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Effect of drip irrigation and nitrogen management on inorganic nitrogen
content and nitrous oxide emission in maize-planting soil
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(College of Agriculture, Guangxi University, Nanning 530005, China)

Abstract: [Objective] The objectives of this study were to obtain a rational drip fertigation mode for reducing
nitrous oxide (N,O) emission in maize-planting soil, and reveal the effects of soil inorganic nitrogen content on
N,O emission under different drip irrigation amount and nitrogen fertigation ratios. [Method] In the mobile
rainproof shelter, two-season maize experiments with three drip irrigation amount (W¢,, Wy, and W, were

50%—60%, 70%—80% and 90%—100% of field water holding capacity, respectively) and two nitrogen fertigation

i HER:2022-04-06  MI4EE & FTiE):2023-02-16 09:19:07

B & M1E: https://kns.cnki.net/kems/detail//44.1110.5.20230215.1219.002.html

EEREN:E K, MEHAE, TEZAFREIFRABEREFT @A A, E-mail: 925407809@qq.com;
WA BRA, i, M, EEAFREARA A LREHS @A, E-mail: 19880066@gxu.edu.cn

ESWE: B R A &A% A4 (42167035)


mailto:925407809@qq.com
mailto:19880066@gxu.edu.cn
http://dx.doi.org/10.7671/j.issn.1001-411X.202204004

3

H R, A T K U BN KA - SETE LA A AL I R UHE R i

411

proportions (Fss: 50% nitrogen fertilizer applied to soil as basal fertilizer, and 50% nitrogen fertilizer as
fertigation, F3;: 30% nitrogen fertilizer applied to soil as basal fertilizer, and 70% nitrogen fertilizer as
fertigation; Both of Fss and F5; had the equal nitrogen rate of 180 kg-hm™) were carried out. The soil N,O flux
over the whole growth stage and soil inorganic nitrogen content at different growth stages were measured. Soil
N,O emissions at the different growth stages and over the whole growth stage were calculated and the
relationships between soil N,O flux and soil inorganic nitrogen content were analyzed. [Result] The N,O
emission fluxes of corn soil in two seasons were similar. Under the same nitrogen application ratio, soil N,O
emission fluxes under W, water treatment were higher than those under W¢, and Wy, in most maize growth
periods, indicating that soil N,O emission fluxes under high water treatment were higher than those under
medium and low water treatment. Under the same water treatment, soil N,O emission flux ratio of Fs5 was lower
than that of F;; except in summer maize seedling stage. During the whole growth period, the cumulative
emission of soil N,O under W Fss treatment in spring was lower than that under other treatments, followed by
WyoFss, while those under W¢oF37 and Wg(Fss treatments in summer were lower. In addition, in two seasons, soil
N,O flux was significantly correlated with nitrate nitrogen and nitrite nitrogen contents, with correlation
coefficients ranging from 0.433 to 0.579 and 0.396 to 0.532, respectively. [ Conclusion] WgFss treatment
(70%—80% field water holding capacity, 50% nitrogen fertilizer as basal fertilizer and 50% nitrogen fertilizer as

fertigation) reduces N,O emission from maize-planting soil. In addition, soil nitrate nitrogen and nitrite nitrogen

contents significantly affect soil N,O emission.

Key words: Drip fertigation; Nitrate nitrogen; Nitrite nitrogen; Cumulative N,O emission
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Table 1 Irrigation amount at each growth stage of maize in different water and fertilizer treatments mm
&N GoN=g

Season Growth stage W60F37 W60F55 W80F37 WSOFSS W100F37 WIOOFSS
% 1 Seedling stage 57.9 57.9 90.0 91.3 114.6 115.3
Spring 51 Jointing stage 103.1 108.2 142.2 156.6 216.6 214.2
HiFEHH Heading stage 95.1 70.9 117.4 96.0 153.9 153.5
R Maturing stage 36.3 52.5 84.9 89.2 119.2 119.7
A1l Total 292.3 289.5 434.5 433.1 604.3 602.7
HZ W Seedling stage 57.9 57.9 69.4 69.4 81.0 81.0
Summer & 5# Jointing stage 147.3 139.8 215.3 232.7 283.5 286.9
HFEY) Heading stage 93.8 105.6 143.2 119.1 199.5 190.3
A Maturing stage 19.1 11.7 47.7 56.5 70.2 74.4
4t Total 318.0 314.9 475.6 4717 634.2 632.7

