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Nitrification inhibitors prevent nitrogen leaching in soil irrigated by biogas slurry

YANG Han-bo'?, LAI Rui-te’, ZHANG Ke—-qiang’, SHEN Feng—ju’, LI Jia—jia’, GAO Wen—xuan®, LUO Yan-li"", WANG Feng>
(1.College of Grass and Environmental Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2.Agro—Environmental Protec-
tion Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: The aim of this study is to investigate the control efficiency of soil nitrogen leaching by nitrification inhibitors under biogas slurry
irrigation conditions. Laboratory simulation tests were performed, including urea solution treatment, biogas slurry treatment, and nitrifica-
tion inhibitors treatments. The concentrations of nitrification inhibitors were 5%, 10%, and 15% of DCD and 0.25%, 0.5%, and 1% of nitra-
pyrin. Ammonium nitrogen (NH;=N), nitrate nitrogen (NO3=N), total nitrogen(TN), and dissolved organic carbon content(DOC) in the soil
leaching solution were monitored for five continuous irrigation cycles. Compared with urea solution group, the application of biogas slurry
could reduce the leaching loss of nitrogen and DOC. The concentrations of TN, NHi=N, NO;=N, and DOC in leachate in DCD group were
reduced by 27.19%, 35.69%, 45.89%, 53.69%, and in nitrapyrin group by 24.86%, 30.87%, 21.10%, 64%, respectively, with 5% level of
significance for various treatments. Considering the cost and control effects, application of DCD at 5% with biogas slurry was recommended
as an optimized control mode for preventing nutrient leaching. In addition, a significant correlation was found between nitrate concentration
in soil leaching solution and redox potential under continuous saturated biogas irrigation (R*=0.602 8%, n=34). The application of nitrifica-
tion inhibitor in biogas slurry is an effective measure to restrict nutrient leaching, improve nutrient utilization efficiency, and control nitrate
nitrogen leaching pollution. However, the relationship among the control efficiency, inhibition time, and application methods requires fur-
ther investigation.

Keywords : biogas slurry; DCD; nitrapyrin; nitrogen; leaching loss

WisEHA:2018-12-11  RABH:2019-05-17

YEE BT I (1995—) 2o, WAL M - BIEE AR BER 7 il Al 1% Fe MG A R - E-mail : wxhxhr520@163.com

HBIEEE FHUT  E-mail:luoyanlimail@sina.com; = X E—mail : wangfeng_530@163.com

ESWA [ ZKE AR E (2017YFD0800403) 5 K Ht [ A& BE27 S 6 51 H (16JCYBJC29700) 5 4k A& 4 38 W Bt [ 5 1l 1 J Ak
(2018M640209)

Project supported : The National Key R&D Program of China(2017YFD0800403) ; The Natural Foundation of Tianjin(16JCYBJC29700) ; Finance Projects
of the Ministry of Agriculture and Rural Affairs; China Postdoctoral Science Foundation(2018M640209 )



1752

URIEIR el 53855 8

2016 4 [E 35 it g =5 18 AR GA F 391.5 77 hm?, T
THE] 2020 FK R HE K 1) 410.5 7 hm?s Bk 3%
R R S R AR R DR R U R
Al g =AM R IR B S R ROK KA A
PRy At i i T SR R R TR E I T 2y
A 30%~50% ) A F LR R, Il AR Bt R
AR AR IR KA A RO 49.6~78.0 mg -
L7 FE R R KR AR v

PC it i A 400 ) R0 Sl — B SRR R R R Y
B, BB 2 WS A A2 bR B Al A
710368 2 00 ) 250N 2 AR AR A RIS AV S, BRI
s A 200 B R AT £ 40 BT A 35 1, DT 900 ) - 48 v g NH
B AL R NOS, B0 i 2 RU7E 88 1 A R R 2R
TR0 U /D RUNE DA 2 B =X I v 4 2 B xof
AR SZ I . BTN B R Tz A AR A i )
SRR (DCD) 14 H JE L BE (Nitrapyrin)!™"' "2, ff
LM, DCD it A X NHi-N 24 — &30 , %t
F i BC it DCD J 0~30 em 4 J2 NO3-N & K T
63.70%~80.53%", 1fii DCD Jifti Jinl &t 7 fifi &0 & /4 1%~
5% B, &R Wk 0 3 PR AIR T 23.68%~37.94%",
Owens & FiJiti Fi] Nitrapyrin AJ fi -+ 35 %0 2 75 451 2% ik
139", WA #F5E & B DCD i Nitrapyrin ¥4 7] 1 2%
P - R A R A A R AR AL, PIRR I R Ab B
3 A0 A R B R A i) AR AN it A o R0 Ak 3G i T
46.2~256.1 mg-kg ' F13.68~372.9 mg-kg ™',

