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(Key Lab for Agro—Environment, Ministry of Agriculture and Rural Affairs, Institute of Environment and Sustainable Development in Agri-
culture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The reactive nitrogen emissions (NHs, N.O, NO) resulted from inappropriate application of nitrogen fertilizers has caused serious
impacts on the environment. The volatilized ammonia could reactive with other acidic gases in the air and then form the aerosol which may
lead to the decline of air quality. N,O, a kind of greenhouse gas with higher global warming potential and contributed to the global warming,
is emitted through the nitrogen turnover processes in the soil. NO, also emitted through the soil nitrogen transformation processes, could be
oxidized in the air and subsequently result in the photochemical pollution of air and secondary pollution (eg. acid rain). Urease and nitrifi-
cation inhibitors (UIs/NIs) have been receiving wide attention globally owing to the evident effect in ameliorating the negative risks of ac-
tive nitrogen to the environment. Based on reviewing the recent progresses in the microbial mechanisms of nitrogen nitrification, as well as
some results of meta—analyses, this review summarized the following aspects on Uls and Nls. i) The types, inhibiting mechanisms, disturb-
ing pathways on associated microbes of some prevalent Uls and NIs. ii) The effects of Uls and NIs on the mitigation of ammonia volatiliza-
tion and N2O/NO emissions. iii) The influencing factors which affect the effects of Uls/Nls, such as temperature, soil moisture, soil pH, soil
texture, and soil organic matter ete. Finally, the possible research aspects and perspectives on Uls and BNIs were discussed.
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Figure 1 Diagram of nitrogen nitrification

AOA F1 AOB 19 24 JE 12 17 51 AR AL B2 AR 409%™, —
G AE YN M S5 K S AR A A ST AE G 2 22 5 (R
1o B3RP, AOA R 13 v iy = 2L b i
A=W, 1R AOA B FRBETE pH ol 4 3R 8 T -1 T2 110
A4, AOAE WAL pH 38EE , AT B 5 HIL R4 v %
A KR Mkt A 5 5 R A O, i L B8 1) FH PR v A R
RN AR LT AN, AOA AT REF| K pH T
J TR O R, 2 TR M PR R AR B 1
J R 22— Al A 8 v S G0V B A N i AE i AT
A, LRI 2 AOA %R g = T AOB, T AOB
A 58 SO A T e R s vy, LU AR S g 1) 3 R A E )
/&£ AOB. 1EJ2H T AOA I AOB B 3% BE R A 45AE , 4%
Tl UT B NT X £ fl A 0 Sz il AR AR 2 9 3 i el A
JEAHIE] . AOB 23 i F 385 rh & i = i o AR K

pH B REAR— A B, BTk i =R i 2 il b — A
B g, Rt AOB 78 B2 P #1455 v PR ot 2 1) ik = i
AEEIEH A K™, HF AOA 5 AOB Y I i A [A] 4
il fff AOA F1 AOB A7 15 W] {2 (4 A2 25057 70 57 , AOA
WAEARA S pH BRI A R B RGE b b 5 A4F
FHEN,

AMO B 1 REB A AL Z LASE 16 AT LU AL C-H B
FC=CHE. il AMO BSERFE AL T — MR T,
Z2/0EAH 3NFNE (amoA .amoB 1 amoC) , — -4 Jift
H— B 385 DL AMO, HAS[R]#% D1 2 i) A5 1R e
PRAFPERT, HAO S —Fh H AT A [F] 37 B 1) = SR 1A 2
Gk, BB AL R e, KB 1710 bp, 32 Z AL F
W AH R A7 S #6381, NXR & —Fh & A 2k A
] B 1 0 R T R DR AR S A 3 BT (narA
narB Fl narX ), f2 B 3 AN [R) 7 S 41 8 1) = SR AR s 45
BEA L EGEK EARLSHES I H L — DRI T3
AN F K 1) 1y 810 B2 43591 SR 3000, 1539 bp FlT 648 bp;
NXR AV 2 7T 30 19, 52 00 15 2 A PR M il R
W HEEARDLSERY S,

