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Characteristics of urease/nitrification inhibitors in reducing nitrogen losses in farmland soils

SONG Tao', YIN Jun—hui’, HU Zhao—ping', WANG Liang-liang', ZHANG Qiang', CHEN Qing’>, CAO Wen—chao™*"

(1.State Key Laboratory of Efficient Development and Comprehensive Utilization of Nutrient Resources, Kingenta Ecological Engineering
Group Co., Lid., Linshu 276700, China; 2.College of Resource and Environment, China Agricultural University, Beijing 100193, China;
3. Hainan Key Laboratory of Tropical Eco—Circular Agriculture, Environment and Plant Protection Institute, Chinese Academy of Tropical
Agricultural Sciences, Haikou 571101, China)

Abstract: Excessive application of nitrogen fertilizer aggravates nitrogen losses from agricultural soils, with effects such as increasing
ammonia(NH;) volatilization, nitrous oxide (N,O) emissions, and nitrate(NO3) leaching, which can reduce air and water quality and have a
negative impact on global climate. Urease inhibitors and nitrification inhibitors can delay the transformations of soil nitrogen and reduce the
negative effects of soil-reactive nitrogen. Both have been widely used in agricultural production, as N-butylthiophosphoryl triamine
(NBPT), 3, 4-dimethylpyrazole phosphate (DMPP), and dicyandiamide (DCD). The mechanisms of urease inhibitor (NBPT) and
nitrification inhibitors (DMPP, DCD) in agricultural soils and their effects on the environment and agronomy were comprehensively
reviewed in this study, revealing the main factors affecting the effectiveness of its application. Many studies have shown that NBPT
combined with chemical nitrogen fertilizer and/or organic fertilizer could reduce NHj volatilization, N,O emission, and NO3 leaching, as
well as improve crop yield and quality and nitrogen—use efficiency. Similarly, as nitrification inhibitors, both DCD and DMPP could reduce

soil N2O emissions and NOj leaching, increase crop yield, and increase soil NH; volatilization loss. The inhibition efficacy of urease/
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nitrification inhibitors is related to the type of nitrogen inhibitors, the form and rate of nitrogen fertilizer, whether rainfall or irrigation is

employed, and edaphic conditions such as soil pH and clay content. Therefore, the characteristics and effects of urease /nitrification

inhibitors should be considered for scientific and practical applications.

Keywords: nitrification inhibitor; urease inhibitor; farmland soils; ammonia volatilization; nitrous oxide emission; nitrate leaching; nitrogen

use efficiency

TEL A P2 i R, RUIE A 5 A ARV
FEE I N R TSR O, SR ARl T
R A& FAEYI R R AR B H R s AUE,
FORNEF AL . PEIRGE , 290 50% i A kT
FWAED MR, 322 LA (NHs) $8 % Rs Ak A
il A A P 55 2o R R 0 M 1 45 o SR [ 98 R
(N0) A B Aif R (NO3) ik ik 46 T8 Ak ik 22 K< IR
JZ2 SRR R R SN I T AR P2 U
RSP, ABXF KA KT D Fe N et B Ay v 7
JE B, B, NH, J2& 25 <% % 8l K g 1 3 22 5Tk
HY, 5 NHAE LA, N0 HE A%, (g 2 m R
KRARA)ZWFENF WREFEENEEINAZ
—B FOHT AR B A2 BR NLO HE ) 38 4 o B 1
WK B 1 O ) U A8 A & 1128 5145 (TPCC) I T3
R 4 BR A A AL KU IR, BB Ak, NOsH F 3
ARG GO AT, 5 TR s R KRR K, 1 K
RE B IR KI5 Y7 Rk, nfar ek 2 S R
& B AU A FH 22 I BRI U 00 R X PR 1) £ TR 5
LSRR YN () RPa S

