg) (g/em’) (&)
8.39 18.3 54.3 10.5 3213 1.37 24.7

1 RPRHE

1.1 IR

H RS T 2024 4F 4 H & 10 HEHsE a1
WA R 2R 2RI —E(RE 86°0'39”, b
2 44°19'9", R 412 m)iFEAT . XN IE A KR
PSR, KFEEBFHNPYENERN 110 mm, F
YIHLE N 18.5°C . 1Z 4R 56 b i A5 5K FH il E K R A
MR WMREKREAERKTA 5 AWIE 10 A¥l. %
AP E A ED R . (UK RE SO E 3 5
FITAE 48 5, LIEIEREFRALME R WK 1.

1.2 Rt

KHZHNRZEEMILX AT REE T8
FEREE AR 7 A (F): MR (Su) 5 H R HEER 10
cm J#E(Sh); BAEEASN): AHEENO0). MR
[NN, %L Ca(NOs), N 11.8%] A%
Jite i A 3 1 77 (AN, R URE D (NH4)2S0s, N
21.2%, NIRIFE S S B N AR e,
F (NH4)2SO4 B Z8 i AL 40155 DMPP(3,4- — Fi &
MR 2, W H RS CERHEE R A F) U
FELZ T3 NH4 1) NOs %% 1L, DMPP ¥ & VA
R 0.5%); AKFESF(V): HWEF 3 F(LX3)H
THE 48(NJ48). —FHEAaMA, Mk 12 M
(2 FPREBL AR 77 23 FEETE & <2 AN fl) . B4
WA WE 3 MER(XA), ArfbEeEA X
AWBEHLHES], 3t 36 MR/ X . FANRIE N X
BE 2 M, AR 17.5 m?(K 7.0 mx 5
2.5 m).

RICRA “PE AT MEMBEAN, il
BERE 1.25m, PERERE R SR AP T KRG B
— 2% T E T (W LA 2.0 L/h, [H)EE 0.25 m), #&F
AT 5E P PP R A Al 13 Su &b N HE
RKHE, HEETHI TR, T 5 R
BB ATL— VP 5 il T (B — B 8 DU4T) . Sh AbEE
DR R E K VR EE A T i Hb 2R R Y OE R
WELRT 10 cm, DU FHR 10 cm )35 7
k7.

T 2024 4F 4 H 29 HiEM, FEFHRE 2~3 cm,
¥REE 10 cm, 17 26 cm, AL A#E(EHRE), HIX
6~8 Fi, EMET 3.0 x 10° 7Uhm?. T =HHE
B, RIS BROKFE. FTA AL ER(E 0 RE) [R]85 it FH B
BRAE, BEAENBEER SR &N 110 kg/hm?(Hr
4 P,0s), NN AEFAT AN ACFE /KRS A & 12010 1t
=4 300 kg/hm?(Fr&4h N), B Ak 3 it
F, 43l v -4 e 17%(2024 4 6 H 7 H),
RA-HAEHIREAE 1 k(2024 4E 7 H 10 H), #71E-
FCAHARAE 1 %2024 4 8 H 13 H), JHAEEL®EI N
2040 4, Hopth A FE o AR PR R —E,

TR0 1 [ 35 E A 3 (su AT sh)>R FH B 4380 s S 43
(TRIME-TDR, IMKO, f#[&) Wi +I1%5 K.
FEREA I AN, A5 K il € I 1R] (9:00) B 01 0~20
em LEEESKE; HHESKEMR TR EHE
KR PR (8] FF K 2= 90%) I, RIS 3 %h 78
o
1.3 MEmMBSHZE
13.1 HeikfhHan

MRFRH3ERAE: 20 3 T /K FE 3 BE (2024 4F 7
H 10 B)FZ #2024 42 8 A 13 H)tift)5 1d. 3
d 7 d EBERALIMIES: 6 FOKREERTZ BT
[ Szi6 = T REMRF . WhHIERHENT
SR BE T, EFER R AZ O XA 8T R E
RETEAR R L. B R AR Br L 38 2 9 356
gy, o AT EENE R L pH. EE R
HMEREGE, n—WorHTEEEAEFRNE -
Y AT R A A

MMRRAE: 200 TKFE 4y BERA . 2 e A o
I = AN RN XOEFE KA SIRIES: 3 /UK
fa, MR ZER DI, o3 b BESsy, Hb bR
RN R B B (G5 TR 20 288 i o [ s 0 =5 ) 2%
TR/K eI J57E 105°CF AT 30 min, 80°C FMET %
THE G H T E TYREMERSE. 15 KRER %
W, BN/ 3K AU 1 m? I XA 5
KFEF= & . WEEANXEL 15 JOKFER 2 =4
B, LIRS, BRI, SiEMTRERE. TR
YRR E = 14.5%F7 5
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132 #HREREEN AT NERRR
1.3.2.1  #RFRE PN =N IFEE %

I3 IRAR S BERAFN 2R M AR 5 7 d (T AR
brtFEH T IR BN [FALER B frid & N B 7K
3. [F—4FHREMRE L3505 =4H: 1)
HF BNHs-N frid, BI7ERIEF A SNH4NO;
(N JFETFFEAN 10.1 atom%)iEW: 2)HF “NO; -
N Fric, BIZEEIEF A NHyPNO(PN R &
N 10.2 atom%) W 3) AL bR id B EARIE
FACE AL EE, X T RAEAR B 2R 3 5 /12
G

MRBR T 0 AR 75 R AP IR DARFR 38
B KM 2 A IR PR v B ) e AR s - 3
FIKE; DR LA R TR BT 30.0 g T
TR T 420 mL B3R R, AN
50 mg (N)/kg T3] "NH4NO; BY NH4NOs 1E A A
(BRI R TREBEAR R O4 ), 2
B PR OOE g E A, RS ENE T
25+ 1P CIEIR RS A0 B s 7%, AN EE R E 3
AEE ., ARATREEFEE A R E, LR
WA RAT P S EWNE 3 min, FFESHRELE
TR ATE 398 5 7K B (R R 78 B AR s - B 1) Ji 4
FKE; )RR LB IR G ECRE: 4 BIAEAR bR A
A BN ARCERZ 5/ 2h, 2d, 5d, 8 dEH T
IHEEURE, IR NN 2 mol/L HISALHT
W, BTRKFIES 1h(Q5°C, 250 r/min) a5 f#H &
HEJE4C(Whatman Grade 50)i J€ I EEUETR; 4)%)
MR E . R ST 30.0 g T HA0HEE T
420 mL $5FEMEAH, AL AT bR id B3R bR il A
AE, SEEMINN 2 mol/L GBI T HEH o