AN, B AT 2015 42 R T —Fh o8 22 A
AL 41 1 (Comammox Nitrosospira) , BEWS L1 K 2 A 1k
DRI, T ELIX D 58 42 2 A AL D0 28 HAT B 055
I3 AEFE R A TR, XL
AL T B AMO fEHE4E F 5 AOB Hl AOA J AMO A
[A] , 25514 16S rRNA 5% narB FE K 2R G2 & & W 40 A i
To ik X 5 E 5% 58 RS AL IR B (Nitrospira) , F2 AMO
L] P 91) S 2 4 0 7™ M %) 0 A R - AR A ) i AL MR TR
JEFF A b, 3 Y 58 4 AL AN B BE AR T Nitro-
spira i 7 11, X TVAH IR R 1 6 A 22078 FRAfi i
FRAMT 58 R A AN B TE W 4R 15 57 I BE A A T 2
P N0 H - Z R AR 1 K A SR S RE A AR

&1 AOB5 AOA FEEMAEM R R EHER EXBEFE

Table 1 The key characteristics of AOB and AOA in the cell structure and metabolic pathways

BEAE Characteristics AOB AOA SCHik References

A ) e 39~4500 wmol - L4, 2~20 pmol - L™ 2, 5K %5 0.18 nmol - L™ 44 [26,30]
Xt AR A 7 CRAEA AT 50 RRL, WA ST SRR RIS A T A [26]
AR 30 CAL 0.2~97 °C [31]

AN NIUES BT S B i [32-33]
B AMO 3NF 5L (amoA .amoB .amoC) ¥4 D1UEL LA UL B 1A DAL [34]
A TG HAO KA Z o Gifid B 5 el M [35]

EP R B FHEAE R EIR, 52 COE BERE R CHUIR A T A 32, L REF [28,36]

(TEE RS FAAT PR IR T 5 R

HoAth — AT FRAT NO BRI, I BEJE MAO {3 [37]

TRy R
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Figure 2 Diagram of nitrogen denitrification
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Table 2 The commonly used urease inhibitors

EaylA Types RFEEAEY Representative compounds HLEE Mechanisms ik Reference
BEBEBETR HTEHRFSOMNESIEE T, U0 A He (Cu™5F SRS M 0 i 50 5L SN, fli IRt 45 44 e 2B AR Ak 2% T [44]
ARG B-#i bk LB J& Tk UL, B 5k ADRBEE ML O, 5 IR B AS F i~ bk [45]

SAPRFR LI S OOU S 1 90 ) O eV
N ety HOQ PR | R JEIR S VTR 2R K R A b i -SH AR E b A S-S, 5 [46]
T4 A BT I HLEEAR A
e e y] NBPT .PPDA HEAMRIEE PO, SR IO, SR A Hag /s [47-48]
ARG 4 0=C-NHOH &3t H ik &4 ERETESY B TAEAMEMGR, diate K5 . 5 [49]
wTK
IREHM Tk IR R VA s et i 700 5 DRV FH A S04 2 R B e, (LR e [50]
VS AR RO 2 N R
R R HA AR WER ST — P 5 1 s B  ), Aoy TR O IR RAE R 2 [51-52]

pH 6~9 I il 550 R e 2
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Table 3 The types of nitrification inhibitors and their mechanisms for inhibiting nitrification
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P A [RL 5390 A/ FEATLEEAN [+] (55 BTG o
YR N ok X i i1 i1 B | e | e e e 410 1 Bl NP 53T
G I 25 UL RS ) | il Ak i A= o0 A UMt A
JURRTA], R, 25 A il 5804 FH 0 A R0k B 2 AE AN T
PSR S5 N IERRCR T —E 5. ASFEH )
XFAOBFIAOA B F-FE 2 FE M S X R 2H LAY 5200, 2
Wi 3 S A v 3 0 P R e B DR 2 AR T e T 2%
A — A 5T A

