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Effects and influence factors of dicyandiamide (DCD) application in agricultural ecosystem.
DAI Yu''?, HE Ji-zheng', SHEN Ju-pei' ('State Key Laboratory of Urban and Regional Ecology,
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085,
China ; *University of the Chinese Academy of Sciences, Beijing 100049, China). -Chin. J. Appl.
Ecol. , 2014, 25(1) : 279-286.

Abstract; The low utilization efficiency of nitrogen fertilizer in agricultural ecosystem has caused se-
rious economic and environmental issues. Dicyandiamide (DCD) is a widely used nitrification in-
hibitor, which can inhibit nitrification via affecting ammonia oxidizing microorganisms with minimal
influence on other soil microorganisms, thereby reducing the leaching of nitrate and emission of
greenhouse gases. The factors influencing the efficiency of DCD in soil include soil temperature,
pH, texture, organic matter, moisture, etc. Recently, the application of molecular methods in agri-
cultural systems has shed new light on the microbial mechanism underlying nitrification inhibition by
DCD. In this review, the enzymatic inhibition mechanism, the application effects and their influ-

ence factors of DCD were summarized, and the prospects of its application were discussed as well.

Key words: nitrification inhibitor; dicyandiamide ( DCD ) ; inhibition mechanism; inhibition
effect; nitrogen fertilizer efficiency.
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FI5 67.4% AT UL H R ARl Az 7 b EUE i R
RO H IR R AR A )
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B WUAGTEC 7 A i F () 45 9445 5 T E AT R
HOFIT, HrP I R 2 45 R I RL N 5 N8 1 8000 i A
SENERE H 28 BRI 5T $A 010 U B ) — 28
HEA TS5 RERZ I AR A PREE R SRR A
SR TR Y EIEAE T IR A R R 1
WO R AR 41 57 (nitrification inhibitor, NT) 2%
HESERGR B9 —Fh, & nT LATE — B iy 345 2504 ) -
A A P T A AT 38 22 8 484k, il A 4 1 5
AT A Y A A R h R R SRR
HAFTE , A B I8 AL i ) By 1k 25 R
b SR A AR A8 G, DT 1S i - 38 Y EUAE ) ]
R W LAY LA A 400 ) 0] 4 4 . XU ( dicyan-
diamide, DCD ) | 2-54-6-( = & W &) At B ( nitra-
pyrin) | 1-FT & a1 362 P Jiie ( CMP) | 3-FF 56 it mee
(MP) 4-% 3 = 1k ( AM/AT/ATC) B Bk (TU) Fil
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WA — L IE | (H 22 fi B T 43 57 01 A A0 1 57 1)
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RORAE L REE DCD AR/ F g, (B S &R Y
AT RN R L H4EA H 1552 2 E NN E
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TSAEAM IR LA M AR e, o B K 55
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SEREALVE RO IR e PR TR, X — i
HHIA R F 28l 2 S AL 41 B (ammonia oxidizing bacte-
ria, AOB) /1 32 Bl 47 F A W ORI R
Venter 22! F 2004 4F % P Sargasso 1 Y 22 3 K 41
SCPE FR AR BT B SR TR 2 BN AU AR DY) (amoA ) P
B3 — B G A g kB R A —
RS B Nitrosopumilus maritimus % i) M 7K A
OB R AT = N UL PR ) A R, HL
L ME—REIRIEAT AR AE K X — R G117
20 TERER 1Y JLAR BLBOR B2 i BF 5T R B X
HA ARl TE ) Z e e T4 Fh A 45 v
TR X A YR & B AL T (ammonia oxidizing
archaea, AOA) ) 1] H.7E 2008 441X 2 i % 1]
AT, 8 T R r s 3 A B
MR AOB FI AOA ¥ 75 A 28 # il % B ( ammonia
mono-oxygenase , AMO) ,fH AOA H A HAF Z i E 1k
I8 5 (hydroxylamine oxidoreductase , HAO) , H:AJ fig
i 3 ARSI S AL (nitroxyl hydride , HNO) ¥4
S5t A E AL O R AR

