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Shouguang, Shandong 262700, China)
Abstract:  Objective Studies relating soil N availability to N,O emissions commonly focus on NO; and in some cases NH; .
Thus, less effort has been devoted to measuring soil NO, despite its role as a central substrate in N,O production. ~ Method In
this study, two typical greenhouse vegetable soils (alkaline vs. acid soil) were selected to explore the influencing mechanism of
NO; on N,O emission. Also, its association with the inorganic nitrogen transformation processes, gaseous emission (N,O, Ny,
CO,), and the abundances and transcription copies of functional genes (amoA, nirK, nirS and nosZ) under anaerobic (0% O,) and
aerobic (21% O,) conditions through in-lab incubation and real-time quantitative polymerase chain reaction (QPCR). Result The
natural accumulation and tolerance of NO, were higher in alkaline soil than in acidic soil. With respect to pH, the relative
concentration of NO; in soil did not correlate with N,O emissions. However, the addition of NO; significantly increased the
N,O emission and N,O/(N;O+Ny) index (Ix,0) of the two soils (P<0.05), and decreased the N, emission in both soils under
anaerobic conditions (50.9% and 94.2% in alkaline and acidic soils, respectively). In the alkaline soil, exogenous NO; at 60
mg-kg' had no significant inhibition effect on soil CO, emission, and the transcription copies of nirK gene at 16 h under
anaerobic incubation, amoA4 gene at 16 h and nirS gene at 84 h under aerobic incubation were significantly higher than that of
control check (NO), but nosZ gene had no such phenomenon. In acid soil, the overall gene and transcription activity of amoA was
low, and the transcription copies of the nirS gene increased with the increase of incubation time in aerobic NO treatment (P<0.05).
Exogenous NO; at 60 mg-kg™" significantly reduced the CO, emission, and the abundance and transcription copies of related genes
in the acid soil. Oxygen significantly reduced the transcription copies of denitrification functional genes in both soils, and nirk
was more sensitive. Compared with the NO treatment under anaerobic incubation, the transcription copies of nirK, nirS and nosZ
in alkaline soil were reduced by 97.3%, 74.5% and 89.0%, respectively, at 16 h under aerobic incubation. The variation trend of
the denitrification genes transcription copies in both soils under aerobic conditions was different. In the alkaline soil, the
transcription copies of denitrification functional genes were significantly decreased with the increase in incubation time (P<0.05).
In the acidic soil, only nirK transcription copies decreased significantly with the increase of incubation time (P<0.05) in NO
treatment under aerobic conditions, while nirS and nosZ transcription copies increased, or decreased first and then increased,
respectively.  Conclusion The accumulation of NO; in soils will increase soil I,o and affect the N,O emission pathway by
inducing nir gene transcription to compete for electrons with N,O reductase and inhibiting N,O reductase activity. These results
provide a scientific basis for exploring the efficient utilization of soil nitrogen and N,O reduction in greenhouse vegetable soils.
Key words: Nitrite ( NO; ); Nitrous oxide (N,0); N;O/(N,O+Ny)index (Ix,0); Nitrification and denitrification genes transcription;
pH; Heterotrophic denitrification (HD)

NO 2 H 2R % AR, o T HAGR R = L
I FH G AR Z BRI 34, DA AR 120 4 A i JRL 4T
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NoO HE i, 4 H 445 N,O HER i A A HERCIR Y
66%, L= Z & A A it AL R K S B bk o =CHERY,
M NoO ok e 2CHE O 18] 38 BE A NO; 19 R R
Z_ Maharjan F1 Venterea™ #5745 5 B/, NO, fiit
BT R 44%44F NLO HERL, Ma %5455
B, BTG NHSORZME T NO; [ NOy
AL, SEEEB B NO, R, S BUENE 5
T3 N,O W IHERIEE . PG, T NO, X 44
N,O k= CHE R A S ma AL, 7T + 8 NLO Wi