AWEFETE AN TR0 5000 2 A f A 4 A
50 55 KAK K 2Bt >DMPP> i lf >Nitrapyrin , Hrf, 2
ALK AMO Hy Rl JE KA 045 A ifii HLRE ] NXR
DIBESERU, 2 e A 7 v — A 9k T e AL 85 P i
MO ENNHAANZ., BT —SNIABBTHEAR,
2 — b R B TR, It A - 398 v aT e 0k s i
A A WA A o T AR T 52 1) S i Ak i A o 1) —
YA M AT Bl X SRS AR AE AN [V 25 R i i A=
WA — s S i Ok B RS AR AR 9 NLO/N,

)55 M DU EBC e X AN [ 2 B K 28030 1) S i Ae f e
Y (4 FE G 5 e B, ORI AL 08 4 5 R R
friags,

4 RS 1A R S TR R0 A AL B A

S ) —BE R 8 (6T UT, RSCE B RRIR 4R IE ) |
T3 25 R i, RHB 4 N1 #B A v vk 28 il + 438 vh
AOB 114 2y fig 3 DR = B fnb 225 B A1 5 1 10 o 590 0 1
HAOA 19 52, W0 5 T 114 i 3 AR A, vl RS 4
pH KL Tk B it I 5 BBORE I 52 B A 4 = BB 1R e 40
AR R KR A LR
ZREA K. HETHIBETE B FCR AR AR, 17 3 44
R A3 1 0 S S T X ) B KL R DNA K SF 27 7
9, AR RNA A B , PR, G s e iy - 398 A
SEA A W IR L AT e LS PR LA I P A R K
AR — B, T A B R F A T ST
Bt S HAG T T R AR Y T RE L R A A AF 9, LA E
Fr e —2 0 A 20

S&F NI 58 42 2 A B R 52, H EIT Y A 58 380
AR/D H L SOG4 pH A A H A 8RR A S L
S HFN b 2 A AR OY BN, L 2 R Y
5% 4 2 A AL TR AR A 3 AR PR T R R A T
509% LA I, IS A 390 58 4 2 SE AL TR BE
VEFH B3 (2 FRAR T 3 70% ) 5 T — R Ledt 58 25
AL EE AR, 2R s, ZHl 2
il T € 1) AOB Fl AOA 7= JiZ o %8 i 2 R AL (10% 3|
50% LA b)), o AOB 3= B AR A9 IR B HL AOA TR,
T HAEAR, A 438 1 (R B0l 5 s et 439

R4 FERHUAMEFIIHEULBE N RIS REUREYTEEE R F ERRm

Table 4 Effects of prevalent NIs on the abundance of functional genes of nitrifiers and some denitrifiers

70 NIs AOB AOA HAb Ik B SRS AL 44 Other nitrifiers and denitrifiers pH ik References
DCD 1! 00 nirk | Acidic—Alkaline [41,79-84]
Ll ! — Acidic [27,85-86]
00 Ll 00 Acidic [87]
DMPP 1l 00 — — [81-82]
1l 1 — Neutral [88]
Ll T nirS L ,nirk | ,nosZ 1 — [77]
DMPSA I 00 nosZ 1 1 Alkaline [89]
Nitrapyrin 00 I — Acidic [90-91]
! I — Alkaline [92]
Ll 1 nirST T nirk ) | ,nosZ T 1 Acidic [78]
IR 1l 1 Narl | Acidic-alkaline [76,93-95]
BNI 1 ! nirS 1 1 ,nirk(00) | ,nosZ 1 Acid [78]
Tl &S 1l ! — — [27]

W (D | " FREERS BEA S« | | 7 FREE BT, P<0.05;¢ | | | "FREFERICIGERA(>50%) ;¢ T 1 "FREFERE
NN, P<0.05 500" 678 Xif 22 P = B S 5 “—" FOR %R R A W 2 0T H o (2) SCHR[ 79179 45 5 4 T REJE R 7E RN A 7K 928 16117 41 DNA 7K

M7AEAE o

Note: (1) | ™ indicates the abundance is weakly reduced; “ | | " indicates the abundance is significantly reduced, P<0.05;“ | | | ” indicates the

abundance is greatly declined (>50%) ; T 17 indicates the abundance is significantly increased, P<0.05; “00” indicates the abundance is not affected;