I3 T AW E RO P K A S — S F T i
AT PRIZK - 5G i DCD X AR M5 i s el 37 7Y
AR ST B AOB b +HER ki R 32
Eimk, HBCR R DCD Jits A ind B e pd A, it %
AOA amoA K& A F1 Y ¢ 480 Ak T/ 1) =F B2 15 T B W AR
FLS272 Zhang S5 R, v [ R M 4 R 9 R
AR RS AOA /v, JFE IKAE I DCD "I A
AR AOA H%EE | T HL 58 2 i H 4 AL NH, 1 [
SE CO, I PE, X AOB W B4 25 52 ml. 474 45
f5 i, DCD Ab HUAT {25 3 /> P R 1 P AOB
(=F R, Xt AH T 16S tRNA A K3 B nirk 1)
F WA W it DCD 7 4 %) 4 498 b 41 1R A
TR 16S rRNA S P = B2l 5 OR it Y - 30 W 36 22
S AL, DCD ZERF ST A R R R AL
R R R YRR 5 TS A T A E R AR
#%. DCD (3 ] PEAR 38 | X oA G A= 4 91 T 1 2 4
il ol R A .

DCD A] S L P il Z AL 4 B Nitrosomonas
europaea ,"'C FUBAM G L B A9 16 P I AR HEA B8P0
HAHIHLEE AT B DCD 4544 it 2 3k (-NH,,) R
A (=NH) A5 NH AR Z54 , HAR AT g 5 4
Ve Hb 45 & SN AR AMO |- 484k NH, IO TE PEO A
LG FSMSCR R FH NH, (9 RE 1) A i
o HIIBE A C =N A] 55 R R I W i v 1) 5 ik g
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FAT RS2, DCD 7 H i) 2 B0 B 9 [l Y
O & 52 Ak B A Y B B R e
Xof HAt B2 9 1 9 A 2 TG B 2 . 1980 AT, B A
A DS S S AR R SR B, BUEUIE 1 mg -+ kg T
0 il R B8 1k 40% LA 1,5 mg - kg A R A
91.4% ,10 mg - kg™ K 96. 7% ,50 mg - kg™
SEAAN. Tindaon 252" &3 DCD R -+ 15 it & it 11
iR N AT SN SR S R S € C RT3 Wil = Be
5649 14032 mg DCD - kg™ T+, 23 51 A I [) 4 45
fdi FHVR B 19 500 22485 F1 400 22485, Guo 4513 W58 &
B, BARZ 5 7 4F DCD by 3 Fh It Y
Tk A P A R R R R R R
FEA TR + 48 0] 22 53 2% (0 DCD et F 9 7 4 )
XS YA WU AH DG bR AT B 35 52 .

2 FHALHD IS BR 0 R A RUR

2.1 R IEAE IR ER R AR B HE R 5 R
A H A R g P R i R T — R
J B (P () R, G v A S R R 1 bR 51 O AR
b & 2 B HE kX B8 BT 1 R Y fE L Ok 58
A DCD AR A Ak i 70 ok 42 1 4 2
AR Ak AR A R HE R, BUE T R AFIIRCR. B
P22 R K% Di B 072005 0+ 2 AR R R G
FEI IR, ) S 0 v P GRS %) 3 PG 2 Tl A - 3
HBET KA A 1Y DCD Al /b 42% ~ 83% iR L
Wk T HL AT A 40% ~ 82% 19 N,O S HERL & (%
1) ,DCD X il fR £k k2 A1 N, O & HE L 2 A~ 2440 i
A3 IE 61% F1 67% ,AMHIZCR 2. DCD X i iR
RN N, O SHECEE /Y B0 1 58 71 52 ZIE A DCD
(o RS 0 RO K

F1 DCD [ AEXHE == 1E NO, -N HKiFH N,0 ZHEM A0

Table 1 Impact of different DCD application rates on NO, -N leaching and N, O emission from grazed pasture soils in New