SR, ] A A i Ak 00 i 550 BEL 47 1 3 R Rk R 1Y
WFFE R 2 0= I T ALt A5 1 T A7, SR Zh e
bR (R R b S R b A 1S B W 2% 178 SO (£ s
DA 5 B AT A =5 A A TR0 A e A 5% it A oL m 75 31 ik
KBz W TSR B I VA Ry —Fh R o v B LR
E A LSRR TS ZUR A ERE, B R ke i S L
T Z AR i AR . 1E R A AR A
DL A 7R FH e A R mp R it FH 2 R R R
PRSI, DRI, IH 92 7 A S YR B - 39 1) R B MR 5
RADEE . ARFRIGE R AR, 58 AR
il Ak A0 TR0 P it 5 IS VR TR - S SR R IR S AR AIE S
ROR SR NS TR Bt g 3 | Y2 4R S At e
Az

1 MR EFE

1.1 REMESESE
1.1.1 it 135
MR R 7 R 7 X5t 5 52 K 0~20

em 2 8, BTSRRI L i RS A
SRT G R R AR AR B e, 3 2 mm 0 JS TR AT
e A pHAE8.61, £ A (NHI-N) 7 7.40 mg-
kg, AR (NO-N) & & 2.18 mg kg™, BA (TN) 7%
H0.71 g kg, HHEAPUR 5 22.81 g-kg ',
1.1.2 A fb 7 i 7] K e et

DCD A= 77 8 0 b 22 se bR A AL B BA BR 2
Al bl 26 99% ., Nitrapyrin 4£ 72 Z bt H
RBRH A R e, 41 98%. JRFE AT
KRR AT ARG AL T 5T FT, a4 B 99% .
FRFE LWL B R 45 AR TR 5E A PR 2 B R AR s i
1 ZE AR N A, JEREA 5 2575 , SR A IE W pH
{H 8.30, NHi-N ¥ J&¥ 464.80 mg- L', NO;-N ¥k & 2.11
mg- L7, TN ¥k i 692.55 mg- L™, A HLE% (DOC)
el 100.18 mg- L',
1.1.3 ks pi ol e B S ke o

IR B (&) 1) PYC AR, A2 19 em, &
40 emo FEURPFE T sl 100 B )2 8 M, AL 2 W)
b VR, B ARG A HH KA P e TR IR A A TR
FERP KA o o AR R PN R, el AT
P45 55 b T T L, A K 1 A e A A -
VR, W A A S A O SR LIBR 42 R B
A AL BREIH I 1.26 g+ em Y AR L HEZA FARLIECE
[FIE: DCD Nitrapyrin A1 i BE A A RS B i
KA S R ANRA G — S . R PVC
B ERER ST IR R — 2 PRI N G0N H R T2t
T 00 AR A3 T 2 (B2 185 10 em) MR URIEL S 5 | I
B RS - I R BT R 20 em, BEAR | ERAS

19 cm
= 1
e A
FLAAA -
Z NEE
<t
§
5
] S 1
I N AT

@ HliEalid

Bl LR A T ER SRR RRE

Figure 1 Soil nutrients leaching simulator
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Figure 2 Ammonium nitrogen concentrations in leaching water
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Figure 3 Nitrate nitrogen concentrations in leaching water
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Figure 4 Total nitrogen concentrations in leaching water
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Figure 5 DOC concentrations in leaching water
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Table 1 Nutrient loss in different treatments (kg+hm™)

JbF SVEUTN A S NH-N BRI o A NO--N iR it DOC ik i
Treatments TN content of leaching NH:-N content of leaching NO:-N content of leaching DOC content of leaching
CK1 570.16+76.27a 37.74+0.63a 370.13+55.36a 368.86+7.79a
CK2 381.97+51.28bed 9.77+0.60b 292.02+50.36ab 251.52+60.43b
5%DCD 220.62+51.27d 6.04+0.06b 101.63+20.07¢ 106.71+8.77¢
10%DCD 335.58+43.62cd 5.93+0.03b 223.36+39.51abc 110.25+5.34¢
15%DCD 551.31+34.93ab 5.58+0.01b 334.84+17.03a 132.47+1.58¢
0.25%Nitra 427.98+50.16abc 5.15+0.12b 221.29+19.44abc 86.70+4.54¢
0.5%Nitra 274.36+27.03cd 6.79+0.06b 159.97+16.12bc 93.10+8.77¢
1%Nitra 264.42+43.28cd 6.06+0.17b 178.50+14.83abc 80.07+7.34¢

1 AR ING B R Ab Bl R 22 53 @ 2 (P<0.05) .

Note : Different letters in the same column mean significant differences among different treatments (P<0.05).
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