1) Weo. WeoFm W 002 51 4 B 8] 7K 2 69 50%~60% . 70%~80%F290%~100%; Fss: 50% FAEA H B £ 56 50% RAEAE i i 36

RE; Fyg: 30% RACAE L 156 70% RIEAF & # . 1e

1) Weo, Wgo and W are 50%—60%, 70%—80% and 90%—100% of field water holding capacity, respectively; Fss: 50% nitrogen

fertilizer applied to soil as basal fertilizer and 50% nitrogen fertilizer as fertigation; F3,: 30% nitrogen fertilizer applied to soil as

basal fertilizer and 70% nitrogen fertilizer as fertigation
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The downward arrow in the figure represents each fertilization time; Wgo, Wgo and W oo were 50%—60%, 70%—80% and 90%—100% of field water holding
capacity, respectively; Fss: 50% nitrogen fertilizer applied to soil as basal fertilizer and 50% nitrogen fertilizer as fertigation; F3;: 30% nitrogen fertilizer

applied to soil as basal fertilizer and 70% nitrogen fertilizer as fertigation
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Fig.1 Changes of N,O fluxes in spring and summer maize soil under different treatments
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Table 2 Cumulative emissions of N,O at each growth stage of maize under different treatments g-hm?
FH KAIEW) Jita &L L () i Y] T iyl A Bt
Season Water treatment Fertigation proportion Seedling stage Jointing stage Heading stage Maturing stage Total
K Weo F3; 4520+2.94a  32.36+0.60a 23.02+1.17bc 15.01+1.14a  115.59+3.25a
Spring Fss 22.30+1.66c  24.54+1.22b 14.59+1.96d  11.51+0.86a 72.94+£3.91c¢
Wgo F3; 37.72+2.29ab  21.80+1.90b 27.62+3.24ab 15.59+1.83a  102.74+8.19ab
Fss 25.18+1.37bc  20.89+£1.90b 18.63+0.73cd 14.98+0.23a 79.68+3.46bc
Wioo | 50.81+7.95a  24.59+1.99b 29.90+2.20ab 19.02+5.95a  124.31+16.48a
Fss 42.41+£6.53a  23.81+£2.82b 34.00+2.60a  13.16+1.52a  113.38+3.37a
B Weo Fy; 19.09£0.99b  22.66+£1.24c 16.14+0.13d  11.80+0.25c  69.69+2.55¢
Summer Fss 21.474£0.33ab  16.05+£0.63d 20.59+1.54b  15.89+0.89a 74.01+2.46bc
Wgo F3; 23.21+0.17a  26.34+0.34b 32.11+0.13a  13.00+0.18bc  94.66+0.67a
Fss 21.38+1.64ab 18.87+0.76d 17.83+0.24cd 10.08+0.06d 68.60+0.89¢
Wioo | 22.31+1.41ab 32.2440.58a 20.77+£0.03b  16.56+0.23a 91.88+2.01a
Fss 20.95+0.42ab  22.67+1.55¢ 19.21+0.38bc  13.79+0.41bc  76.62+1.50b
= P A <0.05 <0.01 <0.01 0.569 <0.01
Spring F <0.01 0.060 <0.05 0.155 <0.01
WxF 0.297 0.141 <0.05 0.631 0.181
HZ w 0.120 <0.01 <0.01 <0.01 <0.01
Summer F 0.883 <0.01 <0.01 0.156 <0.01
WxF 0.136 0.309 <0.01 <0.01 <0.01

DA P HIEA T HELAF AR MR 2R FH RN HIES, RED B FHEFLEE £ F 2 F (P<0.05, Duncan’si%); W
W Fo W92 #1818 H K2 69 50%~60% ., 70%~80%F290%~100%; Fss: 50% RABAE 2 £ 36 50% RARAF i # 56 0E; Fspe
30% RAAE LA 56, 70% R AL iE i 751