43 SNH4™-N 2 NO; -N £ FElE ik . i
PR B0V S R A I N RS BRAE
WIRAEE: W 20 mL AFIVE T3 S5, B
PR MgO i NH4*-N #4468 NHs, SZBEPEE B
BINA FRRAA A RO, A% A
PN NH; #0840 e . e 45 8 48 T 5 B R
Ja, f# F [F AL 2 5 X (Europa Scientific Integra,
Crewe, UK)IllE I3RS P PNHL-N 55 &
ERFNEFE S E) NOy N B, FEe A
) NH4*-N #4620 NH;3 J5 2Bk, FisiniA &l
R R NOs-N B J5 8 NHs™-N, Bl f5 EE ik
T3 AT E IR S NOs N A
1322 RBrEHRESEFR

I3 MRS BERAFI A LSS 7 d BT AR
br R FHRBIRAENEEFFRK . KA LER

SAU AL T GG e - A T AR B 7 R T 2 78 U SE B I
] 3N KNO;, T 25.0 °ClEIR 4 1FR: 9% J5
JE RAHFH TSP N2O Fl N HEBOHE % . [F]—
A B R MR bR I N2 DA 2 kst
B, HTIWE NO BIHBUE S 2)iin Lpehb 3
(CHARFRIEL 10%), 1 LHRFIA N LB A3 ) 22
B T 33 N IR OE %

REFEFREMDE: DIERERHESKE,
JiER 1.3.2.15 2)EUEYS T 20.0 ¢ T -8+
T 250 mL IR, FHATSUACRRE B EAR i 28
ZH, BNMEEEE 6 NEE; RR TR
ERFFRIFAE T, 0 LB ab B 15 7R AN Ze n A
10% 1) ZBAELFFOIRFS F TG 9% 24 h, DLUATR 2R
1E LR 25 0 v 78 20 B DU FE A B8ORS
0B AR B AR TS 7% 24 hy HMRBR L TR 7R 4G
WG, PraAFEoK @ 101 IR, &
JEdE 1 kg TIEMA 361 mgKNOs, 5 | 28 S iEM
%, EERIMAESEREHITHES-RASAES
BEAE, BHRFEES 600 s, LB REKME. BEE
FH 20 mL 3 5 28 AN 2 R Ab RS F M A B — 2 &
SR, T EINNAHFEARRI OB, R RN &
IR FEIAE] 10.0%; S FTA R FRIME TR -
ZE¥% 900 s(25.0 °C, 250 r/min), & T 25.0 °ClH
WIEFANEETE 6 h J5, RESRFE S H T E
NoO IR

R+ NoO B E A Ny P2 AR R A R
FERT /e 20 mL 3 99 248 IR B g ss a2 <k, fi
Hamisa, REREESMA 20.0 mL, S
g (Agilent 7890)I 2 N2O IR FE . 7 BIFERE 7= FF
A5 6 hy 24h, 48 h, 72 h EE UL FIRERE IS
RIS XS M) S5 NoO FEAETE R N2 5 A
B B ZAE T 5 N P2 AR R
133 #MEFELE%E pH, &-AS RS AHKASE
M2 Ty ik

MR Fr 3% pH 5. HOH 4R br+ H DMP-2
mV/pH 1t (F 5% Quark A R 2wl pH(E @ KL
H1:5):

MR PR I - S A S RIE: REMRRE -
B KCI 248 5 28 40 vl L 4 6o B
(Spectrum-2500, £ )M 5E 3% NH,"-N 4 FE Al
NO; -NikJE .

T PR B S B E . 40 T KR T
WIL 348 BA R R = A I UK RS AS R 28 B T
VIR FERTE, 3 0.25 mm )5, ] HaS0s-H20,
A TH U5 LI OE B0 IE -
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1.3.4 FIEARE ATk
1341 AREKERHRITE

1) & 4 % R H % [Agronomic Efficiency of
Nitrogen, AEN ( kg /kg)];

AEN=(Y—Y0,)/N;

A Y N HE— R AL ER (40 Su NN) PR R &
(kg/hm?); YO, 55 1% 4k B & Ff A0 0 it A g 3%
AH ) B A it 26 BE (i Su NO0) 1 FF kL PR &
(kg/hm?); N At & .

1342 PN ZENFEIEFREE A

2) ¥ 2% i 4t 3% X (Kirkham and Bartholomew,
1954, mg/(kg-d)]={(INO3 Jo—[NO3])/t} x {log
("*[NO5 10/"°[NO5 1)}/ {log(INO3 1o/[NO3 1)} 5

[NO3Jo FI[NOs™], 437l R ¥E FEHIAE FI S 75 45 R
1 NOs ¥ (mg/kg), *[NOs o Fl SINO; | 43 7A
B FRMILE RN 7R 45 A N-NO3™ SN EJE (%)

1343 JREENIEFRERITH

3)N20 A % g/ (kg h)]

Vn,0= [p X Crx (Vg Vi xa)x273xa] /[Wx(273+T)]/ 65

4N, P2 A [ng/(kg h)]

V=V zrnemn N20— V sk 2pinem N2O3

KH, Voo A N2O PR V 2pum noo FH
V szaus N0 77 NN CB A ER AT A N 2, B A B 1)
NoO PA [ LB WT NoO—N, HEJE, Rtk
LRI NoO iARRINLO+N) A ], HfT
N ng/(kgh)s pi AR T N2O-N [ EE, 1.25
g/L; Ci N NoO BE/R 734, A7 N nmol/mol; Ve &2
B B e AR, AL mL; v AR R
M, HAL mL; o A Bunsen fZIE R, 25 °Cifly
0.549; W N5, BAr kg T HIESERS
MIREE, 25°C: a NHAIEARAE, H 107, M
7= AR B DN AE AR TR I R ()RR P A T R S 3AME
50 5 B 1) 1) B SRR 1) 82 A
1.3.44 Gt