MEAESR , BR-5 VR A 1A VL F A6 S 20 it A 04 HH
I i A , TR /A T A S 700 7 ) P R A AR R
e H 3R R VR BT B o DRI/ AL il 77 43
530030 2 0 ) 0 O I R 2 AR B 1 3 P R e %
AN 8 2 e A A, DR BT B B 48 s U R R R
I8 SR R AR R R 37 20 AT i EE A
Zaman 2557 2 0, B /R 16 310 10 5770 5 40 AE 85 ML
NS A i PR A D 1 0 U R R 4R SR i
I 1T RAR Hh K P IR 51 & B PR 888 KU ™ SR T
FERTA] - BEIABE AT, Wk Jl/ s Ak 410 o 550 7 A3 R0
22 SRR, B R HAE AR F 3 b A A SR A
HZ Az R .

DRI, A S L S 780 g A1 o 7500 N =T SR At Al gk
B (NBPT) FURS AL 300 510 3, 4 FF 356 bk s gl 1 6
(DMPP) FUBUFU R (DCD ) Ay 5], 0 5 1] B A S 410 61 751
9V FVERAE K O 1 38 NH 3% & N0 HEji  NO3Tbk vk
FIE ) 7 12 1) 52 i R R s i) R 2%, L300 A R g /e
AR e A A B AN SRR A 48
— 586 —

1 RREEHN &I

1.1 ERNIE

PREFERIRG AN T 5 T2y 55% , 240k
A7 R R BB A JREZEGEA L3 1~2 d N
7 IR 0 AE AL T B K A R B R A, Bl
SRR CO MBS A (NH-N)™, - SRR —2K 7
PR 4 R BRI, VR MRS T i A R R I AR
— AP o A E 1R IR R R 5
(Urease inhibitor ) i 15 4171 ] 1= 33 IR B 335 PE R W 22 IR K
1] NHE-NFEAET, R i 50 Fh 28 = 245 . D5 %
il S 56 3 A1 B A HLER TEHLAL G 4, AR 2R
PR 557 5 ()5 ik il 1% 2 57 o5 R 1T 28 5 1 1) 4
JBEEY , NN R LB A NG IR ; B MRS 1
D7 AR ZE A AN 5 Bl 0K T K A %) 5 4 AR 550 L 40
NBPT", NBPT J& H it 5% i 2 H i &) 12 i Ik
B R, NBPT F A B B2 40 i IR g 335 4 | i 2
FEAT EAAE T eVl 4% Ak o B 1 4L 4 NBPTo, B
S P55 R T 57 A T B Ok R T V2R R 2
JOR Tt 7K A7 B 51220 T NBPTo A B B i e, 3
W B NBPT 5 BEAR X5 A M 9iE 2% JR &K AR,
PEAb, AR A W 5E & B, 88 it A NBPT J5 2%
LA (AOB) A2 S Ak T8 (AOA ) 1 28 B A il ik
K] (amoA ) ¥ U145 b BE AR, )5 181 AT G J& NBPT HoAY
) 2 A R 200 B PN RS P R T, DR T e T
PR AL AE IS 40 NHs (943 850H: , IF 2 — 25 #E0 NBPT
REAS 1001 it P 2 S Ak TR R AR R (B A BTN
b, NBPT X 22 S8 A TR 2 B R 45 1 15 st i >
1.2 IR FE N
1.2.1 X NH ¥ % 59520

438 NHa #5 & J2 R H A R SR i R4
Z— X RAIRL A PM,o 1 PM,s 1B B HAT B 2 57
BREY . Ak U A i 2 A 398 NHL 4%k Je oy o0
BLWRIR . PERRAE i B IR IR Z P A
25 % Ak S NH: 44 2 IR A0 T 7 v i R
IR ZAF T, 580t PR 3R 5 NH#E A4 e 2
ik 409,

http://www.aed.org.cn



RiF, % IREG/AH I FR D R B T IERFIRK A ERFE

202178

Ammonia
volatilization (NH;)