Jit 4 7] 2 AR AR R AR

NO, 521 N,O BLE, — ¥k H NO; ik 5
fit (NIR) 5 N,O it Jiifil (NoOR ) Xf L F-AY55 4+,
HL 3 4 A9 R 2 S8 NIR A9 73l 32 = T N,OR
14 FEL 3 o, 3 N, O B UL 55— 1 R | NO,
X NLOR & PEA D HIT, pesh, NO; £t i 4
KEEH ) 3R AR NLO P HERGR R, FR 498N,
BT REELE], NO, 5 & A nirk KL 2 Ak
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A E B L TR IR NO, |, IR LA NLO 1 4
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TR HEAR N EEHREED Y WHETRIA R
NO; L R Lt 1+ NO HEL, SRy NO 28
TR SR - (NNR ) 2 A& MM e F nirS JE
R ikt i & A 5 3R KR 4E (heterotrophic
denitrification, HD ) fEFM. {HJ&, DL LAY 252
FET AR SRR B S BUR , R 5T N
JZ T R S 7 B 158 NO; FLUER 5 T e 3k R % 5%
N,O HEALH Y R o

ARG 3 P o LR SRR X I, B
M gEEM (RAKES ) AIEEFOKFET (A4
B3RO B NO, LR G HLE AL SRR (N,O |
N, #1 CO, ) FMIhREREH (amod, nirK, nirS Ml nosZ)
1 = BE AL S AB O, S AT AN TR0 T S g rh
NO, BEALLAEE . NO, IS5 DIREFLF 5% . N,O
N, HECRIA G R, DU 7R NOS X it =2 H +
18 NLO HETB A 52 AL, SR 01 4 458 NLO HEGE AR
il 72 A R NLO Wl HEHE it $2 L AR

bR ik

1.1 EEFAETEERRE

AT BT Y 3R AR H T ARG R AR P
ASENRES . — B IR F 6T E ARl K2
B SR GT BE s 3 e O I 2 K R0 A (A
PR VRS, 36°85'N, 118°87'E), I ZE T 2007 4E,
I E 4 DRI, 535 8 1 5 8 R+ i B it AR
( CFF ). 1£4i8 B+ B NE+/ N2 F5FF ( CFF+S ).,
THHE+DEALTAL ( DIF ). 3 HE -+ Akt A + /N 22 6 A
( DIF+S), %S A S Z 401 1] 2% Fan PG HF
Fo I3 — Uil RHERAE T IL R4 56Tl I %

FA BT E K A5 A (fATFR LI, 36°85'N,
118°45'E ), EMBHET 1999 4, RBKET 4 1
AbE, A3 AR (CK). AALIEAREE (MN). i
LR HE (RN) FEG AR (CN), 5N
(T Z 40795 7] 2% Ren S5IHSE .
ARYGRIGEBE VRS HI LY 4K A1k 56
A ERE S R P S AR AR B, 4351 CFF Al
CN b, ARG —F P A VRS AL
Tt N TR A R ZERAKA T AR T, 2 X
TG 8 thm 2 ( 146 kg-hm 2 & ) TE R ELIE, 38 AEAT
FARYEE R K A B RO R e, IREEN
TE LS Bt R /K i T IS B8 A Bl B 2 895
kg-hm (LA N3, FIR ). LI i Bt 5 VRS A,
{E G it A 3 v T VRS 3, i RT3 A
HoNEEZE 10 thm 2 (211 kg'hm 2 &), fb2FRIEE
AP HEFZE 1 049 kg-hm 2, PIASKIE (71856
SRR A FE RN (2014 5207 A) R
FE, RETEHR 0~20 cm WHZE 5, % 15 1%

B R ERAS — RN, R 2 mm G5 KT
#H .
P AR 106 o A Bl B A A o 22 S W

W (1), VRS -3 pH & 8.02 (Hfitk+3% ), B
FET LI 4 (pH N 6.59, MRYE+HE), HERM:
TR HLRR . A . NH,HINO; &8 1 %
Fhd 4 4
1.2 Rt 5HZE

