H 24 2% 7 Chinese

Journal of Ecology 2012,31(9) :2319-2329

A AL HDH 5 XS AS B B H 18 N,O HEABI 220

HoF

AR #HER K A % B ERT

(" EAER AR A AR, M 110016; 2P BAFEAF R AR, 7 100049)

W OE BIENBREFET A A NE K (DCD) Ar 3,4-Z W Sy ok gk B 2
(DMPP) % 7 fin J& 5 #y o [ ¥ 4 A7 3 (230046 £ % B A R 7% S 5 3 N,O #H ik &
R RAGE A E LM R BRF A WH ) DCD A1 DMPP 3t 5 & 4%3% i N,0
WHE R 54.1% ~T75.9% , EXEZAEEHHTEF, 4 24% W8 (L H 5 3 DCD Fr 4l
$1,Ti% 94K B T DMPP 415 363 40 B 168, 7676 £ % DMPP #0950 R % 376
B &K E T 8 N0 B H & b 85.5% F1 66. 7% 3 & fb1E | % 4 40 41 & % 97.2% Fn
96.4% ,{2 DCD R A& A B TH DM H MR (24.6% ~57.5% ) , T £ & & A& T X
B ; DMPP Xt 80 3 £+ 72 W A% 4 K & T 8 N, O B % 4 42.9% #153.1% , T DCD % & & K
ET ARG NO;ELZGIHIEME LY A ARt AANLE (AOB) th £ K E7H,
DCD 4§ DMPP {# AOB amoA # B> T 4.1% ~63.5% ,H L E R, 1t &AL+ H
(AOA) F SURALE I %7 k5 5 AOB 48t , AOA % & L i t£ %, 12 AOB amoA 2 [H +
EE5w SR EEMX, RV AOB EH VTR YR T EEEZNEA,
KA R, AAME A NO; BiER; AR haEH; A8 NLEH
FESES (938.1 X#kERiIES A XEHS  1000-4890(2012)9-2319-11
Effects of nitrification inhibitors on N,O emission from different upland agricultural soils.
BAI Xue'?, XIA Zong-wei', GUO Yan-ling', ZHANG Ying', XU Hui' “**, WANG Zhen-yu'
(" Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China;
> Graduate University of Chinese Academy of Sciences , Beijing 100049 , China). Chinese Journal of
Ecology, 2012, 31(9) . 2319-2329.
Abstract: A laboratory incubation experiment was conducted to evaluate the effects of nitrifica-
tion inhibitors dicyandiamide ( DCD) and 3 ,4-dimethylpyrazole phosphate ( DMPP) applied with
urea fertilizer on the N,O emission, nitrogen transformation rate, and microbial community struc-
ture in meadow brown soil ( Shenyang, Northeast China), cinnamon soil ( Yuncheng, Central
China) , and silt loam soil ( Minnesota, USA). In meadow brown soil, both of the two nitrifica-
tion inhibitors reduced the N,O emission by 54.1% —=75.9% , but had no effects on soil mineral
nitrogen content. The DCD inhibited the nitrification potential of meadow brown soil by about
24% , while the DMPP was inefficient under the higher soil moisture content. In cinnamon soil ,
the DMPP had significant inhibitory effect on the N, O emission and nitrification potential, with
the N,O emission decreased by 85.5% and 66.7% and the nitrification potential reduced by 97.
2% and 96.4% under lower and higher soil moisture contents, respectively. The DCD in cinna-
mon soil showed a weak inhibitory effect on the N,O emission ( decreased by 24.6% —57.5% )
under lower soil moisture content, and no effect under the higher soil moisture content. The
DMPP in silt loam soil decreased the N,O emission by 42.9% and 53.1% under lower and high-
er soil moisture contents, respectively, while the DCD was inefficient under higher soil moisture
content. In meadow brown soil and cinnamon soil, applying urea fertilizer alone promoted the

growth and reproduction of soil ammonia-oxidizing bacteria ( AOB) effectively, while the applica-

tion of DCD and DMPP decreased the abundance of AOB by 4. 1% —63.5% but had little effects
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on the abundance of soil ammonia-oxidizing archaea (AOA) and denitrifying bacteria. As com-

pared with AOB, AOA were dominant in meadow brown soil and cinnamon soil, but the abun-

dance of AOB amoA had a significant positive correlation with soil nitrification potential, indica-

ting that soil AOB played more important role in the nitrification of these two soils.

