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Effects of Nitrogen Fertilizer Reduction under Water-saving Irrigation on NH,,
N,O Emissions and Absorption of Nitrogen Fertilizer in Black Soil Paddy Fields

LI Tiecheng'? ZHANG Zhongxue'> ZHANG Zuohe’ DU Sicheng'> HAN Yu'? XUE Li'*
(1. School of Water Conservancy and Civil Engineering, Northeast Agricultural University, Harbin 150030, China
2. Key Laboratory of Effective Utilization of Agricultural Water Resources,

Ministry of Agriculture and Rural Affairs, Northeast Agricultural University, Harbin 150030, China
3. College of Agriculture and Hydraulic Engineering, Suihua University, Suihua 152061, China)

Abstract; Field experiment was conducted in black soil paddy fields in Heilongjiang Province to explore
the response regularity between NH,, N, O emissions and absorption of nitrogen fertilizer under water-
saving irrigation and nitrogen fertilizer reduction in 2021. Two irrigation modes were set up: conventional
flooding irrigation (F) and controlled irrigation (C). The nitrogen application rate throughout the entire
growth period was set at three levels: conventional nitrogen application level (N, 110 kg/hm®) , nitrogen
reduction 10% (N1, 99 kg/hmZ) , and nitrogen reduction 20% (N2, 88 kg/hmz). Under F and C
irrigation modes, no nitrogen fertilizer treatment ( CK1 and CK2) were set as the control, with a total of
eight treatments. The effects of nitrogen fertilizer reduction on NH; volatilization rate and N, O emissions
fluxes during the entire growth period of rice under different irrigation modes were analyzed, the gaseous

loss amount and gaseous loss rate of nitrogen fertilizer were calculated, and the absorption of nitrogen
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fertilizer by rice and the residual nitrogen fertilizer in the soil after rice harvest were further estimated
based on isotope tracing technology. The results showed that the gaseous loss amount and gaseous loss
rate of nitrogen fertilizer under both irrigation modes were decreased with the decrease of nitrogen
application rate. The application of controlled irrigation mode increased the gaseous loss of nitrogen
fertilizer in black soil paddy fields, and the gaseous loss amount and gaseous loss rate of each treatment
were higher than those under conventional flooding irrigation mode with the same nitrogen application
rate. However, isotope tracing results indicated that controlled irrigation mode can enhance absorption of
nitrogen fertilizer by rice and effectively reduce nitrogen fertilizer loss. The absorption and recovery rate of
nitrogen fertilizer by rice under controlled irrigation mode were significantly higher than those under
conventional flooding mode with the same nitrogen application rate. Moreover, when the nitrogen
application rate were the same, the loss amount and total loss rate of nitrogen fertilizer under controlled
irrigation mode were significantly lower than those under conventional flooding mode (P <0.05). In
total, nitrogen fertilizer reduction under controlled irrigation mode improved recovery rate of nitrogen
fertilizer , reduced nitrogen fertilizer loss, and can stabilize or even increase rice yield to a certain extent.
The research results can provide scientific basis for formulating water and fertilizer resource management
strategies that were compatible with fertilizer conservation, efficiency enhancement, and emission
reduction of paddy fields in Northeast China, which were of great significance for ensuring the sustainable
development of agriculture in Northeast China.

Key words: paddy field; water-saving irrigation; nitrogen fertilizer reduction; gaseous loss; absorption

and utilization ; isotope tracing technology
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Tab.1 Water management standards for different irrigation modes
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2.1 HAEBREXTRERZEI NH,3ZEL K

AR ALY NH 48 A R AWK 1 R, 45 %
B2 PR A =Xt B Ak BEOK RS AR B B N 2 B
3 K NH, ¥ & HEOEAE, H¥ RS 2 ~3 d N
B IR0 P RN AR X T, NH, 5 & HE g
B X5 Bt 5 it 206 1% 980/ T AR o 44 it 2 i A [T T
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BRI NH, $% & HE 0 A 5399 5 T FN FN1 AT FN2 b
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1 R [a] A BT NH, 7 4 38 fb il 26