R Urease
CO(NH,),

'/?!}f?///,, = : .
€ o X. 4

N SQ‘ %L
%ﬁ* j:/fk "/f,c o fl,?f/ﬁ/

i NH,*-N
JIx A F 1 57

Urease inhibitor

")/b/po,_ NH,0 H

fisifbs S AE AR A
Nitrification/
Denitrification

(N,0,NO,N,)

; /
i _HAO HAO EIZEI%{(?E >

NO,-N

AMO : 25N 48U s HA O« F e S0 A0 V8 St 5 NXCR « SV PR 42 A0 S s Noar : i S A 1 5 ity

AMO : ammonia monooxygenase ; HAO : hydroxylamine oxidoreductase ; NXR : nitrite oxidoreductase ; Nar: membrane—bound nitrate reductase

B 1 IS REs AL 0 FI B E R LA

Figure 1 Inhibitory mechanism of urease and nitrifications in soils
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Table 1 Influences of urease inhibitors on soil N,O emissions

IR AT 11 551

RUR R Rt P

NOHRHE  NoO R H 033

Urease Si?fegﬁti%e j;jﬁ;l—l;l jgf?ffﬂ;‘fn? N source and application  N>O losses/ Change rates of N.O  Periods of lff jjjsfzz
inhibitors ’ rate/(kg-hm™) (kg+hm™) emission detection/d

NBPT it 8.6 1% PR# 200 0.48 -38% 115 [44]

NBPT b+ 5.7 — JRZ 100 0.39 =7.1% 63 [45]

NBPT bR+ 6.1 21% JRZE 150 6.00 -25% 220 [46]

NBPT EiE+ 7.8 38% JR 2 600 2.41 -28% 365 [47]

T RP ARG RN MK LN, T,

Note : The amount of N application and N,O losses is calculated in nitrogen. The same below.
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Table 2 Influences of urease inhibitors on crop yield

U At A )

SRR RN Rt P ik i Jr A HRILEE R

Urease Sjo:iliifezﬁti?e élfjfs Wﬁfﬁ){]\tim N source and application Yield/ Change rates of  Periods of R;f;jj:ii
inhibitors rate/(kg+hm™) (t-hm™) yield detection/d
NBPT FhidgE A+ INEE-E ok 688 JR % 600 15.6 +9.1% 365 [47]
NBPT ThIE+ W% — PRE 150 11.1 +17% 70 [11]
NBPT it Fok 850 JRZ 250 14.5 +7.9% 162 [52]
NBPT st Tk 605 JRZE 130 9.94 +3.33% 150 [56]
NBPT st P N 605 JRZ A4 130 11.7 +9.35% 150 [56]
— 588 — http://www.aed.org.cn
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A NLO HEC , 1% PR 1 b = 398 A i AL A T AN b B
AN B X SR ME 1 AOB T EE AL LA S DMPP
VER—Fh 22 P05 T BERE A ML I W BT, DA I B2 A1
X e A A R A RN A DG . [, Li I 5E &
B, DMPP R E 42410 i) 22 A0 A S Ak sk A 0 P i
A AN NLO FIHERL . Dong Z55E K G - T ok 484k
ARG T 45 R, 7E RS 357 49 d 5 DMPP Bt it iR
RBEEMR T nirS B FJE . Kou S EB NS H +
B oE &I, DMPP 2 250k /0 T nirS Fl nirK 5 [K#5
DLEL, i DCD X HTCR M . DMPP XA [R) 4H B Al e A
SRR T 3 K, 409% WFPS (32 FL B & /K
18 & T it DMPP FEAIR T amoA .narG .nirK il nosZ
L FEJE , M7E 80% WFPS 544 F , DMPP %} amoA %
PR = B G S 35 5 ), (LN T I i ke R P R
SR, FLHAAIESE & B, DMPP 3 oK 5% Wi 1 S3 A iR £6 14
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ISR
2.2 INBEANARFE M
2.2.1 Xf NH ¥ % 50