HORE IR S5 3 o, ARFE R A S T i+
e NOZ -N Wi BBUE N 60 mgkg ' 724, AT
TR P FR L+ AN P A — 5, BR SR IF AR X
B AR A 4 3R] ISR 60 mg-kg ' Y NOS -NAE K

x1 RETREMBAMR

Table 1  Soil physical and chemical properties

AU A HEASHE GESE
A5 ~ N
T HESEA Soil type pH Organic carbon/ Total N/ NH; -N/ NO; -N/
Location B y
(gkg D (gkg ™ (mg-kg™ (mgkg ")
VRS Hid 1" 8.02a 11.7b 1.20b 3.37b 94.2b
LJ fir+® 6.59b 15.2a 1.75a 21.6a 168a

T : VRS FIREEFEMFFBE R A HGIR 3 KM e g i 13 LY F0R % 50 AR 2 KU E A5 5 3 R TE /)
B HRRERDE (P<0.05), pHIMER KL N 2.5: 1. Note: VRS is the soil from the solar greenhouse in the demonstration base of
the vegetable research station. LJ is the soil from the long-term location test site of Luojia village solar greenhouse. Different lowercase
letters indicate significant differences in each row ( P<0.05); pH at2.5: 1 of water: soil ( v/w) . (DClay loam; @Sandy soil.
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Y. BT 100 g T a9k IR LT
120 mL Iy, &R, 250 (1) R
REIMIES (NO (0%)); (2) [RE + 60 mgkg
NaNO, (N60 (0% )); (3) 21% O, AEIEY (NO
(21%)); (4) 21% O, + 60 mgkg' NaNO, ( N60
(21%))o BEIA> M58 H - HE0EE (PR R % ) T
[ IE Rk SN (ARG ) s 3 NO; -N
AR HIER R . ARHEBOR ) e 5 K 5 5 1
B, R 3CH NO FiT N60 435l A AN G I H Fn s in
60 mg-kg ™' NaNO, fy4b 3,

1= RENONE N % X (ES PE  a S A ] 8N
AT A5 YRR IR T2 S5 s 41 5 W 30 7 1L 375 060 1A 17 1 3
W, IF R KK R A Sk Rl 250 gkg o BT
AP AR 55 % B S, AR 15 R A s -
WARG (M RERHEARAR ) BN 0%
21%M Oo/He IR A AMARBER 3 5, 7 3min JFF
5 TR N S, B B A IV R T 20 CHE R
KinklihiE S, FIH] Robot R4 4 E]FE 4 h E —
WIS T SR (0, N,OL Ny, CO,) HIBhASEE
fb, ELAHRAE AT L SO AR o R A W
ZEHL. AT 0. 16, 84 h XFAHIR R IR0 R A ER
AR IR TR R AL, T 3 RNA AR
$EHC, 14 DNA R$2BUR 5 AL EAR R, RS
FIMG (0 h) FIIEFRESH (84 h) Wf T, HIEFE
BFEh 84 h, AP 3 ANEH .
1.3 SEsEENE LEXESHT

VL 3% 7R N 0 BE S i #E Robot H a5 3R &
4t, SEHTEZMEI O, N,O. Ny CO, By 8481k .
ZARGHMEIRER ARG . H R R GRS
MEH =R, SEELT RS . CREE. i AR
S8 H L ERE, RGBT REREEE L Molstad
%[15]O

TS (IR U
WESRPERBESE R . SLEIFREL 10.0 g HHERES T
200 mL R 2B, A 50 mL A9 S ALBFA K
(1mol-L™"), 20+2°C fHIEHRZHEL 20 min 5, %
BRZ 40 mL 2BUR T S0 mL RMGE.LE T,
1E 3 000 rmin' £/ FESOME 5 min, B 10 mL
W20 C PR AF, B JE % 22 8 o B A
( TRACCS2000, fE[E ) W NH Fl NO3 1 & it 5
R AT —E 5 LT 25 mL e, #HERE