8 H] Excel 2019 #EATHH5 B #E 51D 40 . R
I SPSS 22.0 BAFHAT Geit o0 #r. I A &R 58
ABEMLBETE, DR R I it A 7 =X (F) A AR TE
BWMN)o KPR Z 8T, DR 50 W it AE 7
X(F). BIETEEN) A HZHAERE < N &9

BARIRZIE . 7R BB Hrd, BRTESN)FE
20N 3 R R A% 11 132 B 35 1B (estimated marginal
means)3E A7 LU, BETE A [H) E 8% it A 77 =X (F) 7K ~F
G IAE s REWE I AE 77 20(F) A 32 2008 ) 3 T A
ANFREEIESN)KF L bR E#7 . -
R RIIEIIH SPSS AL TT 253 Hrid 2  H 3)

o EKFE R (Chin J Rice Sci) 55 40 B35 5 1 (2026 42 9 H)

THERE . X TR E A A R b, A R A 2
HE x M AR KR, RARRERTTZS
(one-way ANOVA)IEATAISS, H 4T Tukey’s HSD
ZHE K. EarEr, X317 ES R
(Shapiro-Wilk) fl 77 2 55 £ £ 56 (Levene’s test). 4
T A3 HT 7 AR RN BB 3 (P < 0.05)I, 3E—2F
K Tukey’s W52 3 7% 7:9%(Tukey’s HSD)iF 47 %
B, CIEAFRGEARGIIEZES . A
P 2L 4448 F Origin Pro 2022 2.

2 R0

2.1 KEFESEHEFPYER

LTS XS AN KA Fl(LX3 F1 NJ48) 7= i
PR S P= B35 T R (R 2). 5 NO AL,
NNl AN 4 EE$5) 2 E 3 mokfg =, HAd, NN A
HOK AR B E 75.56%, AN AbFEF 3
99.30% . WL 7 A AKFE L SR . TR E A
FEE AR A, Sh ANHE KRG P B AR S T
Su Ab3. BB A T XS B SR KRG B
A8 HL N AR B 25 K, B [ W i 2 3K
MBERTESRKFE - B ERE ZR, WD WP
8 J& Sh AN AR A7 B

BB A 20 FH 2R A5 A [ 8 R it A 7 =X R 50
FEARARMBEEZEZS. R, WNEERE,
AN Kb BRI BB AR 25 21 0 = T NN Ab#E
LX3 1 %NE A4 2= R FH R ¥ {H(NN: 109 kg/ke,
AN: 13.1 kg/kg)lE =T NJ48.

2.2 EEKBTYIRREZMERUL
221 REFHHEREE

BALTE A 3 52 W /K8 25 A2 F B M 135814
AR R(E 1), fE4TBER, 5 NO AHEL, 7E LX3 A
NJ487E NN ACHE T, Hu B39 & 2 A3 = 0.74
A 0.58 t/hm?, AN AbH 4 H$E & 1.30 F1 2.76
t/hm?(& 1-A & 1-B); fEZH], 5 NO HLt,
LX3 Al NJ48 7E NN AbHE R M b 359 5 & 43 ) 3
% 2.06 F1 3.11 thm?, AN A2 HI$2 5 4.53 A
4.77 thm?(B 1-C Ml 1-D); 3, 5 No ML,
LX3 1 NJ48 7E NN AbEE T Hb_- 3509 i 2 2l 1
T 8.44 1 4.84 thm?, AN AbFH»HIFRE 12.34 Al
10.17 t/hm2(/¥ 1-E #1 & 1-F).

VEE W it 2 7 O K R BT 5 R A R
BEZE B WA I s . > BRI, ASTR)E IR U7 XA
KFEH EI TR EERAREE 1-A FE 1-
B): fEZef#M], Sh ALK AEHL & T4 5 &7
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*® 2 TRERERS R R RS EREEKE~ SRR AR FEF A RN
Table 2. Effects of fertigation approaches and nitrogen form on yield components and agronomic nitrogen use efficiency of
drip-irrigated rice

A . N . U 2%
D FRA WBGIES® Panicle (i AR o R .
Cultivar Nitrogen form Fertigation approach number Splkelf':ts per Seed selting rate IOQO—graln Yield AEN
(<106 /hm) panicle (%) weight (g) (t/hm?) (kelke)
LX3 NO Su 3.240.3d 65404 ¢ 58.9+6.0 ¢ 21.6£0.2 ¢ 2.7£0.5d
Sh 33+0.3d 73.3+£3.1b 78.7£2.4b 23.0+0.3 ¢ 4.4+0.4 c
V35 Average 32+03 B 69.4+1.8 B 68.8+4.2 B 22.3+0.3 B 3.5¢03 B
NN Su 3.5+0.1 cd 75.0+4.7b 83.2+0.9 ab 25.5+0.7b 5.6+0.7 b 98+13a
Sh 4.0+0.3 ab 84.5£2.2a 89.7+t4.8 a 26.6+1.8 ab 8.0£0.7 a 120*+1.4a
*F-#5 Average 3.7£02 A 79.7£3.5 A 86.5£2.8 A 26.1+£0.9 A 6.8£0.3 A 109422 A
AN Su 3.7+0.1 be 76.2+1.0 b 82.5+2.2 ab 26.3+0.6 ab 6.2£0.3 b 11.7+0.6 a
Sh 42403 a 85.9+2.6 a 87.5+7.2a 27.8+1.6a 8.7+1.1a 145+2.1a
S35 Average 4.0£0.2 A 81.1£1.8 A 85.0447A  27.043.1A 75423A  13.1426A
J7Z43HT Analysis of variance
/)EkHEﬂﬁJS EES *k *k EES Kk ns
Nitrogen form(N)
WAL 77 20 * *E *E * o ns
Fertigation approach(F)
FNETE A5 < FE B AR 77 20N <F) ns ns * ns ns ns
NJ48 NO Su 2.6+0.3 ¢ 108.0+13.5b 65.242.6 d 20.0+0.2 ¢ 3.840.3d
Sh 2.9+0.3 be 110.7£14.9ab  69.9+2.7 ¢ 22.6+£0.4b 5.1+0.4 ¢
S35 Average 29403 B 109.9+142B  69.142.7C 213403 B 4.5+03 C
NN Su 3.3+0.1 ab 115.1£10.4 ab  77.1£09 b 23.0+£0.7b 6.7+1.0 bc 95+19a
Sh 3.3+0.3 ab 115.8+7.3 ab 79.0+£3.4b 25.1+1.8 a 7.5¢1.3b 79+24a
“F-#5 Average 33x02 A 115.4+8.9 AB  78.1+2.1 B 24.1+1.3 A 7.1£1.1 B 87£32A
AN Su 3.5¢0.1a 124.1+9.6 ab 76.2+0.5 be 23.3+0.6 ab 7.6£0.7ab 12.7+13a
Sh 3.440.1 ab 130.4+8.3 a 85.7+0.3 a 24.241.6 ab 9.1#1.0 a 132+2.0a
“F-15 Average 3.4+0.1 A 127.2+8.9 A 80.9+0.4 A 23.8+1.1 A 8.4x1.1 A 13.0£24 A
J7Z453HT Analysis of variance
BRI * * sk * sk ns
Nitrogen form (N)
FEEE AL 5 20 ns ns o * * ns
Fertigation approach(F)
RAETE 5 < HEWE I AR 7 (N> F) ns ns * ns ns ns