5 PO TV ) 590 AN [, A A9 ) 590 E 4 NHG7E 1 48
HH ) B R ) 30 5 3 i N HE R 34070 28
F5E 2R BT, it PRV P00 i 004 1 i 139 NHL 45 % i %
T (5£3) . Qiao ZEMZE 4 62 /4> H [ it FF il Ak 490 1) 351
TR I A B it PR Ak 300 70084 T NH, A HE
- H 1A R K 20% ., R I), Lam 25048 & SOk 25 5 5
7, AR 0034 i NH % & #5121 0.2~18.7 kg -hm™
(PANHs=N1) o EANRFRIAI L5 R R it H DCD
AHATIN 5%~16% ) NH: #8451 5% , [Fl B DCD 5 NBPT
e i BE % 3405 23 G NBPT X /0 NHs 3% & 14 F 3%
B ESE AR R Ge v it P A HLIE S NH, 4% & 3
N, 5 At FH A PR AL BEAH HE L ¥ i DMPP it
NH: 238 379", 5 Byt FH PR 2R sl AILIE Ak 2
AHEE , % - HEAN I DCD 19 R 2 80A MLAE AL BE7E 15
d N RS NHs HE B 4 51 8 3 3880 1 58% F
389%™, TEREH T3 rp 5 R IR Z AL BT L, TS
DMPP J& NH:#% & 2RI T 7.2%"", 5 Hji R
WAL FEAH EE , WS 0 DCD 76 Z2 FIRk 221037 1 3 v NH;
FER A B BE IR 23591 R 16% 1399, SR , -t A5 WF
FEFEI, 5 A 2R 26 A EL RV AR I DMPP b B

NH. 5 & e 1 429 ,(H —F 2R H AT % H
IF B i R i 78 i DMPP Ji B 2 (i NH, (19 401 2% & [
i,
2.2.2 X E A NLO HE )5 )

iy A 410 i) 390 7 AR = 18 NLO HE O T LA R4
PIRCR (2 4) o Qiao S5 L34 HH ] R A CE410 il 551 1
TR 28 L B, A i 50 0 it FF - S48 NLO HE ik
1K 44% . Fan SE 7 RE G AN 1L AR 9 38 H 3R i o
R, TGS AL 41 5] DCD 5 NLO HE il & 43 Bl A
T 61% F146%, Zhang e H L Erh i kB, 5
it FH /R = AL FEAH EE , %51 DCD W] 370 H 1] 6.2%
N.O HEjiL . Shamsuzzaman I R IR £ 5 A EA
PLYRHC L AR 5T 45 21 SR, DR R +K FERE AT R+
AR R+ XS ZE AL BER I DCD J& , 3 NLO HE il 5
Ay RIS T 40.6% .43.4% F124.5%. Dai R 1
P oY & B, DCD Jita F IS NoO HEBCR 0k 2 52%~
69%, FL VAR T DCD M T I AOBRYEK , 5
DCD A kb, DMPP (it 54 i DCD 19 1/10, [A] i, 3%
2 3 ARG 45 K W] DMPP F&1E T 49% 14 N,O HEjit
L, T DCDAXFRAR 126%™, S, 78 % i 3% H
% BE DMPP Xk /b NLO HEfife | 4iE 2% & B Ak 1 3IUR
BIHLF DCDM, 75 B - 18 v it F DMPP BE 1 2 Uik
1 23%~33% 1 N.O BRI, 7E/hE - E KGR
fEAR H L8 rp | JR R FR K +DMPP &b N,O 4 2

B
5

R3 AHAIMBIFIR LT NHIFEZ R KB

Table 3 Influences of nitrification inhibitors on soil NH; volatilization

it i 71 . . e REFNE = NH:#166  NH. R AR IR Henlill: .
ﬁH’ﬂﬁWTITJJIJ B - pH B o ﬂ?ﬁﬁ&ﬁfﬁ}:ﬁi PN ! SRR AR R JD]t{)JﬁJj B
Nitrification Soil text Soil ol Clay content N source and application rate/  NH; losses/  Change rates of ~ Periods of Ref .