Variation curves of NH; volatilization rate under

Fig. 1

different treatments

22.61% ,Hrp CN AbFL NH, ¥ % HE B0 (8 5 b
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2 PR, SRRV MEBA T NH, BFRE
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AL R NH, SRR & 34 I 2 5 T8 L A X
T A ) it 0 AR BR (P <0.05)

x2 FAELEHNH, ZRIELENO, ERHME FRSSRERERBREE

Tab.2 Accumulate NH, volatilization rate, accumulate NO, emission fluxes, nitrogen fertilizer gaseous

nitrogen loss and loss rate under different treatments

- NH, RRUE kK NH#ERABIK S/ N,0 ZRURE/ N,O fFtA# K i/ FIEEp ki AL A
(kg-hm %) (kg-hm ~%) (kg-hm~?) (kg-hm2) (kg-hm %) KK/ %
FN 12.36" 10. 18" 0.77% 0. 49 10. 67" 7.79°
FN1 9.951 8.20" 0.70" 0. 45" 8. 64° 6. 60"™
FN2 8.20° 6.75° 0.49¢ 0.31" 7.07" 5.63°¢
CN 14.98° 12.33® 0.85° 0.54° 12.87¢ 8. 35"
CN1 12.91° 10. 63" 0. 73 0. 46 11.09" 7.48%
CN2 11.10° 9.14° 0.62¢ 0.39 9.54° 6. 65"
Jiti A 4 (B) - ok ok ok sk -
A xB ns ns ns ns ns

T - [ BT 5 A R /NG 5 B3R R AN ] A B 22 57t W35 (P < 0.05) 5+ 7R 0. 05 /K 3 3%, ++ 3RoR 0. 01 K B2 2, ns RoR

EWMALE, TR,

2.2 TKEBEXTEEREST N,O0 HEA R R0
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I B 2 RN, O HEMGHE B0, 2 FhE A
RN, O HE il 2 0 1 1 Fifi 5 it 20 5 1% 8 /D i
IR 22t 0 A ) I, 42 o) i R A8 T A% it S 4k R
(9 N, O HE R & 04 (5 35 5 T % LR UF & Ak
Fi, CN.CNI 1 CN2 4b ¥ (¥ 43 BE I N, O HEji i &
W 4> 9 85 F FN FN1 1 FN2 AbBE 2.92% 5. 44%
Fi12.00% ,CN ,CN1 Il CN2 &b 2 53 353 N, 0 HEjik
i i U6 43 9 T FNCFNT R FN2 AR 3 1. 62% |
12.49% F14.42% , Hp CN &b PR N, O HE i &

WE(H R 5 8 191.92 pg/(m”+h) o Rl AbHEY N, 0
FPHERCR IR 2 PR . S5 SRR, P FhE A X
TN, O ZAHET R B I A it S 4 e/ T 2 i
R o 5t 0 A A [R] IR 2 ) 9 R A KT % AR B
N,O ZRERHEMCE = T % AL AL T A R e R
AbFE3.90% ~26.29% ,
2.3 WKEBRRNXTREEREXRBSESHRKL
=AU
AN TR Ak B ) SIS S R R B A Rk 2
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Fig.2 Variation curves of N,O emission fluxes under

different treatments

FOFNT B AR S B B A AR B Em T
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(P <0.05), 4jifi 4 st AH [8] B, 28 i E WA X R 45
Ab 3 ) ZRNE ASCAS0L 2R ik B At 2 S 38 g T R VR A
Ko CN AEFEP AL AL & B E &S T FN 42
(P <0.05) {0 CN 4 ¥R A AL TAEB K F S FN 4
MR EFEEZER(P>0.05),