Key words: upland soil; nitrification inhibitor; N,O; nitrification potential; ammonia-oxidizing

bacteria; ammonia—oxidizing archaea.

AL A (N,0) B I B AU 28 AL HE B 2
29) F AR T A AR (CO, ) M B¢ (CH, ) B
il 2 AR, H A Bk R T A (GWP) 2 €O, 1Y
298 ~310f%, ARHJEFZE N0 HEREZ —, 2495 4
Bk N,0 HEjik & 1% 60% , H AT 7 4k 2 34 Jn (1PCC,
2007) . A& H IE P AE RS RS E T2 N,0
e R, AV E TR R R R T,
AT 5 WA R AL WK NH,-N AR
NO,™-N Ay e ; S i AL AE I 2 $8 TE IR B R T,
M R ASAL K NO,-N i858 N,0 NO % N, A9t
T WAM R AL Y B Al A A FH AL B A S 2 —
EEAY N,O F=H 5 #2 (Wrage et al. ,2001)

S B 438 N, O HEAY 32 28 R A 4 1 %
T 3Ky 3% pH | S BT MR S R S
(BS54 ,2011) o AR it 2 K AU AT
T R A R B ™ A2 IR HE N, O 1 F 22 A
e, A NS R AU 30% ~ 40% (RIRE,
2000) LR T AIBEA,

KT A T3 N, O JHESS it iy fF 58 E A vh
P BAE T FH A D A 0 I8 it e 1 i A AL
JE AR NE R R AT IR it FH i A0 i 5]
DR WA 45 T 1T (5% % 87 45, 1998 5 B [ 2% 4%
1998 ;de Klein & Ledgard,2005 ; Oenema et al. ,2005 ;
Asing et al. ,2008 ; Hadi et al. ,2008) . fili b4 il 51
AR A S A 3H N,O WH A Z —, B
TE A A6 30 1 ) A XUEUE (DCD) (2-5-6-( =&
FY) Mk BE ( nitrapyrin ) | 3, 4- H 5E ok m @ AR 1R
(DMPP) Jk A AR (ASU) (2-ik4-58-6 HT Ik 1 e
(AM) 2-Bi A IFWEME (MBT) Rl LB 55, (R, AR
(R A A il 700 P VR AL BEAS W], LA 8808 8 32 +

F1 il TEOERBEUMER

BTN AHUTE A R Ko | R P A
FRONA (PhAEHGA,2008 ) o BT, A5 AR AN By ifl 1 7
HERRRR A2 Y 1 5 5 IO VAR b A 40 o 750 | A 4
FAF T A REA RPN, O WHERCR, . T kT,
ST i 700 36 AN [ 6 0 - N, O HE Il 3 R 5
M (R ATF S DU i L - DRIt , AR SCIE B 3 b 5 s e
SRR 2 FAH AL 7R A BT GOT B S SR
5, HRTE T 252N [ it A 0 ) 790 7 A T - 8 vy
T N, O R IE I

T30 AR AN [ 4 N, O HEL Y
MR AN o] BE RN 2 — 75 T S i A= Y At
TREER 2200, RIAF AL SR P T AR v X AN [ A A 10
| 70 R SRR E A7 AR DX, G, AR SCFE HE AN )
I N, O HECXH A [ i A A 1 770 W 107 1) ] sF, 20 Ar
T SRR YRS A5 B DX, B R LR
P A5 AR 55 A AR 3 A 500 R AN, O R
ARIAR AR, LAVt — 25 3 50 0% N, O i
BRI AR

