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Mechanisms of underpinning the dicyandiamide—induced N,O emissions reduction in a fluvo—aquic soil after
ammonium nitrogen fertilization

MA Lan'?, LI Xiaobo*’, MA Shutan®

(1. Shandong Institute of Sericulture, Yantai 264002, China; 2. School of Ecology and Environment, Anhui Normal University, Wuhu
241002, China; 3.State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 4. Engineering and Technology Research Center for Agricultural Land Pollution Integrated Prevention and Control of
Guangdong Higher Education Institutes, College of Resources and Environment, Zhongkai University of Agriculture and Engineering,
Guangzhou 510225, China; 5.South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: This study explores the mechanisms underpinning the dicyandiamide (DCD)-reducing nitrous oxide (N,O) emissions. This was
carried out using two aerobic incubation experiments to examine the effects of DCD on the production of N,O from NO;—N by adding DCD
combined with NH:=N or NO;—=N. Then, the effects of NO;=N accumulation on N,O emissions was determined by adding different amounts
of NO;—N. The results showed that DCD only inhibited N.O emissions during the oxidation of ammonium nitrogen (NH;—=N) and had no
effect on N,O emissions during the reduction of NO;~N. DCD significantly inhibited the oxidation of NH;—N and decreased the net
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nitrification rate at 7 d following incubation; however, the net nitrification rate increased significantly following the addition of DCD to NO>—-N
soil. Following 30 d of culture, DCD had no effect on the oxidation of NHi~N and NO;—N. The addition of exogenous NO;—N significantly

promoted N>O emissions, and these emission rates were significantly higher than those of the control treatment. Cumulative N,O emissions

were significantly positively correlated with the NO> =N concentrations, whereas the cumulative CO, emissions demonstrated the opposite

relationship. These results indicate that DCD may eliminate the toxicity caused by the accumulation of NO>=N, although it is only effective

in reducing N>O emissions during the oxidation of ammonia oxidation. Therefore, new inhibitors that restrict N2O production from NO;-N

are urgently needed.

Keywords: nitrous oxide; dicyandiamide; nitrite nitrogen; nitrifier denitrification
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1.1 k4

M R B R4 B e B R 2 e ek
AR 25 E 35 (35°007 N, 114°24 " E) (1) S Hb 435, +
B g W] R R B T R AP B = SRR B
5 0~20 em. HAERE G FEER F AT, KT 2 mm
i, MR BUME R |, T30 T R A, IR IEA AL
PER L 1,

1.2 Rt
1.2.1 DCD %} NH;=N F1 NO>—N %4k 32 72 i 5 i)

RIS E 5 LI : CK R ANAE T R AL P NH- N+
DCD & ¥ 7l NHLCI #il DCD 4k ¥ s NH ;=N & 75 i
NH,CI AL F s NO;-N+DCD A5 ill NaNO, F1 DCD 4b B 5
NO;=N AU il NaNO, b Hf . A5 A4SAb PR S 41 15 4 7K
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Table 1 Basic properties of the soils used in the experiment

pH WAEAA AR AR 2R 21k Z AN T 1} A
(1:2.5,CaCl,)  NO;-N/(mg-kg')  NO:-N/(mg-kg')  NHi=N/(mg-kg"') Total N/(mg-kg') Total C/(mg-g”) Sand/%  Silu%  Clay/%
7.65 0.06 21.33 3.99 885.00 13.07 56.9 34.9 8.2

1% WHART]



2021 12 A

L2 5 XU ol /0 B A RN it FH /8 b N0 HER A AL 2803

ZNEFN DCD ¥ LA W )8 om A B 3 i A
K2 mL, Hd & A= 100 mg- kg (LA +41),
DCD HY & it A 0 4% TR A ZE 187K 875 7K
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N
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mg-kg ' h™ st AEEFRIE I REL, i A RFEREL
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BN TR AR
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HAS N DCD J& , NHi-N 75 519 T R 2 A2 18 (18] 1b) o
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LRI (K 1e) o WM NO-N A FEH1 1) NO:-N
O iR A B R B[R] RE T A, Wi DCD X NO>-N
AR B A FUiE A NHG-N &b B
H L NO-N SR AERE SR IR 056 3 d IR B U6 fE, M 21.85
mg-kg ™, U AT DCD [ 40 38 H A UL 21 B 5 1 NO>-N
WE(E . FEREFRWI, #5403 NOS-N 7 i By bifi 45 15 77
I [R] (9 S T TG I, AERG SR A5 7 d A F 45 H i
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Figure 1 Dynamics of N>O emissions and inorganic N contents in soil under different fertilization treatments

1% WHART]
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NHi-NZbH 5 NO;-N ZbHl [ 22 SR B 3 . #5957 30
dJ& , DCD ZAN%F F NH;=N FI NO>-N Kb 3 (it 14 fit§ Ak 5k
FE I PN 1 25 (P>0.05) , fHJ2 it JT] NHi-N+DCD &b

R2 AEMERAE TR N0 BFRHME (pg-kg ™)

Table 2 Cumulative N,O emissions in soil under different

fertilization treatments (pg-kg™)

AbFE Treatment N.O 2B AL Cumulative N>O emission
CK 25.93+5.44¢
NH:-N+DCD 38.92+1.93¢
NHi-N 93.7423.23b
NO>-N+DCD 148.45+39.70a
NO;-N 133.25+2.36a

s Al —FUAN R NG TR FR AL 3R] 22 5 1 25 (P<0.05) . Rl
Note: Different lowercase letters in the same column indicate
significant differences among treatments at P<0.05. The same below.
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Net nitrification rate/(mg-kg™-d™")
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0
NHi;-N+DOD  NHi-N  NO,-N+DOD  NO,-N

AP Treatment
[ — b FL KA AN/ NG EhE R AR R AR PR ) 25 57 42 2% (P<0.05)

Different lowercase letters within the same number of days indicate

significant differences among treatments at <0.05
2 7430 dIFFH A AR FEAC AL B T SRR R
Figure 2 The net nitrification rate in soil under different

fertilization treatments during 7-day and 30—day incubation
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Table 3 Cumulative CO, and N>O emissions in different NO>=N

fertilization treatments

NO;-N /b 34! CO. B NoO SRBUHE
NO>—-N treatment/ Cumulative CO, Cumulative N,O
(mg-kg™) emisssion/(mg-kg™") emission/(pg-kg™)
0 341.17+35.70a 6.33+1.50e
50 315.04+20.83ab 37.60+1.59d
100 324.31+20.11ab 98.77£16.12¢
150 310.68+5.22ab 109.34+5.29¢
200 296.04+15.92h 188.48+12.59h
250 251.08+15.99¢ 230.07+15.07a
320 (b)
=
I
1= 2
=
ON ]
S &
S
o
O 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14

B2 FE 0] Incubation time/d

@ 150 mg-kg' A 200 mg-kg' & 250 mg kg

B3 RN EENO-NAEA I N0 CO.H B ER T
Figure 3 Dynamics of soil N,O and CO; flux in different NO>-N fertilization treatments
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