inhibitors ol texture Porp ay conten (kg-hm’z) (kg'hm’:) NH; loss detection/d ererences

DMPP wt 7.9(4IKLEE1:5) <9% XA ML 255 27 +37% 24 [91]
DCD bt 5.7(+KH1:2.5) 12% JR# 90 9.89 +58% 15 [92]
DCD bt 5.7(4+KH1:2.5) 12% FHLAE 90 3.47 +38% 15 [92]
DMPP i+ 6.6(+KH1:2) 29% TifisER % 97 0.14 -52% 5 [93]
DMPP FilEL 6.6(+KEH1:2) 29% 42181 10.7 +42% 5 [93]

TR NHA R B LN

Note : The amount of NH; losses is calculated in nitrogen.

F4 FHAHD ST XT 132 N.O HEA A9 R0
Table 4 Influences of nitrification inhibitors on soil N,O emissions

AL 3 . N e e it NOFRT NoOHERC AR Wiy N
WA | mon bmmkam | RAERIE R NOIRCREN LWl
Nitrification Soil text Soil ol Clay content N source and application rate/ ~ N,O losses/  Change rates of ~ Periods of Ref .

inhibitors o1 texture onp ay conten (kg+hm™) (kg+hm™) N,O emission  detection/d o oneS

DCD g+ 7.8 38% JKZ 600 1.55 -54% 365 [47]

DCD i+ 8.6 11% JRZ 200 0.47 -39% 115 [44]

DMPP FgEL 6.6(LKH1:2) 29% A REL 97 4.05 -8.8% 59 [93]

DMPP et 6.6(+KEH1:2) 29% 43181 11.0 -29% 59 [93]
— 590 — http://www.aed.org.cn
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HETCHE 43 91 4.49.2.78 kg -hm 2 (LA N it) , Bl DMPP
/0T 38% 1) NLO AFHE ", 2= NE SR IAIR 25 L 3R
B, 55 B bR 2 A0 FRAH L, DMPP 7E A3 JK 4 38 vh (pH
7.9) 37> N.O 2 RHE It 5738 99.2%" ™, W] L, FEA#
PE 2%~ DMPP T = 8 i £k AV L AT 5 i 1) 30 il
F0 - 5 DMPP AL, DCD Al B ME L3R F R B
B A NLO HE 5 2, 1T XoF o 1 e 4 498 T e 2
[]@110510

T S AR 7 A NLO HE R [T BE 2548
NH; #E &R (L 2.2.1) o R4 NHA B I AN Rl =
AR AR LR NLO (B2 HE R BRI 22—, A5 b
FER I, FE R B NH A 1%~5% 4 KSR Gl
A0SR Ak ik R PR L A R NLOM 5 B R i Ak
TR0 N2O P9 80 HE 250 45 Bl NHL HE 3 3t 1) 2 T 2L
7 P 14 S TR R 0358 o 25 B R AT IR 19 NH % NLO
F14) (B R T TR A A0 1 790 % NLO HE S A4 5% i A
FHN-4.5~0.5 kg- hm (LA NO-N 1), KL, £k
F 5% I 256 25 A A A il 350 %) NHL 9% & 5 300 N0
(B2 HE R W, DASE— 25 HERA 255 5 VA At A £ 71
il 5505 NLO AU HER N o BE Ak, 7E 4 1 S oK R
(85%WFPS) 1 F ith 1= 3 vy | 5 {3 it FH % 1% 4 AL L
DMPP jifi AXE AT 16.4% 895 T35 Z A3 (No) #2008
1M Friedl 2R 5% 45 5 B, U8 i DMPP ik /b 4503
+HE70% L) b ERNLHR L IX AT RES DMPP R 1
SRS AR NOSA RBOPE I 0ol /D T 57 5% WP 0 3 Bl 1) 460
SIHFER G, T, S AR I 706 o P A A AR K
SRS A AE FH 52 i A 75— 2B PR ARG
2.2.3 X} HERER IR TE )5 M