B P EEFHETE (n = 3)o A — AP, RSB SR XU 2K 05 22 23 AT (R T 35 < REME I AL 7 3O 58 25 TR 30 S s AR PR, . 23802
POk TR A AL BRI EEAT, ARIKS FRERZRTE P < 0.05 KP_ERALEZS RN % 5t 12 2 (Tukey’s HSD Ki40) . X T-ALBRALE (MR LR,
ANFEEEHF x N —F 2, R 5L 377 % 59T (one-way ANOVA)BEATRISS, JE{H Tukey’s HSD 73T 2 EILEL. AFE/NG FEFRRAE
HH AR ZFREP < 0.05). ZIEAEIESE NONEE LT, N HEN 0 kg/hm?). NNOEAHERE, it N HEN 300 kg/hm?). AN[IEGTEL
+DMPP, Jifi N F &4 300 kg/hm?]. BEBEIEAL 7 20 ELHE SuGbRFHIMEAL). ShCl FHIE 10 em WREIEAE). F RoRHiET 50, NRREILBEEH,
Fx NFoRPHE R AR LX3; WA 35 NJ48: THE 48, *M**35I38oR7E P<0.05 fl P<<0.01 K PERRE, ns ToRARE. TH.

Values are presented as mean + standard deviation (SD) (n = 3). For a given variety, a two-way analysis of variance (ANOVA) was conducted to evaluate
the effects of nitrogen form management practices (N), fertilization method (F), and their interaction (F x N). Main effects were compared based on estimated
marginal means, and different uppercase letters indicate significant differences in the main effect of nitrogen form management practices at P < 0.05 (Tukey’s
HSD test).For comparisons among treatment combinations, all treatments (F x N) were considered as a single factor and analyzed using one-way ANOVA
followed by Tukey’s HSD test. Different lowercase letters indicate significant differences among treatments at P < 0.05. Nitrogen form management practices
included NO (no nitrogen application, 0 kg N-hm2), NN (calcium nitrate, 300 kg N-hm2), and AN (ammonium sulfate with DMPP nitrification inhibitor, 300 kg
hm™). Fertilization methods included Su (surface drip fertigation) and Sh (subsurface drip fertigation at a depth of 10 cm). F represents fertilization method, N
represents nitrogen form management practices, and F x N represents their interaction. LX3, Liangxiang 3; NJ48, Ningjing 48; * and ** indicate significance at

P <0.05 and P < 0.01, respectively, while ns indicates no significant difference. The same below.
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Hidls P BEEARER(SEYR IR (n = 3), IRZEBFTRIRER(SE). RHAIXUE 277 2 20 M (BRI TE < ML 77 5O 56 & R R BAE AR . &
RS LR TR T L BRI AT . AFRIRE FRERRTE P < 0.05 P ERALAS ERUNZ 57 12 2 (Tukey’s HSD A358). X T-AbBEAL 4 1 HL
B, BAFIRAF < WU —FE, SRAREE T 255 HT(one-way ANOVA)EATRIEG, ] Tukey’s HSD JVEMT £ B ILEL. AR/NE 70
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+DMPP, Jiti N &R 300 kg/hm?). HEBEEAE 77008 : SuGbRMHERAL). Sh(th FHEIE 10 con WHEMIAL). FRRBEBMAC 30, N&RREWES, F
* NFRRHH ML EEH. N,

A and B represent the tillering stage; C and D represent the booting stage; E and F represent the maturity stage. A, C and E show the aboveground biomass of
variety LX3, while B, D and F show that of NJ48. Data are presented as mean + standard error (SE) (n = 3), and error bars represent standard errors (SE). A two-
way analysis of variance (ANOVA) was conducted to evaluate the effects of nitrogen form management practices (N), fertilization method (F), and their
interaction (F x N). Main effects were compared based on estimated marginal means, and different uppercase letters indicate significant differences in the main
effect of nitrogen form management practices at P < 0.05 (Tukey’s HSD test). For comparisons among treatment combinations, all treatments (F x N) were
considered as a single factor and analyzed using one-way ANOVA followed by Tukey’s HSD test. Different lowercase letters indicate significant differences
among treatments at P < 0.05. Nitrogen form management practices included NO (no nitrogen application, 0 kg/hm?), NN (calcium nitrate, 300 kg/hm?), and AN
(ammonium sulfate + DMPP, 300 kg/hm?). Fertilization methods included Su (surface drip fertigation) and Sh (subsurface drip fertigation at a depth of 10 cm).
F represents fertigation method, N represents nitrogen form, and F X N represents their interaction. The same below.