1)The values in the table are means + standard errors; Different lowercase letters in the same column of the same maize-season
indicate significant difference among treatments (P<0.05, Duncan’s test); Wqo, Wgo and W, were 50%—60%, 70%—80% and
90%—100% of field water holding capacity, respectively; Fss: 50% nitrogen fertilizer applied to soil as basal fertilizer and 50%
nitrogen fertilizer as fertigation; F3;: 30% nitrogen fertilizer applied to soil as basal fertilizer and 70% nitrogen fertilizer as
fertigation

%3 FRAETERSEEMLRESEEE"

Table 3 Soil ammonium nitrogen content at each growth stage of maize under different treatments g-hm™
=1 KA Jit & L 5] H P Eilipat e

Season Water treatment ~ Fertigation proportion ~ Seedling stage  Jointing stage =~ Heading stage =~ Maturing stage
HE Weo F3; 12.38+0.64¢ 20.76+0.60c 25.05+0.66d 18.03+0.40¢
Spring Fss 13.434£0.91bc 21.02+0.67¢ 25.72+0.76d 18.13+0.68¢
Wygo F3; 15.11+0.48b 26.86:+0.30b 30.12+0.23¢ 20.87+0.66b
Fss 14.98+0.86b 27.22+0.63b 33.77+0.25b 20.48+0.79b
Wioo F3; 21.02+0.78a 28.81+1.08a 39.68+0.70a 26.74+0.73a
Fss 20.1140.73a 28.46+0.14a 39.70+0.49a 26.92+0.76a
CE Weo F37 21.57+0.01d 27.22+£0.06d  29.19+0.05f 25.62+0.33d
Summer Fss 20.40+0.65d 31.82+0.22¢ 30.95+0.05¢ 25.72+0.51d
Wygo F3; 23.27+0.37¢ 32.47+0.32¢ 39.71+0.46¢ 37.96+0.58¢c
Fss 25.04+0.05b 34.06+0.03b 37.66+0.68d 37.06+1.02¢
Wioo F3; 27.60+0.78a 32.74+0.71c 46.59+0.12b 40.87+0.38b
Fss 27.50+0.77a 39.20+0.44a 50.58+0.21a 44.40+0.31a

)& b 3% A -F AT AR AR 2R F G E S KIEE, RENE FH AT AN £ F 2 F(P<0.05, Duncan’sik); W,

W Fo W 092 # 1 B 18] H K Z 6950%~60% ., 70%~80%F290%~100%; Fss: 50% R ABAE 22 £ 36 50% RARAE i# #560E; Fype
30% RAEAE AR £ 48, 70% RALAE i 6 e

1)The values in the table are means + standard errors; Different lowercase letters in the same column of the same maize-season
indicate significant difference among treatments (P<0.05, Duncan’s test); Wqo, Wy and W, were 50%—60%, 70%—80% and
90%—100% of field water holding capacity, respectively; Fss: 50% nitrogen fertilizer applied to soil as basal fertilizer and 50%
nitrogen fertilizer as fertigation; F3;: 30% nitrogen fertilizer applied to soil as basal fertilizer and 70% nitrogen fertilizer as
fertigation
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TR A E S A S 'R L 4.
HEZEEKIRE A, Woo LN, HIFEH Fos HIERSS
B R Fyp 251 19.1%; Wy AHE T, B BRI AR
M Fss TSRS ER Fyy 2035 7.0%
52.8%; W oo 0BET, #5715 BAAN A Fy, HIERHS
R Fys 0 BIRE 37.1% M1 7.2%. jiti & 451
Fy, AbHL T, ANEKD A HIEM SRS BRI A:

BRI T W0 > Weo > W, TR W, (KT
Wgo Al W10, I W00 > Weo > W Jiti & L1
Fss S0EL T, ANFE/K o B T A A S ERIA:
B W SZRT Wyo T W g, 3755 SN 41l 84
Wgo 1T Wigo Bl Wegr BUEIHA W o0 B3 M T
Wio 1 Wggo

F4 TRLETEAZSEERLRBETSEIE"

Table 4 Soil nitrate nitrogen content at each growth stage of maize under different treatments g-hm™
Bt K34k B Jiti 2 EE 151 Hi Y] QR ] il B