il A 490 ) 700 14 o8 R 2 ik 0> - 498 NOS Ik ks 1) B 22
iz — o RFEAR D HrEcE 2wy A il 590 -2 mT
WD 47% 19 NOSIRPE 77, 31X 15 Cai S5 BIF 5T
45— 3, H R B DCD fig 8 9l /b B 1 5 W) IR 3 46%
9 NOWR Pk it o 5 43t FH 2 ) PRI $9AH EL L W
DCD TERK Z= 145 2= 79 1| 187 76% F1 42% 1 NO3IR
M LI, Monaghan S5k B, HHb A 398 it

DCD 4 4 0] 3 #4320 NOS# 2% 219%~56%., [7] I,
Welten 2565 25 3 B, il DCD Jit FH 22 iy 38 o,
Hh - 8 NO bk e e it R R, H S R AIL T NHIFIAT
BAEA WA (DON) Bkt . dE—0 98 s, Fih +
HERONOSH RGeS 2 5 AOB 1Y amoA %2 DK ¥ D1 BRI
b3 2 B SR OC T 5 AOA JCAH JEPEM I, 75 K I Hb
XK A REEAER R T JRZE AR R +DMPP 2L NO;
g Ay 9h 21.4.10.8 kg hm (LA N3t ) , Bl DMPP
B EEREAR T NOSIRYE", 7Es H 3 rh JREFIA L
AEZR I DCD J 1T 43 518 NOsiHk PG 2 B A8 77% F180% ,
{EIEAN T NHIHZE R, Cui 57 42 2 fh 2 1 4
Herp 2 B, Jit 1 DCD RERFAIR 36.2%~58.5% 1 NOsiH Ik
o S0 IR AL PEAR L, DMPP 55 iR R IR it J5
FHEM/INEE - FORFE VR R 13 pH A NHIVR FE , FER%
I NO+NOZE = 28 b n] UL, A Ak i 371 Ayt i mT
A B 3 NOSIR PR KRS . A, AT B9 R B
Tilg Ak 30 46 50 AT a0 A= B v Ca®t Mg Al K55 BH S 7Y
IRPEAR IS IR R R R N O
2.2.4 XTAEY AN A FHZE 07 5 (4 5 k)

il A0 11 75 78 B IR 1 18 NOS Ik vk A NLO HE ik i)
[ A, i AT S R ™ i (3R 5) MINUE (3R 6) . 7ER
2 LR AR (23 ke - hm, LN ) &40 F L W m
DMPP A3 i1 32% AR T i), Li S8 K R -
AR X & B, DMPP 5 iR 2 03 At Fi U ¥ dak 2 444
T 7K e I ST 08 7 A 7 A 3 0 53 51 5.3% i
6.9%. Zhao ZEWHE AL - 5 /NFE - E KRR R
2013—2014 4 [6] (1 BF 5% 45 SR B, 5 0t PR 36 Ak B
FHEE , B3 i DCD JR 2R Ab B /N2 7 K 7= 540 1)k
6.7.8.9 t-hm™, -0 K 9.1% . e, IR il
Jiti DCD J5 /N P e 3 N 1 7.99%" [ el 32 1+
BRI 25 AR I eI R SR A BT AR
o B JE YT IR - F S DCD R BR 24 B 3 7
FIBEIN 3.1% .6.6% . 17.5% F117.6%"", DMPP I, 3
T RS RE  , SE R R 15.1% , (H 4 LR G i 2 4
FEAE AT, DMPP 5 &R e it 5 2 3 b~ A