WA RV SRR W SRR e . AR R
RO M, MBCREWOERELG AR,
JICE 20 min J5 81 AT LA G BE R T L
M5 +FENO, i, HHE pH RARRE I E, /K
TR 2.5 01 RIS EE A TR A S AT A
( Thermo Scientific Flash 2000 NC Analyzer, & );
A B Fr B R R TR B - TR I AR A TR E T
W 5E o
1.4 TIEZFEIRE

+IHEYNE DNA ffi Hik & MP FastPrepl-24
( MP Biomedicals, JE[E ) PEATHEHER, MRl i py 2
RUEATERAE . HHE RNA 2% Ma 2078 )5k
FEAR R B A R 1 SE PR B M B EA TR A, KR
RNA ffi il RNAse-Free DNAse i il & ( Promega,
K[ ) EBRHH DNA J5, B2 uL WHiLE=YL
27/907r A5 AT 16S rRNA P34, 5o KL #E RNA
' DNA 2 #HAL5E 45 ] RNeasy® Mini i3]
% (Qiagen, [ ) #17 RNA 4lifb. ffi F§ NanoDrop
A6 (ND 1000, Thermo Scientific, %[ )
IR B R B DNA DL 44k )5 1Y) RNA REAS ()
Gl R RO B SRS I RNA R SR FHBE LS 4 L &
Prime Script Reverse Transcriptase i 77 % ( Promega,
K[ ) PEAT R, DNA K4 cDNA 58 T
“20C UK RAF 5
1.5 EZ PCR

f# | Bio-Rad iQ5 ( Bio-Rad Laboratories ,
Mississauga, I & K X AE A amod VFISUREAK( nirk |
nirS Fl nosZ ) PIHeHE N 32 B K G S48 DUEGHEA T8
i PCR Y4, 20 pL MR REAE: 10 mL 120
& PCR WIRW ( Promega, X H ), 519+
0.5 umol'L™", 2 uL #J cDNA BIAREE 25t 10 75 H5 B
) DNA B, FHKEE =4k AME 20 uL. 75 PCR A5
LR amod . nirK . nirS Fl nosZ FEH sttt
Hil%, BT HAEERY Y, PR 2 PR,
B HIFEEE A 5B AE Luria-Bertani K57 P
Bigw, SRIUTOR AT BOROR EE , AR AR EE /R AT
B EARFEI S DB, $2 08 10 f5H BB R UEA TR AR il
YERREMZE (107 ~107°), R4 96 FLBCT RS hRfEY)
JiT . RS RIS IR, B ARE S L ARvE ORI X
3AER, BRI AR TR DUB TR R
REARRR, LUK AR S (B N Ae br ST et 26, R
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LIITLIGHN PCR 8RR ABFIE, 05K

FRTEET 80%, Wi h 2 Jy g HEAM:XS BOIE =)
BN A PCR 974
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Table 2 Primers and conditions used in the real-time qPCR analysis

H B3 51¥ 2w S s) (5°-37) PR E =BG
Target gene Primer name Primer sequence (5°-3") Thermal conditions References
amoA amoA1F 5-GGGGTTTCTACTGGTGGT-3" 95°C Smin, 1ME¥H; 95C 30s, 56C [18]
amoA2R 5-CCCCTCKGSAAAGCCTTCTTC-3 30s, 72°C 60s, 40 PMEH
nirk FlaCu 5-ATCATGGTSCTGCCGCG-3’ 94°C. 3 min, 1 MEH; 94°C 30s, 63C [19]
R3Cu 5-GCCTCGATCAGRTTGTGGTT-3" 30s, 72°C 60s, 40 PMEH
nirS cd3aF 5-GTSAACGTSAAGGARACSGG-3’ 94°C 3 min, 1 MEH; 94C 30s, 58C [20]
R3cd 5"-GASTTCGGRTGSGTCTTGA-3’ 455, 72°C 60s, 40 MEH
nosZ 2F 5'-CGCRACGGCAASAAGGTSMSSGT-3"  95°C 3 min, 1 MFH; 95°C 30s, 62°C [21]
2R 5-CAKRTGCAKSGCRTGGCAGAA-3’ 30s, 72°C 60s, 40 AMEH