“—" indicates the item is not measured in the literature. (2) The results of reference[79] was based on the changes in the functional gene at the RNA level

rather than at the DNA level.
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F T UT 32 2R R R K i, —Sefig e
Wt 5 A7 Wkt A B Lo — 2 ULX S A6 3 A= 9 2
WA —E R, (EX 7 A LR E™ ), X L

AFEIE
4 HEIF RS L EEE R SAHER R R0

T UL 22306 IR 3 KA = L 72 R
L) 24 e R 2 B Y T LA R NLO FTNO
HEH U2 0 PR Z K s R Tl E A B - rh
A ARAE A G L R A AR I i .+l T ms Ak A F [R) B
Ji NO FNO , PRt BB A A6 A FH A B i 551, B3 |
XFNO L HAWHEE ™, B ETCT NIX NLO i HE
FIHRCE R Z |, TR NO BHE e 3 F i P B R) 26
AR I AR /D o T 11 B A ) ) — 2 SO A i
fRT 2L
4.1 HDHEIFIXS EIE & BB HEMR i R

UL R 28 #2  A7 b 25 1, 38 2ok 0 T S50 5
TP B B R AT B A 2R A5 AN TR UT X
AR IHER RCR (5 At F UTAH o) KEK R : PPDA
(=47% ) >NBPT ( -46% ) > & 3 i Ik (-17.7% ) >HQ
(=1.8%) o I UL, I BLIE Ry 285 R P rh OB
TR FLs D S R RO I 3, AN I e
J A4 9 PPDA S NBPT; ifii it 5 Ak A 4 %o & ) i HE
YERESS . Pan 5" meta 43T 45 S 5 2400

NI Sl it FH , — e 28 #8 & AT AR A . R4
Xof SRR A MR T P RS B A ] N & 4% % 1)
P2 FEVE K N=server (194.2%, J& Fl 29%~359% ) >
DCD (44.8%, 1 Fl 18.2%~71.5%) >DMPP (5.3%, iU
il -0.7%~11.3%) , A] W, DMPP %} 22 4% & 0942 2 VE
/N o HABSCHERN O B EE 0 5 2l

F AN R VE 4 T Ak i A DX R (B K ) R ER
S (2R 1 pH RER 5 i 55 ) MR Y A A R
Tt Ot A 7 =X BRVERR e 5 75 ) AN RUAH [ o ol
ST B AN [F] VR AR HH %) 22 45 R Dl HE Bl 4 i AR A
fir 225 o Ti % meta 73 AT 45 S SR it UL A
(7] - b 1) FH 255 780 ) 28 4 e e AT 1) 238 R 3 B Sy e HH
(63%)>/N4 11 (53% ) > KL (449% ) > B} (43% ) 5 11
PRl FH NG AS ] = b A FH 21 780 1) 2 4 R AR AT
Rk L T 25 R A I HER S O, HARh
L (101% , 38 Bl -10%~351% ) > % 3 i (49% , 75 Fl
~46%~312% )>/N3% 1. (31% , 35 [l -43%~204% ) > 75 H
(22% , 15 - 25%~105% ) > F K H1 (1%, 385 Bl —99%~
49%) .

4.2 IFEIFIXF N0 B NO BB HE R R

RIS bR, GBI 24 45 & (%) UL K i i £k
YE R B NI, &R BEXF NO A B [l s HEVE T, o NO Y
NLO #RAEAE AL AE B Bl 1) SRS AR A e R v 2
H AT b, 56300 706 NO Bl HE Y SRk 18 A
Z, O M — BB

(1)ULXS NoO FNO B P3[R HE : Akiyama 5511k
P, UT(CE] 4% 26) £ NLO F1 NO 43 51 HE 22.6% F1
36.1%. i Guardia %" [ 42 & , NBPT 7 2 4~ A [
AR R R K 3B NLO FITNO 43 51 A T 10.19%~
57.6% F145.3%~71.3% , # i 7%/ Nz Hu 14 NLO FINO HE
T BIFEAR T 24.5%~63.3% F13.8%~10.9% .