Season Water treatment ~ Fertigation proportion ~ Seedling stage  Jointing stage =~ Heading stage =~ Maturing stage
FE Weo F3; 4.39+£0.21c 4.18+0.07b 2.77+0.03d 2.88+0.08¢c
Spring Fss 4.17+0.25¢ 4.72+0.27b 3.30+0.13¢ 2.46+0.04d
Wy F3; 7.69+0.16b 5.70+0.15a 3.90+0.20b 2.35+0.03d
Fss 8.23+0.16a 6.27+0.08a 5.96+0.01a 2.46+0.06d
Wioo F3; 8.37+0.09a 6.17+0.32a 3.76+0.12b 3.42+0.12a
Fss 8.33+0.06a 4.50+0.12b 3.95+0.05b 3.19+0.03b
2% Weo F3; 4.07+0.01c 3.46:0.47d 2.72+0.02¢ 1.7740.02¢
Summer Fss 4.31+0.02c 4.06+0.02b 3.00+0.02b 3.094+0.10b
Wgo F3; 4.73£0.10b 4.03+0.02bc 3.24+0.02a 2.89+0.05¢
Fss 6.65+0.12a 3.55+0.01bc 3.27+0.01a 3.37+0.03a
Wigo | 6.59+0.12a 4.66+0.02a 2.99+0.03b 2.54+0.02d
Fss 4.32+0.08¢c 4.14+0.08ab 2.40+0.08d 2.57+0.05d

)& P 3B AT AT ER MR 2R FORE KBS, KRB E FH R TN £ 57 2% (P<0.05, Duncan’sik); W
W W 002" 51 4 B 18] 7K & 49 50%~60% . 70%~80%F790%~100%; Fs5: 50% &AM e £ 36 . 50% R AEAk 8 i 3602 ; Fyg:

30% RABAE AT £ 56.. 70% RAEAE i3 # 5. 0e

1)The values in the table are means + standard errors; Different lowercase letters in the same column of the same maize-season
indicate significant difference among treatments (P<0.05, Duncan’s test); Wgo, Wgo and W,go were 50%—60%, 70%—80% and

90%—100% of field water holding capacity, respectively; Fs5: 50% nitrogen fertilizer applied to soil as basal fertilizer and 50%

nitrogen fertilizer as fertigation; F3;: 30% nitrogen fertilizer applied to soil as basal fertilizer and 70% nitrogen fertilizer as

fertigation

BRI, Weo AR, #7551 s
RS Fss LM AR SRR Fyy 2l S
17.3%- 10.3% F1 74.6%; Wgo AT, T BN Al 24
W Fss LIRSS 21 Fsyy 20003400 40.6%
16.6%; W oo Z0FR N, P HAFNFHAR I Fyy RIS
BRI Fas 20 IR E 52.5% M1 24.6% . it % L 151
Fyp AbFER, ASFZK /3 A0 B 3R S B & R IN:
B HAFAAR T W g9 > Wgo > Wg, FHIREIA AN B
W > Wi > Wego HEELLE Fss KR, ASFIK 5
WFE IR AR S ERIN: I Wy BE® T
Weo 1 W g0, FHEEIHANELZAIH Weo > Weo > Wiggo
223 TSR AFRGCHEXNEFEFEME RN
FAE R LIRS RS =N IR 5. HF
FoKIRIEH, Weo JBER, B HARIR I Fys 1438
WAH AR B Fyp 2 425 160.6% H1 107.6%:;

Weo LFE R, 1 Fgs THETMER S EHLEE
T Fyps Wigo 0B, B Fyy DIBTMHAE S &
B Fss 38N 75.9% . WAL Fay BT,
Weo LIEWHER ST EE Wgo 1 W o 7 A
88.0% H1 89.3%, K 1T HI W oo LIV IHEE S =
B W Fll W 2051l 75 284.5% Al 290.8%; Fss AbFE
N, BIBWHESR S ERIN: 1 Wy > W g >
Weor HZERRZE, AT Wi BE T Wy
Wior TR W00 > Weo > Wyor HZER 8, R
W W g0 235 T Wggo