1.6 HiEALE

AR A 24tk DAY a3 R P AU AN AR R
BE, TR AR A A A R 2 R TR Ak B A A
T N2O/ (N;O+N, ) #58 (Inyo) RS AR 22,

Ino = J, N0/ [ N0+ Ny (1)

K, N,O (1) o Ny (1) REEFRER] ¢ FARRR R
BUZtE &, T ARG,

5 SPSS 20.0 AT AH G FLiE M4BT,
K SigmaPlot 12.5 fE&], SCrPf K i NH, . NO; |
NO5 . N,O. Ny, THLAAL, ¥LINIt,

2 4 R

21 BFIELELNERSENTNK

M 3 AT UL, BEFREE R NO (0% ) AhFE 15k
P 59 0 R M 3 NOS b B 37.6
21.6 mg-kg ', ELAEME A e g2 5]/ NO; LR
%5 N60 (0% ) AbPEEFAF 4 1 18 NO3 Fl NO, Y 7 it
[ REAR, 23 /b T 27.8 #1102 mgkg !, TR
P+ NO, BB R T 25.5 mgkg ' BEFATE
N60( 21% )Ab 3 B 1+ 3% NO; /> 1 5 NOy
(BN B AR, 43 5I00h 26.3 1253 mgkg ',
{H 2 B A 8% 7% 0 12 TP R 1k 4 NOS Fl NOS 175 1

T AR
2.2 1TEN,O. N,# CO, HIHER

K1k 84 h K5 7R #2 b + 4 NL,O N, Hl CO,
W Bh A2 AL . B FE45 BT 4 NO (0% ) A
N60 (0% ) 4bFEAY N,O HEAk & 435k 11.6 F1
12.5 mg-kg ', Ny HERCE 43900 7.88 F113.88 mg-kg
R4 NO (0% ) il N60 (0% ) 4 N,O fE
TR 9.15 F111.8 mg-kg ', N, HE & 43501 K
13.2 fi1 0.78 mgkg "o PRESA:FH N NO; Ji ikt
TIEMPRYE 11 N, HEE > T 50.9%
94.2%, NO, B#s I 2 FEA% 1T PiAh 3811 N,O0 ik
JF% (P<0.01),

TSR 14 NLO Fll N HER AR, NoO Ab
PRI G IR PE T NLO+N, HECE 43 B h
TR IR 1.59%F 1.97%, % 54FF N60 4b B}
PIFP L5 NL,O R N, HEBCE (RIS 38 m, BFR25 s ms
Bt 9% NO (21% ) 1 N60 ( 21% ) AbFEAY NLO+N,
He 500 0.31 F1 0.46 mgkg ', MRYEL3E No
(21% ) F1 N60 (21% ) AbFEE) N,O+N, HE & 5 5]
4 0.44 F12.02 mgkg ',

X FasE 3, N60 (0% ) kbR CO, HEi 5
NO (0% ) AT & 257, {H N60 (21% ) b
CO, HEfilt it B & T NO (21% ) AbBE . XFF Rttt
HE, N60 (0%) Fl N60 (21% ) bl LT +
1 CO, HEit i ( P<0.05 ),
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Table 3 Soil mineral N content before and after the incubation at 0 and 21% of O, levels
e s AR KrFRitE NH; -N/ (mg'kg™") NO; -N/ ( mg-kg™) NO; -N/ (mgkg™!)