Zealand
it A DCD &= F +- e A% NO,~-N AALTA N,0 ik
N application DCD Season Soil type Wiz DCD RFPHIR S DCD (3|3 Reference
rate application Leaching amount ~ Reduction “TI::?%E Reduction
(kg - hm™) rate (kg N+ hm?  of NO,”-N emioion of N,O-N
(kg + hm™) ca’l) leaching by (k /N ‘-‘hm'z) emission by
DCD (%) & DCD (%)
1200 75 e AkBE L 502 76 a) _ [13]
Autumn
45 HZ Stony silt loam soil 397 42 46.0(4)" 82
Spring
20 &= - - 26.7(6) 76 [14]
Autumn
47.5 s - - 18.0(3) 78
Spring
20 R il S 134 68 - - [15]
Autumn Fine sandy loam soil
1520 30 & Vayigoie: - - 23.1(3) 65.70 73 [16]
Autumn Stony silt loam soil
20 s - - 31.0(6) 73
Spring
20 Bz b+ - - 37.4(3) 61
Autumn Fine sandy loam soil
20 &S U S 122.9, 71.56 - - [29]
Autumn Recent sandy loam soil 67.7¢)
300,700,1000 20 &S ey iyt SN 59.7.188.1, 83,60, - - [17]
Autumn Stony silt loam soil 254.9 45
1000 20 &= Ak U+ - - 8.7(5) 67 [20]
Autumn Stony silt loam soil
10 s ARt - - 1.0(2) 69
Spring Pumice sand soil
0.1000 10 s Heb it - - 0.2.7.8(4) 70,40 [40]
Summer
10 P& Fine sandy loam soil - - 0.5, 61 .67
Winter 12.7(5)

a) WA HIEEHE No data;b) #55H A N, 0 BHER R A ST ( A ) The time period (month) in the brackets is used for calculating the total
N, O-N emission;c) THASAS [R] 14 fe 7K 2 b #1260 ,2145 mm ) XiF I R I 75 B The leaching amount corresponding to two different rainfall treatments

(1260 and 2145 mm).



282 A

M

PO

a2,

25 %

HIPTER R (). — B e R
i, DCD 54 IRFEIRTHE A, S RIG S d FRmE
Jiti DCD™ AR L, [) s il B 4 NHL 7 %% N, O HE i Al
NO, ™ b 2 (R4 TR 5 4y A i 5% & B, it FH 4
PR 10 d J5 s DCD , HAM i 8O 5 W [w] i i
LI 2 5. De Klein 25! % 3, DCD 7 [H]
— M XGRS 4 5 5 AR5, O AR PR X 4 48
N, O HEB B MR A SRR ST, 1 DCD XF 3 N, 0
HERCH T EF,(N,O HEslcE: b7 Bt bR R 1 E 43 Ee) 1
T R A 1 Uit DCD % DX 38R0 3% 28 4 4F Jiti FH
DCD X 3853514 70% F1 61% . A, DCD K fig
RO /N KRR ORGSR AR R A e R v £
HRRE TR SR 1% W 75 54 2 R SR Ak W 19 HE L. Boeckx
AU i N AR N RUKAE R & B, AR T UiE
PREZEMAL B, 71 DCD A s> /N 524 + 4 229%
1) N,O S HE ik i, 4 v] /b K R 458 47% 19 N, O
SHERT . Ding 26 38 1 5 oK H R 86 & BL, DCD
IR AN BES I8/ 1 399% 1Y N,O BHEE. BAa 0
FEAEHA R SSRGS N SR B A 3R
DCD Ji , Ho A 12 ks ot 43 5l B AIK 59% F1 36%
N,O BHE 4> IR AIK 68% F1 629% 1.