HZEE KR, Weo AeH R HH W,, LT
HERGERERT Wss, W oo AH T B2
Fss TIETMAR &2 Fiy & 33.1%. & )
Fyp ACFER, AN [A) 7K 23 Ak 3 - 398 0 Al A5 0 & s 3R I
N W0 > Weo > Weos T Wig0 > Wy >
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Table 5 Soil nitrite nitrogen content at each growth stage of maize under different treatments pg-hm™
&S] KT AL EE it % L] Rl LR il Y]
Season Water treatment ~ Fertigation proportion ~ Seedling stage  Jointing stage =~ Heading stage =~ Maturing stage
HFE Wieo F3; 13.57+3.83d  22.44+2.39c 18.72+3.48b 4.24+0.51ab
Spring Fss 35.36+2.41c  46.58+£7.07b 14.60+4.68b 3.38+0.08ab
Wsgo F3; 113.26+8.24a  22.08+4.26¢ 24.29+4.95ab 0.00+0.00b
Fss 114.43+7.68a  47.37+10.22b 2.90+2.50¢ 0.00+0.00b
Wioo F3; 127.11£7.38a  86.28+4.89a 24.12+2.75ab 5.91+4.9ab
Fss 72.25+7.70b  98.23+4.15a 34.70+1.23a 9.04+0.88a
HZ Weo F37 3.03+1.92b  0.00+0.00c 1.74+1.74b 0.000.00c
Summer Fss 0.00+0.00c 72.38+9.67¢c 1.53+1.53b 0.00+0.00c
Wgo F3; 0.00£0.00c  42.10+16.94b 3.57+1.41b 0.00+0.00¢
Fss 0.00+0.00¢ 37.97+£12.75b 0.00+0.00b 0.00+0.00¢
Wigo F3; 15.86+0.22a  83.16+9.73a 21.99+4.22a 27.99+6.69b
Fss 16.88+0.89a 87.64+0.23a 20.17+7.73a 37.25+0.32a

&P 3B AT AT ER MR 2R FORE KBS, KRB E FH R TN £ 57 2% (P<0.05, Duncan’sik); W
W Fe W92 #1818 #H K Z 4950%~60% ., 70%~80%F290%~100%; Fss: 50% RABAE H N2 £ 36 50% RARAF i# # 56 0E; Fyp:
30% R AeAF RN 236, 70% RAEAE i 6 1e

1)The values in the table are means + standard errors; Different lowercase letters in the same column of the same maize-season
indicate significant difference among treatments (P<0.05, Duncan’s test); Wgo, Wgo and W,go were 50%—60%, 70%—80% and
90%—100% of field water holding capacity, respectively; Fss: 50% nitrogen fertilizer applied to soil as basal fertilizer and 50%

nitrogen fertilizer as fertigation; F3;: 30% nitrogen fertilizer applied to soil as basal fertilizer and 70% nitrogen fertilizer as

fertigation

Wo» THAEIIFIECZAIH W g0 235 5T Weo I Wps

Fss AbBET, AN A 7K 40 b BE 435 WP A 20 & B R I

J9: wA SRR S W g0 B3 =T W M

Wior AT Wig9 > Weo > Wigo

23 TEEHITRBESTHNAIENXE
W3 N,O B 5 SRR S R IR IO

R BHAT RN M, S8R WK 6. 3k 6 AT LA

i, FEHE TR N0 B E S R AR A
TR A A B A) A% 0 25 IE A%, MR R 8000 5
N 0.433~0.579 A1 0.396~0.532, 5+ SRS E
Z IR, (HAMEARREE . Fit, HEmME
BRI AHAS 20 2 0 35 o 133 NLO sl &, 1 1338
BARTEARE LN TIE N0 #E.

*6 HIEN,OBESTHRSERHEXMESIR"

Table 6 Correlation analysis of soil N,O flux and inorganic nitrogen content

EoStl Bz S A RIRTERNY A
Season Index Ammonium nitrogen Nitrate nitrogen Nitrite nitrogen

#Z Spring NOIf & N,O flux -0.107 0.579%* 0.532%%

H 7% Summer N0 i N,O flux —0.075 0.433%* 0.396**

1) “*%” . P<0.01,70,=0.300, n=72

3 it

3.1 13 N,0 Hil

138 NLO 77 A 2 Fh A A A0 S i 4k i A2 4 [
TER B 10 H IR AR R Fe e i S8 41 TS
IR AL A M e (NH, ) & (NH,) 25540 /1

ERHE (NO, ) BRASEAIR (NO5) it 722, 3%
SRR P RAE R R 1 F s 3R AL Bk
e NOy & J5 R — A (NO). N,O 5H A (Ny)
REARRY . A T -3 N, O HET R 0 3 B A A
VR RUIE 2 S5, 3 5 -E 3RS A A SR AL i
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FBAR T K o LR B —E