(2)NIXF NoO FlNO B P [F] Ul HE : Akiyama S5
P AE 2 1 5 AL AF TR 15 i, NI(DCD F1 DMPP) fiff
N.O F1 NO 43 51| Jili HF 8.8%~46.7% F1 25.7%~73.8%
IAb, H )3 22 B, NI(Nitrapyrin F1 DMPSA ) 4351 fifi
N 77 /N 22 1B 19 NLO F1NO 43 51 98 HE 12.9%~43.2% Fil
49.29%~81.2%, H. DMPSA #4 ik HE %% H £ F Nitra-
pyrin"™, A BFSE SR, DMPSA i E i it FH Al R
B A THETBE E K 3B NLO FITNO 43 1] B3 57.9% F1112.5%~
76.2%,

(3) B R0 NLO BRI < A 7= 5 FH D
il 751 A D HE 2% AR | # B DMPP>NBPT>DCD~
Nytrapirin, UNHR £ 75 ) meta 53 B 808 8w, JL
T4 8 550 X6 NLO JaHE 28O R—AR I S DMPP(51.1%) >
NBPT (44.1%) > Nitrapyrin (39.5%) ~DCD (38.9%) .
Ruser 1) meta 70 AT .78, AS [R]85 A9 NLO JaHE
BRI N TRALAS (2 46.5% ) >DMPP( 24 37.5% ) >Ni-
trapyrin ( 29 32.5% ) > i ik (£ 22.0%) o Thapa 5"/
T A B 25 M i Ak 45 (£ 52% ) >DCD (43.5% ) ~Ni-
trapyrin ( 2 41% ) >DMPP (33% ) > fii Ik (25% ) >NBPT
(20%) .,

4.3 IMFIFIE & i A 34 M B SRR HER R

1T UT X PR 2K i A NT i A6 7 FE A A ol
FH, UTAT NI 45t FH 4 NoO K NO s HE 89 7 FH SRR
R et 111 i 7 0 5 2 KO 7 (1 /e S 2 1 67
WS 21 ) 86 A LI W4 A VA 25 R B, A )4 il
ST ] 770 2 A 1) N0 S HEBE 7 (5 JC il 390 AH L)
U A HQ+DCD(58.9% ) >NBPT+DCD (52.9% ) > At
UL K¢ NTE—jifii FH

— BB FOA Z2 () [ A5 W 4% & R NLO Y RIF 5
SR, ULFDNT B G it B X 28045 & F NLO S AR gk HE 79
Ve R 2 TR XA A U et A B VE R . n
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Jiang 25V SR, UL S NIRCS b KT R
TiE /N2 b B9 NH; B2 NoO S 08 HE 7R 51.4% , X3 1
R 255 DUHEAE AR Y T 0 4% i i i 2 A 1Y
SR LA L B — 00 7] 38 25 A A A Uk v L L
HLAW AR ZEEWR SR ENER . 7
YRR YT, 5 it R A E, K g
FIHQ NBPT F1 DCD 9 2 ¥4 & 1 43 /> T 40.2%
43.2% F125.5% , N,O HE = 43 R T 28.9% . 17.7%
H135.9% , T Jiti F DMPP 19 28 #5 & 5t 3570 T 25.8% ; it
FH HQ+DCD #1 NBPT+DMPP ) %8 3% & & 43 9l /b 1
46.9% F171.9% , NoO HF 55 2 53 5 /b 1 54.7% Fil
42.2% , 43 7 Ll A 003 700 B g FH XoF 2 i M R
I URHE SRR B 4T

SEBRA 7 — e 2 B G UL R NI, B Ay
AR R 4% T PR 2 WORLAN L I8 2Z Fa s PERE R, Hoxt
I A I P RSR[5 D s 288 R
KA A i B AE R A L g 0 R R
P 1 AU A FH 2 FLR B IR BT AU HAR I & Bk #E

5 ®NIHEIFIEAKRIER

L3004 ) A 3 e G AR HE T 5 R B E e
FAM G 750 A IR LRE ] Ao R 7 3R R | - 3K AR
A M pH L T | A LT R
Z P ZE B o T TRDE A i 790400 1) DR 28 K A B i
A A F A =5 5 i DR 28 ot 30 1k R A AR sl HE 4 v i
S UEA IR, Ay A 7w O i R A R0 AV 4
RS %