1 REREAR SRR RABR S MBS LB E R0
Fig. 1. Effects of different fertigation approaches and nitrogen form management practices on aboveground biomass of drip-
irrigated rice
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A and B represent the tillering stage; C and D correspond to the booting stage; E and F show the maturity stage; A, C and E depict the nitrogen accumulation of
variety LX3, and B, D and F depict that of NJ48. Treatment abbreviations, data presentation, and error bar conventions are as described in Fig. 1.
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Fig. 2. Effects of different fertigation approaches and nitrogen form management practices on nitrogen accumulation of drip-

irrigated rice



640
s X3
[ ] Hh R Su F: P<0.05
:]tmwguﬁim cmiiiE Sh A N: P<<0.001
a'P— qb— FxN:P>0.05
i B
85 T b 3 . _
T &
L
(]
2
=T <
fae] >
S
o
80}
75
95
¢ F: P<0.05
A N: P<0.001
? B FxN:P>0.05
oof [ ]f T
¥ g
a2 c
=S 85}
To T
= L
80}
75
NO | NN | AN

B NJ48
A F: P<0.05
N: P<<0.001
B a i FxN:P>0.05
85 bIP a}l.a T L C
T I T
1 1
9
=k
e
o
8.0}
75
D 9.5
A F: P<<0.05
N: P<<0.001
FxN:P>0.05
9.0}
_ap B
I l blp cd
-
=% g5 l C
%m ~T J_
o, l cd 1[
8.0} J.
75
NO | NN | AN

o EKFE R (Chin J Rice Sci) 55 40 B35 5 1 (2026 4 9 H)
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ek 2 M A 1,

A and B represent the rhizosphere soil pH at the tillering stage; C and D represent the booting stage; A and C correspond to variety LX3; B and D correspond to

NJ48. Treatment abbreviations, data presentation, and error bar conventions are as described in Fig. 1.
3 NEMEARTS XK R RS EIE X ME /K FERPR IR pH BRI
Fig. 3. Effects of different fertigation approaches and nitrogen form management practices on rhizosphere soil pH values in

drip-irrigated rice
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A and B represent the rhizosphere soil NH4*-N content at the tillering stage; C and D represent the booting stage; A and C correspond to variety LX3; B and D
correspond to NJ48. Treatment abbreviations and error bar conventions are as described in Fig. 1.
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Fig. 4. Effects of different fertigation approaches and nitrogen form management practices on changes in ammonium (NH4*-

N) content in rhizosphere soil of drip-irrigated rice
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A and B represent the rhizosphere soil NOs -N content at the tillering stage; C and D represent the booting stage; A and C correspond to variety LX3; B and D
correspond to NJ48. Treatment abbreviations and error bar conventions are as described in Fig. 1.
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Fig. 5. Effects of different fertigation approaches and nitrogen form management practices on changes in nitrate nitrogen
(NOs™-N) content in rhizosphere soil of drip-irrigated rice
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A and B represent the rhizosphere soil primary nitrification rate at the tillering stage; C and D represent the booting stage; A and C correspond to variety LX3; B
and D correspond to NJ48. Treatment abbreviations, data presentation, and error bar conventions are as described in Fig. 1.
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Fig.6. Effects of different fertigation approaches and nitrogen form management practices on the primary nitrogen nitrification

rates in rhizosphere soil of drip-irrigated rice
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A and B represent the rhizosphere soil denitrification potential at the tillering stage; C and D represent the booting stage; A and C correspond to variety LX3; B
and D correspond to NJ48. Treatment abbreviations, data presentation, and error bar conventions are as described in Fig. 1.
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Fig. 7. Effects of different N application methods and nitrogen form management practices on the denitrification potential in
rhizosphere soil of drip-irrigated rice

R 3 EKBRFELREEARE BN IREERSFERARKREFAZE (AEN) # Spearman X4 5347

Table 3. Spearman correlation of rhizosphere soil nitrogen supply and transformation indicators with rice yield and agronomic
efficiency of nitrogen(AEN) in drip-irrigated rice

. AL I# R ) - o T g
e AHH o o ZAEAR 2 B N : R FREE TYR
febr f PR NOs NHa pH 14 Nitrogen o )
. Growth . . FIFH =R . . Denitrification Nitrogen  Dry matter
Indicator . Variety Yield AUC AUC pH value nitrification i . .
duration AEN ‘ potential accumulation  weight
rate
PR Sy BE LX3 1.000 0.482" 0.777"  —0.430 0.498" 0.373 0.866™ 0.575*
Yield Tillering ~ NJ48 1.000 0.428 0.822"  —0.239 0.337 0.319 0.884™ 0.620™
ZA T LX3 1.000 0.503" 0.692™  —0.445 0.420 0.637** 0.878** 0.839*
Booting NJ48 1.000 0.742™ 0.437 —-0.355 0.412 0.490" 0.893™ 0.849™
FAEAR 2 Sy BRI LX3 1.000 —0.455 0.441 -0.629°  —0.434 -0.350 0.448 0.168
FIF % Tillering ~ NJ48 1.000 -0.315 0.483 —-0.252 —0.364 —0.154 0.462 0.294
AEN Zifi LX3 1.000 -0.378 0.322 -0.601*  —0.308 0.196 0.566 0.469
Booting NJ48 1.000 0.427 -0.392 —0.284 -0.420 -0.133 0.455 0.210

A5 RECN Spearman FRAHSE RECBEREKD) . *, ** 3 HIFE R P<0.05. P<0.01 KF LER B2, 13 NHAN 5 NOs-N fIZhEBUR A ML S
1-7 d (I 2R FTHAR(AUC) T4 A RAE, NOs_AUC. NHs"_AUC 73745 HEFF 158 NOs-N 5 NH«*-N E & 1EMALE 1~7 d [ RFEAR .

Correlation coefficients are Spearman’s rank correlation coefficients (two-tailed test). *, ** indicate significance at P <0.05, andP < 0.01, respectively. The
dynamics of soil NH4"-N and NOs -N were comprehensively characterized by the area under the curve (AUC) over 1-7 days after fertilization. NOs~ AUC and
NH+" AUC represent the cumulative contents of NOs-N and NH.+*-N in rhizosphere soil during 1-7 days after fertilization.