2.4 TPAREBEXATRERENKBEESRE

R Wiz | 5% BE % 15 2k B9 =2 i

AN ) b 3 oK R 7 i S A W i i AR R R
PR 3 ron . 45 R, i & il /UIE e
For B B A — BB L MK R a2 PR A
SN KA o5 1) Bl o it 2R o ) D 2 Sl 3 s i
214 it 260 e A TR 42 ) AR X R KRR Y e T
HOEEHERL R ROV R SR KRS AR AR X A
{149 W VAT 1) P e i 5 it 280 6 79 o3RI T RIS, 1 s R
3 it 5 il 2 174 oA UG T 9 5 4 o R SR, Wi
I FH 2% i 25 it 20 6 79 3 I T R, CNTL A 1% Wi Wi
) H T CN ORI CN2 AP, H A 0 4%
Ak FHE P W2 SO FH i R R SR R R ) 2 e TR L
AL A R e & b PR (P <0.05) o 2 Ff i I A2
AT, AN AE L b i 5% BR i B A it A = 1 s 0T
RRAIK, 5% BA 2% Bt o it 220 2 10 AR AEC I 34 . Xt R
AR AL B, 458 i v RS 0 AU 7 L rh i R B
B BRI T A EARL . 2 AE AR TR, A
NE 5 2 2o LR 2K 24 35 Bl 25 il 20 e %) ik /b 1T eI
L4 ) AR TS 45 Ah B RN 61 2 e LR G R
¥ 5 2 AR TR A B S A )i A s A (P <
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Tab.3 Rice yield and nitrogen absorption, residual, and loss under different treatments

S i v4 R ACF =, FAE WY RNk =/ AN ENETESS v e
(kg-hm~2) (kg-hm~?) FIH 2/ % (kg-hm %) BB R % (kg-hm %) SR 2%
FN 7569¢ 31.39" 28.54° 24, 38" 22.16" 54.23* 49.30°
FN1 8 465" 30. 08" 30. 394 22.69° 22.92" 46.22" 46.69°
FN2 7 856" 28.11° 31.95 22.12° 25. 14" 37.76¢ 42.91"
CN 7 874" 36.97" 33.61° 26. 90" 24. 46" 46.13" 41.93"
CN1 8 644" 37.77° 38. 15" 24. 40" 24. 65° 36. 83¢ 37.20°
CN2 8180 35.81° 40. 69° 22.62° 25.70" 29. 571 33.61°
HEWEARE (A) ok sk - - ok - _-
Jiti 4 (B) * * - sk ok - -
AxB ns ns ns ns ns ns ns
3 i H A 58 #E — 20 e 94 il E R B <X 4% b 3L Y NH,
0

it A - IR 2R BR Bl A B WA S et T
A, A 2 A SRR AR I R I A kA A
KU REABEMKI X EE A NHE K A
N, O HEM . FRE A 138 )5 28 DR B K A 22 B NH,
NH, #5 % & NH," 3@ i - —/K—" A Lh NHJE AR
5N, O HEORE: NH, il i Ak 9 i A F s i 1k i
77 3 g A b B K - R T A
FERY A5 SR 5 A 7 T R A S 2 R e A TS AR R
FWIA T A R, X 5 O B — 8

ERELREY R ES THMBERA (P <0.05),
X5 XU %S e IE MR . XU 25 BF e 45 1
FW, 58 R TR A B, s o A X AR
NH, 2% KB 18.5% ~20.5% . 7= A 25 71
JEi PR — 7 T P i 2 DR g A [ M X 3R D 14 42 o 4
IR 38 AR HEAS [R) Bir S 8009, 55 — 7 T AT RE & A
AN TR] DX R A 8 L R AR R R A AR S ) 2
S22 HOU 4517 fF gy 22 W1, 4 o o 8 4 5 T A
N, O B2 FHE 2 AH 45 T 3 I 78 93 A5 X SF 35 38
136.9% , X 5AWF 58 1 BF 55 4516 — 8. A BF T 4G
S, Y it S8 H [ s s o R ASE 2R 4% Ak HL