5.1 iBE

PR 2 K it S — AL SN 08 T — T R
T HGs> F B GE gh, BEARER IS 1 0 SR T
TE B2 A R RE R B RS s 5 — D7 1T, Nt T UL A
B4 AL, DB UL IR 6 A 90 164 T, 2 T e
- R A IR iR s, AR R, L
L TR IR 28 I K Ff 5 A A PR 58, UT A 5501
I R 2R AT , 0 o 20z i 551, LAt A 9 AR IR B T X
. ,J_—T\[55-|15*117]O

T — PR 30 3 5 ) N4 A ) o A 3 236 DA T 52
M) L RO 5 AR 55— T e i, T AV i Ak 1
FHAL55 , PRIt T X400 1 30 0 Al 53 R 0 5 i 75 25
Mro Menéndez 55" I60 2 BH , J0H0 50 78 S 1 R &
5y o3 fi , DRI L AR — P 2 v T T AT, ELVE
B 0) 45 6 . DCD X TR 55 U i HL. DCD A &
R — AR, 7E R E & T 25 C S gl

R , 5 M LA SR Al 7 A 8GR A e R B,
DMPP 7 = il T 255 50 i, 5% i AR FACR , 3 AN
L K SF- (15,25 °CHI35 °C) T, 15 °CF DMPP (4
FARCR e, FF T 4ERR 40 d 241,
5.2 K

- 3 IK A3 R 5 i R 2R K i 1) 3o R % DR 2R AR
FA ESF I, SF 152 0 UL B4 i 2R . A DF5R 4B, NB-
PT {9 300 1 FH Bt B[] 7 A2 Ak T B A, 5 = 380K 4
Ty RGN O, R SE A S, PR3 K A B
]2 B 60% WHC(9 d)>80% WHC(6 d) , IR i i
R E PN 60% WHC(45.9%)>80% WHC(19.5%) ,
BT I - 5 K Y BRI, PR K i R A, A
PREZARAE T R B IR 200 d g s . A wf
FEARIE L 7E 7 mm Fl 14 mm K A KR LT,
NBPT 435Il fifi G % K FEAR T 77% F189%" . X b B ,
Pk 0 VR AN K 3 B Bl 700 B 3
VER BAA K 0 SR FEEAR R i N 8L
B HA K. Sanz—Cobena Z" A 53t R W, 78
60% WFPS T, NBPT 1 2 5Ll — [k e i NLO 43 31) Uik
HET 83.2% #133.7% ,NBPT I SR il K3k 9 d, Kk
Wl e HEFLSE T 3 d, i 7E 80% WFPS T, WA UTH#R
BEAT I D NLO A HETC

- SR 3% NI 3R B NTAS B Rk () A (]
MAFFE 25 5% o Nitrapyrin 758080 () L e b | 25 ) 1 18
TEBD ERT W L W2 RZ2H 8, HAER
T AT, A R 4 s me R, SR =k )
THALIN B RORA 52 13K A Y5200, 31X 5 R T =7
A R T o A A AR R O R T A I A
e \DCD 9+ 3EfAE A AT, T 5 DCD 17K 1
W (13 CFKIEM#IE N 22.6 g- L), 1E K £ 5)
PESR , FE B SR PN E DL T , 25 5 KA 5 AR 43 25 1 3
G FL R MRIE IS DT R e FLAE AL I RCR 8 X 2R
B v S RS R B, DCD 7E 4 5k il 12%
1 24% B (R A IR FH B 4350104 90 d #1160 d!
5.3 T pH

NBPT J& 52 b A= 77 v i F 48 22 19 UL, A BF 2 4
1B, NBPT7E pH 23514 5.1..6.1 7.6 F1 8.2 (i K K i +
Herp, 24 518 0.07.0.59.,2.70 d i1 3.43 d1¥7,
Engel 257 B NBPT 43 %5 26 B A B 1 1
(>7 FDRFERIEA (2~3 ), il Rt 80 A a1k 1
(86.2%) K FHYE L (17.0%) , B 5iREH K. A
F 5T 2 BT, % a4 i NBPT 2 35 R AR T+ 4
B S A R IFYEER T 25 d, BRI 2R 5 ik 86.5%,
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RN M, - S0 A 2R B B R RRAIG, R AR T 48 d; T2
R A= Hhr , NBPT J 2 40 i) - 398 40 28 507 A A FIAR
AaRs T 1 d, S KA 2R 44,39