RS HUMFFIXHEN = BRI

Table 5 Influences of nitrification inhibitors on crop yield

il A 1 551

e B i P

FEERNE iy

Nitrification Sjo:i?fe%i;i%e é}fjfs Wﬁ:ﬁfﬁ){l\tim N source and application rate/ ~ Yield/ Change rates of Periods of ijj:ii
inhibitors (kg+hm™) (t-hm™) yield detection/d
DCD ThiE L INFE 170 JRZE 120 4.37 +7.9% 130 [121]
DCD et INEE -k 688 JRZ 600 15.7 +9.8% 365 [47]
DMPP FhigE 1+ IKFE-Ih3E — JRZ 180 11.0 +5.77% 240 [115]
DMPP — INFE - K 1074 JRZ 430 14.2 +9.23% 365 [102]
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Table 6 Influences of nitrification inhibitors on nitrogen utilization efficiency (NUE)

fnan pwme e kpmasw IRRRREIE Cgpmme mmmmesiens  svom

 hibitors Soil texture Crops Water input/mm rate/ (kg o) NUE/% Percent point changes of NUE  References
DCD it PEEIA 364 JRZ 210 20.7 +6.83 [122]
DCD L INAE-F R 941 JR# 160 36.8 +9.21 [123]
DCD et INEE-Tk 941 JR# 220 35.9 +6.23 [123]
DCD L INFE-TK 688 JRZ 600 375 +4.34 [47]
DMPP Wi+ LR — JR# 165 425 +9.19 [124]
DMPP Wi+ B R — JR# 165 472 +9.95 [124]

SRR TN 2 RN S i G A s, L A
kB, XAl S AR S B RN S
KW R S 5. lan, fs Ak 500 7 ik 1= e
() NUE {82 3 o e i 1398, 3 mT 68 5 i 1L 3
il 350 76 F P R P - 3 5 1 NH $E R 8 A
KR Z BT TE R B A A ) R0t AR B 1
Yy R e 23R S AR L BT . 5 T 1 R A
Eb i FH 75 DCD A9 7K 95 B 1T 38 Jin 85 I H 269% 11 0T %%
PEBE & =, 00 IR = A R R ik 21,69,
DCD 55 &R B[] e it -t o] 384 0 H Y6 % ik i 20%
(R 77 a2 AR AR 7 0 R S P A i R k1
5 DCD 251, DMPP 1] BEAIK 5 3 1 26%~84% 1 filf ik
b EESY H it o DMPP 4 52 4 JIE AT 5 25 1
JN PG =, B2 AT s e | A 2R C RN SRR
S BRI it FH A AR B ) ) 2 AR — S AL
o YuZEUOEST & B DMPP R 16 fin & /N 32 i 77
LA E LT AN E P E R AR A, 2012
AEAEBVG 22 & B, B AR it A AR A ) DCD ()
HAELE DCD SR EA I AR 4 FL il i i 21 DCD
RO AIE I T AT e A g Fa e,

A T 34K (19 NUE 322209 X F 5 Ak 48 AR
KR FE B, WA R ER A bk Pk A B Al Ak VR
PRIt , 1) PR AR 0 00 900 ) NHE T NO-ry #6487
RAIG 1= 58 NOS Ik B I 42 S /E 9 NUE. Raza 5"k
PRAE PR 25t E - 220 kg-hm (LA N ) I, JR 2 FR
ZitiE DCD AbFE ) /NE NUE 43 314 31.2% F138.1%.,
FEARR R FE A& T, 500 FH R R AL FEAH E, PR %
Bt jifi DMPP 4b F 4 /N2 NUE 48 75 4.9~20.1 N 43 4
[F] B P A AU ot Pt ¥ 38 i, DMPP X 4-/N22 NUE (1)
BT BT R R KRR BB R R BT
RIN, 7% 2 W AR IR 2 R R 28+ DMPP AL 3 NUE
YE 5510 35% 145%™, 25T % i 32 iAo oh &
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RIEFIH=R,
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