Culture N input/ Incubation {4 13 R 4 4 Bl 1 e R+ 4 it + 3 PR 1 1 358

conditions  (mgkg') time/h Alkaline soil Acid soil Alkaline soil Acid soil Alkaline soil Acid soil
R (00,) 0 0 432(037)b 36.9(038)b 1.16(0.00)b 0.23 (0.08) a 80.0 (4.73) a 148 (2.40) a
Anaerobic 84 103(022)a 399(081)a 3.40(022)a 0.20(0.00) a 424 (0.56) b 127 (8.96) a
60 0 4.92(030)b 36.1 (046)b 59.0(0.29)a 60.8 (0.96)a 102 (7.43) a 147 (592) a
84 10.5(0.05)a 413(037)a 48.1(1.65)b 354 (054)b 745 (1.67)b 159 (1.27) a
4 (21% 0, ) 0 0 3.94(078)a 36.8(222)a 099 (0.02) 045 (0.06) 753 (3.01)a 141 (109) a
Aerobic 84  6.27(0.10)a 408 (033)a NT NT 73.2(032)a 154 (4.69) a
60 0 3.05(007)b 356 (0.16) b 451(0.19)a 502 (0.56) a 952 (8.10) a 165 (6.17) a
84 5.63(023)a 409 (0.69)a 188(121)b 50.2(0.26) a 120 (1.15) a 168 (4.70) a

W &S B R R bR IR 25 . RPN RINE FREFORBESRATE CHLA ( NH . NO, . NO; ) #2257 W3 (P<0.05).
NT /R AK:H . Note: Data in the blanket stand for standard errors. Lowercase letters indicate a significant difference in inorganic nitrogen

content ( P<0.05 ) between 0 h and 84 h. NT means not detected.

2 T+ 4 2 WL~ T+
@141 o N,O/NO(0%) Alkalinesoil 2 30 o o= NO (0%) Alkaline soil

< 12 | o~ N,0/N60 (0%) 0 '35 1.0 S 2500 | o N60 (0%)

I 2 N,/ NO ( EHe L g —— N0 (21%)

=210 N;/N =2 15 < 2000 | = N60 (21%)

S g B2 KS

Z' g z WO 1500}

Z 3 6 Z 3 05 o Q
3 151 o .2z

Qg 4 Q. g S5 1000}

“Z “z Z 500
T 2 E £ '
] i — < 0.0 s il —
O 0 12 24 36 48 60 72 84 % © 0 12 24 36 48 60 72 84
= B} ] Incubation time/h 4320 ] Incubation time/h BEFE 0} E] Incubation time/h
2 i o mbtae - RRYE %
o0 —-N,0/N0 (0%) Acidsoil o 3-0 1 —e= N,O/NO (21%) Acid soil op 3000 1 —e—NO (0%) Acid soil
E 12l o NO/ g 5 5| —= N;O/N60 (21%) = —o— N60 (0%)

1§ 2 ——N./N 18z 20 [ N2/NO (21%) g 2500 F —+ N0 (21%)

?ng 10 IN g%_g 5 0} = N,/N60 (21%) EE% 5000 |~ N60 (21%)
= 3 R E Yeo)

22 ZE 15t %O 1500

‘_:%t_ = 6 u:é = d. Q>)

5.8 4l S35 10t SE 1000

2z 5| “z 05l 2 500}
= el o E
g 0 § 0.0 655 g A —
Q Q0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
z Z B30} [A] Incubation time/h

5FE0F ] Incubation time/h

Fi 57 0¢ ] Incubation time/h

T NO (0% ) FIN60 (0% ) 435l F /s AR FE T, RNEMEY FEI 60 mg-kg™ NaNO, AYALHL; NO (21% ) Fl N60 (21% )
RN RS IR AT RIS AR N 60 mg-kg ' NaNO, (y4L¥E, T, Note: NO (0% ) and N60 (0% ) represent the treatment
without or with NO, (60 mg-kg') addition under anaerobic culture conditions, respectively. NO ( 21% ) and N60 ( 21% ) represent the

treatments without or with NO; (60 mg-kg') addition under aerobic culture conditions, respectively. The same as below.