|- 48 pH X NTHIHIROCR A B 2%, — ik
P, kA R g B RS A A T AR 2, NI
(1 AT R 2 oA S 2 5 (RLZE P Mk s fema k- 3 v
Tl A= 0 B9 3 P 0 A 5, X6 N 43 i th A5 T E 2 3
Tt pH AR 2 0 BRBE A B A A BRI
S5 AR Wy ] AR E s pH AR 3 2 148 AOB FTAOA
H A L, AR B0 L U AN — A4 . Thapa
NS SCRRE A 5 R B R, NTFE A [A] 448 pH 4544
FEALR NO HEBIC A B8CRAR YK Sy (H5-55 R 550 SR s im0 o)
)55 S 4 i 3 0 790 B NLO AR X s HE L)) | R
(57%)>H1 1+ (44%) > ME + (19%) o B i i S0
BRI FE 45 I s, 4 R 32 22 A0 NI REMN I + 3R A
T i 25 U B AL FIRRARE NLO BT , (M R R A A
2558 PR A 00k S0 I LR R B MHPP>
Nitrapyrin>DMPP>DCD, X i 4 + | % i iy MHPP>
Nitrapyrin>DCD>DMPP, &4 WF5¢ £ B, 7EL) AOB Wy
T g Nitrapyrin F1 NBPT 7E pH>5 B A] L)
il AOB £, IRl %5 pH T+ (pH 3.97~7.04) 1 il 5%
Ty | AR 58 £ %) Nitrapyrin . DCD A2 DMPP 45 /)
ZE R A
5.4 TiERH

458 5 b e R FL B A, AT RE I -3
AME KA R LB LT A3 A R S T s e 1
BRI R KRB RIS TR o SR E S B Y
45 %, NBPT F1 NPPT X A [a] 5 4 38 b i R K
KA B LA 0, R R RD > B >3 4 xR
R3S 1 258 % i 245 R0 o 400 o 80 ) 3% B A D 4= > b
-~ 05 G M AR I HE RO A G
I H5 A7) Jo b, - 8 v A 40 MR AR AE 3
()b 354 HUCRE ) B - LR — i e R,

B A Bl A ) — P 30 2 76 7 - R A SR AR R
I, R i A R 1 3 R T R SRRSO S A A
FEAE—E PRI, A3 AT R SkE S i i 50 X A f A= 9
TEE A IVE FRO, DCD J% DMPP 7640 il %% 4k )y
(LR N 2 e il W 1S S = e e ol
HE Thapa S5 SCHRIC ES5 3 2R, NL N,O
Y HE P 355 A [ 5 48 AR URCH < b 4 (489% ) >
HhAE T+ (40%)>F5 1+ (38%) .
55 TtEENREE

A BT e ) 3, A WL SR —

A R BFF, 12 W8 B — 7 T8I AT ) 400 550 A8 38 v 9 7
BB Sy — 5T, ARG R 52 3] T AR R
HA LB v 1Y 3%, RO AR TR W i 3 PR
S, HE R T 1498 NLO HE B 2761 T 75 42 1H 5 & .
FWFFEFE B, NBPT X JR 2 7K fife 0 400 ol 2 S0 A e 25 B
A WL R A T it Suter S
W FE A U & i (119%) AR 135
Jiti FH NBPT Xf bR 2R /K il sl 52 AN K, 55 14 d PR R
BRER S/ INT 1% THAE - IEA AU SR (< 1.5% ) /)N
A2 it 1] NBPT RE A R R AR IR 2K i, %6 14 d i
PREZETEEEFE KT 55%.