2.2 XFVEW R R R

&2 DCD AERAEXHEY =& &R 200

a5t it FH RV 23 38 UV 7 B 0 BT T R, H
HVE G R R 1) 3o et R S e 5 | NGV VR i
ERFEFRANOS HA B 1 5 AE 185 T e, 34 233l
I B WIEE B N B W, Al ok B s VR A 1 B R
400 KA FE UE S, WA 57 DCD A9 it FH AT 4
EREEY TR PR G L, B
HEHmZaerk(k2). AR LB, % DCD 55
W B A PR AL it T S R R T Y I b
42% 1M H DCD fig . 2 58 S o B i A R il i, e &
A3k 46% 7 XU DCD AW R 43 AR AR 45 78
3 IR A K R, B R R T IR A
SRUSITATT B AR DCD A 44 1Ry 440 X6 4 39 U R 1 I
Wi, A5 HL AN 68 52 ) A 5 b g R R 1 B i, A R
DCD A 558 25400 ) A0 0T i 2 0 18 WA, o0 o) 5 o 38
87% 7 X EF LNy DCD Al 4 3 b g 2
REABR AR RIFREFRAR T e P A S A
V5 55— T, AR R AR R i 1) T S A
JR T B 0 St i B U R R R A
FUSE I 0, RS A S R T R A, DCD Xt
R R R R A 3% o 1 0 B R B AE T, 4K
e 5 S R G 3 B SR ST B R B
() FE RN DCDXF KRS | T R A/ SR AR K

Table 2 Impact of different DCD application rates on the yield and quality of crops

Jith R DCD it JH e &3 (=7 YEd 7 B AR MEEFFCRWAR 2753k
N application DCD Soil Crop (FRiE) Increase it I O 5 Reference
rate application type Crop yield rate Effects of crop nutrient
(kg - hm™2) rate (DM) (%) uptake and quality
(kg + hm™)
1200 -1 60 A B e ¥ 11,0 v P36 IR 15% W EIR IR [13]
Stony silt loam soil Pastures hm™2 - a™!
20 mubskt B 15.3 thm™ - 33 215 399% YRRt [15]
Fine sandy loam soil Pastures a!
20¥ iR T 11. 6, 10. 0, 30,2436, V4 & N Ca, Mg fl K [48]
Silt loam soil Pastures 13.3.14.9 ¢t - 24 27% 23% \24% F129% W
hm™2 - a”! Wk s X Bk
ok S Y &R LR
FEHAE T S, ) R
R NO,~-N F &
300.,700,1000 20 Ak BUE L e 10. 8, 13. 9. 193518  Zpl #2 W 33% . 43% M [17]
Stony silt loam soil Pastures 19.7 t - hm™ 33% By AWM
1050 20" Wk fue 18.1.19.1t - 3942 SRR 60% FI46% HIA. [47]
Sandy loam soil Pastures hm™2 S 5 43 5 A A R
NO; ™ -N &t 54% 1 87%
825 8.16,24, JKH KA 8.1t-hm™ 12,1413 338 K e i o CR B
32 Paddy soil Rice 13 BERERH 7% 1 2%
450 16.5, £ £k 9.2t hm™ 375 PR EORBEE AR [51]
33.0.49.5 Dryland soil Maize 5% M 11%
2.249 0.314°) IR+ UNEES 4.1g-pa”t 29 i 38% IR BT [52]
Gray yellow clayed Cabbage FERRAS IR EL &

garden soil

a)2002—2003 ,2003—2004 ,2004—2005 ,2005—2006 %% 4 4F (i3 5 Data from four consecutive years (from 2002-2003 to 2005-2006) ; b)5
A8 AW IE iR 550 Data from two different application months of May and August; ¢) HL{ii A g « pot™ The units were g « pot™".
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WA PRIEVE R AL RE % B2 = 7= o, i HL AT LA
3 Ao RS o R A T R R
. AN, Cui 25 48, DCD 7T 58 35 10 fin #4705 +
HRSBHEURIL/INES IS 4 7= 5, 9 L AT L 348 i # s E
PR S B3R JNEE S RONEE N R R
VAT DL BN b R B SR N
MR RS R DL ERFSE R B, DCD 1 R s
HFRILEA R AL A= 25 R G rh O 45 81— B B 1) g
F, TRV T B i A 9 7= e I R VR . 59 4, 4
A EARIETE H DCD X 1R = el i R B
RS onT e S AUIE AT DCD it FH i 4 ek
R SRS LL AR RS A 6, R H IS A
RERAMSE , AR BHA [F] + 3 M A 4544 T DCD 1)
VeI, N4 DCD fiti FH 4514