1 #MBEFZE

1.1 Aok

3 A R B R ARIE(S) B (YY) B
B+ (M) R AN T T8 LR 258 K X A L]
B IT T Uk B A B AR S R G R B A F 5
(41°31'N,123°22'E) i F 1L P4 45 3z 30 113 1) 25 A R
1(34°56'N,110°43'E) DL KA T3 [ B e 5k M &
it 4 (0 B A6 0 (44°45'N,93°04'E ), HIERE
MR EETRE N 0 ~ 20 cm, HIBR M) AR B AR 2, K
FIaad 2 mm e, 3 Pl A 18 G AR B A o L
1,

Table 1 Basic physical and chemical properties of the tested soils

BER 4 B ﬁ:\ﬁﬁ: el #)lﬁfi] /i\%,l pH ?}?Ed *Eﬁ b g A b

(g-kg™) (g ke ) (g-kg) (g+em™) (%) (%) (%)
PN AR (S) 11.7 10.6 1.7 5.7 1.25 14. 88 66. 70 18.42
B (Y) 22.1 8.7 1.7 8.1 1.23 37.40 46. 00 16. 60
BT E L (M) 24.8 21.8 2.7 6.3 1.33 23.00 55.00 22.00




F S5 A A 50 AN ] S 4t T 38 N, O HERLH) 520

2321

1.2 it

AR E AT 4 FpEEALLH . T, CK(Z FX)
HE) ;s 11, Urea (BAJ )R 2 ) ; I, DCD (JRE +DCD) ;
IV,DMPP(JRZ +DMPP) , Hid JR Z FH 344 200 mg
N - kg™ dry soil,DCD 5 DMPP FH 44 i IR Z N
W 1% o by FAE 4 38 5 K & W 5 ) g A Ak
PR ER (L) 8 (H) 2 Rk o R kb 28+ 35
T & KA 0 20% F130% (w/w), Hhit 8 #f
LEBR AFRRAE IR 6 ST

ARG R F == R BRI S T 100 ¢ T
+FEHRF BT 300 mL B IR, FHZE RO £
HEEKE R KR 20% , T 25 CHEER IR
FAThISE IR, U FRAS S IR R Sk
HFNE T2 K 50 AR AR B 438 I
RN IR 248 0 8 K i, DL 10K s 57
MG 25 CHE g%,

R e AELE T, 3AELZMHT
N, O HEfcam e, 75 3 A58 H T A AE R F8 AR
FE SR IR TE S5 53 HT
1.3 Stk
1.3.1 HHENO#EE 1.2 il A
NALFE T N, O HE BRI A —4, e AR
BB AR, AR FE S 11, i € v Y df A2
Ol B AN Sk (R R P R AR ) 525 CHE
3% 24 h J5 B SR 2 mL IR A, e Hoh
N, O & i 5 M 25 s 7 28 U BN <A, LA
BRSO BT 25 CHE AR, 7RSS IR DI 0
P N,O 77 A i, [ Wb 5E 0K 43, DAOR 35 £
HBEKE

SEFES A N,O &t H AR B GC-14A X
AR TSI 22, 60 25 Sk FE T R 4% ECD, 43 B8
WA SR Porapak Q, #H Ar 1 CH, IR G
Sy BRI BE | AR TR R R I 2 R BE S 0 60
100,300 C

RGN F=Am/(WxAt) = pxVxAC/( WxAt)
T N,0 &, U, F o N0 &, Am 1 AC 47
SR A B[] HEL % S0 v 1 0 s e/ AR 0 e R
B LEHRBE VR W43 i) R P A 0 ) A AR RN £
Fe &, p IFRIHEIRGL T SR B
1.3.2 43 NH,"-N 5 NO, -N & EEL
A B3RS 1 2 A ARIGH S T 200 ¢ T+
T 2T 500 mL Berr, LA 1. 2 g A [ ah 2
HATRE SR . A T REFRAS 1.3 .8.16.22 37 K, R