M E RS T ERC KA R 25 BUIR T BT /K G AR B U A 7 A ™ 7 F R 3 ) 645

KON/ R 52 B AT A2 B . £ Sh 2%
PR, AN A ZHOTRR A SR A A 30 1) 2 A 3t —
TR, Ui B K 70 RAR B 8 e S 2 R PR A 3 T i Ak
RIS E B IRPR R AL, TR
VA 2 rh SRR i RO P ) B AL A A
3.3 KRFEE XEEKTE B R A EE R
Rz

LR TR, R AL B S R AL Y
ME, WRBERERHEAE . R iR = 8%
J AT 5 2 I O (R IR 208 . Sh+AN AR B AE P 4>
dn e B3R AT de R, LI P 2 e T
—HIERIFEE T RABEAEER 2). NIRRT E
PLFIRAE , Sh AL EE ) fE I8 i B R R R B i 4K
-, BET 0] IR A FE I HELE NH-N [7]
NOs-N [E4k; AN b B )38 1 44 2 0 E it i AL
T 70T AR X RS E I R BRI, AR T4
FREC R NHa-N 7K, AT 5K A o0 /R
M E WU RE . —F AR, AMUEK 7K
TR AR B RO BB, 3 AT 3o BRI 3 U
A SO AR R AR, A58 2 SRR PR RFAE I
PAGE KRR e (B 2),  BETT A HE T 507 A
BT MR HraE Rk — bR, RS
NOs-N Zhas. ML H LR EARRES "R
AR R 2 et Rk (E 7), WHIRBr R R
i R R G o AR e, AR (e T
KRG B . SRS, WREKRE RS
d, T 5 EEA B IR RIEER, T
re L A 2 7K REAR PR A A% R, B[R] M
R AR B R, IR E T T e K AR
FAE IR NG B V=0 /A 8

4 ZEp

KFEHER 10 em HESE A8 BRI E
(Sh+AN)A FI| T4 47 L P S ) NHa-N K,
FEZE NHa* 1] NOs™ LT 2, M 7E /K FE AR i
B R E R BE R B . i A3 B R
KBRMREM TR R, REHEKE™ &
TR, BT AR N 52 X35 V8 7K i S = = 42 - A
REBURE R AL IR IE R . KR 5 262
X AR B A A B AR AL SR B AR B 2B A T 1 N
BATIRIT o
SE 3k

[1] Lai Z,FanJ, Yang R, Xu X, Liu L, Li S, Zhang F, Li Z.

Interactive effects of plant density and nitrogen rate on
grain yield, economic benefit, water productivity and
nitrogen use efficiency of drip-fertigated maize in
northwest China[l]. Agricultural Water Management,
2022, 263: 107453.

TR SCHR. BT SRR AE K R TE K I 3 A [J]. P U7 AR,
2023, 17(18): 46-48.

Zhang W Q. Water footprint of rice and its prediction
analysis in Xinjiang[J]. South China Agriculture, 2023,
17(18): 46-48. (in Chinese with English abstract)

FRPRN, WRAR. KA 30 AR BORAEFR R e r e
HIRTFIIHT]. FEREK, 2012, 18(4): 36-39.

Guo Q R, Chen L. Advantages and prospects of rice drip
irrigation under plastic film in China[J]. China Rice, 2012,
18(4): 36-39. (in Chinese with English abstract)

Li J, Yang C, Zhang X, Wu S, Chi H, Zhang X, Wei C.
Soil nitrogen distribution affects nitrogen utilization and
yield of drip-irrigated rice[J]. Agronomy, 2024, 14(3):
593.

WA B, HERZ, B i, 2 E4%, BiEh, 25, UL
HKPRIAS IR ROKFE R FI AR 7= B 552
W[J]. B A AR, 2017, 28(4): 1219-1226.

Cong X H, Shi F Z, Ruan X M, Luo Y X, Ma T C, Luo Z
X. Effects of nitrogen fertilizer application rate on
nitrogen use efficiency and grain yield and quality of
different rice varieties[J]. Chinese Journal of Applied
Ecology, 2017, 28(4): 1219-1226. (in Chinese with
English abstract)

B, WM, B, S, YRR R R R RN
EA AR R NN R R - R R e TR s 7 NN
2003, 26(6): 53-54, 57-67.

Ge X, Dai Q G, Huo Z Y, Meng L M, Xu K.
Countermeasures to curb pollution due to nitrogen loss in
farmland[J]. Environmental Science and Technology,
2003, 26(6): 53-54, 57-67. (in Chinese with English
abstract)

WiEHE, IR0, TRV, /e, ek, A, ki
a8, fEH M. IRIEAR AR SRR AN 2 51 s B e
ME L& KRB IR[]. WY E 775 IERH R,
2025, 31(12): 2415-2430.

Yang CN, LiJJ,Cheng L Y,LiXY,Li XD, YoulR,
Zhang X J, Wei C Z. Insufficient deep-root growth and
nitrogen utilization under conventional drip irrigation and
nitrogen application rates causes spikelet degeneration in
rice [J]. Journal of Plant Nutrition and Fertilizers, 2025,
31(12): 2415-2430. (in Chinese with English abstract)
SR, R, B, BRITHE . W RERE AL 1 R ANIE
TR EUIEAE L3P IT B Fe ARV BT TE D). FEE IR
SERLEAR, 2004, 10(4): 337-342.

Xi J G, Zhou J B, Zhao M X, Chen Z J. Leaching and
transforming  characteristics of different nitrogen
fertilizers added by fertigation[J]. Plant Nutrition and
Fertilizing Science, 2004, 10(4): 337-342. (in Chinese
with English abstract)

RULE, FRIEP], MM SR, BRI, WK, A g, A
VEWEAS A T B R R IE D). /K ERE, 2019(3): 71-
75, 81.