3 WEERNAMRMZmER

3.1 hHEERE

- 3R S A B DCD (1 B fife 3 R ok B H:
TS AR AR 28 S K A 3k Akl st 1) . KR F g A BE S
TR TR DCD Y R fife o B0 K, A3 o Bt 2 b
YRR A % Guiraud FIl Marol ™' & 1,15 CLAF
DCD Ay AL I 2 5 35 80% , HAM I &5 SR Al 15742 6
AT B kR T v A o Ak R S S R A, A
FFEW],8 CF,DCD Ml 111 ~ 116 d, ik
BEREINE] 20 C i, HRp R 18 ~25 490, 5
LT SE DCD FE6E 2133 v i Ak 30 S ORI &
B, SRR 10 CTHEF] 30 °C, A ALV
2Emtfa By 90 d FREN 30 d. iS4 — S8 58 & PR,
DCD 7EFk 25 14 25 it F sk SHL 300 1 35000 L e 5 2
R 320000 sk F2 B p AN [A] 2 TR AN ) 5 ] ke
(1), 4 B2 R T RA T H AR PRI UM 5%
PSR T s A U 25 AT N, O i, S DCD
B R A AR T LS.
3.2 +iEpH{E

13 pH {A 5 DCD X R % V), M B 520, pH A
X DCD IR 52 4 52 2%, — ROk U, pH {E &
(LT AOB 15 PR | I intE s, A A T
DCD & 35AEH. [RIEE, DCD (4% 0 g % ffi 138 v 2
F LI NH,"-N JE AR B AR K — Beisf ], DA 4+ 1€
pH fE T 8. SR B A AR A RAE R b K
e FEAR VA5 Lk, HE % kK #*
BaPE I ) AR NIRRT DCD A R
AR Kim 25501 %) 1970—2010 4F ] 21 %5 SCilk dr 0
46 HHHE TS T8, K EA I DCD J5 3%

KU NH BRI R E 2 L1 pH (A E T
&t (CEC) AHG, pH {H 8 & 5k CEC B I, NH, #£
AR 5 A AT AR 18 43 B A 38 R W, DCD X+
8 NH, # & 7 4 35 52 i £ 22 0] LAy /b 13 NH, #
K. BRI R 3% pH {E#AE , DCD (il fk
S SR e LG S st (7] A Zhang 251 BF
82 7E pH<2 8¢ pH>5 AYTEN T DCD 25 8 %
B, DT A 1) AR - 3 A B b 58] A0 A1 i s )
AIVER. A T48 i, DCD 2178 3 0 b K
DL G AR AE  FERR PR 25 1 T T 8 H I 7% 1E i
DCD™, M 5 B A 38 v 1) A A1 5 kel s s O 5
FEBLE S5 F T 0T A OH fA7E IR L T & A= 1R v A
KA DD, I 5 8% 3% v i & R A Ak
W Bf .
3.3 HEEFUHAAPLE AR

ANTA] 3 6 DCD R FH A5CR 1R 5% il 7 22
LR, — NS A T - T AR
FEXTRE/N, HAS A & 5 F & A R T DCD & fi,
11 DCD [ /E AN BH 5 5 10REL 5 kb = 901 40 <RI R
KA, T 5 S ECR Z LU N, O 50l & 28 it
2K, X it FH DCD W a] 4 3% i e 20 — St 5y
T, b ImFS FSA ALBTRE W2 I DCD 1Y
AL ROR S B SRR KRR

Jy—J5 1, LA HLBTFURG R & i s A R T
DCD (1% 1 BfF 1 [ 5, DT A < HC A B B 6], Zhang
SOV S AR A A ML PH S 5 e
i (CEC) K& m AW & & T —Fhir g+,
R TEANTR] pH B6 B T % DCD 19 W [ BE 41 P & 7
FIa#. Singh 2 il , 3 Fh A [ 2 A 1 £ e
DCD [fife 18 R i - 3843k 75 12 10 AR T v, HL
DCD X N, O B4 i SR A0 AR £ d5c e A D 08 1
Hh e, A PR - S bR R D B
R T B2k A 2% S8+ HE R b X DCD BRI, KA1k
HR AR
3.4 THOKGMEA S