Barth ZE"f1 Zhang S5 A 58 47 2 BH 410048 5]
Bl A BT R, AT RS L A e st ] P 3
A PR A B B IE R AR AR . AT
SRR, KBRA PG 135 DMPP 2 5 B 2 [+ 31
3.8, B HHEK T DMPP A A7 58 BsF ], DI S 2 P A1
T IEFWAH LA T4 AR AOA AT LU F AT HL
Py T A RS A 1 AOA DU R A JCHLAR 61 7 A=
K, ALY o 2 AR K A — R A
LA AT LA 38 2 2 A T AR KA e R iy — 2
AR , AR HE T A 0 A K A AR R A A B LA
XF AOA AJ B — 2 YR #EAE AR, Rk, 4 338 v
ATAE PR SR A S ) B B T AR A, 285
B RUA S ) S & R A LA 2 B s
A YIS A A5 A (E AT B2 0 L] A b A —
FE S
5.6 Hfth

0350 500 8 A FH 28R 5 4 5 500 6% R o vt FH
P RIBZERL & HAE TRl MEY RS A 0C, 75—
FE SN, B A UL & 0 38 im0 o) 250 20 12 7 3
SERUO R AR SR IR, Bl A NBPT WS I (3 0
A 5 JOR Tl 7 P 28 DR, Y AN 0 R A PR R Y 1% B 8K
R E . R, WA SRR, A W L BELE PPD A
NBPT [ 5 & 35 £ R 2 19 10% B X BR 25 14 K g A
AR E BT HORS UL PR 2 A TR it BE 1 25 1%
REAE K, meta ST 45 3 Bk, UL RE ARG it A2 it
XoF 28 5 A Ul HE B RICR 53 ) Ry 46% Tl 379611, 44
Tl 5 - TR AT i 5 AU SRt s, A
AN R 2 L R A n A T B N, X S
00 4 e el S A% s 5 A5 G, 1 Nitrapyrin &) I
63 Ry 6~ - ML IE YR , 38 A% R Pk, AN iE
Jit, WEFEERW, B 25T, DMPP jiti F & 24 0.5~
1.5 kg~ hm B, HA 6 B[] A RF2E 4~10 J&™Y, DMPP
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FA) A0 ) 4R RN RN Bl 25 DMPP w5 1) 165 Jomn i 1%
5, {H 4 DMPP 342 2% LA LB, FLA 6 5CRAS F- B
o A/ WY s, DCD Al Nitrapyrin Yaeng i 2%
REAR AT A 438 NSO I HE R, (EU ] 2 A7 1 9 Ni-
trapyrin FF A 2 BRI NLO HERCE",

6 RE

T 22 Pl it 275 AT CHE an gl 5 BB RHA It L 224k
Jit FH 25 A8 L) B 00, N A A A5 A AL
00 T 0 ) 2 B Al e A v 1 DR ORI A SR
WEE AR A P AT LS 310 5 G 0 A R AL A 28R, T HE
AP REACAR, HE T R T5 4 5 SE B LAk, F5E
A T AHE — Ak 22 58 B9 NI R R 42 i SR AR B
e 21 A5 SN P g O A 7 AR G P I P LA HE
i EYTREANAZ AL E I S

HT TR BNTRERE ] 2 A AL i, o REHD il
o g A A A R, T L X AR A AR A Y,
X I BE T B/, HORA TR Al W e i 45
AFEEY A R S8 CUn 54 i ) 1938 B BN, B9
Foor S5 LR G B RE AR )™ A X 4 BNT
5] DR 2R B A K A A AR S A, RO SR
R EAL T N;O/NO HE HUAE 2% K il 25 R e 7
TET PR ) 205 M 3000 5 Al 75 T i B 22 A 0F 5 A
HEAh £ B 73 T A )2 HoR R HAT v BNT R A BE
(R JE TR e A TG o3 U8 RE ) SR - M8 BE T O
A 3T LE A BOR B SRR A T B B, %)
IS PR A HE R B AR R B s AR A
FHER AR SN 170 R SHE RS A MR 1y T R i
o,

HeAh, i F AR 2 A AL R (AOB L AOA S8 2 2 4,
TR B A 255 25 AN TRD , WF 5845 A4 o] 551 o ik 26 7
A ) D RERE DN E 1 ARk R 4R S R i 2
M S FCATLRE, AR ik 6 52 ) 15 25 MR I T (9 K &R
X — 2P B i R R A A O 1 A HE
TR, Qg A B — 2 AR
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