El 1 0%F1 21%% 53 K N A58 N,O. N, fil CO, yshAAE{L

Fig. 1 Dynamics of N;O, N, and CO, production following the application of NO; -N in alkaline soil and acid soil at 0% and 21% of O, levels

ANEAL B4 F W FD 300 NL,O/ (N,O+N, )
PR Iny0 ) LT 40 NO REFREAF R RRTE +4E o 1K

FOPE 3, A NO; AL BRI [, N6O &b P i
FHmM T WP R Iy, (P<0.01),
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Table 4 The N,O/ (N,O+N,) ratio following the application of NO; -N in both soil at 0 and 21% of O, levels
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N input/ it - e TR 1 1 ¢ it R+
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0 0.59 (0.00) b 0.41 (0.00) b 0.015 (0.00) b 0.0059 (0.00) b
60 0.76 (0.00) a 0.94 (0.00) a 0.12 (0.03) a 0.20 (0.018) a

TE: FFIARFE /NG FRERIR NO FI N60 AP Iy,0 225 3 (P<0.01), Note: Lowercase letters indicate a significant difference in

Ix,0 without or with NO; (60 mg-kg™') addition in each column ( P<0.01) .
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TR T 2R NO AT NGO AbERAE P<0.01 F1 P<0.05 K- 12257 ik #% . F [ Note: Different lowercase letters indicate a significant difference

in NO treatment, and uppercase letters indicate a significant difference in N60 treatment. Values are the mean of three replicates, and bars

*

represent the mean standard error.” ", P<0.01; °, P<0.05. The same as below.
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Fig. 2 Quantitatively analyses the transcription copies of nitrification ( amo4 ) and denitrification ( nirS, nirK and nosZ) genes during

incubation at 0 and 21% of O, levels
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Fig.3 The abundances of nitrification ( amo4 ) and denitrification ( nirS, nirK and nosZ ) genes before and after the incubation at 0 and 21% of

O, levels

http://pedologica.issas.ac.cn



734 + b1

=

60 %

3 3 ®
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X NO; Wit sz 5 = (% 3 FE 1), pH i2ER0]
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FIALEEE NO( 0% ) AbBRAH Lt nosZ %% 545 DUELIEAIR,
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A P A e BE KT

HARE B AR, WA TSR N, HECR
BN ER 42 Sk N BB AT B UA 45O NLOR T4 i 38 im
ZARI SRR, R EE R REES R A
AR HAEE S S0P Ny A, S8 N, I R g
FETERRINIR 22 , X RAE Ny HEBC R AR A 4 U 5
PERIJC R (B, NoO I B (E 2 HER Y, HI
IR E T Y RS R —E S %
A .
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FRIR AL BEAN . HD W] 8 [FIAE 2 A R A2 v ik
PE AP R T NLO HEBUW B 2R 152 . SO
+3EAE N60 (21% ) 4bFERS, AME NOLES T nirS
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nirS FEFA L, nirk BRI SEXT AR EHUR . 7
5Nk, AMIE NO; IS INh NO 7= A Al 1
M T A S a0 e SR R T NINR (998 PRI 42
iE nirS PP FRIE, PEM AL T HD W, 2560
PE I A T s R A Y NO; Akt B (3R
3), HEM NO; AT B IR A 3R kg B 1 49847
AT HD IR EEANE T &G RERK
SRR R ML BT A ND A2/ BRI NO3 J& amoA
I nirK R s DU g ey s 4, BERm
NO, G B BN amod KD 542 DURLE 238 m
(P<0.01, Bl 2), XA[GEH THME NO; BIH IS
TEH nirk ZHK) AOB 1Y amod FEHFEF, SR
HY F A YR AF 92 o i 1 3 Y NH, f 2 2 15 7 IR
KA, NHy A4k 7= A B A 2 DLl 4T NO; ik
B BRI & A ND s iR, JRgEnlaEad A A A SR
TAFEKRIE NO, 5 nirS Fl nirkK J& PR 4 5% 00 i b 5
F, #—LHERAESEMT NO By LS

HD i3 B B 3 NLO HEl Ay T Bk el
S0 RN, R 8 NO, i HAR TR B i
amoAd FESEIEMEAREAL, HIHAE NO (21%) 4b#
IF nirS PR s ¥ DUEICRE 6 35 55 s T 1) S 4K g4 o
( P<0.05), RiFR&5HE; nirS 56 5480 T nirk, HEDN
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4.0 B E A pH SR &, Lim 550, , 2P
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WA K 4, Nanang PSR 45 R Bk, Rtk
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PR R (RIES ek ) BE A, AR5
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