K AR AN AT R e - 4 R
EERAH AL 040305 T (B 4252 M) DCD 1) 0 FH SR
W REM TR DCD £ 4 38 v (1) 77 B3 15F 8] K [ i 3k
F B N HTBCR. K B 2RI DCD X+
FEAE A AR (A R X A e T KA i
SRR E B, Wil & A b AR ik
R R E E £ L N, 0 iR it
A 7E 1140 F12280 mm - a” BRI K S AR T 3 Ff
- SR IR VRATE HE TR N 422 ~ 1292 mm, DCD (1) i
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Ao 5 i R R 12% ~46% 1) A] WL Rk
ISl DCD M -4k g | DT s/ 40 i 55 2R 9
AJREXT LT K B TE Y. ST R, K
HFEAT DCD Ml &R, If 48 8 & oKy
129% B, A AR A0 i VE AT RESE 90 d, 1M 24 7% /K 4
249 B, AR HBBRRZE 60 d.
3.5 HAWHEER

2 DCD R 8 19 B 2R 38 L 55 DCD i
e RUIRRRE VR FR 2 L Rk 55 4 B i 4. — i
KUk, DCD 114 Ak 00 ] 280 SR B G 7 P 2 0t FH Tk K
FRIFE IR it 10 e Ah , — VT Y, DCD A
5 R Bt S S it D e 8 A9 8 i 8 ) S T
DCD F il A il 6 % o 42 | Hoite i 2 — 84 10 ~ 30
kg« hm ™02 FEFPY 2 B A S R G DCD it
FHEHESE 79 10 kg - hm™, T F MK E &0 1
20 DD TR AL Y R RICR T A R O
I v ) 17 FRIARE ) — e a8 PR DR R A A A S
DCD it ZUIEXT DCD #4355 5 1, o] B85 A8
)T 25 1) e A 3985 5 /S 1) - 48 pH {H Je 4 43¢
REMIE R A & A FEY I AL 5 4
AN, BT DCD 0 il e 28 U Ak R il 28 2, TR T A
T ERVERIT 5, DCD X =24 VE Y 1Y o RR 25
FE DCD AU B4 it AT Ty X R it AL psf i) ) 45
Fk B B HEXT DCD AR GRS 3. 5 R
[ 1A 45 0 25 M B, B K IR S Y IR ORI
DCD™ AT LU ZAE AR R /D R85 75 e

25 LR, DCD EE S A & ik 2k | I i Ak 5w 21
T J5 HAREL ) =48 b ) it P A58 SR B 3 5 T 7 S i 2 £
e R ZER BRI N AR R
F NG . R, AR S A | -4 kAR
FREF PR LA B R HL ) DCD , X B A Bk
DCD R AFEF I3

4 B E

TH 5% X A i 7R BB 2 84T 1 — e
G ABHAEAO A BT IS AN | B
PO 223 AR LR A . O 1 S R R
DCD 2 e LA R 98D R X PR 5L (75 5,
SRR L7 s a7 - 1) B AR WU iAot
TR G RE Y I, (HAE B (A=) Rk = [
PR A B o Ve E A . i R G [ s o 1Y) 71
TEFNATR  LIMETE 2 BRI A HE) (£ 1];2) DCD *f
IR AL VE TR AL BRI AT — A~ WA A i R
IO A0E FH R PR 28 2 RV 1 T 4 B85 B R O ik ik

— 5T DCD YRS AL HIALER , S o FH PRI
JEAER P BRIE SRR 53) DCD 1t I T R 23 5 R & 53
IR R DR RIB I L4 0T DCD it F
S Letcy sug A ISEN RN RV I ESE
7 RIS, hy A b A ) - S a8 4 e 4R R 3
£ 34) DCD BB AREL r , IOZ AL LA 7= T2 A1
HA = A L2 B A e Je v [ 4 ) R T
Bl R T M 4. S22, X% DCD JT & i
il IR A RIBEST i 1 i PR AN
SVHIRILEE 24 ST P RE RIS IS L, al AR
TEAONAE 25 ZR G BOHE) R B A BRI AR A0 4
RIZH.
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