354 &l #Hl

L

2023 4

N,O 2 BUHE B BT 0 B L 3.90% ~
26.29% . 3% 1] B 2 R A 45 90 R T BRI A TR A
r RBE A E T AR W A~ s A SR F R4 5 FE 1]
ToAK J2 I - S 4 A A T 5 T, A R T AL R
(AT 5 75 7K 2 IS B 3 T U B A1, S A A
9 AT S0 T30 B A BRBE A5 0 5 PR R T N, 0
P ARRETE LS AR L2 AR R, NH, 2
FUE R N, O BB e ek 24 I 25 s 20 2 14 ik 20
T ARG o ok o DR O RO R A AU HE i 2
TR UL, O 0 RONE B P AR T NH, B &
HRIN,0 BRHEE T,

AT F W], 24t 05 AR 1R I, 2 o A R
2 b PRI SR ik B 2R R 4 T v R A
2o (R 2R B % R 1, 2t A A I A 43 )
A5 4% b B £ 480N A ) - R ) %
7 5 v T ML VA, L% Ak B i R A K
FLAR K 3 B R T M ERE S (P <0.05) .
33 1] g S PR S SR IR0 57 26 B AR 5 75 3 19 SRUNE 45 2k
BEARAL IR S AU R (5] I 0 95 70 Ui o 1 4%
U PtV I AR AR AN T AR L XA TS R
o AH RS TR RS , LR E Z A
AR RR R 4 T R I i R A
W W R % o O T A0 A K S 5 S
AR — B R E R T i — 25 R R i

AR SO Z 45 T 45 B A UM A B I . AS F 5T
BB ,2 FHEBERLT  AUS AR B R IE A
515k AR Y B it 2Rk A D TR ARG o PR T Y K
PHE TR I T L ek i el M it P A D0 A TS
R DT e R WA R o (E e e D SR
HE T P X 2K R A 2 o AN R TR I 7 R TE K
R SR IR R T, 1T 2 B8 T o U 86 410 4 5910 5 A 4
1 79, 368 5 A 2 A A TS R Rt — 2 B
IR MM R

4 ZEFRIE

R0 W 5E 45 R R WY, 2 R AT, AR
P e IR OS2 i S A0 2 R 35 o 4 i 4R Y
Yol /D T ARG o 42 A R R 1 1 3 i T 2R R R RS
AP AR i A & T NH, 2R & & F1 N,0 2
FRUHE 3 347 1 T 0 A =T A [ e e e b B, L
2 1l AR S A% Ak B ) RUIE SR R B R R
i T U EA S (R 5 R R K E A L, SR
) E A X AR B T RS AR AR A RS T B
FUIBHR G, 33 AT A 32 2 A PR T4 o B AR X AR T
JIE At A A8 A A 2 o 224t 2R ek A ) s, 2 o B TR A X
T A% A EE A SRR 01 2 R A O SR S AIK TH
HE AR, i HL I U WSR3
T A FEAL T & AP (P <0.05)

& % x Wt

[1] FAN C H, LI B, XIONG Z Q. Nitrification inhibitors mitigated reactive gaseous nitrogen intensity in intensive vegetable soils
from China[ J]. Science of the Total Environment, 2018, 612 480 —489.
(2] Wi, AIEE 2 X BE KR HA RSB R R AN R ABCR M RZALE (D], 2290 Hlrfol K%, 2019.

JIE Jianhui. Gaseous nitrogen loss and nitrogen use efficiency of rainfed maize as affected by nitrogen application and its

underline mechanisms[ D]. Lanzhou: Gansu Agricultural University, 2019. (in Chinese)
[3] skEAR. ZCRBXRPREM NH, k5 N,0 Hg XA HZEYZmID]. . il K4, 2015.

ZHANG Xingxing. Effects of nitrogen types on NH; volatilization and N, O emissions and nitrogen utilization in no-tillage paddy

fields of central China[ D]. Wuhan; Huazhong Agricultural University, 2015. (in Chinese)
(4] JLEW. 23R Y AbE s NH, #&85 N, O HEBOR A X m KR [ D], B & TLPG A0 K, 2021,

YOU Kunming. Analysis on the law and influencing factors of NH, volatilization and N, O emission in peanut field of red soil arid

hillside[ D]. Nanchang: Jiangxi Agricultural University, 2021. (in Chinese)
[S] JHME, sk@feE, EN, 5. K FIRSAT A BISHIRS AL S BT 5 R ERLT . Al FRIGRL A4, 2020, 39(4) : 852 - 862.
ZHOU Sheng, ZHANG Xianxian, WANG Cong, et al. Research progress and prospects of water and crop residue managements

to mitigate greenhouse gases emissions from paddy field[ J]. Journal of Agro-Environment Science, 2020, 39(4) . 852 - 862.