10 g HHFE FEIRER L 1 2 5 A EE, L 2 mol - L7
KCl IR 71242 1 h, Jf] Bran+Luebbe 23 7] AA3 %Y
LR B U E NH,*-N 5 NO, -N &4,
1.3.3  THERAERDE S TS 2 KA 9
RERHC A, R H 4 58 5% 57 3% (Schinner et al.
1995), LA ( NH,),SO, K JK ¥, L NaClO, 0l i
NO, -N#| NO,™-N W& b/EH ,30 CIRGIEFE S5 h,
FAAE ) NO, =N FH 2 mol « L™ KCl IR 7R3, 1]
P BE T AE 520 nm B HC A, A AL T LU
NO, ™ -N ¥ & i AR L Kok R

1.3.4  TIEERUAEYRIIL S RO AL D RE SR A a2 B
ST TREFRES 2 RS 9 RELEAE, KT )5 -20
CHAAF, FREL0.25 ¢ 4%, 45 DNA $2 B0
A& MoBio UltraClean™ Soil DNA Isolation Kit( MoBio
Laboratories, CAT. No. 12800-100) $2H¢ + 3 A= ¥
FEPHZH DNA, 45 0 2l Ak 20 3R 4 B ) & w3
A7,

K H real-time PCR £ AR X & A 1L 41 & ( AOB)
SR (AOA) I EE AT REIL I amod I
B Ak 40 B 19 S i AE D RESE ) nirS 11047 2 5 40 BT, 3
DAY G W2, 5351003 X549 PCR &
14 DNA 545, % PCR =9 4life, W oD {EIf 115
FEIPE DI, ¥4 PCR 74 10 F588 BERR RS IS i 4T
real-time PCR, M bRUERNZE , PCR W IR R AHE 1
wL DNA #4510 wL SYBR Master Mix (2x) (TaKa-
Ra, Ki%) , B J5 5194 0.75 pL (10 pmol - L"),
LK 2 20 L, RN &R 95 C AR #: 2
min,95 CAE M 20 5,55 Cil k 20 5,72 °C ZEffi 1
min , 3£ 40 MER
1.4 Zitsrth

b F PR B ANOVA S M \LSDVE 2 8 LA

Fz2 PCR¥y 3|
Table 2 Primers for PCR

AR 514 JPH) (5°3) EZ BN
amoA amoA-1F GGGGTTTCTACTGGTG- Rotthauwe
GT et al. ,1997
amoA-2R CCCCTCKGSAAAGCCT-
TCTTC
Archaeal ~ Arch-amoAF STAATGGTCTGGCT- Francis
amoA TAGACG et al. ,2005
Arch-amoAR GCGGCCATCCATCTG-
TATGT
nirS nirS cd3AF GTSAACGTSAAGGA- Throbick
RACSGG et al. ,2004
nirS R3cd GASTTCGGRTGSGTCTT

GA
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Fig.1 Effect of nitrification inhibitors on N,O emissions from different soils
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Fig.2 Effect of nitrification inhibitors on sum of N, O emissions from different soils during the period of treatment

L ARk H, = F KR,

N, O HECE 3% & TS K2 4, DMPP /3R 8L
Bl R | 1T DCD 2H e HER R 45 22
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Fp - AR R SR IR A N, O R, P L /R
(1.78 mg - kg_l) ,ﬁﬁl%ﬁ@fid\(o. 26 mg - kg_l)o

DCD FEAN ] 4398 vf K —Fp = R [R] /K 43 1R Bl
TN, O WHERA R ZE T (£ 3) , R R X 5o fa)
P S A /KR A A RO 0 HE 9 N, O ik
RO, TR 5 7K R A RO D 4 A
Je&k, 5 DCD AL, DMPP 75 A [a] 438 K A 6] 2 7K
= N,O WHERMZEA K, H¥E T DCD 41,
2.2 TP 5 X S e sk AR A R