WuYY,ZhangZY,Hao SR, Chen W M, Pan Y C, Zheng
C X. Nitrogen leaching losses from paddy fileds under



646

[11]

[12]

[13]

[14]

[15]

[18]

[19]

different irrigation modes[J]. Water Saving Irrigation,
2019(3): 71-75, 81. (in Chinese with English abstract)
BRI, X B, XK, IR &, AR, ERG, UM,
AURAR AT T YR AT KRR 2 ALK AR S
SHII]. NERSERIT, 2024, 45(1): 13-33.

Xie SM, LiuDF, Liu H, Hu H C, Dong Z Q, Wang T C,
Ming G H. Simulation and analysis of water consumption
for rice production in downstream lancanng-Mekong river
basin under the influence of climate change[J]. Pear!
River, 2024, 45(1): 13-33. (in Chinese with English
abstract)

Wan'Y, Ju X, Ingwersen J, Schwarz U, Stange C F, Zhang
F, Streck T. Gross nitrogen transformations and related
nitrous oxide emissions in an intensively used calcareous
soil[J]. Soil Science Society of America Journal, 2009,
73(1): 102-112.

Lin D X, Fan X H, Hu F, Zhao H T, Luo J F. Ammonia
volatilization and nitrogen utilization efficiency in
response to urea application in rice fields of the Taihu
Lake Region, China[J]. Pedosphere, 2007, 17(5): 639-
645.

Van Groenigen ] W, Velthof G L, Oenema O, Van
Groenigen K J, Van Kessel C. Towards an agronomic
assessment of N2O emissions: A case study for arable
crops[J]. European Journal of Soil Science, 2010, 61(6):
903-913.

Snyder C S, Bruulsema T W, Jensen T L, Fixen P E.
Review of greenhouse gas emissions from crop production
systems and fertilizer management effects[J]. Agriculture,
Ecosystems & Environment, 2009, 133(3/4): 247-266.
Loick N, Dixon E R, Abalos D, Vallejo A, Matthews G P,
McGeough K L, Well R, Watson C J, Laughlin R J,
Cardenas L M. Denitrification as a source of nitric oxide
emissions from incubated soil cores from a UK grassland
soil[J]. Soil Biology and Biochemistry, 2016, 95: 1-7.
Tang Z, Liu X, Li G, Liu X. Mechanism of biochar on
nitrification and denitrification to N2O emissions based on
isotope characteristic values[J]. Environmental Research,
2022,212: 113219.

303, 2275, ZERERk. KRBT S 2 R A 25 BB
FRPERIBT T[], v E K FERL S, 1998, 12(4): 249-252.
He W S, Li S X, Li H T. Characteristics of ammonium and
nitrate uptake in rice[J]. Chinese Journal of Rice Science,
1998, 12(4): 249-252. (in Chinese with English abstract)
BUEA, MAest, R, JHE, ERTE, KER,
W, SAIE . KRR S AR R E R
S SCHEALARELT]. L34k, 2007, 44 (03): 556-560.
HuJL,Lin XG,ChuHY, Yin R, Wang J H, Zhang H'Y,
Cao Z H, Hu Z Y. Different nitrogen supply capacities and
nitrogenous fertilizer efficiencies in ancient and present
paddy soils[J]. Acta Pedologica Sinica, 2007, 44 (03):
556-560. (in Chinese with English abstract)

AES, KRB, IR, BER, KRS, [REE, JLH
5. KTEAR RANAUME HE-ATPase X455 57 I o 22
F[I]. P EUKFERIE, 2007, 21(4): 360-366.
DiTJ,ZhuY Y, QiuMH, KanJ L, Zhang X M, Xu G H,
Shen Q R. Response of plasma membrane H"-ATPase of
rice root to ammonium and nitrate nutrition[J]. Chinese
Journal of Rice Science,2007,21(4): 360-366. (in Chinese

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

o EKFE R (Chin J Rice Sci) 55 40 B35 5 1 (2026 42 9 H)

with English abstract)

TRIGEMS, 2R, B A A R A S R AL
BT U HE R T]. A4, 2016, 51(2): 152-166.

Xu X P, Fu XD, Liao H. Advances in study of ammonium
assimilation and its regulatory mechanism in plants[J].
Chinese Bulletin of Botany, 2016, 51(2): 152-166. (in
Chinese with English abstract)

KA, KB, LATE, A%, R EIEM AR
HE B FL 5ok KRG 18 72 RN [7]. L3 243K, 2005, 42(4):
619-627.

Song F P, Zhang M, Shi Y X, Hu Y Y. Releasing
characteristics of controlled-release nitrogen fertilizer and
its effects on rice yield[J]. Acta Pedologica Sinica, 2005,
42(4): 619-627. (in Chinese with English abstract)
Rl 205, XUEE, Brot, B E A S AR
F1 PR B - 22 W R EL A R AR WE FE ], 5 7 Ik, 2025,
44(5): 911-925.

Ma H T, Li J F, Liu F, Chen L. Adsorption—desorption
interaction characteristics of ammonium nitrogen and
typical antibiotics in soil[J]. Rock and Mineral Analysis,
2025, 44(5): 911-925. (in Chinese with English abstract)
FERE, FREAE, BRI M. 7 H b N BER
KAFIET]. R AZS 54, 1995, 6(S1): 62-66.

Wang J Y, Wang S J, Chen Y, Zheng J C. Leaching loss
of nitrogen in rice field[J]. Chinese Journal of Applied
Ecology, 1995, 6(S1): 62-66. (in Chinese)

HUKHE, S, XI55, KRN, BRAERN, SR RRAER
FH = 458 rp o A8 AL RO BIE T R (7], AL BRI 5 M 8
W, 2025, 42(2): 277-287.

FengBC,Mal,LiuY, Zhang X Y, Chen Y L, Weng L P.
Research  progress of nitrogen transport and
transformation in farmland soils[J]. Journal of
Agricultural Resources and Environment, 2025, 42(2):
277-287. (in Chinese with English abstract)

Xk, FE, GEG, TKEE. EMLTT NS REATIE EXNEE
B ROK B R R 0], b E S R
2025(4): 138-150.