(in Chinese)

[6] INUBUSHI K, BARAHONA M A, YAMAKAWA K. Effects of salts and moisture content on N,0 emission and nitrogen
dynamics in yellow soil and andosol in model experiments[ J]. Biology and Fertility of Soils, 1999, 29. 401 -407.
[7] BHAGAT R M, BHUIYAN S I, MOODY K. Water, tillage and weed interactions in low land tropical rice: a review[ J].

Agricultural Water Management, 1996, 31(3) . 165 - 184.

[8] XUJZ,PENGSZ, HOU HJ, et al. Gaseous losses of nitrogen by ammonia volatilization and nitrous oxide emissions from rice

paddies with different irrigation management[ J]. Irrigation Science, 2013, 31(5): 983 - 994.

[9] KIM D G, HERNANDEZ-RAMIREZ G, GILTRAP D. Linear and nonlinear dependency of direct nitrous oxide emissions on
fertilizer nitrogen input: a Meta-analysis[ J]. Agriculture Ecosystems and Environment, 2013, 168 53 - 65.

[10] SMITH K A, CRUTZEN P, MOSIER A R, et al. The global N,0 budget: a reassessment[ M ] // SMITH K. Nitrous oxide &

climate change. London: Earthscan, 2010:63 - 84.



%5 10 1) B A FUITIRORE X 1 K HE RS D NH, 5 N, O HE s & ZUIE A AT A9 52 R 355

[11]

[12]

[13]

[14]

[15]

(17]

(18]

[19]

[20]

[21]

LIJ, YANG H, ZHOU F, et al. Effects of maize residue return rate on nitrogen transformations and gaseous losses in an arable
soil[ J]. Agricultural Water Management, 2019, 211 132 - 141.

WA, e 1 3 P S RO B R BT SE [ D] B At B RURl A, 2018.

FAN Changhua. Reactive gaseous nitrogen emission intensity in intensive vegetable soils and mitigation strategy[ D ]. Nanjing:
Nanjing Agricultural University, 2018. (in Chinese)

SINGH S, SINGH J S, KASHYAP A K. Methane flux from irrigated rice fields in relation to crop growth and N-fertilization
[J]. Soil Biology and Biochemistry, 1999, 31(9): 1219 - 1228.

XV, G, BRIUME, 5. A8 500 IO 40 H B AR S AR R RS AR p s [T ], Aol TR % 4%, 2020,
36(22) : 246 - 253.

LIU Qingli, LI Zhihong, CHEN Shunhui, et al. Effects of rice-straw returning on gaseous nitrogen loss and microorganisms in
tobacco field after topdressing[ J|. Transactions of the CASE, 2020, 36(22) : 246 —253. (in Chinese)

KAER, Tkl BEK S8 % T ZUIRW IR 12 54 BLM N R BE AT [T]. AL ML 44, 2019, 50(11) ; 239 - 249,
ZHANG Zuohe, ZHANG Zhongxue. "N tracer-based analysis of effects of water and biochar management on nitrogen
absorption, transport and distribution in rice [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2019,
50(11); 239 —249. (in Chinese)

FrEEA, LAl , FoRo, & ETUNFRCH T2 KO AR U R m RS A (1], MY RS TR )R, 2023,
29(3) . 414 —426.

YIN Haojie, KONG Liting, WANG Rongrong, et al. Fate and efficiency of fertilizer nitrogen in spring wheat production under
drip irrigation based on the "N tracing method[ J]. Journal of Plant Nutrition and Fertilizers, 2023, 29(3) : 414 —426. (in
Chinese)

ZEME T, R B, SO, AR RN R B R WE ST 5 R PR R AR P R R SR [T]. o E AROE REE 2018,
51(20) : 3961 —3971.