BRI A AR At AT Sz et i Ak 0 7 5
OISR . a8 3al 3b1 s, it R 20 135 v
NH, *-N e B T B, Bl 200 T B, e 2 fe Il &2
WItAE R B4R (8] 3a) BY NH,*-N ¥R BT it 1k
VR0 e 7 AR S B, 2 b A Ak R R R
NH,*-N¥R 22 S AN 1 2 4 - (JEI3b) Fjti R R4

R3 HUMBFIXARE LR N,O BHHR LR
Table 3 Comparison of effects of nitrification inhibitors on
N, O emissions in different soils

R DCD WHEHR (% ) DMPP JiHE# (% )

AR R BT WREL SRR BL B

REkE  69.1 57.5 29.1 75.9 85.5 4.9
ke 5401 56 -12.2 70.7 66.7 53.1

NH,*-N W& B T BRI, AE 8535250 9 RO B 20 bh
W, DCD WSS 2% T NH, *-N FI4#E, 1 DMPP A
Kb IE NS T NH, " -N R B T R, (i L K et
R A R W . NO, -N MRS NH, *-N Ik &
BRI, AERG 5 0T, B T W s Al A A
FHRN S r AR VR FH %) 31 #E, 38 TE LA & m s 2D,
NO, -N ¥ R %,
2.3 HARAEI T RS A A I VE A R

EALAE Vo2 R 1A F i Y K4y
S5 55 B I A AR A FH R m%%%ﬁ%%No
M NH,*-N NO, " -N i B AR 4 A — 35 (1A
4), IR ER A RS S F A, DCD X HE
b A AL A PV S I o S8R B (1 4a) T
DMPP X 48 4 0 il RO BT (] 4b)
2.4 fEAEEI D s A S R R Ak T e L R 5
ERibpAl|

AR BIARE RS 9 K B B Al Bp HE ARG 5546 2
T HE B R G (PR AR A AR 0 Sl A B
FREH O RME 2 R T H K N,0 @), ME
HABLTR#E(AOB F1 AOA) F1 S A £k 41 B By g 3 A
R,

AR (K Sa) i )R 2R 4 AOB amoA FE A
Ve UL B D & 5 TR R 4H (P<0.01),DCD 5 DMPP
1 8 E WAL T AOB amoA J:H 5 N1 E((P<0.01) ;
(K 5h) 44 B4 0] AOB B 2 7 A 3% (1
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Fig.7 Relationships between amoA gene copy numbers and nitrification potential

R EAE TS 5 AOB amoA JE PR H2 U1 40A H2
W EMIEM %% & (adjusted R* =0.497 ,n=16, P<
0.01) , [AIAF AL AE FHE 35 AOA amoA FE R $5 D1 %L
WA B FHMIEA X R (adjusted R =0.249 ,n=16,
P<0.05) B 5 BAOC R BB IR TR %, HIR
G A - S R S BB, PR R A A g b
ALVE R EE# 5 AOB  AOA BY amoA FEH £ JF A&
EVNTE N

R4 FHAIEFIXT LT AOB amoA/AOA amoA W25

Table 4 Effect of nitrification inhibitors on AOB amoA/
AOA amoA

32 S| H A #t
wes & e &
K K K K
Fit IR AOB amoA/AOA amoA 0.19a 0.22 a 0.27A 0.27 A
DCD AOB amoA/AOA amoA 0.12be 0.14 b 0.24 AB 0.22 AB
il % 39.3% 34.9%  11.4% 16.3%
DMPP AOB amoA/AOA amod 0.08 ¢ 0.07¢  0.16 AB0.14 B
ElES 59.0% 67.4%  41.4% 48.4%