Liu Y, Zhou J, Liang Q, Zhang X. Effects of different
irrigation methods and straw incorporation on winter
wheat yield and water and nitrogen use efficiency[J]. Soil
and Fertilizer Sciences in China, 2025(4): 138-150. (in
Chinese with English abstract)

ARgR7K, 280, MTE L, SRET, TKEGE . IR AT
AT U PE AL JE R K R UL R B
[7]. K ERFF2EIR, 2021, 35(6): 278-284, 292.

Tai J C, LiR, Yang H S, Zhang Y Q, Zhang R F. Effects
of optimal nitrogen application on carbon and nitrogen
footprints of spring maize fields under shallow buried drip
irrigation in the xiliaohe plain[J]. Journal of Soil and
Water Conservation, 2021, 35(6): 278-284, 292. (in
Chinese with English abstract)

Kallenbach C M, Rolston D E, Horwath W R. Cover
cropping affects soil N2O and CO2 emissions differently
depending on type of irrigation[J]. Agriculture,
Ecosystems & Environment, 2010, 137(3/4): 251-260.
SR, 7K 20, 7 1), M, HTAF L, o, BT, 2
RS B XA [ B8 £ IROGS - 33 400 T % 1 52 )
(7. HEALL R, 2019, 52(19): 3380-3392.

Zhang X L, Zhang HY, Lu C, Pang H C, Jin C W, Gao X,



M E RS WRERC A R A B B /KRB AR bR U A 72 ™ B %

[30]

[31]

[32]

[34]

Cheng A P, Li Y Y. Effects of the different autumn
irrigation years on soil bacterial community in Hetao
irrigation district[J]. Scientia Agricultura Sinica, 2019,
52(19): 3380-3392. (in Chinese with English abstract)
AR T . /N PRI = T K BOR BN TR 7T (], A
B, 2025, 43(8): 65-67.

Nie F X. Study on application of high yield and water
saving technology of shallow buried drip irrigation for
wheat[J]. Seed Science & Technology, 2025, 43(8): 65-67.
(in Chinese with English abstract)

Armstrong W. Radial oxygen losses from intact rice roots
as affected by distance from the apex, respiration and
waterlogging[J]. Physiologia Plantarum, 1971, 25(2):
192-197.

Kotula L, Ranathunge K, Schreiber L, Steudle E.
Functional and chemical comparison of apoplastic barriers
to radial oxygen loss in roots of rice (Oryza sativa L.)
grown in aerated or deoxygenated solution[J]. Journal of
Experimental Botany, 2009, 60(7): 2155-2167

Me i X, Wong M, Yang Y, Dong H, Qiu R, Ye Z. The
effects of radial oxygen loss on arsenic tolerance and
uptake in rice and on its rhizosphere[J]. Environmental
Pollution, 2012, 165: 109-117.

I, BTN, TRAT, FIRPE, WAL, AKAEH RIS
TIEREYIIX R IR S BRI T RE R (T]. LR
24K, 2016, 35(12): 3413-3420.

Sun K, HuL'Y, Zhang W, Meng M Y, Dai C C. Effects of
rice root radial oxygen loss on soil microflora and organic
nitrogen mineralization: A review[J]. Chinese Journal of
Ecology, 2016, 35(12): 3413-3420. (in Chinese with
English abstract)

iy, M7k, i, TKEE, 2/ KRS KR B
AR AR [I]. K EEBE, 2021 (8): 19-24.

Ma S H, Yang C, Wang G B, Zhang G, Li X K. Research
progress of rice water-saving irrigation technology
mode[J]. Water Saving Irrigation, 2021(8): 19-24. (in
Chinese with English abstract)

Zhao L, Tang Q, Song Z, Yin Y, Wang G, Li Y. Increasing
the yield of drip-irrigated rice by improving
photosynthetic performance and enhancing nitrogen

[37]

[38]

[39]

[40]

=
w

L] 647

metabolism through optimizing water and nitrogen
management[J]. Frontiers in Plant Science, 2023, 14:
1075625.

TRIAY, s, k4, BAHIE. I HOENE TR THLAE
SN =R B 7RI L [T]. E3E2A9R, 2017, 54(4): 948-
957.

Zhang PY, Wen T, Zhang J B, Cai Z C. On improving the
diffusion method for determination of 3'SN-NH4" and
8N-NOs™ in soil extracts[J]. Acta Pedologica Sinica,
2017, 54(4): 948-957. (in Chinese with English abstract)
TS, T3, ZEBEK, ZWF, 2 et b, IR L. AF
IR R AR R 4% NoO 748 5 HE s IR LT 53k
JET). B BRI e, 2023, 31(8): 1322-
1329.

Zhang Y M, Xing L, Li X X, Qin S P, Li Y N, Han J, Hu
C S. Research progress on the regulatory mechanisms of
crop roots on N20 production and emissions in
rhizosphere soil[J]. Chinese Journal of Eco-Agriculture,
2023, 31(8): 1322-1329. (in Chinese with English
abstract)

Nardi P, Laanbroek H J, Nicol G W, Renella G, Cardinale
M, Pietramellara G, Weckwerth W, Trinchera A, Ghatak
A, Nannipieri P. Biological nitrification inhibition in the
rhizosphere: Determining interactions and impact on
microbially  mediated processes and  potential
applications[J]. FEMS Microbiology Reviews, 2020,
44(6): 874-908.

Sedlacek C J, Giguere A T, Dobie M D, Mellbye B L,
Ferrell R V, Woebken D, Sayavedra-Soto L A, Bottomley
P J, Daims H, Wagner M, Pjevac P. Transcriptomic
response of Nitrosomonas europaea transitioned from
ammonia- to oxygen-limited steady-state growth[J].
MSystems, 2020, 5: 10.1128/msystems.00562.

FRE, TR, HEEL REE BRI X KR
R ZR T 25 AN B W WAL B 52 00 (0], v KRB B 272, 2008,
22(6):665-668.

LiBZ, Wang S W, Feng H M, Xu G H. Effects of nitrogen
forms on root morphology and phosphate uptake in rice[J].
Chinese Journal of Rice Science, 2008, 22(6): 665-668. (in
Chinese with English abstract)