LI Pengfei, LI Xiaokun, HOU Wenfeng, et al. Studying the fate and recovery efficiency of controlled release urea in paddy soil
using N tracer technique[ J]. Scientia Agricultura Sinica, 2018, 51(20) : 3961 —=3971. (in Chinese)

EET . ZWENT 13 CO, M NH, fE 5[ D], & PALRMBHEIR S, 2012.

SHANGGUAN Yuxian. CO, & NH, emission in winter wheat field with plastic mulched-ridges and unmulched furrows[ D].
Yangling: Northwest A&F University, 2012. (in Chinese)

A, EEAR, SRR, 45 AT G b R R A B HE R [T ], R A AR, 2018, 29(12) ¢ 4063 —4070.
ZHENG Lei, WANG Xuedong, GUO Liping, et al. Impact of fertilization on ammonia volatilization and N,O emissions in an
open vegetable field[ J]. Chinese Journal of Applied Ecology, 2018, 29(12) ; 4063 —4070. (in Chinese)

YAO Z S, YAN G X, WANG R, et al. Drip irrigation or reduced N-fertilizer rate can mitigate the high annual N,O0 + NO
fluxes from Chinese intensive greenhouse vegetable systems[ J]. Atmospheric Environment, 2019, 212. 183 - 193.
SO R, EAEEE, S5 A 13 N, O HEBUW OGS AR SGE R R [T ] MY E SR SRR, 2019, 25(10) ; 1781 - 1798.
CAO Wenchao, SONG He, WANG Yajing, et al. Key production processes and influencing factors of nitrous oxide emissions
from agricultural soils[ J]. Journal of Plant Nutrition and Fertilizers, 2019, 25(10) : 1781 —1798. (in Chinese)

SRR, AR H AR AR D]. B TTHCRMABR A, 2022.

WU Yuanyuan. Effects of irrigation on nitrogen gaseous emissions from farmland[ D]. Yangling: Northwest A&F University,
2022. (in Chinese)

B, BB A, 55 T AT 8 T ROt Fe e PR AUIE X 22 KA AR R AR AT fszm [J]. Rl ML= 4 ,2023,54(6) .
350 -360.

ZHAO Zhengxin, WANG Xiaoyun, LI Fuyang, et al. Effects of straw returning and application of stable nitrogen fertilizer on
water and nitrogen use efficiencies of wheat maize rotation[ J]. Transactions of the Chinese Society for Agricultural Machinery,
2023,54(6) : 350 —=360. (in Chinese)

HOU H J, PENG S Z, XU J Z, et al. Seasonal variations of CH, and N, O emissions in response to water management of paddy
fields located in Southeast China[ J]. Chemosphere, 2012, 89(7) . 884 - 892.

KATAYANAGI N, FURUKAWA Y, FUMOTO T, et al. Validation of the DNDC-rice model by using CH, and N, O flux data
from rice cultivated in pots under alternate wetting and drying irrigation management[ J]. Soil Science and Plant Nutrition,
2012, 58(3): 360 —372.

MR, MROERL, BUHAR S AN AR E R AR AW T]. hEDKAERL, 2011, 25(1) : 71 -78.

YE Shichao, LIN Zhongcheng, DAI Qigen, et al. Effects of nitrogen application rate on ammonia volatilization and nitrogen
utilization in rice growing season[ J]. Chinese Journal of Rice Science, 2011, 25(1): 71 —=78. (in Chinese)
FilE = IR ARG R KX F 22 SR AR AL R [ T] . Al FRBERL27 40, 2009, 28(12) ; 2631 -2636.
WANG Haiyun, XING Guangxi. Effect of nitrogen fertilizer rates on nitrous oxide emission from paddy field under rice-wheat
rotation[ J]. Journal of Agro-Environment Science, 2009, 28(12) : 2631 —2636. (in Chinese)