AR, 3% N,O & /E SR s s, o
B DR DR A2 OB AR R A it A v BB A S, T R R
KA R ERI B D, L LR R, MK
HERE AR RS AR AE L, AT 5 S50 3 N, O I8 5 3
e 398 N, O 8 & sy V6 3 AR P 7E FRT HT R0 el st
W RE R AR S5 1 B P, AT BE DR R R PR E i N 3
Ja, 15 1 AN S HACN SR, N E g T
JEA, TR FE AR NLO R 3 5 iR
S0 T AE FE -39 N, O HERE N R — 3. AR
FHEER R I, UG 13 R B3 I, A 3 5
R AL AN SR AR AE . MK MBS, it FH A
HEJG W oo T3 N,O I8 & =g 2% & T W M
W Tt BH i 38 7K & 3 438 NLO By HEY .
THETEED R, K AT R T EER
B2, WS AT I R AL T R NLO R Mt
REBIKE, HFEKD AT, jEilE 5 Fss + 3
N,O il & F MK T Fag, 1X 0] A8 A2 A A it 20 HL 91 52
e 7 AELEAS [ A2 B B 23 A B 8.

AN 5] it LG 5K S TEAR R 7K 2 Ab 3R, it
RG] Fy, 5 Fss ARFEM) 138 N,O RiH-HsE F 2
X 5 LE T B, X T HF 2 R KK, W
Wy ALFE R L3 N,O R ESI RN Fy, B35
T Fsso T8 Z B KR, W A0 F L3 N,0 &
THHEBCE I — 5. Ak, Wy Fss b3 2 K4
A E 18 N,O B EBAR, HiZb B HEEFR K
) A3 B N1 407.4 kg-hm ™, EZEER KN 2185.2
kg-hm?, &3 & T HABAEE (45 RARFIR).

32 HEEXHNE

AR, MR ARBETR, TEHFEHA, i L
Bl Fss TIEESEMEERATERZ EE ST Fip
M Wgo T Fy, THRUMARAGERERT
Fsso HATRESR AR A FFEA LB, R ED T
TR R KRR, R FE RO EA,
A R BT TE A RS, R, RN B 0 AR KR
L2 5 LR T A S E B,

MAFIK S b B E, A LIRS A S &
B, TR BT RGBS T B IS
ZHN, A e F P 3 b B A T A S I8 T
SO 1) JINE 5 A5 A 0B I i 25 8 T e S U R
ISR T ELRIN W < Wy < Wiger 1t
THOK G ER T LIRS A S ER S . DR
SERTEEEANTAREER R TR&ES, LR
BEERRKZRIN Wy 1T Weo F1 W g0, 1t
THK A S BT R SR B AS A S 2. =

BV A AS A K 2 AE T BARNGR T BA =, T 7E
FEIIA R IR AR, X 5 43 N,O 8 & 25 1 AL
TR R B A I LIRS A S R
BRI AT REJR IR 2 T2 54k )M 1) NH, -N ik
b, BUEFE A NO, -N I, iR I8 R B, 135
TAHAR S ERZ RN Wi @ T Weo Fl W,
XULATE R 7K o RN, 39 A /R F 52
33 HEN,OBEMTIELIASENXAR

ARG, T3 N,O 85 HIEM SR ALY
BREG BN R EMHSS, RS E M
TASAS R B AR R 3 50 1458 NL,O kK, X
b I 22 208 Rk 2R IR A R — 2 AT
R, I3 N0 B E S S EM TSRS
w2 A 2R IEMHX.
34 g

R LR, MRS W o 123 N,O @&
T Weo M Wego FHEIZKZFAEBET, LS Fss £
N0 JHE F (KT Fyo WeoFss A0FE 2 TR K4
A H W R NLO SHFRCR AR, HiZab3 2 =K
fif ol B v T A AL R . A, A3 A R
BRECELEFEHEIEN,OEE. FHEE2ZE
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