3 W i’

PRET A A3 J5 | 7 - $3 JIR i T 7K it
NH, " (IEIRUHESF, 2008 ) , NH, * VE s AL A FH i 55 —
W EACVE IR, nl i i A AR HT A B s 22 1Y
FABACAVE AL N, O, Bt IR K 4H 1Y N, 0 HE
e, B E ARt AL E (AOM) 5E A, T
AOB 5 AOA, 78 STl H Ay 3 B 2 1) £ () 2
— TR XA R AE 5 7R S L b A AL
IR BEARDCIR . ZEADFSE M 2 Ffitil g,
AOA amoA B& K45 DI T AOB amoA % [H 4%
B, X 5 2 A7 ) A 4% 38 ( Leininger et al. , 2006
Chen et al. ,2008 ; Prosser & Nicol,2008) #H—%(, &
ARG R, 1 HE T AOA amoA KR8 DK 1L
AOB amoA K& DX ¥4 DL 0% =y 1 ~ 2 DR 2,
Leininger %5 (2006 ) [ 57 45 R B/~ , AOA amoA F
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PR DR A A - B3 it b 14y, b Cren-
archaeota H ) AOA amoA % 5, H AOB amoA )
3000 5,76 FJZ 4 (0 ~ 15 ¢cm) Ff AOA amoA / AOB
amoA N 1.5 ~ 230, T A& L H AOA amoA/AOB
amoA FAXHF/IN, 7 1. 02 ~18. 31,

IR FE 2R B, 5% 0 20 0 5 1y 181 43 A i PR IR
T FEEA pH FhWREE JREE | BRI+ BEEUKT
S, — I E AP BE A R 64 B 5T R B i A
AE 432 AOA amoA/AOB amoA KT At FAE 1 15
(Shen et al. ,2008), A X& R 52—, Di %
(2010)F8 H & H AOB 5 AOA A=Ky + 3 & Al =
AFLAOB ARKERHANE, EEREENERZL
TR RER R R H AR AE R 0 2T, XF DCD 1)
M 107 B k5 117 AOA A ] T35 SRR IR N R4
2 BRI & T AOB, HAS LG PEAR, H
XF DCD e 4855 W95 h , BOR AOA B4
oA AOB FE & H 2 AOB 7E4& H + 1 4
et B R FE BRI . A5 2 it
2MEAKET, Fi IR E 4 AOA amoA/AOB amoA
PIRIZEKE T 4 A4 B b i B A AE, U Bt R R
FIIE B e S R A S B AR E T AOB A9 A K 51
X AOA FISZI N /NTXF AOB BRI, 7540,
HiBEFE Y pH 7E 3.4 ~8. 6 I WALAE S pH &
TEARDG AR pH 23 (06 £k TR A 7 B30 38 0 I i
X7 i Ak o 2 R 2 49§ 4E H ( Paavolainen et al.
2000) , 11 Z A AL AN TR -5 7 TR Y amoA JE PR 5 DLBCTE
ANIF) pH R L2 B R [A] A9 40 A FRAE , AOA 193
JEFE pH FH 5020, AOB - HR 4 &8 AOA 1%, {H
Bifi pH F =5 10384 1 ( Nicol et al. ,2008) , AN SCH, B
fa kR4 pH 4 5.7, AOA amoA/AOB amoA 4 4.53 ~
18.31,1Mi# 1+ pH N 8. 1,AOA amoA/AOB amoA 4
1.02 ~8. 42 ;X %W AOB amoA 1E pH FREErp 2 i
BRI, 5 A AR AR L, #8 £ AOB 5 AOA
) amoA 3= FE ¥, H: 55 B M 19 31 55 58 A R T
AOB AR R B K AR A TE 1, 33X AT BEJE 48 1=
N,O HERC BRI R IR 22— oAb, ARSI AR P
ST AR R, AOB 5 AL /E T S4B A 1 i 3 IE
AHIE ., Morimoto 55 (2011 ) 7£ % %% + 32 I X AOB
5 AOA Zp AR I OS2 M s o A5 3] T AL AR 45 51
XERW AOB 5§/ WA MR L AOA
F X 5O AMIE R R i A AR R
i AOB TMidE AOA SKIHAT (Jia et al. ,2009) YU A,
—8 MASCEE R, AOA 5L A

H ARG R 2 B D AOA 2 5 T kT
e, AN, A SN R B i B9 AOB amoA 2% S 2R
(12% ) KT AOA amoA ERZE (6% ) , LR JR
AN X AOB By 2 B, SR, A SR
i, AOA [t AOB S AF AL B i ¢ & B U (5K 3=
.,2011) AL X FARAREE AT AOB 5 AOA
FEfS A I TR AV FEATY 5 R T SR AR ST .

124 RO T A MEAT RS A I R VR
H1EA W) ( Prasad & Power,1995 ; McCarty , 1999 ; Sub-
barao et al. ,2007 ) , HA/E HALE A A A, FE 4
1 B S E NN ARG AL A B Cu Sk 2 4]
LI R (Stein & Arp,1998 ) ;3 ELHE R Wi MV AF AL 240 1 19
IR P LA R 200 € 3R S ARt 1 3% 2, DAL T 4100 o ST
AL B9 A2 K 58 (Nutd et al. ,1975) ;2078 + 4
TR, BRI -8 pHL, 00 S P 200 T 110 A B0
30 3 5 e - 3 SR 0 A R R e R A o A A A
(Bending & Lincoln,2000) . Nuti %¢ (1975) A W,
DCD 3@ 4 il AOB PR A HI ik 72 v i H -5 A Al
TN i € 2R 4Rk T Y B B 0 A A6 4 5
Zacherl 25(1990) 42 1, DCD B4 #I4E H T fe i T
DCD Z5# i &4 195 NH, MU S5 4 T3 T AOB
XY NH, (A . DMPP DU AT i 2 o 41 i) 42 B
A (AMO ) e 52 30 H Al A6 30 1) 21 BE ( Zerulla e
al. ,2001) ,

AWFFEH, DCD X4 189 N, 0 il & THLA S
i A IS I AOM it i il R Y 45 2%
FE AR R K E T IO, R AT RE R - il T8 -
R A A3 B AL 5 R ARV E T R4 T, AOM
JERR Rl A B H A K B0, IR Em
R 3 NH, T -N B2 s T R[] IRl R
T N,0; M DCD A< B # 1 250 A F AR ( MeCarty &
Bremner, 1989 ) , A< 3Cjiti A5 (JRE N 19 1% ) i8
AN X054 R S A TR A A o 8RB ik R
j‘z;lﬂﬁyl‘,DCD %ﬁ’%ﬁ%‘ﬂl(kae et al. ,2001) , H
KIS e HIER m b R s s & K 4B 5
NH, " 7325 i B it 1 52 0 HC Al AL 30 38R (Rajban-
shi et al. ,1992), 5 DCD # H., DMPP %} +7£ 2
T K T R B B B R ROR B A R
T trh NH,"-N [ NO,-N A% 4k , 1ff + 4 b i
RERIFE LI NH,*-N B 7E, B3 WA T N,0
Hefit, 17 Bf DMPP 1] 7 AOM ( Jt Hi 2 AOB) fY
amoA FEPR ¥ DUE A B 1< | 3 AT AR 2 Hox 48 + N, 0
WAHRBCR B 1 )5 22— it Ah, DMPP AE 8 B8
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TR RS A 7], ELAG 8 i 1832 02 ( Fettweis et al. |
2001 ) M T 400 1] 20 R PR AR AT BE A A | Bl T IR B AR
FHBRE T R 2l AN 55 5 NH,* 43 85 B it il ik i
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HEK Ay HEhNT | FE; WEPS 78 60% ~ 80% 0 [Fl I
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PGB N,O #E— 0 FoN N, L (X)) IR
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